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MO PAU
1. TINH CAP THIET CUA DE TAI

Bénh héo vang 1a chudi con duoc goi 1a bénh héo Fusarium hodc bénh héo
Panama 1a mot bénh pho bién trén cdy chudi, gy ra boi mot loai ndm bénh c6 tén 13
Fusarium oxysporum f. sp. cubense (Foc). Bénh héo vang 14 chudi 1a mot trong
nhirng bénh gy hai nghiém trong tai cic ving trong chubi ¢ Viét Nam ndi riéng va
trén thé giéi noi chung. Uéc tinh khoang 80% dién tich trong chudi trén toan cau
trong d6 c6 Viét Nam, Dai Loan, Malaysia, Bic Uc dang bi de doa bai ndm Fusarium
oxysporum f. sp. cubense Tropical Race 4 (Foc TR4) va gay thiét hai nghiém trong
udc tinh hang ty USD mdi nam . Mic du chua c6 s6 liéu ude tinh cy thé trén thé gidi,
nhung thong ké tir mot s6 qudc gia cho thiy van dé nay di anh huéng dén khoang
15.700/440.000 ha trong chudi tai Philipin, khoang 70% dién tich trong chubi tai
Quang Pong va Hai Nam (Trung Qudc). Ton thét kinh t& hang nim do nim Foc TR4
gay ra cho Philipin 400 triéu USD, Malaysia 14 triéu USD, Pai Loan (Trung Qudc):
253 triéu USD va Indonesia 121 triéu USD. Bénh nay khong chi gy thiét hai vé kinh
t& ma con anh huong dén sinh ké ctia hon 400 triéu nguoi phy thude vao chubi lam
ngudn luong thuc va thu nhép.

Hién nay dé phong trir bénh, cac bién phap tap trung chil yéu vao tic nhan gy
bénh 1a ndm Foc. Tuy nhién Foc 1a loai nAm dic biét kho kiém soat vi nhiéu 1y do nhu:
chung tin cong vao hé thong mach din trong cdy nén rat kho dé tiéu diét; bao tir nAm
phét tan d& dang thong qua qué trinh sinh truéng cua ciy chudi, qua dat bi nhiém nim,
nudce tudi.. Dic biét cac ving trong chudi thuong 13 ving chuyén canh, nam bénh ton
tai lau dai trong dat nén rat d& lan truyén qua cac vu din dén ving nhiém bénh ngay
cang mé rong va kho kiém soét.

Mot sd phuong phap phong trir, quan 1y dich bénh do ndm Foc di duoc
nghién ctru va tmg dung. Céac bién phap vat 1y, hod hoc chinh van 1a sir dung cic
thudc diét nAm hodc khir tring dat bang hoa chat. Miac du cac bién phap nay cho
hiéu qua nhanh chong nhung khéng loai dugc bao tir ndm trong dat dan dén viéc tai

nhiem bénh & cac vu mua ke ti€p, sy ton du cua céc chat hod hoc gy 6 nhiem tha
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cip... Bién phap kiém so4t sinh hoc trong phong trir cac bénh do ndm dang dugc
quan tim do tinh an toan va hiéu qua phong bénh 1au dai. Trong s6 cdc nhom vi sinh
vat c¢6 kha ning khang nim Foc, xa khuan 1a nhom dang duoc quan tim do c6 kha
ning san xuit nhiéu loai khang sinh va cac hop chat thir cip c6 hoat tinh khang
nam. C4c nghién ctru gan day di cho thiy tiém ning khang nim giy bénh trén thuc
vat tir xa khuén 1a rét cao, phong tru nhiéu bénh khac nhau nhu bénh than thu, bénh
nam tréng, bénh héo ri...trong d6 c¢6 bénh héo vang do nam Foc.

Viét Nam la nudc ¢6 miac do da dang sinh hoc rit cao, v6i nhiéu tiém nang
dé phat hién nhitng hop chat méi co ngudn gdc tir vi sinh vat trong d6 c6 xa khuan.
Hién nay, nhiéu gen sinh tong hop cac hop chat thir cip ciia xa khuan van dang
dugc nghién ciru va 1a mot ngudn gen tiém ning vo gid dé kham pha ra cac loai
thudc trong phong trir nAm Foc trén cay chudi. Viéc nghién ctru dic tinh sinh hoc,
phan tich hé gen va nhan dién cac gen chirc ning cua cac ching xa khuan nguén
gbc ban dia c6 hoat tinh khang nim Foc s& c6 ¥ nghia quan trong trong kiém soat
nam Foc tai Viét Nam. Bén canh d6, viéc nghién ciru, xac dinh cac co ché tac dong
ctia xa khuan d6i voi ndm Foc s& tim duge chung xa khudn c6 tiém niang tng dung
trong phat trién cic ché pham sinh hoc an toan, hiéu qua dé bao vé ciy chudi khoi
bénh héo vang. Pé tai: “Nghién ctru dic diém sinh hoc, di truyén ciia mot sb
chiing xa khuin cé hoat tinh d6i khang nam Fusarium oxysporum f. sp cubense
giy bénh héo vang trén cay chuéi tai Viét Nam” dugc thuc hién nham muc dich
nghién ctru, tim kiém cac chung xa khuan ban dia c6 kha ning ddi khang voi ndm
gay bénh héo vang trén chudi tai Viét Nam déng thoi du doan co ché khéng nam
dura trén phan tich hé gen xa khuan tir 6 1am tién dé cho tng dung san xuét cac ché
pham sinh hoc tir xa khuan dung trong phong trir bénh héo vang 14 chudi do ndm
Foc gay ra.

2. MUC TIEU NGHIEN CUU
- Phan lap, lya chon dugc ching nam Foc TR4 gay bénh héo vang dién hinh

trén cay chudi tai mot s6 vung trong chudi cua Viét Nam.
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- Tuyén chon duoc chung xa khuan trong bd suu tap gidng c6 kha ning
khang ndm Foc TR4 manh nhat.

- Phan tich, xdy dung co sé dit liéu hé gen cua ching xa khuan tuyén chon
d6ng thoi phan 1ap, Xac dinh dugc mot sb chat co kha ning khang nam Foc TR4 tir
dich 1én men chung xa khuén tao tién dé cho viéc phat trién cac san pham khang
nam tir cac ching xa khuén nay.

3. NOI DUNG NGHIEN CUU
Noi dung 1: Phén 1ap, tuyén chon ndm Foc TR4 giy bénh héo vang trén cdy chudi
tai Viét Nam.

Noi dung 2: Tuyén chon va nghién ctru dac diém sinh hoc ctia xa khuan c6 kha

ning dbi khang ndm Foc TR4 gay bénh héo vang trén cay chudi.

Noi dung 3: Xac dinh va thu nhan hoat chét khang nam Foc TR4 tir xa khuan duoc
tuyén chon

Noi dung 4: Phan tich hé gen, nhan dang cac gen lién quan dén kha nang sinh tong
hop hoat chat khang nam cia chung xa khuén tuyén chon.

4. Y NGHIA KHOA HOQC VA Y NGHIA THUC TIEN CUA LUAN AN

Két qua nghién ciu cua luan an 1a ngudn tai liéu tham khao c6 ¥ nghia khoa
hoc, dang tin cay c6 thé dung trong giang day, nghién ciu khoa hoc trong cac linh
vuc nhu: vi sinh vat néng nghiép, cong nghé sinh hoc va sinh hoc.

Luan an ciing d3 tuyén chon dugc cac ching ndim Foc TR4 gy bénh héo
vang trén cay chudi tai mot sd tinh tré)ng chudi ctia Viét Nam. bay s¢€ 1a cac dir liéu
quan trong cho cac nha quan ly, cic nha nghién ciru trong cong tic kiém soat,
phong trir cac bénh trén cay trong, dic biét 1a trén cay chudi — mot loai ciy trong co
gia tri xuat khau cao.

Cac két qua nghién ciru trong luan an nay cling phan 1ap va lwa chon duoc
chung xa khuan Streptomyces lilacinus VNUA116 tir dat trong chudi cé kha ning
khang ndm Foc TR4 véi hoat luc diét nam cao (trén 70%). Viéc sir dung cac cong
cu tin sinh hoc trong phan tich hé gen da giup phan tich va gidi ma cac dir liéu gen

cua chung xa khuan VNUA116, tir d6 di lam rd duoc co ché di truyén, cAu trac gen,
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du doan cac gen lién quan dén kha ning khang nim Foc TR4 cua ching xa khuin
nay. Pay s€ la nguén dit liéu vé hé gen can thiét va c6 gia tri khoa hoc cho cac
nghién ctru vé xa khuan, 13 ngudn tham khao c6 ¥ nghia cho cac huéng nghién ctru
vé xa khuén tai Viét Nam ciing nhu trén thé gi¢i. Cac két qua vé phan lap, xac dinh
mot sd hoat chat khang nam trong cao chiét tir dich 1én men ching xa khuén
VNUAZ116 ddng thoi danh gid kha niang e ché sy nay mam bao tir va su phat trién
hé soi cling s& chimg minh danh gia hiéu qua khang ndm cua xa khuan nay va xac
dinh dugc co ché khang nam cia ching. Pay sé 1a tién dé quan trong dé img dung
chung xa khuan VNUA116 trong san xuat ché pham phong va diéu tri bénh héo
vang trén cay chudi do ndm Foc Tr4 gay ra. Nhiing két qua thu duoc tir luan an
khong chi chimg minh duge vai tro, co ché khang ndm ciia chiing xa khuan nghién
clru ma con c¢6 gia tri tng dung thuc tién 16n trong san xuat ché pham sinh hoc
phong va diéu tri bénh héo vang trén ciy chudi, tir d6 gitp giam thiéu sy phy thudc
vao thudc bao vé thuc vat hod hoc va gép phén vao su phat trién ctia nén ndng
nghiép an toan, bén viing.

5. NHUNG PONG GOP MOI CUA LUAN AN

- Pay 14 nghién ctru méi ¢6 tinh toan dién va c6 hé thong vé cac ching nim Foc
gy bénh héo vang trén cay chudi tai mot s dia phuong trong chudi tai Viét Nam.

- Tuyén chon va st dung vi sinh vat ban dia (tinh méi vé tiép can ngudn vi sinh
vét phu hop voi diéu kién Viét Nam).

- Lan dau tién cong bd trinh ty toan bd hé gen, két qua phan tich hé gen, nhan
biét cac gen lién quan dén kha nang sinh tong hop hoat chit khang ndm Foc TR4
ctia chiing xa khuéan ban dia Streptomyces lilacinus VNUA116 phan 1ap tai cac ving
tréng chudi ctia Viét Nam. Toan bo hé gen va céac dir liéu lién quan cua chung xa
khuan nay d duoc cong b trén Ngan hang gen véi ma sb CP130487.

- Pi phan lap, thu nhan, tinh sach va xic dinh cdu trac 3 chat p-
hydroxybenzadehyde, 4-hydroxysattabacin va oxindole dugc du doan co tiém ning
khang ndim Foc TR4 tir dich 1én men cua chung xa khuan Streptomyces lilacinus
VNUAL116.
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Chuwong 1. TONG QUAN TAI LIEU

1.1. TONG QUAN VE BENH HEO VANG TREN CAY CHUOI
1.1.1. Tinh hinh bénh héo vang trén cdy chudi

Bénh héo vang hay con goi 1a bénh héo Fusarium, bénh héo rii trén cay chubi
dang ngdy cang tré nén nguy hiém dbi v6i nganh san xuat chudi toan cau [119,
162]. Bénh héo vang la mot bénh phé bién trén cay chudi va da dugce rat nhiéu cong
b6 khang dinh nguyén nhan do nim bénh Fusarium oxysporum f. sp. cubense (Foc)
gay ra. Tac nhan gay bénh chinh 1a nAm Foc truyén qua dét va gay bénh cho cay chudi.
Nguoi ta uéc tinh rang 80% san luong chudi trén toan cau trong d6 c6 Viét Nam,
Pai Loan, Malaysia, Bic Uc dang bi de doa bai nim F. oxysporum f. sp. cubense
Tropical Race 4 (Foc TR4) - day 1a mot trong nhiing chiing nAm c6 sirc tan pha va
c6 thé gay thiét hai dang ké vé kinh té.

Chubi 1a mét trong nhitng loai trdi cdy quan trong nhat thé gioi, cung cap
ngudn thuc pham chinh cho hang trim triéu nguoi, dic biét tai cac nudc dang phat
trién. Theo T chirc Luong thuc va Nong nghiép Lién Hop Québc (FAO), xuat khau
chudi toan cau dat 19,3 triéu tn vao nim 2023, giam 1,2 triéu tin so voi nim 2021
do nhiéu nguyén nhan trong d6 c6 nguyén nhan do nim Foc TR4. Bénh héo vang
do nam Foc TR4 gay ra dang de doa sinh ké cua ndng dan va su 6n dinh cua chudi
cung tng toan cau. Dién hinh, tai Philipin — mét trong nhitng nudc xuat khau chudi
I6n nhat thé gigi- bénh nay da lam giam san luong xuat khau chudi xuéng con 2,3
triéu tn vao nam 2022, giam 8,2% so voi nam 2021. O Colombia, nam 2019, chinh
phu di phai ban bé tinh trang khan cap khi Foc TR4 duogc phat hién, dong thoi tiéu
hiy hang loat dién tich canh tic dé ngan dich lan rong. Néu khong c6 bién phap
kiém soat hiéu qua, bénh nay c6 thé din dén sy sup d6 cua nganh trdng chudi
thuong mai, dac biét 1a gidng chudi Cavendish - chiém hon 50% san luong chudi
Xuit khau toan ciu. Trong vai thap ky téi, cac chuyén gia canh béo rang, néu Foc
TRA4 tiép tuc 1ay lan ma khong c6 gidng chudi khang bénh thay thé thi thi trudng

chudi toan cau cé thé déi mat vai cudc khung hoang nghiém trong [223].
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Trén thé gici

Bénh héo vang trén cay chudi phan bd & cac ving san xuit chudi trén toan
cAu ca ving nhiét déi va can nhiét doi. T6 chitc BAPNET (Hiép hoi chudi Chau A
Thai Binh Duong) di diéu tra bénh héo vang trén chubi trong giai doan 2006-2009
tai 12 nuéc chau A cho thiy rang bénh nay xuat hién phd bién ¢ Trung Qubc, Pai
Loan, Philippine, Indonesia, Malaysia nhung chua xuat hién & Viét Nam [95].

Tai Uc ndm Foc TR4 duoc phat hién tai Queensland vao nam 2015 va gay
thiét hai dang ké cho céc don dién trong chudi tai dia phuong nay. Udc tinh ¢6 hon
9.000 ha tréng chudi bi nhiém bénh [162].

Tai Trung Qudc, Yi va cs (2007) da bao cdo rang khoang 6.700 ha chubi
tai cac don dién tré)ng chudi 16n tai Quéang Pong bi nhiém mam bénh Fusarium.
Hon 10 nam sau, bénh héo Fusarium di xuat hién khip cac ving tréng chudi cta
Trung Qudc va giy ra ton that vé san luong thu hoach cua hon 40.000 ha dién tich
trong chudi tai Quang Tay va dao Hai Nam [124]. Su lay lan dé dang va nhanh
chong cua loai ndm c6 ngudn gbc tir dat nay dang 13 méi de doa nghiém trong t6i
nganh san xuat chudi trén toan cau [219]

Tai Malaysia va Indonesia 1a cac nudc nhiét déi- bénh héo vang phét hién
vao dau nhimg nam 1990 [133] va lan rong khap Pong Nam A va Uc trong vong
chua day mot thap ky, gy thiét hai dang ké va anh huéng dén thu nhap cua nhiéu
nbéng dan trong cac nuwdc nay.

Tai Philipin, nam Foc da duoc phét hién tr nam 1970, nhung dén nim
2006 mai phat hién ra nim Foc TR4. Sau d6, hang ngan ha dién tich trong chudi bi
ndng dan bo hoang vi nhiém nam Foc TR4 khién mdi nam 16 3 ty do la va khoang
66.000 ho gia dinh mét sinh ké [142].

Tai Campuchia, nam 2023 khu lién hop nong nghi€p Snuol da cé 3,25%
dién tich trong chudi bi nhim nidm Foc va gay mat tring trén dién tich 85ha/2.557

ha trong chuoi.

17



Tai Viet Nam
V4o nhitng ndm 1967 - 1968 1an dau tién bénh héo vang duoc nghién ctru

boi nha khoa hoc Vakili va cs [17] va lan th hai vao nim 1995 ¢ mién Béc va mién
Trung. Két qua diéu tra cho thdy tai mién Nam co t6i 70% dién tich trong chudi bi
nhiém bénh héo vang trong d6 nhiéu ving thiét hai nhidu nhét 1én toi hon 85% ning
suat, ddng thoi ciing cho thiy bénh vang |4 xuat hién trén pham vi ca nude. Bentley
va cs (1998), cong bd két qua thu thap miu bénh & ca mién Bic, mién Trung va
mién Nam Viét nam trén chudi TAy va chudi Ngbp ciing bi nhiém bénh, cac miu
nam nay ciing thudc ching 1 [35]. Nguyén Van Khiém (2000) nghién ctru 60 miu
nam Foc tai 7 tinh bao gdm Ha Noi, Ha Tay, Hung Yén, Pha Tho, Vinh Phuc, Bic
Ninh, va Thira Thién Hué d3 x4c dinh 1a nAm gdy bénh héo vang 1a chubi & Viét
Nam thudc Foc 1, chua phat hién ra bénh nay trén chubi tiéu [13]. Nam 2018, Tran
Ngoc Hung va cs da 1an dau tién phat hién ra nAm Foc TR4 va cong bd bénh héo
vang gy hai trén chudi tiéu do Foc-TR4 giy ra tai Ha Noi (2014), Hung Yén
(2015) va Lao Cai (2017). Hay gan day nhét cong bd cua Lé Thi Loan (2024) bénh
héo vang 14 chudi xuét hién ¢ tat ca 10 tinh trong chudi duoc diéu tra tai mién Béc
trong d6 Vinh Phic, Hung Yén c0 ty 1€ bénh gay hai tr 15 — 30% (Vinh Phuc),
tham chi 1én tdi 90% (Khoai Chau, Hung Yén) [11].
1.1.2. Dic diém, co ché va tic nhin gay bénh héo vang trén cdy chuoi.
1.1.2.1. DBdc diém ciia bénh héo vang trén cdy chudi

Triéu chimg bénh héo vang bén ngoai c6 thé quan sat thiy trén 14, than gia va
ct. Pac diém gay hai dic trung trén cac ciy bi bénh 1a mach dan chuyén mau nau
d6 ¢ than cu, than gia va & ca be 14. Hoi chimng dién hinh trén 14 12 hoi ching vang
14 va hoi ching xanh 14 [192]. Hoi ching vang 14 1a triéu ching c6 dién cta bénh
héo Fusarium trén chudi. Nhitng 1a gia nhat chuyén tir mau xanh nhat sang vang
nhat bat dau v&i nhitng mang hodc vét & gdc cudng 14, gan véi gan giita va ri
xudng, 14 chét xung quanh thin gia. Hoi chting xanh 14 trai nguoc véi hoi ching
vang l4. L4 van xanh cho dén khi cudng 14 udn cong va xep xudng. Cac triéu ching

khac bao gobm mép khong déu, nhot nhat trén cac 14 mai va cac phién 14 bi nhan va
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bién dang, cac 16ng ciing c6 thé ngin lai. Triéu ching bén trong dic trung cua bénh
héo vang 1a sy d6i mau mach dan. Su doi mau thay doi tir vang nhat trong giai doan
dau sang do sAm hodc gin nhu den trong giai doan sau. O giai doan dau, cac be 14
phia ngoai ciing va 14 gia nhét bi bénh, sau d6 bién d6i mau trén toan bo than gia va
cuéng qua & giai doan bénh sau va kém theo do la sy hoai tir cdc mach xylem ¢ than
ngam va than gia. Nam bénh xam nhap chu yéu qua chop ré hodc qua vét thuong &
18, 101 vao bé mach, phat trién trong mach dan 1am can trd qué trinh van chuyén
nudc trong cay tir d6 gay ra triéu chirng héo vang trén 1a va tham chi bénh nang gay
chét cay [1]. Bénh héo vang thudng xdy ra ¢ tit ca cac giai doan sinh truéng cua
ciy chudi nhung tin cong manh nhét ¢ giai doan ciy truong thanh va giai doan ra
hoa tao qua lam cho cay bj héo vang rdi chét [160].

Céc triéu ching trén 14 ctia bénh héo vang c6 thé bi nham 14n véi bénh héo do
vi khuan. Céc triéu chtg bénh bi anh huong bai nAm Fusarium tién trién tir 14 gia
dén 14 non. O nhitng cay bi anh hudng bdi vi khuan, qua trinh héo co thé bét du tir

bat ky 14 nao va dich ri vi khuan c6 thé dugc quan sat thiy trén bé mit cit tiép xuc.
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Hinh 1.1. Cc triéu chitng bénh héo vang trén chudi gay ra do nam Foc [224]

(A, B)- Cay chudi bj bénh héo Fusarium, (C) Than chudi nhiém ndm Fusarium cat
doc, (D) Than chugi nhiém ndm Fusarium cdt ngang, (E) Phan géc cia than gid bi

tach ra do nhiém nam Fusarium, (F) M mach than ré nhiém nam Fusarium

1.1.2.2. Co ché gdy bénh héo vang trén cdy chudi

Chu ky bénh héo vang trén cay chudi bat dau khi tic nhan gy bénh - chinh
1a ndm Foc - xAm nhédp vao vét chu tiém ning thong qua phan chop ré. Khi xam
nhap vao ré, nho chat dinh dudng cua cay chu, bao tir nam nay mam tao hé soi phat
trién. Soi ndm sau d6 1y nhidém sang cac ré bén va tién toi xAm 1an vao cac mach
xylem trong cay [161]. Khi vao bén trong mach xylem, nAm Foc cu tra trong than
ré va di 1én mo phan sinh, chdn cac mach xylem dan nude va do d6 ngan can sy van
chuyén nuéc, chat dinh dudng tir r& dén cac bo phan phia trén ciia cay [160]. Bao tur
nho (Microconidia) dugc hinh thanh tir cac soi ndm tai cdc mach gd va dugc lan
truyén qua hé théng mach dén cac mach gd méi — 13 noi chiing ¢ thé ndy mam. Sau
d6 cac soi nAm duogc tao ra ¢ vi tri méi va lap lai chu ky mai [59]. Bén trong cay,
cac triéu chimg dau tién tré nén rd rang trong cac mach xylem (din nuéc) cia ré va
than ré chuyén tir mau nau d6 thanh mau hat dé khi nAm moc qua cac mo (Hinh
1.2). Khi cat ngang than cay bénh, sy d6i mau xuat hién theo hinh tron xung quanh
tdm cua than, vung bi bénh tap trung do su sép xép cua cac mach. Khi triéu ching
lan sang than gia, cac duong lién tuc doi mau c6 thé quan sat dugc khi cay bj cit
theo chiéu doc. Nam c6 thé di chuyén dén tin dinh cua than gia. Trong trudng hop

nghiém trong, n6 tham chi c6 thé xadm nhap vao be 14 va cuong 14 (b6 cudng) cua
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cdy. Tuy nhién, chua c6 phat hién nao cho thdy nam c6 thé xam nhdp vao qua

chuoi.

I N&m c6 thé tén tai nhidy
® e || A ndm dudi dang bao tiy
Chlamfdospore dlgeevdi bao tll 4000 gar hoxc nai si

B nhd va bao ti dai cé vong ddi trong cac vat chi
S - 3 - 2 c vat ch
Cay bi nhiem bénh | .5n gugc giai phong tir thyc vat mum;gg khé\:g ccé l:r y
chét va cly con tré vao trong dit. chiing, E
' thanh céy con bj .
% nhiém bénh

Su nhiém bénh ciia thuc
vat tir dat/ nudc mang
mém bénh héo
Fusarium

O Chu ky gay bénh cua
X e s nam Foc trén cay chudi
E1 hion ruong héo

;.jv,ig‘vr‘" ua.

nidia (Bao tif dinh) va
% Chlamydospores (bao ti
" hau) sinh trudng trong cac
hé théng mach xylem

Hinh 1.2. Chu ky gay bénh ciia nAm Foc trén cay chudi [222]

Nam Foc kho bi loai bo trong dat do ton tai & trang thai bao tr nghi, gay
anh huong nghiém trong dén viéc trong va thu hoach vu tiép theo. Bénh xuit hién
hau hét & cac ving trong chudi, gdy hai & tit ca cic giai doan sinh truéng cia ciy
chubi. O nhitng ving bj nhiém bénh ning ty 1é mic bénh thay dbi tir 10% dén 30%,
tham chi 1én téi 90% [94]. Vi vdy, ndm Fusarium khong chi cé tic dong dén ning
sut trong thoi gian ciy trong bi nhiém bénh ma con ton tai trong dit tréng trong 20
nam sau mic du dé loai bo hoan toan tat ca cac ciy bi nhiém bénh.
1.1.2.3. Tdc nhan gdy bénh héo vang trén cdy chudi

D3 co rat nhiéu nghién ciu cng b, bénh héo vang trén chudi do nim Foc

gay ra. Cac nghién ciru vé bénh héo vang di cho thay quan hé giita c4c tdc nhan gay
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bénh véi cac gidng chudi khac nhau do quan thé nam gay bénh duoc chia thanh 4
chung (Race) chinh mic du c¢6 thé con nhiéu ching khéc ton tai:

Chiing 1 tin cong giéng cdy chudi (nhém AAA) 'Gros Michel' va gay ra dai
dich thé ky 20. Né ciing tan cong chudi Musa (nhém AAB) "Pome' va cac nhém con
cua nd, Musa (nhom AAB) 'Silk' va Musa (nhém ABB) 'Pisang Awak' [160].

Chiing 2 tin cong vao nhém Musa (nhém ABB) 'Bluggoe' va nhitng giéng
c6 lién quan.

Chiing 3 tin cong giéng chudi canh (Heliconia spp) va hién nay ching 3
khong con dugc coi 1a mam bénh gay bénh trén chudi [162]

Chiing 4 tan cong giong chudi Musa (nhom AAA) va cac gidng chudi man
cam véi chung 1 va chung 2. Chung 4 duoc chia thanh ching Foc SR4- chung can
nhiét doi, 1ay nhiém cac giéng cay trong thudc phan nhém ‘Cavendish’ va cac gidng
man cam véi ching Foc 1 va chung Foc 2 ¢ ving can nhiét déi ma ¢ d6 thuc vat
phai d6i mit véi cac diéu kién khac nghiét nhu nhiét do thap va han han va chung
Foc TR4- chung nhiét doi, 1ay nhiém bénh ¢ nhiéu gidng chudi khac nhau twong tu
nhu chung Foc SR4 nhung trong ca diéu kién nhiét d6i va can nhiét déi ma khong
¢6 yéu to anh huong [162].

Chung 1 va chung 2 da tan pha nghiém trong nganh cong nghiép trong chudi
& hau hét cac nuéc Trung va Nam My vao cac nam nira dau thé ky XX. Dé loai bo
bénh nay, cac gidng Cavendish khang v&i chung 1 va ching 2 dugc st dung. Tuy
nhién hién nay, Cavendish 1a giéng chudi xuat khau chinh trén toan thé giéi lai dang
bi de doa nghiém trong boi ching 4 (Tropical Race 4 - TR4). Chinh chung TR4 da
pha hity 23.000 ha chudi Cavendish ¢ Dai Loan va cac don dién trong chubi & mot
s6 nudc can nhiét d6i nhu Australia, quén dao Canary, Nam Phi cling nhu mot )
vung trong chudi nhiét d6i nhu Jamaica, Guadeloupe. Mic du ching 4 ban dau
dugc mo ta & Pai Loan vao nhitng ndm 70 cia thé ky XX trude khi chung TR4
dugc cong nhan, nhung cac ghi nhan cho thdy rang TR4, chir khong phai SR4, 1a
nguyén nhan gay ra cac thiét hai ¢ do [162].
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Nam Foc TR4 c6 thé ton tai hon 30 nam trong dat va lay nhidm trén 80%
gidng chudi dang trong trén thé gidi. Cho dén nay chua cé giéng thuong mai nao cé
kha ning khang Foc TR4 hiéu qua [200]. NAm Foc TR4 dang c6 nguy co lan rong
sang cac nudc trong chudi trong d6 c6 Viét Nam. Sy tdn vong ctia cac gidng chudi
dang bi de doa nghiém trong néu khong c6 bién phap khic phuc tam thoi. Do do,
nghién ctru vé cac chung ndm va cac chung vi sinh vat c6 kha ning khang lai cin
bénh nay dang nhan duoc sy quan tim rat 16n tir cc nha nghién ctru trén khip thé
gioi.

Nam Foc TR4 lan dau tién dugc tim thiy ¢ Dai loan nim 1989 trén giéng chubi
Cavendish, sau d6 vao nhitng nim 1990 ndm Foc TR4 dugc phat hién & Indonesia
va Malaysia va duoc cho 13 ¢6 ngudn gbc tir Pai Loan [132]. Hon 20 nim sau, vao
nam 2013 nam Foc TR4 méi dugc tim thiy tai Australia, Pai Loan , Trung Quéc va
Philippin [119]. Sau nim 2013, loai ndm nay da duoc tim thdy ngoai chau A khi no
duoc béo céo 1an dau tién tai Jordan, Lebanon, Mozambique va Pakistan [74, 153].
Sau d6, no ciing da lan rong & Chau A va Uc [151], dugc phat hién ¢ Lao va Viét
Nam nidm 2015 [49, 95]. Cho dén nim 2019, TR4 van chua duoc béo cio & My
Latinh. Bét chp nhiing nd lyc 16n dugc thyc hién trong khu vuc ndy nham ngin
chin sy xdm nhdp ctia mam bénh, tuy nhién TR4 lan dau tién dugc bao cdo giy
bénh & it nhét ba trang trai & Colombia (IPPC, 2019; Garcia-Bastidas va cs., 2020b)
va chi 2 ndm sau da xuét hién & Peru (IPPC, 2021) va cung thoi gian nay Thoé Nhi
Ky ciing dd bao cdo vé cin bénh nay [19]. Xuat hién bénh mudn nhét 13 &
Venezuela vao dau nim 2023 [138]. Loai ndm nay di 1ay lan nhanh chéng & cac
qudc gia ndy va gy thiét hai dang ké dén ning suét va loi nhuan cho ngudi trong

chuodi.
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Hinh 1.3. Cac maéc thai gian phat hién nAm Foc TR4 [75]
1.1.3. Kiém soat bénh dich héo vang trén cay chudi

Nhiéu ky thuat kiém soét bénh dich héo vang la chuéi da dwgc thir nghiém ké
tir khi bénh nay duoc phat hién nham giam thiéu cac tac dong tiéu cuc caa bénh.
Tuy nhién, hién nay ngoai viéc trdng cac giéng cay khang bénh, van chwa cé chién
lugc phong ngtra nao co hiéu qua [143].

Hi¢n nay, nham kiém soat bénh do nAm Foc gay ra trén chudi nhiéu bién
phap khac nhau da dugc nghién ctru va ap dung nhu Kiém soét sinh hoc, kiém soat
hoa hoc, kiém soat diéu kién méi truong nubi ciy, cac chuong trinh chon tao gidng
khang, nang cao nhan thirc vé bénh héo vang 1a chubi.
1.1.3.1. Kiém sodt diéu kién nudi trong

Do viéc san xuat don canh cac gibng man cam dé nhiém bénh rat kho khin ¢
nhitng khu vuc bi nhidm bénh, viéc trong hdn hop da duoc dé xuit nhu mot phuong
phap thay thé. Trong hdn hop trong ndng nghiép & quy mé nho trong d6 cac gidng
chudi khac nhau dugc trdng xen véi céc cay trong khac, thuong it thiét hai hon so
Vv6i khi trong trong cac don canh. Trong céc giéng chudi chiu Foc hoic khang Foc
két hop Vi cac phuong phép trong xen canh gilp cai thién ty 16 mac bénh va ting
ning suat cy trong. Hé théng trong hdn hop bao gom céc cay ho ddu, ngii coc va
cdy da muyc dich trong trang trai trong chudi ciing c6 thé cai thién nang suat chudi
va ting kha ning chdng chiu bénh tét hon [82]. Bé giam sb lwong nam bénh trong

dat, luan canh cay trong da duoc st dung véi cac loai cay khong phai 13 vat chi cua
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nim gay héo Fusarium. Tan suat bénh chi giam tam thoi khi luan canh chudi véi
mia két hop bo hoang dét c6 cha y. Nhitng don dién nho ¢ Indonesia va Philippin sir
dung sin (Manihot esculentum) dé giam Foc TR4 trong dat [142].

Bién phap sir dung giéng chudi khang dang 1a hudng nghién ciru dugc chi .
CAac nghién ctru truée day di chimg minh, déi véi Foc chung 1 thi gidng khang 1a
cach tt nhat dé chéng lai chung nim nay. Tuy nhién, déi véi Foc chung 4 thi van
chua c6 mot giéng chudi thuong mai ndo c6 kha ning khang hiéu qua. Viéc tao
gidng khang bénh trén co s& lai tao chi gop phan tao ra cac gidng khang cho mot sb
chang gay bénh nhat dinh, trong khi d6 c6 rat nhiéu bién chung khac nhau cua nam.
Trong nhitng ndm gan day viéc tao ra cay chudi bién ddi gen c6 kha ning khang
nim d3 mang lai nhitng hiéu qua tich cuc, nhung trén thuc té thi ¢6 rat nhiéu quéc
gia van noi khong véi cay trong bién doi gen.
1.1.3.2. Kiém soéat hda hoc

Kiém soat bang hoa chat 1a mot trong nhiing bién phép quan ly bénh ddi voéi
c4c bénh truyén qua dat. Tuy nhién, cach tiép can nay c6 nhiéu nhuoc diém vi chi
phi cao, gay anh huong dén moi truong va sic khoe cong dong. Pay dugc coi la
bién phap tam thoi va khdng bén viing.

Cho dén khi thuc hién thoa thuan toan cau vé bao vé tang ozone (Nghi dinh
thu Montreal, 1986), methyl bromide duogc sir dung rong rai 1am chat khir tring do
hiéu qua cao chdng lai cac bénh truyén qua dit [81]. Cac chit khir tring thay thé
methyl bromide nhu carbendazim, dazomet, chloropicrin va 1,3-dichloropropene
nam trong sé nhitng chit duoc sir dung thudng xuyén nhat hién nay dé chong héo
Fusarium. Truéc day, chloropicrin va dazomet kiém soat héo trén cay ho dau &
nhitng ving dat bi nhiém khuan nang. Tuy nhién, khi sir dung chloropicrin da gay ra
hau qua nghiém trong ddi véi quan thé vi sinh vat dét tai noi sir dung. Viéc st dung
thudng xuyén va bira bai cac chat hoa hoc khéng chi 1am thay d6i thanh phan quan
thé vi sinh vat trong dat ma con cd thé lam hong hé sinh thai duéi nudc va tham chi
dan dén kha ning khang thudc diét nim [154].
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Trong mot nghién ciru, cac nha khoa hoc da phat hién ra rang céc triéu chung
bénh héo Fusarium c6 thé dugc kiém soat 1én dén 80,6% khi hoat chat benomyl va
thudc diét ndm bang chét uc ché khir methyl duoc ap dung qua phuong phap ngam
ré. Bén canh d6, mot s6 hop chat amoni bac bén ciing duoc béo céo 1a cac chat khir
trung manh déi voi Foc [149]. Tuong tu nhu kiém soat sinh hoc, viéc danh gia hiéu
qua cua cac thudc diét nam chdng lai bénh héo Fusarium trong twong lai 13 can
thiét.

Viéc tiém thudc diét nam vao cay chudi bi nhiém ndm Fusarium ciing da
duoc thuc hién. Trong mot nghién ciru do Lakshmanan va c¢s (1987) thuc hién, than
ré cua gidng "Rasthali" da duoc tiém 2% carbendazim (Bavistin 50 WP) bang cach
st dung kim tiém y té, phan trén cua than r& dugc loai bo mot phan dat va duc mot
16 nghiéng & goc 45° truge khi tiém thudc diét nam. Phuong phép nay da giam ty 1é
nhiém bénh 1én dén 13,5% vao thoi diém thu hoach [113]. Trong mét nghién cau
khac, Herbert va cs (1990) b4o céo rang viéc tiém carbendazim va mét sé thude diét
niam khac khong ngin chian duoc bénh héo Fusarium trén chubi & Nam Phi. Tuy
nhién, Herbert va cs ciing dwa ra phuong phap diéu tri khac chdng lai bénh héo
Fusarium bang cach khu tring dat bang methyl bromide. Tuy nhién, cac khu vuc da
duoc khir tring cudi cung ciing bi tai nhidm khién viéc san xuét chudi trong vu tiép
theo khdng kha thi [86].

1.1.3.3. Kiém soat sinh hoc

Do sy lay lan lién tuc cua bénh héo Fusarium, kiém soat sinh hoc 1a mot
phuong phap quan ly bénh phd hop. Tuy nhién, cac két qua nghién ciru trong d6
hau hét cac cong trinh di cong bd vé kha ning khang nam Fusarium gay bénh héo
trén chudi mai chi tién hanh trong diéu kién phong thi nghiém hoac trong nha kinh
s dung cac vi sinh vat khac nhau nhu Pseudomonas fluorescens, Trichoderma
viride, Bacillus spp., Serratia spp., Pseudomonas aeruginosa, Streptomyces
violaceusniger, Y-Proteobacteria, Bacillus subtilis, Pseudomonas spp., va Fusarium
khdng gay bénh [175]. M6t s6 loai duoc liéu cia An Do nhu Calotropis gigantea L

(Bdng bdng), Centella asiatica L. (Rau ma), Ocimum sanctum L. (Hwong nhu tia),
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Piper betle L. (Trau khéng) va Vitex negundo L. (Ngii trao) ciing di duoc tién hanh
thir nghiém trong phong thi nghiém nhu mot bién phap kiém soét sinh hoc khang
nim Foc. Trong d6, chiét xuat Trau khong thé hién hoat tinh khang nim Foc cao
nhét, tiép theo 1a c4c chiét xuat cua cac cay Ngii trao, Bong bong, Rau ma va Huong
nhu tia [140]. Nhirng két qua ndy ching minh rang mot sé chat chiét xuat tir thuc
vat thé hién hoat tinh khang ndm va cé kha ning giam su phat trién cua soi nim
trong ca diéu kién nha kinh va ngoai dong ruong. Co rat it nghién ciru duoc thuc
hién kiém soat sinh hoc 1au dai caa bénh héo Fusarium & chudi ngoai ddng ruong.
Cong bb cua Thangavelu va cs (2009) da bao cao viéc tng dung chung Fusarium
khong gay bénh trén dong rudng da giam mirc d6 nghiém trong cua bénh 1én dén
89% sau ba lan diéu tri [188]. Mat khéc, Belgrove va cs (2011) ciing bao céo rang
ca F. oxysporum khong gay bénh va P. fluorescens hoic sir dung két hop ca 2 ching
déu giam dang ké su phat trién ciia bénh héo Fusarium trong diéu Kién dong ruong
[33].
1.2. CAC HQP CHAT THU CAP CO HOAT TINH POI KHANG NAM TU
XA KHUAN
1.2.1. Tinh hinh nghién ciru hop chit thir cdp cé hoat tinh khdng nim tir xa
khudn

1.2.1.1. Trén thé gidi

Trén thé gidi, dd co rat nhiéu cong trinh khoa hoc cong bd vé kha ning sinh
hoat chét sinh hoc tir xa khudn nhu kha ning khang nim gay bénh trén thuc vat, kha
nang sinh enzyme, kha nang sinh cic chat khang sinh... Nho kha nang tong hop céc
hop chit c6 cdu trac da dang va hoat tinh manh, xa khudn d3 cung c4p nhiéu khang
sinh quan trong trong y hoc va nong nghiép.

Mot sb nghién ciru d3 ghi nhan kha ning khang ndm gy bénh trén thuc vat cia
xa khuan: bénh than thu do nam Colletotrichum gloesporioides trén cay 6t [184],
bénh than thu trén dau tiy, bénh than thu trén dua leo do nim Collectotrichum spp.
[176], bénh than thu trén chudi do ndm Collectotrichum musae [185], bénh théi ré

trén 6t do nam P. capsici [67], bénh héo rii do ndm F. oxysporum trén & cdy mudp
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[122], trén cay lily [51], bénh thdi c6 ré do nidm Sclerotium rolfsii trén dau xanh
[180], bénh dém socola trén hat dau ring ngwa do nam Botrytis cinerea [65], bénh
nam trang trén dau tdy do nam Botrytis cinerea [127] va bénh trén hat gidng bap cai
do ndm Alternaria Brassicicola [83]. EI-Mehalawy va cs (2005) di cong bd cac
chung xa khuan S. graminofaciens, S. rochei, S. annulatus va S. gibsonii c6 thé
kiém soat ndm Cephalosporium maydis giy bénh héo mudn & ngéd [64]. Su thanh
cong cua cac cong bd coi Streptomyces nhu mét tac nhan trong kiém soat sinh hoc
day tiém nang da khuyén khich cac nha khoa hoc nghién ctru tim kiém tac nhan vi
sinh vat méi thay thé cho thudc diét ndm hoa hoc.

Niam 2008, Lu va cs di tuyén chon dugc ching xa khuan Streptomyces lydicus
AO1 tir dat trong c6 kha ning sinh natamycin va giy ¢ ché manh dén su phat trién
ctia 13 loai nAm giy bénh cay trong diéu kién phong thi nghiém. Trong diéu kién
nha ludi chung S. lydicus A01 ciing cho thiy hiéu qua kiém soat nAam méc xam trén
ca chua trong trong chau vai [127]. Awla va cs (2017) di lua chon duoc ching
Streptomyces UPMRS4 phan 1ap tir dat c6 kha ning tc ché sinh truong ciia nam P.
oryzae gy bénh dao 6n trong diéu kién phong thi nghiém dong thoi kich thich ting
truong va ting ning suat laa trong diéu kién nha ludi [26].

Trong nghién ctru tim kiém cac hop chit thién nhién tir vi sinh vat bién c6 hoat
tinh sinh hoc méi, Zhang va cs di phan lap hai chat bagremycins méi c6 tinh khéang
khuan 1a F (34) va G (35) tir dich chiét xa khuan bién Streptomyces sp. ZZ745. Hai
chét bagremycins F (1) va G (2) thé hién hoat tinh khang E. coli véi gia tri MIC
tuong ung 1a 41,8 va 61,7 pM. [216]. Nergi va cs phat hién va cong bd bon hop chat
bioxalomycin al, 02, Bl va P2 (9-12) tach chiét duoc tir xa khuan cé hoat tinh
khang khuan rat manh d6i véi cac chung Staphyloccoccus va Enterococcus sp. Dic
biét hop chat bioxalomycin B2 (12) thé hién hoat tinh manh nhat véi gia tri MIC
nam trong khoang 0,002 dén 0,1 pg/ml [148].

Dic biét c6 rat nhiéu nghién ciru da cong bd vé kha nang khang cac chung nam
F. oxysporum — tic nhan gy bénh héo vang trén cdy chudi cua xa khudn. Céc

nghién ctu dugce tién hanh tir phan 1ap, tuyén chon, t6i uu héa cac diéu ki¢n nudi
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ciy dén cac nghién ctru sdu vé hé gen, cic gen chirc ning lién quan dén kha ning
khang nidm Foc cua xa khuan dugc rat nhiéu nha khoa hoc & nhiéu nuge trén thé
gi61 quan tam.

FR-900848 - mot loai khang sinh khdng nim méi dwoc phan lap tir
Streptoverticillium ferverns va cac dac tinh 1y hda va sinh hoc cua ndé da dugc
Yoshida va Horikoshi 14n dau tién cong bd nam 1988 [211]. Tomita va cs (1989) da
cong bd Pradimicins A, B va C 1a cac khang sinh khiang ndm méi tir Streptomyces
sp [190]. Fushimi va cs (1989b) di bao cao khang sinh khang nim phoslactomycins
va 1am sang t6 cdu tric cua phoslactomycins tir A dén F [73]. Yamaguchi va cs
(1990) da nghién ciru co ché tac dong khang ndm cua axit (S)2-amino-4-0xo-5-
hydroxypentanoic, RI-331 duoc chiét xuét tir Streptomyces sp. [208]. Schwartz va
cs (1988) da nghién ctru L-671, 329- mot tac nhan khang nim mdi tir xa khuan
Streptomyces [174]. lgarashi va cs nam 2003 da sang loc hop chat khang nam méi
c6 tén Yatakemycin tir Streptomyces TP — AO 356. Yatakemycin tc ché sinh
truong cta cac loai nAm nhu Aspergillus fumigatus va Candida albicans véi gia tri
MIC 0.01 — 0.03 pg/ml cao hon amphotericin B (MIC 0.1 — 0.5 ug/ml) va
Yatakemycin ciing thé hién tiém ning trong trc ché cac dong té bao ung thu véi
IC50 tr 0.01 — 0.3 pg/ml [97].

Jing va cs (2020) di c6 nhitng nghién ctru kéo dai 10 ndm vé xa khuan khang
nam Foc. V&i 88 chung xa khuan phan lap duoc tir dat trong chubi khong co triéu
ching nhiém nidm Foc di lwya chon duoc ching xa khuén Streptomyces
violaceusniger JBS5-6 ¢ kha nang khang manh v&i nam Foc TR4 va 10 loai nam
gdy bénh thyc vat khac. Pong thoi tac gia ciing dd xac dinh duoc dich 1én men
chung xa khuan nay chira 16 hop chit héa hoc trong d6 co 5-hydroxymethyl-2-
furancarboxaldehyde 12 mot trong nhitng thanh phan chinh. Dich 1én men xa khudn
S. violaceusniger JBS5-6 c6 kha niang tc ché sy 1ay nhiém ndm Foc TR4 trong diéu
kién thi nghiém trén chau vai [99] .

Céc chung xa khuan Streptomyces sp. H3-2 [221], Streptomyces sp. H4 [123] ,
Streptomyces sp. YYS-7 [202], Streptomyces sp. Y1-14 [45] phan lap duoc tir dat
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tré)ng chudi bi nhiém bénh c6 kha nang uc ché su phat trién cla sgi nam, su nay
mam cia bao tir ciia nAm Foc TR4. Pong thoi dich chiét cia cac chung xa khuan
nay déu c6 kha niang khang nim pho rong v6i 7-10 ching nidm gay bénh trén thuc
vat. Vi nhitng tiém nang nay cac ching xa khudn nay s& duoc st dung dé tim kiém
cac hop chat t nhién méi c6 kha ning khang nim cao Gng dung trong kiém soat
bénh trén cay chubi.

1.2.1.2. Tai Viét Nam

Xa khuan duoc nghién ciru rat nhiéu ¢ Viét Nam trong cac nghién ciru ddnh
gia kha niang sinh enzyme va sinh cac chat c6 hoat tinh sinh hoc. Pdi véi cac chét
c6 hoat tinh sinh hoc cac nghién ciru chii yéu tap trung vao kha nang khang vi sinh
vat, khang cac té bao ung thu...

Nhitng nghién ctru trong giai doan dau tién vé xa khuan 1a tap trung vao
nghién ciru dic diém sinh hoc, toi wu hoa cac diéu kién nudi cay nhu nghién ctru
ctia Bui Thi Viét Ha, 2006 [3]. Trong nhitng nim gan diy, nhiéu nghién ctu da
cong bd kha ning sinh chat khang sinh khang cac vi sinh vat gdy bénh trén thyc vat
(vi khuan héo 14, nAm gay bénh thyc vat, nam dao 6n, nam thdi ra.. .), nhitng nghién
ctru vé kha nang khang cac té bao ung thu, phan 1ap, tach chiét hoat chat tir xa
khuan va nhitng tng dung xa khuan trong méi trudng, y duoc, néng nghiép. ..

Mot trong nhitng két qua nghién ctru dang duoc quan tdm 1a viéc tim ra cac
chung vi sinh vat c6 kha ning d6i khang v4i ndm Fusarium, trong s6 nay c6 thé ké
dén viéc sang loc va nghién ctru dac diém sinh hoc ching xa khuan F46 phan 1ap tu
rimg ngap man Can Gio [7]. Nam 2019 nhom nghién ciru ctia Nguyén Thanh Trung
cling d3 sang loc va tuyén chon duoc chung xa khuan thudc chi Streptomyces c6
hoat tinh d6i khdng manh v&i nAm Foc trong diéu kién invitro. Hay méi day nhat Ia
nghién cau ctia V& Duy Hoang va cs nam 2024 da danh gia kha nang ddi khang cua
mot s6 ching xa khuan déi véi nam Fusarium moniliforme gay bénh lia von trén
giong lta Jasmine 85 trong diéu kién nha ludi. Chung xa khuan CT4.8 cho hiéu qua

cao nhat véi ty 18 cdy chét 1a 1,27% twong duong voi dbi ching thude (1,25%) [6].
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Ngoai cac cong bd vé kha ning khang ndm Fusarium thi cac cong bd khac
cling da nghién ctru kha ning khang cac loai ndm gay bénh trén cac ddi tuong thuc
vat khac. Nam 2005, Tang Thi Chinh va cs da tuyén chon dugc 3 chung xa khuén 1a
HDS, HD54 va HD58 c6 kha ning e ché vi khuan Ralstonia solanacearum gay
bénh héo xanh & cdy ca chua va cdy dua hiu, dong thoi hai ching HD54 va HD58
con c6 kha ning e ché manh vi nAm Fusarium oxysporum gay bénh théi c¢b 1& ¢
lGa [16]. Trong cac nghién ctru vé cac ching xa khudn khang nidm bénh trén ciy
trong, Nguyén Vin Giang va cs nim 2014 di tim dugc 21 chung Streptomyces
roseosporus va Streptomyces albofaciens c¢6 kha nang khang Fusarium oxysporum,
Botryosphaeria dothidea, Phytophthora capsici, Sclerotium hydrophylum, cho vong
hoat tinh kha cao dao dong tir 10 — 14 mm [9]. Pinh Anh Hoa va c¢s nam 2021 da
cong bd chiing xa khuan Streptomyces filamentosus LD5.4 phan lap dugc tir dat cac
vuon trong rau o tinh Lam Pong ¢6 hiéu qua e ché cao nhat ddi voi nAm Pythium
vexans gy ra bénh thdi ré va tc ché sy phat trién cta cdy rau 1én dén 51.80% [5].
Nguyén Hoang Nhat Tan va ¢s nam 2022 di cong bo ching xa khuan Streptomyces
rochei BT02 rat c6 tiém nang phat trién ché phém sinh hoc bao vé thuc vat do cé
kha ning sinh cic enzyme ngoai bao nhu lipase, protease, chitinase cao, thé hién
hoat tinh khang khuan dbi véi 3 chung vi khuan Ralstonia solanacearum véi nong
d6 trc ché ti thiéu - MIC 13 15 mg/ml. Pong thoi, trong diéu kién nha ludi, ching
xa khuan nay c6 kha niang giup giam 43,5% bénh héo xanh trén ciy ca chua [12].
Khi nghién ctru vé hién twong khang thudc cua cac chung vi sinh vét, Nguyén
Phuong Nhué va ¢s ¢6 nhiéu cong bd vé hoat chat sinh hoc tir xa khuan nhu: di tim
ngudn khang sinh méi tir xa khuan bién c6 thé e ché duoc cac vi sinh vat giy bénh
hay tuyén chon dugc 2 ching xa khuan 1a ching LD-X11 va ching LM-X8 thudc
loai Streptomyces griseorubens LD-X1lva Streptomyces iakyrus LM-X8. Hai
chung nay c6 hiéu qua phong trir nam F. oxysporum LTM-N12 lily gdy bénh théi cit
& hoa lily twong g 13 76,47 va 70,59%. Tran Thi Hoa va cs nam 2021 da Iya chon
dugc 2 chung xa khuén tir bd suu tap vi sinh vat phan lap tr cdy Sdm Ngoc Linh

cua Phong Cong ngh¢ té bao thuc vat - Vién CNSH va duoc xac dinh 1a chung
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Streptomyces sp.X12 va Streptomyces sp. c6 kha ning khang lai mét sé loai nAm
nhu Fumigatus Aspergilus, Fusarium solani,... gay bénh trén cay sam Ngoc Linh
dong thoi c6 kha ning sinh mot sé hoat chit enzyme hiru ich nhu amylase,
cellulase, protease... Nam 2021, Vii Xuan Tao va c¢s da phan 1ap dugc 18 chung xa
khuan tir dat trdng cam tai tinh Ha Giang, trong dé tuyén chon dugc chung xa khuan
XK1 c6 kha ning khang manh véi ndm Penicillium digitatum va Colletotrichum
gloeosporioides gay théi va rung qua cam. Nguyén Vin Hiéu va cs cling dd tim
dugc chung xa khuan Streptomyces autotrophicus phan 1ap tir mau bun ven bién c6
kha nang khang Bacillus subtilis ATCC 6633, Sarcina lutea M5, Escherichia coli
ATCC 15224 va Sarcina lutea voi duong kinh khang dao dong tir 14 — 17 mm [4].
Hay & mot cong bd khac ciia ciing nhom tic gia phan 1ap dugc chung xa khuan
Streptomyces orientalis 4912 c6 kha nang san sinh vancomycin. Vi Thi Quyén va
cs da phan lap duogc 20 ching xa khuan tir trAm tich bién va da sang loc duoc 2
chung c6 hoat tinh khang khuan va kha ning giy doc té bao cao nhit thudc loai
Streptomyces fradiae va Nocardiopsis synnemataformans [15].

Xa khuén phan 1ap dugc ¢ Viét Nam da dugc chirng minh c6 kha nang sinh
nhiéu chat c6 hoat tinh sinh hoc vé6i tiém ning tng dung cao. Tuy nhién, cic nghién
ctru trén chi mai dung lai & viée phat hién kha nang khang vi sinh vat ctia cac chung
xa khuan, kha niang gy doc té bao.... Pén nay, chua c6 nhiéu cong bd & Viét Nam
vé tinh sach va xac dinh céu trac héa hoc cia cac hoat chat do xa khuan thudc chi
Streptomyces sinh ra c6 kha ning sinh chit khang nam Foc TR4.

1.2.2. Co ché dbi khdng véi mam bénh ciia xa khudn.

Xa khuan c¢6 kha nang sinh nhiéu hoat chit duge st dung dé kiém soat mam
bénh (vi khuan va vi nim) giy bénh thyc vat. Xa khuan thé hién kha nang dbi
khang nim giy bénh thong qua kha ning sinh tong hop cac hop chét thir cip véi
nhiéu co ché khac nhau nhu kha ning tiét khang sinh [206], canh tranh dinh dudng
va méi truong sdng [68], sinh siderophores [137], tiét cac enzyme phan giai [76],
cac hop chét hitu co d& bay hoi (VOC) [78] va mot s6 co ché khac dé kiém soat

mam bénh trén cdy trong. Sy trc ché mam bénh xay ra do xa khuan do6i khang canh
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tranh vé chat dinh dudng, khong gian séng, cu tri thong qua co ché tiét khang sinh
va cac enzyme phan huy vach té bao mam bénh.... Cac co ché trén tic dong truc
tiép 1én mot hodc nhiéu giai doan trong chu ky sng ctia mam bénh. Ngoai ra, xa
khuan ciing c6 thé gian tiép gitp cdy rc ché mam bénh thong qua kha ning kich
thich cdy trong ting truéng (tiét IAA, tiét enzyme phan giai phosphate), tiét
siderophore dé canh tranh sit v6i tac nhin gy bénh ddng thoi kich thich tinh khang
bénh chi dong trén ciy trong. Nhimg xa khuin thé hién nhiéu co ché d6i khing
trong vi¢c ngan chan bénh thuc vat s¢ dugc lya chon dé phat trién thanh cac tac

nhan kiém so4t sinh hoc (BCA).
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Hinh 1.4. Cac co ché khang nam gay bénh thuc vat ciaa xa khuan [191]
1.2.2.1. Co ché canh tranh dinh dwéng va méi trieong song

Canh tranh dinh dudng va moi truong séng véi tic nhan giy bénh trén thyc
vat cta xa khuan 1a mot co ché gian tiép. Kha ning canh tranh gita hai hodc nhiéu
vi sinh vat xay ra khi st dung cing mot ngudn carbon (sucrose, glucose, maltose va
fructose) hodc cing khong gian song [69]. Kha ning thich tng véi mdi trudng sinh
thai va téc do ting truong nhanh chong cua cac vi sinh vat ddi khang cho phép

chung hap thy luong dinh dudng c6 san trong co thé vat chu nhiéu hon so v6i ndm
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gdy bénh trén cdy trong. Do d6, giai doan ndy mam cia bao tir va qua trinh lay
nhiém sang vat chu bi gidm di. Su canh tranh ciing 1a mét co ché kiém soat sinh hoc
hiéu qua khi chat dbi khang dugc tim thay véi sé lugng 16n va sy dong hoa chit

dinh dudng cua xa khuan nhanh hon, manh hon nim giy bénh cho ciy trong.

1.2.2.2. Co ché sinh chat khdng sinh

Mot trong nhiing dac diém sinh hoc quan trong cua xa khuan 12 tao thanh céc
chét chuyén héa thir cip co dic tinh khang khuan, khdng naim. Khoang 80% thudc
khang sinh nhu streptomycin, spectinomycin, neomycin, tetracycline, erythromycin
va nystatin dugc san xuét boi xa khuan thude chi Streptomyces. Hon nira, nhiéu chat
chuyén hoa thtr cip dd duoc phat hién c6 dic tinh khang khuan twong ty nhu ndm
gdy bénh thuc vat nhu amphotericin B, macrolide, actinomycin D, natamycin,
antimycin va neopeptine [163]. Macrolide 1a mot nhém khang sinh duoc san xuét
boi xa khuan co tac dung trc ché tong hop protein ciia nAm. Amphotericin B két hop
¢ chon loc v&i ergosterol trong mang té bao nam, tao ra nhiing thay d6i vé tinh
thAm va kich thich su phéan ly té bao. Pdng thoi, kha ning san xuit Actinomycin D
ctia xa khuan han ché sy phat trién cta vi sinh vat va tong hop RNA. Natamycin
ngan chin sy phat trién cia ndm bang cach két hop véi ergosterol trong mang té bao
nam. Neopeptine 13 chat (¢ ché sinh tong hop thanh té bao vi khuan & cép do
enzyme. Mot qua trinh quan trong khac lién quan dén viéc san xuét khang sinh 1a su
cong sinh gitra xa khuan va thue vat, vi khang sinh bao v¢ thuc vat khéi nam gay
bénh va chat tiét ciia thyc vat gitp xa khuan phat trién [163].

Céc loai khang sinh dau tién duoc phat hién tir xa khuan 13 actinomycin tir qua
trinh  nudi cdy Streptomyces pneumoniaus, streptothricin tir Streptomyces
lavendulae, va streptomycin tir Streptomyces griseus. Ca&c nhém khang sinh lam
sang chinh do xa khuan san xuit 1a: Aminoglycoside nhu neomycin, kanamycin,
streptomycin; cac angucyclines nhu auricin, ngodi ra con cé cac tic nhan chdng ung
thu nhu landomycin va moromycin [105]; ansamycins nhu rifamycin, geldanamycin
[102]; anthracyclines (chu yéu cac tac nhan chéng ung thu, vi du, daunorubicin);

glycopeptides (vancomycin, teichoplanin) [41]; lipopeptides (daptomycin) va
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tetracyclines [28]. Kha ning san xuit chat khang sinh cua ting xa khuén riéng 1é
cling co thé khac nhau rat nhiéu. Mot s6 loai xa khuan tao ra mot loai khang sinh
duy nhét, trong khi nhitng loai xa khuan khac c6 thé tao ra mét loat cac hop chit va
16p hop chit khac nhau. Bén canh thubc khang sinh, xa khuan cling tao ra nhiéu loai
chét chuyén hoa tht cip khic co hoat tinh nhu thube diét co, thudc khang nim,

thudc khang ung thu hoic thude trc ché mién dich va thudc tiy giun sén...
1.2.2.3. Co ché sinh siderophores
Siderophores 1a cac hop chat hitu co ¢ khdi lugng phan tir thip (500-1000 Da)

duoc tao ra bdi cac vi sinh vat va thyc vat phat trién trong diéu kién sat thép. Vi
sinh vat st dung cac h¢ théng van chuyén Fe khac nhau qua trung gian la
siderophore. Nhom chire ning cia siderophore va cac phirc chat hinh thanh khi lién
két voi Fe (III) bao gébm cac nhom chirc nhu catecholate, hydroxamate, va
carboxylate. Cac nhdm nay déng vai tro quan trong trong viéc tao lién két manh véi
ion sat (Fe3+) trong d6: nhoém catecholate: Gom hai nhom hydroxyl (-OH) trén
vong benzene, c¢6 kha ning chelat sit rdt manh, nhém hydroxamate: Gom nhém
chtic -C(=0)-N-OH, c6 kha ning lién két vi sat thong qua nhom hydroxyl va oxy
carbonyl va nhém carboxylate: Gom nhém -COO-, thuong lién két véi sit qua hai
nguyén tir oxy. Khi cac nhoém chirc nay lién két v6i Fe (IIT), ching thuong tao ra
cac phirc chit hexadentate (sau vi tri lién két) véi hinh hoc bat dién (octahedral),
gitip 6n dinh cdu trac cua phirc sit va hd trg qua trinh van chuyén sit vao té bao vi
sinh vat. Cac siderophores cta vi khudn 13 catecholates (enterobactin), carboxylate
(rhizobactin) va hydroxamate (ferrioxamine B). Trong d6, hydroxamate
siderophores 13 dang pho bién nhét trong tu nhién, dugc san xuét boi ca vi khuan va
nam. O vi khuan, cac hydroxamate siderophores la cac alkylamine bi acyl hoa va
hydroxyl hda [197], trong khi & nam, hydroxamate siderophores duoc tao thanh tir

ornithine dugc hydroxyl hoa va alkyl hoa [27].
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Hinh 1.5. Cac nhom chirc nang caa siderophore

Sat (Fe) 1a mot trong nhitng nguyén t6 vi lugng can thiét cho cay trong vi né
can thiét cho nhiéu qua trinh hoat dong nhu quang hop, tong hop DNA, ho hap va
c¢d dinh dam. Mic du sat rat can thiét cho moi sinh vat séng nhung kha stir dung bi
han ché vi phﬁn 16n Fe ton tai & dang khong hoa tan. Trong diéu kién hiéu khi, sit
ton tai chil yéu o dang Fe®* va dé tao dang hydroxide khong tan, do d6 khong thich
hop cho thuc vat va vi sinh vat st dung. Siderophore dong vai tro nhu tdc nhan giai
phong sat khoi cac thanh phan khoang va hitu co trong diéu kién thiéu sat.
Siderophore do xa khuén tao ra c6 thé duoc giai quyét van dé nay vi ching c6 kha
ning chelat hoa chit Fe dudi dang khong hoa tan thanh dang Fe hoa tan cung cap
cho cay trong va hd tro sy phat trién ctia cy trong [30]. Ngoai ra, cac siderophore
cling tham gia vao viéc bao v¢ thuc vat nhu tac nhan kiém soét sinh hoc béng cach
két hop chat ché véi sat, 1am can kiét sit ciia cac vi sinh vat gay bénh cay, tur d6 lam

cho chung thiéu hyt sat.
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Hinh 1.6. Co ché hoat dong caa siderophore [207]

1.2.2.4. San sinh cdac enzyme phan giai

Str dung enzyme phan huy thanh té bao 13 mot trong nhitng co ché chinh dé
kiém soat bénh trén thuc vat do nam bénh gay ra cua xa khuan. Do d6, viéc tim
kiém cac chung xa khuan c6 kha ning sinh cac enzyme phan hity vach té bao nim
bénh dong vai trd quan trong trong phong trir sinh hoc ddi véi ciy trong. Co ché
duge mo ta: (1) cac enzyme phéan giai thanh té bao nadm [42], (2) gdy mat tinh toan
ven ctia mang té bao, (3) giai phong chét ndi bao va (4) giy chét té bao [21]. Céc
enzyme ngoai bao da duoc cong bd nhu cellulase, chitinase, pectinase [40], protease
[100], B-1-3 glucanase [204], keratinase [22], xylanase, lipase, peroxidase [115],
amylase va hemiaellulose [91] dugc san xuét boi xa khuan co tac dung trc ché truc
tiép 1én cac chung ndm gay bénh bang cach lam suy giam thanh té bao cia chiing vi
thanh phan thanh t& bao ndm bénh gdm chitin, glucan, protein, cellulose va lipid.
Céac enzyme B-1,3 glucanase thuy phéan lién két B-D-glycosid cia p-1,3 glucan,
chitinase thuy phan lién két chitin p-1,4 N-acetyl-B-D-glycosamide, pha v& thanh té
bao ndm. Enzyme protease thily phan protein, dic biét 1a mannoprotein 1a thanh
phan tao nén thanh t& bao nim gay bénh thuc vat. B-1,3-glucanase duoc tong hop

trong cdy trong giir vai tro trong bao vé thuc vat chong lai ndm gay bénh trén thyc
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vat. Thanh phan chinh cua thanh t& bao nidm 1a chitin, B-1,3-glucan va protein. Do
d6 cac vi sinh vat c6 kha niang san xuat B-1,3-glucanase di dugc ing dung nhu mot
tac nhan kiém soat sinh hoc tiém ning chdng lai cac loai nAm gy bénh trong nong
nghiép.

Chitin (CsH130sN)n 1a mot polymer chudi dai cua lién két B-1,4 véi N-Acetyl-
D-glucosamine duogc phin b rong rii trong ty nhién. Cac enzyme thuy phan chitin
thong qua viéc cat dut lién két B-1,4 -glycosidic caa chudi polyme nay. Nhom
enzyme chitinase dugc phan chia thanh endochitinases, exochitinases, hoac N-

acetylglucosaminidases

1.2.2.5. Kich thich kha nang khdng bénh ciia cdy trong

Xa khuén c6 kha nang kich thich kha nang khang bénh cua cay trong thong qua
viéc: (1) san xudt qua mirc cac enzyme lién quan dén ting cudng cau tric thanh té
bao, tranh sy xam nhap cua nam gay bénh, sy xam nhiém ctia nAm vao cay tréng va
oxy hoa hop chat phenolic thanh quinones gay doc ddi véi ndm gy bénh [63]; (2)
san sinh quéa muc cac protein (PR) lién quan dén bénh hoc nhu enzyme hydrolytic
chitinase va B-1,3-glucanase pha v& cdu tric thanh té bao cuia ndm giy bénh cay
trong [196]; (3) san sinh cic phytoalexins gdy doc ddi véi ndm gay bénh cay trong,
{rc ché su kéo dai va su phat trién cua 6ng mam, giam sy phat trién cua hé sgi va (e
ché sy hap thu glucose [112]; (4) thiic ddy qua trinh lignin héa tir 6 lam cing thanh
té bao thuc vat [195]; va (5) thuc ddy hinh thanh mé seo (sinh hoc va phi sinh hoc)
trong mo bang cach tao ra mot rao can vat Iy [214].

Xa khuan c6 thé kich thich kha ning khang bénh cua cdy chu trong ca hai
truong hop kich khang bénh cam ung thong qua tin hi¢u JA/ET (Jasmonic
acid/etylen) va kich khang bénh luu dan SAR (Systemic Acquired Resistance). Viéc
truyén tin hiéu ISR (Induced Systemic Resistance) thuong duoc coi 1a phu thudc
vao axit jasmonic va etylen, nhung khong phu thudc vao axit salicylic. Trong do,
SAR kich thich nhanh chéng phan Gng ctia cac mam bénh thuc vat va xa khuén,
kich thich trang thai ISR dac biét goi la “mdi”, dé co kich thich kha nang khéang

bénh nhanh va manh mé& hon. Sy khéi dau cta con duong JA/ET dan dén su dé
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khang vé6i vi khuan gy bénh Erwinia carotovora subsp. carotovora va cam ung

SAR con dudng dan dén sy dé khang voi mam bénh nam F. oxysporum [53].
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Hinh 1.7. Cam wng khang hé thong (ISR) & thuc vat

1.3.  THU NHAN HQP CHAT THU CAP TU XA KHUAN

1.3.1. Phén lgp hop chit thir cap tir xg khudn

Viéc lya chon dung méi hitu co dé thu nhan cin chiét sau qué trinh 1én men
vi sinh vét néi chung va xa khuan néi riéng c6 tac dong dang ké dén qua trinh phan
lap, tach chiét va tinh sach cac hop chat chuyén hoéa thir cap. Didu nay dic biét quan
trong vi cdc dung moi khac nhau c6 thé anh huong dén hiéu qua va ning suit cia
qua trinh chiét xuat. Nguyén tic chon dung méi chiét d6 1a: dung moi khong phan
cuc s& hoa tan cac hop chat co tinh khong phan cuc, va dung moi phan cuc s& hoa

tan cac hop chat c6 tinh phan cuc.
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Bang 1.1. Tinh phan cuc cia mét sé dung méi [14]

STT Dung moi Chi s6 phén cuc theo hz"mg s dién
moi va d§ nhot
1 | n-Hexane 0.0
2 | Diethyl ether 28
3 | Dichloromethane 31
4 | Chloroform 21
5 | Ethyl acetate 24
6 | Acetone 51
7 | Methanol 51
8 | Nudc 50

Céc hop chét tan trong nudc, dic biét 13 cac hop chat trung tinh hodc ludng
tinh, thuong kho tinh sach hon do tinh tan cua chung trong nudc, lam phuc tap qua
trinh tach chiét [62]. Ethyl acetate 13 dung méi 1y tudng dé chiét xuat cac hop chat
chuyén hoa thtr cip tir moi truong 1én men do kha ning hoa tan tét va dé bay hoi,
gitip d& dang loai bo dung méi sau khi chiét xuat [55]. Cac nghién ctru da chi ra
rang st dung ethyl acetate 1a dung moi hiéu qua dé thu nhan cac chat khang khuan,
khang nam va nhiéu hoat tinh sinh hoc khac tir xa khuan [130]. Franco va cs (1991)
cling khang dinh, phan 16n cac khang sinh khang nim duoc chiét xuit bang ethyl
acetate [72].

Tinh sach cac chét trao ddi tir vi sinh vat 13 mot qua trinh phutc tap, doi hoi
rat nhiéu ky thuat, do cac chét nay rat da dang vé céu trac hoa hoc nén cd trong
luong phan tir rat khac nhau. Phuong phép trao d6i ion rat hiéu qua ddi voi nhimg
chat tan trong nudc axit hodc kiém va khong hiéu qua dbi v6i nhiing chat tan trong
dung mdi hitu co. Sic ky long hiéu ning cao (HPLC) la phuong phéap cho phép
phan tach cac hop chat tir chét phan cuc dén khong phan cuc véi dd chinh xac cao,
gitip nhan dién va tinh sach cac chat muc tiéu mot cach hiéu qua. Chiét xuét siéu am
1a phuong phap dung song siéu am gitp phd v& cdu tric té bao vi sinh vat, giai

phong cac hop chat sinh hoc, ting cudng hiéu suat chiét xuat. Pay 1a phuong phap
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cho hiéu suét cao, thoi gian chiét xuit ngin va tiét kiém dung moi, giup giam chi
phi va it tac dong xau dén moi truong. Phuong phép chiét xuat bang CO2 siéu téi
han an toan va than thién méi trudng, gitr nguyén dugc ciu tric va hoat tinh cua cac
hop chét sinh hoc nhd nhiét d6 chiét xuat thap va 1a phuong phap cho hiéu xuét cao,
thich hop véi cac hop chit khong phan cuc, dic biét 13 cac hop chéat dé bay hoi va
nhay cam véi nhiét. Cudi cting phuong phép tach chiét sir dung dung méi hiru co 1a
phuong phap phd bién, co kha ning hoa tan tét cac hop chat chuyén hoa tht cap,
gitip tang hiéu qua chiét xuat. Qua trinh chiét xuat véi dung méi hiru co don gian,
tién loi, khong doi hoi thiét bi phuc tap, giup giam chi phi va dé dang ap dung trong
phong thi nghiém [170].

1.3.2. Xdc dinh céu triic héa hoc cua cac hop chit thir cd'p tir xa khudn

Viéc xé4c dinh cdu trac hoa hoc cta cac hop chat thir cap gitp kham pha va
phat trién cac loai thudc mai co hiéu qua cao hon va it tac dung phu. Dong thoi,
viéc hiéu 6 cau tric hoa hoc gitp cac nha khoa hoc hiéu dugc co ché hoat dong cua
cac hop chét tht cap, toi vu héa viée sir dung cac hop chét ndy trong diéu trj va phat
trién cac dan xuat méi c¢6 hiéu qua cao hon [170].

Dua trén sy két hop giira cac phuong phap pho hién dai nhu phd cong hudng
tir hat nhan (NMR) va phé khéi luong (ESI-MS) hodc phd khéi lugng phan giai cao
(HR-ESI-MS) dé xac dinh cdu triic hoa hoc cua cac hop chit thir cép tir dich 1én
men xa khuan. Céc hop chat thu nhén sau tinh ché bang cac phuong phap sic ki s&
duge do phd proton 'H-NMR dé kiém tra do tinh sach. Sau d6, cac hop chat nay
duogc tiép tuc do phd BC-NMR va phé NMR hai chiéu gom HSQC, HMBC va
COSY dé xac dinh ciu tric héa hoc. Hop chit sau khi dugc x4c dinh ciu tric s&
dugc khang dinh cong thirc phan tir dya trén phd khéi MS. Trén co s& cu trac thu
duogc, tén va tinh mai cua cac hop chit duoc xac dinh bﬁng cach so sanh véi thong
tin cua cac hop chit da biét trén cac dit liéu hoa hoc nhu SciFinder dugc san xuit

boi Chemical Abstracts Service (CAS).
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1.3.3. Nhém cdc hop chit khing ndm phén 1p tiv xa khudn
1.3.3.1. Nhom macrolide

Céc hop chit khang nim thuéc nhém macrolide 1a mot ho 16n cua polyketide
cO hoat tinh khang nidm manh duogc san xuit chu yéu bo1 cac chung xa khuan
(Streptomyces). Nhdm macrolides bao gdm céc khang sinh chinh nhu nystatin A1,
amphotericin A va B, pimaricin... Khang sinh polyene c6 cau tric dic trung boi cac
lactone vong macrocyclic polyhydroxyl bao gdm 20-40 nguyén tir cacbon véi ba
dén tam lién két doi lién hop. Co ché khang nidm chinh cua nhém polyene lién quan
dén su tuong tac truc tiép cua polyene voi ergosterol, sterol ctia mang té bao nam dé
tao thanh céc kénh xuyén mang, lam ro ri ion, protein va cac phan tir quan trong,

din dén mat can bing tham thiu va gay chét t¢ bao niam [187].

2 Amphotericin A

oo

TS~ OH NHp
° R, OH 07 COH
=
o ~~"NOH
Ry OH

4 Pimaricin, R1=R,=0
3 Amphotericin B 10 Tetramycin B, Ry=R,=0H

Hinh 1.8. C4u truc caa cac chat chinh nhom polyene macrolide

Nystatin duoc phan lap va xac dinh kha khang nim dau tién tir chang
Streptomyces noursei nam 1958, tiép dén 1a tir S. fungicidicus ATCC 27432 nim
1960 va S. albulus ATCC 12757 ndm 1983 va cho dén nay thi chi c6 Streptomyces
noursei dugc sir dung dé san xuat nystatin thuong mai [71]. Amphotericin A va B
dugc san xuat tir chiang xa khuan Streptomyces nodosus [18] va hién nay
amphotericin B van 1a khang sinh quan trong nhat dé diéu tri cac bénh nhiém tring
nim toan than nghiém trong & nguoi [43]. Pimaricin dwoc san xuit bai
Streptomyces natalensis va duoc sur dung rong rdi trong nganh céng nghiép thuc
pham dé ngan ngira nhiém ndm méc trong pho mat va céac loai thuc pham khong vo
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trung khac. Céng bé cua Vartak va cs (2014) cho thay chit PN00053 la mot polyene
macrolide duogc phan lap tir mot chung Streptomyces sp. PM0727240 (MTCC5680)
hoang d&, mot chung phan 1ap tir cac ving nai d4 cua Himachal Pradesh, An D9.
Hop chat nay 1a mét din xuat mai cua khang sinh Roflamycoin [194]. PN00053 thé
hién hoat tinh khang nim phé rong déi véi ndm men va nam soi, tuy nhién, khong
thé hién hoat tinh khang khuan [194].

Hai hop chit phocoenamicin B 39 va phocoenamicin C 40 thudc nhém
polyketides duwgc phan lap tir dich chiét acetone cua chung xa khuin
Micromonospora sp CA-214671 c¢6 ngudn goc tir trAm tich bién & quan dao Canary,
Tay Ban Nha. Phocoenamicin B 39 va phocoenamicin C 40 thé hién hoat tinh khang
d6i v6i chung Staphylococcus aureus khang methicillin (MRSA) voi gia tri MIC tir
4 - 64 pg/mL va 16 - 32 ug/mL d6i véi M. tuberculosis H37Rv [157].

1.3.3.2.  Nhom peptide

Echinocandin- 1a khang sinh lipopeptidic tu nhién nhém peptide- ¢6 cau trac
gém mot peptide vong va mot axit béo. Cau tric lipopeptide vong dic biét cia
echinocandin dugc lip rap boi mot peptide synthetase khong phai ribosome
(NRPS). Vong peptide dugce dong lai thong qua mot cau ndi N-acyl-hemiacetal bat
thuong gitra dihydroxy-L-ornithine (vi tri axit amin 1) va hydroxy-L-proline (vi tri
6). N6 twong dbi 6n dinh voi qué trinh thity phan; tuy nhién, nhom nay rat quan
trong dbi véi tinh on dinh ctia echinocandin. Chudi axit béo c6 ngudn gdc tir qua
trinh chuyén hoa chinh hoic, trong trudng hop chudi phin nhanh, né dugc tong hop
sinh hoc boi polyketide synthase (PKS).
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Hinh 1.9. CAu tric caa cac chat chinh nhém echinocandin
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Echinocandin 13 m6t nhém thudc chdéng ndm @c ché qua trinh tong hop P-
glucan trong thanh té bao nam thong qua trc ché khong canh tranh cua enzyme 1,3-p
glucan synthase [145]. B-glucan 1a cac polyme carbohydrate lién két chéo véi céac
thanh phan khic cta thanh té bao ndm, twong dwong voi peptidoglycan cua vi
khuan. Caspofungin, micafungin va anidulafungin 1a cac dan xuét echinocandin béan
tong hop c6 tmg dung 1am sang han ché do d¢ hoa tan, phd khang nim va dic tinh
dugc dong hoc cua ching. Do do, echinocandin 1a hop chét chéng nidm manh va
thuong duge sir dung trong diéu tri nhiém nam Candida va Aspergillus [24], nhung
chua thay c6 cong bd vé kha nang khang nam Fusarium.

1.4. THONG TIN DI TRUYEN HE GEN XA KHUAN LIEN QUAN DPEN

HOAT TiNH KHANG NAM
1.4.1. Phwong phdp khai thdc hé gen xa khudn

B0 dit li¢u hé gen toan cau bung nd véi bd gen cua cac sinh vat khac nhau dugc
gidi trinh ty véi $6 lugng 16n. Hi¢n nay, trén cac wesite da luu gitr hon 0,2 tri€u bd
gen vi khuan khac nhau. Trinh tu hé gen cua cac thanh vién trong chi xa khuan
Streptomyces duoc dic biét cha ¥ do chung c6 kha ning sinh téng hop cac chat
chuyén hoa thtr cip c6 hoat tinh sinh hoc. Streptomyces coelcolor 1a xa khuan dau
tién duoc giai trinh tir hoan toan nham kham pha cac san phdm ty nhién cua no, tiép
theo 1a Streptomyces avermitilis- mot chung xa khuan dwoc tng dung nhiéu trong
cong nghiép [98]. Trong khi bd gen cia vi khuan duoc giai trinh tu cha yéu dung
cho cac muc dich phan loai thi bd gen cua Streptomyces cha yéu duoc giai trinh tu
vi tiém ning sinh tong hop cac hoat chat thir cap c6 hoat tinh sinh hoc.

Véi phuong phap truyén théng dé kham pha cac san pham tu nhién c6 hoat tinh
sinh hoc m&i c6 ngudn gdc tir vi sinh vat doi hoi tén nhiéu thoi gian, cong sic va
gip rat nhiéu khé khin va c6 ty 18 tai phat hién cac hop chat chuyén hoa cao. Hién
nay nhiéu bo gen hoan chinh cia vi sinh vét c¢6 thé truy cap cong khai trén cac
website nén ching da dugc su dung dé khai thac nhu mét cong cu mdi co hi€u qua
cao dé kham pha céc chét chuyén héa tu nhién mai. Sy xuét hién cta cac cong cu

trong khai thac by gen va tin sinh hoc da cai thién dang ké hiéu qua cua viéc phat

44



hién cac loai méi va cac san phém tu nhién c6 hoat tinh sinh hoc tir vi sinh vat dac
biét 14 tir xa khuan di ddy nhanh viéc phat hién ra cac loai khang sinh méi [209].
Khai thac bd gen lién quan dén viéc xac dinh cac cac cum gen sinh téng hop cac
chat chuyén hoa trong bd gen cua cac sinh vat da dugc giai trinh ty, phan tich trinh
tu clia cac enzyme dwgc mi hoa béi cac cum gen nay. Dong thdi xac dinh cac san

pham cua cac cum gen bang thuc nghiém s€ mang lai co hoi tim dugc cac san pham
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Hinh 1.10. Téng quan vé phwong phap khai thac cac san pham ty nhién tir xa
khuan [181]

Tin sinh hoc v6i cac cong cu da so sanh hang ngan gen va toan bd bd gen ¢
mirc do phén tir. Trong nhidu nim qua, cac chuong trinh va thut toan trén may tinh
da duoc thiét ké dé phat hién cic cum gen sinh tong hop hop chat thir cap (BGCs)
tir trinh tu cic nucleotit. Nhitng cong cu nay dd gdp phan cai thién chit luong va tbc
dd phan tich b gen. Cac cong cu tin sinh hoc thuong s dung cac doan gen dugc
chon loc dé xéac dinh gen hoac mién mét cach chinh xéac trong mt nhom céc chudi
d3 can chinh nham phat hién cac con dudng sinh tong hop (pathway) da biét. Mot
s6 cum gen sinh tong hop hop chat thir cip (BGCs) duoc xac dinh nhanh chong nhu
cac con duodng sinh tong hop PKS (polyketide synthase) va NRPS (nonribosomal
peptide synthetase). Nhiéu con duong sinh tong hop va du doan da duoc biét dén
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v6i @6 tin cdy cao nhu phdn mém Antibiotics and Secondary Metabolite Analysis
Shell (antiSMASH) [37]. Cac enzyme ma hoa trong hé théng nay cling mot ho, vi
du nhu oxidoreductases, methyltransferases, CoA-ligases, va cytochrome P-450.
Chung ciing ma hoa cic operon twong tu voi ho cia cic bd diéu chinh phién ma da
biét. Tin sinh hoc giup hiéu rd vai trd cta cac san pham ty nhién trong sinh thai vi
sinh vat va moi quan hé¢ gitra vi sinh vat va vat chu. Céc thach thic hién nay cé thé
duogc giai quyét véi su hd trg cia tin sinh hoc [136].
1.4.2. Cdc céng cu va phin mém tin sinh hoc trong khai théc hé gen xa khudn
Trong 10 ndm gan ddy, viéc tim kiém, thu thap cac chung xa khuan tir cac méi
truong séng khac nhau khong ngung tang 1én dan dén viéc dit liéu di truyén ting 1én
nhanh chéng. Ban dau, viéc khai thac bd gen dugc thyc hién béng cach phat hién va
khai thac cac enzyme cila cac con dudng sinh tong hop cic chat chuyén hoa thu
cap. Nhitng enzyme niy bao gom polyketide synthase (PKS), tong hop peptide
khong ribosome (NRP). Phan tich cac co s¢ dir liéu khong 16 vé bd gen cua xa
khuan doi hoi cac cong cu tin sinh hoc dac biét. Sau nay, nhiéu cong cu tinh sinh
hoc nhu antiSMASH va PRISM di duoc phat trién c6 thé xac dinh mot phan hoic
toan bo bd gen mad hoa BCG. Nhitng cong cu nay so sanh hi¢u qua dir liéu do nguoi
dung gui bo gen véi co sé dit liéu BCG c6 sdn va cung cip mot du doan céu trac
ctia cac chat chuyén hoa thir cap [173]. Trinh tu ctia bd gen cta xa khuan dugc tim
kiém bang phan tich tin sinh hoc s& md ra canh cira cho cac nha khoa hoc kham pha
cac con dudng sinh tong hop va phat hién cic san phdm tu nhién c6 hoat tinh sinh
hoc méi. Cach tiép can niy sé& gop phan kham pha nhiéu hon vé thudc khang sinh

c6 ngudn gdc tu nhién va do d6 thiic diy nganh céng nghiép dugc pham phat trién.
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Hinh 1.11 Céc cdng cu va phan mém tin sinh hoc trong khai thac hé gen[129]

Streptomyces 1a mot ngudn tai nguyén da dang va hiru ich nham khai thac cac
hop chét thir cp c6 hoat tinh sinh hoc va nhiéu trong sb dé ¢o cac ung dung 1am
sang quan trong. Khai thac bo gen di tré thanh mot phuong phap hiéu qua dé kham
pha tiém ning cong nghé sinh hoc ciia Streptomyces, noi cong thirc hoa hoc va ciu
truc cua cac phan tir c6 thé duoc xac dinh va tham chi du doan béng cum gen BGC.
Streptomyces c6 nhiém sic thé tuyén tinh, khong giéng nhu cac vi khuan khac, kich
thude bo gen cua ching thudc loai cao nhat trong gidi vi khuan, dao dong tir 6,2 Mb
d6i vai Streptomyces cattleya NRRL 8057 dén 12,7 Mb d6i vai Streptomyces
rapamycinicus NRRL 5491 [29]. Xa khuan dong vai trd quan trong trong viéc tai
ché vt liéu hitu co va tham gia cOng sinh v&i thuc vat, nam, con trung va dong vat
[193]. Nhiing twong tic ndy gop phan tao ra cac hop chat bao vé vat chu chong lai
mam bénh hodc cic enzyme phan hily cac polyme nhu lignocellulose. Mic du tiém
nang san xuat chat chuyén hoa thir cap cila xa khuan da duoc biét dén tir 1au, nhung
cac nghién ctru vé hé gen véi cac phuong phap tiép can méi da tiét 16 rang trén thyuc
té tiém nang nidy cia xa khuin da bi danh gia thap vi trén thyc té mot ching
Streptomyces don 1¢ ¢6 thé so hitu trung binh tir 30 d&én 50 cum gen sinh téng hop

(BGC) chiém 8-10% b6 gen ciia nd. Hau hét chung déu khong biéu hién trong diéu
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kién nubi cay trong phong thi nghiém tiéu chuin nhung c6 thé duoc danh thirc bang
nhiéu phuong phap tiép can khic nhau [172]. Xem xét toan bd bd gen duoc giai
trinh tu cho dén nay c6 rt nhiéu hop chat tht cip duwoc tim thay. Thuc té 1a ching
chtra s luong 16n nhit cic BGC, chiang han nhu polyketide synthases (PKS) va
synthetase ciia peptit khong phai ribosome (NRPS), hodc thim chi ca su két hop
gitta cac con lai PKS-NRPS [181].
Mot s6 cong cu va phan mém tin sinh hoc:

» National Center for Biotechnology Information (NCBI)

NCBI 1a website cung cap mot luong 10n tai nguyén truc tuyén vé thong tin
va dir li€u sinh hoc, bao gém co s& dir liéu trinh tu nucleic acid (GenBank) va co s&
dir liéu PubMed gém céc trich dan va tém tit dugc xuét ban trén cac tap chi khoa
hoc su séng. Cac tai nguyén bao gom PubMed, PMC, Bookshelf, Genome,
BioProject, dbSNP, dbVar, co so dir liéu BLAST, igBLAST, iCn3D va
PubChem,.... Tt ca cac tai nguyén ndy c6 thé duogc truy cip tai trang web NCBI:

https://www.ncbi.nlm.nih.gov/.

» Genmark

Genmark (truy cap tai website http://exon.gatech.edu/GenMark/) 1a mét trang

web tim kiém gen va du doan vi tri cia gen trong hé gen, trinh tu nucleotide cua
sinh vat nhan so, sinh vat nhan thuc va virus. GenMark bao gém hai chuong trinh
chinh dugc goi la GenMark va GenMark.hmm. Chuong trinh GenMark duoc sur
dung dé du doan cac ving ma hoa va khong ma hoéa protein, c6 thé duoc sir dung dé
phan tich toan bd bd gen ciing nhu phan tich mot gen cu thé va nhitng ving xung
quanh n6. Chuong trinh GenMark.hmm duoc st dung dé tim cac diém chuyén tiép
(ranh gi6i) giira cac ving mi hoa protein va khong ma hoa protein va c¢6 thé mang
hiéu qua cao hon véi cac trinh tu & bo gen 16n hon [38].
» Blast2GO

Blast2GO (B2G) (truy cép tai website: https://www.blast2go.com/) 1a mdt
cong cu tin sinh hoc dé cha thich chudi DNA hoic protein dua trén Gen Ontology
(GO) va khai thac dir liéu dya trén chirc nang [85].
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Cong cu ndy bao gébm nhiéu chtrc ning dé truc quan hoa, quan Iy va phan
tich thong ké cac két qua chu thich, bao gém ca phan tich lam giau bd gen. B2G
cung cip InterPro, mi enzyme, con dudng sinh tong hop trong KEGG, mé hinh hoa
dua trén GO (direct acyclic graphs - DAGS) va GOSlim [52].

Céc thuat ngir InterPro duoc léy tur InterProScan tai EBI va duoc chuyén déi,
hop nhét thanh GO. Chu thich GO c6 thé duoc diéu chinh tir Annex, trang web
GOSlim va chinh stra thi céng. Cac chu thich ban 6 nhu mi enzyme va con duong
KEGG dugc truy xuat thong qua lap ban dd tir GO. Céc cong cu truc quan bao gom
mi mau trinh tu, con dudng KEGG va biéu d6 GO voi cac chon loc va danh dau
thuat nglr GO. Cac cong cu khai thac dit lidu chi thich b6 sung bao gdom biéu do
thng ké va chirc nang phan tich lam giau bo gen [80].

» Antibiotics & Secondary Metabolite Analysis Shell (AntiSMASH)

AntiSMASH (antibiotics & Secondary Metabolite Analysis SHell) 1a cong cu
duogc st dung rong rai nhat dé xac dinh va phan tich cac cym gen sinh téng hop
BGC & vi khuan c6, vi khuan va nim. AntiSMASH lan dau tién dugc Medema va
cs cong bd vao ndm 2011 véi nhimng tinh ning xac dinh polyketides, nonribosomal
peptides, terpenes, aminoglycosides, aminocoumarins, indolocarbazoles,
lantibiotics, bacteriocins, nucleosides, beta-lactams, butyrolactones va nhiéu loai
chat khac trong trinh tu nucleotide cia vi khuan va nam [135]. AntiSMASH 2.0
dugc Blin va cs tiép tuc cong bd ndm 2013 duoc thiét ké lai va cai tién véi nhicu
tinh ning hon khién antiSMASH 2.0 trd thanh ngudn tai nguyén toan dién nhat dé
xéac dinh va phan tich thr cAp médi con duong sinh tong hop chat chuyén hoa & vi
sinh vat. Tiép theo d6, cac phién ban antiSMASH 3.0 dugc cong bd boi Weber va
cs nam 2015, cac phién ban antiSMASH 4.0 , 5.0, 6.0 va 7.0 dugc Blin va cs lién
tuc cong bd vao nim 2017, 2019, 2021 va 2023.

Ké tir khi cong bd 1an dau vao nim 2011, antiSMASH da tro thanh cong cu
dugc st dung rong rii nhat dé khai thac bo gen cho cac chat chuyén hoa thir cap,
chat chuyén héa chuyén biét va duoc coi nhu tiéu chuin vang. AntiSMASH st

dung cach ti€p can dya trén quy tac phat hién cac viung gen chira cic cum gen sinh
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tong hop bang cach str dung thong tin vé cic enzyme dé phan loai cac ving duoc
phat hién thanh 88 con duong sinh téng hop khéac nhau. Bén canh viéc phan tich cu
thé dbi v6i nhiu con dudng sinh téng hop khac nhau di dugc biét, antiSMASH con
so sanh cac vung BGCs dugc phat hién véi co s¢ ditr licu MIBiG (Minimum
Information about a Biosynthetic Gen cluster). MIBiG chira thong tin vé cic cum
gen sinh téng hop d3 biét, giup xac dinh cic cum gen méi cé twong dong véi cac
cum gen dd duoc nghién ctu trude day. Diéu nay gitp xac dinh xem cac cum gen
méi ¢6 twong dong véi cac cum gen di duge du doan trudc d6 hay khong. Cudi
cung, antiSMASH tong hop tit ca cac thong tin va dua ra bao cao chi tiét vé cac
ving BGCs dugc phat hién, bao gdm thong tin vé con dudng sinh tong hop, cic
enzyme lién quan va két qua so sanh véi co so dit licu.

Khai thac b gen dé du doan cum gen ma ho4, sinh tong hop cac san pham tu
nhién bang cong cu antiSMASH tao nén tang va trd thainh mot phuong phap quan
trong dé kham pha san pham tu nhién méi tir vi sinh vat. Diéu nay gép mot phan
khong nhé ddi trong viéc phat trién cac loai thudc méi nhu thude khang sinh, thude
chéng ung thu, thude co tac dung lam giam cholesterol, thude bao vé thuc vat hodc
cac chit bao quan thuc vat co ngudn gdc tir vi khuan, ndm tao ra. Khai thac bo gen
tiép tuc 12 mot k¥ thudt vo gia dé danh gia tiém ning sinh tong hop cua vi sinh vat
trong tuong lai.

1.4.3. Pdc diém hé gen xa khudn thugc chi Streptomyces

Nhitng tién bo trong céng nghé gen trong nhitng nim qua di c6 tac dong
16n dén linh vuc phat hién, khdm phé cac san pham tu nhién NP. Mot s6 nghién ctru
d3 khang dinh mdi chung vi sinh vat c6 tiém ning tao ra nhiéu hop chét néu sir dung
c4c diéu kién 1én men t6i wu va kich hoat duoc cic nhom gen sinh tong hop (BGCs)
dang trong tinh trang im ling [171]. Trong sb cac hop chit ty nhién di biét, phan
16n cac co ché sinh tong hop ciing nhu sy lién két gitra hop chat vi nhom gen sinh
tong hop déu chua duoc 1am rd. Vi vay, viéc hiéu 1d vé nén tang di truyén ciia qué
trinh téng hop cac chit chuyén hoa thr cap sé tao co s& cho cac nha khoa hoc tiép

tuc phat hién ra cac hoat chat sinh hoc méi [150].
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Bo gen xa khuan dau tién dwogc giai trinh tr ddy du 1a cua Streptomyces
coelicolor A3(2) [36], va bo gen dau tién cia xa khuan c6 lién quan dén cac san
pham ty nhién 13 cta ching xa khuan Streptomyces coelcolor [36], tiép theo la
Streptomyces avermitilis c6 y nghia quan trong ing dung trong cong nghiép [98].
Tat ca déu str dung ky thuat giai trinh ty Sanger. Pong thoi, nghién ctru cua Bentley
va cs ciing cho thiy su c6 mit ciia hon 20 cum gen sinh tong hop cac hop chat thu
cp (SmBGC) ma khong dugc biét dén trong cac nghién ciru ¢ diéu kién phong thi
nghiém. Nhirng cum gen nay duogc goi la “im lang” va dai dién cho hon 75% cac
san pham ty nhién NP tiém ning dwgc mA hoa boi cac gen nay. Tiép theo I cac
cong bd trinh ty hé gen nam 2003 cua Streptomyces avermitilis [98] va nam 2015
cuia Saccharopolyspora erythraea NRRL23338 [152] di dua ra cai nhin sau sic hon
vé tiém nang sinh tong hop cac hop chat thir cap chua duoc khai thac ngay ca
nhimg ching xa khuan duoc nghién ciru k¥ ludng nhat trong phong thi nghiém.
Trong nhitng nim tiép theo, viéc giai trinh tu hé gen da duoc tién hanh nhanh chéng
hon véi chi phi giam dang ké do ap dung cac k¥ thuat dugc cai tién va giai trinh ty
bd gen di tré thanh mot ki thuat thong thudng trong phong thi nghiém. S6 luong hé
gen xa khuan Streptomyces duogc giai ma tang theo cic nam, hira hen tao ra co so dit

liéu 16n dé nghién ctru xa khuan.
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Hinh 1.12. S6 lrgng hé gen xa khuan dwgc cong b trén NCBI RefSeq dén
6/2023 [141]
HQ: High-quality, MQ: medium-quality va LQ: low-quality
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Nam 2013, nghién ctru cua Doroghazi va cs cho thay mdi bo gen xa khuan
Streptomyces s hiru 25-70 cic cum gen sinh tong hop cac hop chét thir cip, nhiéu
hon bét ky chi xa khuan nao khac, nhung chi mét phan nho trong s dé dugce tao ra
khi nudi cdy trong phong thi nghiém [60]. Nhiing cong b ciia Belknap (2020) dya
trén cac cum gen trung tim, cic cum gen sinh tong hop cac hop chét thir cap duoc
phan thanh 5 nhoém chinh: téng hop peptite khong ribosome (NRPS), tong hop
polyketite dang 1 (type 3 polyketide synthase-T1PKS), lai ciia tong hop peptide
khong ribosome va tong hop polyketide (NRPS-PKS), terpen va peptide bién tinh
(RiPP) va siderophore chiém ti 50% tong s6 smBGC duogc du doan. Va & muc do
thap hon 14 butyrolactone, polyketide dang 2 (type 2 polyketide synthase, T2PKS)
bacteriocin va polyketide dang 3 (type 3 polyketide synthase, T3PKS). Cac loai
polyketide (PKS) va peptide synthetase khong ribosome (NRPS) thuong bao gom
cac gen cuc dai (> 5 kb) mi hoa cac enzyme da mo-dun véi cau tric mién cé tinh
1ap lai. Do do6, viéc chu thich gen chinh xac phai dya trén trinh ty b gen chét lugng
cao dé xac dinh chinh x4c cac cum gen sinh tong hop cac hop chat thir cap .

Xa khuén Streptomyces c6 ciu trac hé gen mé va cac cac cum gen sinh tong
hop cac hop chat thir cdp dé bi tac dong tir dicu kién ngoai canh- dy 1a nguyén
nhan tao nén sy khac biét ctia xa khuan Streptomyces va cac san pham tht cép tao
ra so v&i cac chi xa khuan khac. Belknap va cs nghién ctru va cong bd mot sb
chung xa khuan c6 sb luong cac cum gen sinh tong hop cac hop chét thir cap cao
nhat nhu S. rhizosphaericus NRRL B-24304 (n=83 BGC), Streptomyces sp.
NRRL B-1347 (n=82 BGC), Streptomyces sp. PRh5S (n=82 BGC), S.
milbemycinicus NRRL 5739 (n=_81 BGC) va Streptomyces sp. NBS 14/10 (n=79
BGC). Va mot sé ching xa khuan co s6 luong smBGC thap nhat 1a S.
gilvigriseus MUSC26(n =8 BGCs), S. thermoautotrophicus Hl1(n=9 BGCs) va S.
thermoautotrophicus UBT1 (n=11 BGCs ) [34]. Nghién ctru ctia Qi va cs (2021)
cho théy, toan bg bd gen cua chung xa khuan SCA2-4T c¢6 chia 51 cum gen sinh
tong hop gia dinh. Dic biét c6 10 cum gen tham gia vao qua trinh sinh téng hop

céc chat khang khuan. Ngoai ra, chiing ndy ciing thé hién hoat tinh khang nam cao,
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chdng lai cac tic nhan gdy bénh ndm chudi nhu Foc 1, C. fallax va C. lunata.
Pong thoi, dich chiét ching xa khuan SCA2-4T cé tac dung pha hiy nghiém trong
cAu tric té bao ndm Foc TR4, Grc ché su phat trién hé soi va su nay mam cia bao
tr ndm [168].

Hién nay, tai Viét Nam viéc tim kiém céc chung xa khuén ban dia c6 kha
ning sinh tong hop cac hop chit thir cip dic biét 1a cac chung xa khuan c6 tiém
ning tng dung trong néng nghiép n6i chung va khang ndm giy bénh thyuc vat noi
riéng dang rat duoc quan tim. Do vay, viéc phéan 1ap, dinh danh va phan tich toan
bo hé gen cua cac chung xa khuan cé nguén géc tai Viét Nam c6 y nghia rat 16n,
g6p phan quan trong vao viéc phat trién cac giai phap sinh hoc bén viing va than
thién vd1 moi truong. Thong qua viéc phat hién va khai thac cac dac tinh sinh hoc
doc dao cuiia cac ching xa khuan ban dia khong chi giup ting ning suat cay trong
va kiém soat bénh dich mot cach ty nhién ma con gop phﬁn cai thién chat luong
dat tréng, giam thiéu su phu thudc vao hoa chat nong nghiép. Tir d6, xay dung mot
nén noéng nghiép an toan, bén viing, va thich tng hiéu qua véi nhitng thach thirc

cua bién do1 khi hau.
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Chwong 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. VAT LIEU
2.1.1. Poi twong nghién ciru

- B0 suu tip 45 chung xa khuan duoc phan lap tu cac vung dat tréng chudi
tai Viét Nam; cac chung ndm gdy bénh trén thuc véat Colletotrichum
gloeosporioides (VCM-1122), Corynespora casiicola (VCM-1163), Fusarium
solani (VCM-1147), Sclerotium rolfsii (VCM-1098), Diaporthe sp (VCM-1056) da
dugc ma hoa thong tin & cip do phan tir, kha ning gay bénh, duoc cung cép boi
Khoa Cong nghé Sinh hoc, Hoc vién Nong nghiép Viét Nam.

- 160 mau chudi bi bénh duoc thu thap tir cac bod phan: than gia, cu, ré, 14,
qua cua cac cay chudi bi bénh tai cac tinh: Ha Noi, Vinh Phtc, Thai Binh, Hai
Duong, Hung Yén, Hai Phong va Ha Tinh.

- Thoi gian thu mau: Tir 01/2021-12/2022

- Giéng chudi Cavendish sau tudn tudi, nudi céy md, c6 chiéu cao tir 7-10cm,
c6 tir 3-5 14 that. Chudi duoc tach bau tréng vao chau nhua khoang 1 tuan trude khi
tién hanh thi nghiém tai 1ay nhiém.

- Loai dit duoc dung dé trong chudi: dat sach VINATAP.

2.1.2. Héa chit va trang thiét bi
2.1.2.1. Héa chat

Héa chét duoc cung cap va str dung tai Bo mon Vi sinh vat hoc, Khoa Cong
ngh¢ Sinh hoc, Hoc vién Nong nghiép Viét nam (Phu luc 1).

Cac mdi trudng nudi cay vi sinh vat sir dung trong nghién ciru duge liét ké
tai Phu luc 2.

Céc cap moi duge thiét ké hodc tham khao tir cac cong trinh khac, dugc gtri
di tong hop boi cong ty IDT (Singapore) hodc boi Cong ty Sinh hoa Phu Sa (Viét
Nam). Cac mdi dugc pha bang nudc khir ion vo tring dén nong do st dung 1a 10

pmol. Danh sach mdi liét ké tai Phu luc 3.
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2.1.2.2. Trang thiét bi chinh

Nghién ciru sir dung cac thiét bi chinh trong luan 4n nhu: thiét bi giai trinh
tu 250 PE Miseq tai phong thi nghiém Chunlab, Inc (Seoul, Han Qudc), may PCR
(Eppendorf, Ptc), bd dién di (GES Wealtec, USA), may cd6 mau SpeedVac
(Thermo Fisher Scientific, My), tii bdo quan mau (Kirsch, Germany), kinh hién vi
dién tir quét SEM (Olympus CX33, Nhat Ban), ti cay vi sinh (Labconco, M), may
lac 6n nhiét (LabTech, Han Quéc), may do mat d§ quang (HACH, M¥), may do pH
(Schott, Pirc), hé théng sac ky diéu ché HPLC-DAD (Agilent Technologies, M¥),
thiét bi do phd cong huong tir hat nhan (Bruker AM500 FT-NMR Spectrometer,
Pric), thiét bi do pho khdi lugng phan giai thuong (Agilent 1100 series LC/MSD
Trap SL, M¥), thiét bi do pho khdi lugng phan giai cao (Agilent 6530 Accurate-
Mass Q-TOF LC/MS, M¥), bé rung siéu am (Daihan Scientific, Han Quéc), hé
théng ¢ quay chan khong (Buchi R300, Thuy sy), hé thong himg mau ty dong
(EYELA fraction collector DC-1200, Nhat Ban), dén tir ngoai 254 nm, Ban mdng
trang san silica gel DC-Alufolien 60 Fzss va RP-18 Fas4 (Merck, My).
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2.2. PHUONG PHAP NGHIEN CUU
2.2.1. So do nghién ciru

Tuyén chon xa khuén tir bd

M3u chuéi bi bénh héo swru tap o kha niang khang
vang nam (Foc- TR4) gay bénh
héo vang

|

Panh gia kha
ning khang nam
(Foc TR4) cua
chung Xa khuan
tiém nang

Hinh 2.1. So' @6 nghién ciu
2.2.2. Phwong phdp lidy mdu

Mau chudi bi bénh dugc thu thap bang cach ding dao, kéo di dugc khir

tring cat mot phan bd phan co6 mang tridu chimg nghi ngd bo vao tai ni 16ng sach

riéng ré. Cac mau dugc danh so tha tu, ghi lai thong tin vé tri¢u chung, dia diém va

thoi gian 1dy mau.

2.2.3. Phwong phdp phén ldp, tuyén chon, xdc dinh dic diém sinh hoc ciia Vi

sinh vt
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2.2.3.1. Phuong phdp phdn Idp, tuyén chon ndm bénh
Nam bénh duoc phéan 1ap tir phan bé mach trong than gia mau niu trén moi
truong PDA. Cic mau duoc rira sach bang nudc cat vo trung, cit thanh cic doan
nho c6 kich thude 1 x 1 cm tinh tir mép vét bénh, khr tring bé mit bang etanol
70% trong 20 gidy, sau d6 rira sach ba lan bang nudc cit vo tring va dit vao giira
cac dia petri co chira mdi truong PDA di bd sung Streptomycin 0,16 mg/ml, @ &
30°C trong 1-3 ngay. Khuén lac cta cac loai ndm khac nhau dugc quan sat thiy trén
dia moi trudng phan 1ap nhung chi nhimng khuan lac tao sic to mau hong duoc chon
1a ddc diém dién hinh cua nAm Fusarium oxysporum. Cac dic diém khuén lac (hinh
dang, sic t6, microconidia, macroconidia, chlamydospores) dugc quan sat trén moi
truong PDA nudi ¢ 25°C trong 7-14 ngay. Mau sic khuan lac va hinh thai cac
ching nim sau d6 dugc so sanh véi dic diém cua Fusarium spp. duoc mo ta boi
Durén [61] va Leslie va Summerell [118]. Chi cac ching phan lap dugc xac dinh 1a
F. oxysporum mdéi dugce chon dé mo ta thém dic tinh. Cac ching nidm Foc gid dinh
phan 1ap dugc bao quan trong moi truong thach nghiéng PDA ¢ 4°C va 30%
glycerol ¢ -20°C.
2.2.3.2. Phuwrong phdp tuyén chon xa khudn cé khd nang khdng nam gdy bénh héo
vang
Céac ching xa khuan duoc nudi trén moi trudng ISP4 ¢ 30°C, sau 72 gid
duc nhitng thoi thach c6 dudng kinh d=9mm dit 1én trén cac dia dd duoc ciy trai
50ul dich bao tir (108 bao tir/ml) cac ching nAm Foc TR4. Cac dia petri sau khi dit
thoi thach dugc nudi & 25°C trong thoi gian 5-7 ngay va do dudng kinh vong khang
nam dugc hinh thanh. Lua chon céc ching xa khuén c6 kha nang hinh thanh hoat
tinh d6i khang nim Foc TR4 cao nht.
2.2.3.3. Phuong phdp xdc dinh déic diém hinh thdi xa khuan.
- Bdc diém hinh thai khudn lac: Cac ching xa khuan tuyén chon duoc nudi
céy trén 6 moéi truong ISP khac nhau: ISPI; ISP2; ISP3; ISP4; ISPS; ISP6; va
Gause, sau 7-14 ngay & 30 °C [177]. Tién hanh danh gid cac dic diém hinh thai

khuan lac trén cac dia thi nghiém.
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- Mau sdc khuén ty khi sinh, khuén ty co chat, su hinh thanh sdc té tan: duoc
xéc dinh bang cach so sanh v&i biéu d6 mau ISCC-NBS [103]

— Su hinh thanh sdc t6 melanin: dugc xac dinh trén moi trudng ISP6 ¢ 30°C
trong it nhit 21 ngay, néu chung sinh ra melanin thi mau ciia méi trudng s& chuyén
tir vang nhat sang nau, den (theo chwong trinh phan loai xa khuan quéc té (ISP))
[89].

— Khad nang sir dung nguén dwong: duge danh gia trén moi trudong ISP9 c¢6 bd
sung cac loai duong (L-arabinose, Sucrose, D-xylose, I-inositol, D-manitol) vé&i
noéng d6 1% theo khdi lwong, dbi chimg am (moi truong ISP9 khong c6 ngudn
cacbon), d6i chimg duwong (dudng D-Glucose 1%). Sau 10-16 ngay nudi ciy &
30°C, danh gia sy phat trién cta cac chiing xa khuan tuyén chon.

— Pgc diém chudi bao tir, bao tir - Céc ching xa khuan tuyén chon duoc céy
trén moi truong Gause | sau d6 gam cac phién kinh (lamen) vao thach véi goc
nghiéng 45° so véi bé mat thach da duoc céy xa khuén. Sau 3 ngay nuodi céy 0 30°C,
rt cac phién kinh c6 khuan ty khi sinh cta xa khudn va quan sat hinh thai chudi
sinh bao tir dudi kinh hién vi quang hoc. Hinh thai va bé mat bao tir xa khuan duoc
quan sat dudi kinh hién vi dién tir quét (SEM).
2.2.3.4. Phwrong phdp nghién civu déic diém sinh hoc cia xa khudn
- Xdc dinh kha ndng sinh enzyme ngoai bdo bang phwong phdp khuéch tan trén
dia thach [2]

Céc chung xa khuan dugc nudi trén méi trudng maoi truong ISP2 véi cac diéu
kién: nuéi lic 180 vong/phut ¢ 30°C, thoi gian 7 ngdy. Tién hanh thu dich 1én men,
ly tam 10.000 vong/phiit & 4°C. Hut 100ul dich li tAm nhé vao giéng trén dia thach
chira co chit Chitin, CMC, xylan, tinh bdt, casein va pectin, gitr & 4°C trong 1 gio.
Sau d6, chuyén sang ti nudi cay & 30°C trong khoang 18-24 tiéng. Kha ning sinh
tong hop enzyme tuong ung: chitinase, cellulase, xylanase, amylase, protease va
pectinase cua cac chung xa khuan nghién ciu dugc xac dinh dua theo duong kinh
vong phan giai co chét.

Hoat tinh enzyme ngoai bao duoc xac dinh bang cong thirc:
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HT = D-d
Trong do: D - duong kinh vong phén giai (mm)
d - duong kinh 16 thach (mm)
- Xdc dinh kha néng sinh chdt kich thich sinh truéng IAA [T7]

Ham luong IAA sinh ra duge xac dinh bang phuong phap so mau sir
dung thudc thir Salkowski (300 ml HSO4 98%, 15 ml FeCls 0,5M) [77]. Céc ching
xa khuan duoc nuéi trong méi truong ISP2 ¢ bd sung 0.2 % tryptophan, nudi lic
200 vong/phat & 30°C trong 5-7 ngay, dich xa khuan dugc ly tam va thu duoc dich
trong. 1ml dich trong duoc b sung thém 2ml thudc ther Salkowski, lic déu, dé
trong bong tdi trong 20 phat & nhiét do phong. Dung dich duoc so mau ¢ budc séng
530nm. Puong chuan dugc dung véi cac mau c6 nong do 1AA chuan khac nhau, c6
dang: y = 0,018x + 0,061 (R? = 0,996)

- Xdc dinh kha nang sinh siderophore [126]

Dit khéi thach (dudng kinh 5 mm) c6 chtra khuén lac cta ching xa khuan
nghién ctu 1én trén moi truong thach CAS (Chrome Azurol Sulphonate). Sau 14
ngay nudi cdy & 30°C xac dinh kha ning sinh siderophore bang kich thudc vong
sang quanh khudn lac va su chuyén mau mdi truong tir mau xanh lam sang mau
cam do phitc hop CAS-Fe®* bi pha v&.

Kha ning sinh siderophore duoc xac dinh bang cong thirc:

bK =D-d
Trong d6, D: duong kinh vong sang quanh khuén lac (mm)

d: duong khuan lac xa khuan (mm)

- Phuong phap dinh lwong chitinase va 5-1-3 glucanase [165]

Cay khéi thach da duoc cdy chung xa khuan thi nghiém (duong kinh Smm)
vao 100 mL moi trudng Gause I 10ng voi cac didu kién: toe d6 1ac 200 vong/phut, &
30°C trong 7 ngay. Dich nuéi ciy ching xa khuan VNUA116 duoc ly tam & 2000
vong/phut trong 20 phut. Hoat tinh cta chitinase va B-1,3-glucanase dugc xac dinh
bang bo kit Chitinase Activity Assay Kit (Sigma- M¥) va bo kit B-1,3-glucanase

ELISA cua vi sinh vat (Sigma- My). Ham lugng enzyme chitinase tao thanh chinh
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12 luong chitin chuyén hoa lpg N-acetylglucosamine trén mdi ml dich nudi

cay/phtt & 37°C. Ham luong p-1,3-glucanase tao thanh chinh 13 luwong enzyme

chuyén héa 1pumol co chat thanh san pham trén méi ml dich nuéi cay/phut ¢ 37°C.

Tt ca cac thi nghiém déu duoc lap lai 3 lan.

2.2.4. Phwong phdp tdi lidy nhiém ndm gay bénh nhan tgo trong phong thi
nghiém trén cay chudi

2.2.4.1. Taildy nhiém ndm gdy bénh trén cdy chudi

Téi lay nhiém n4dm trén ciy chudi dugc tién hanh nhu mé ta bai Li va cs
(2013) c6 cai tién [119]. St dung cac cay chudi nudi cdy in vitro gibng Cavendish 6
tuan tudi dé danh gia tinh gay bénh cua cac ching nim Foc. Cac ciy chudi nay co
du cac diéu kién: dong nhat, khoe manh va da dugc trong thich nghi (1 thang ngoai
vuon wom) trude khi tién hanh thi nghiém.

Than va ré ciia cac cay chudi thi nghiém dugc 1am ton thuong nhe bang kim
d3 khir tring duoc ngam trong hdn dich bao tir ndm Foc gdy bénh ¢ chira 5 x 108
bao ti/ml ctia mdi chung trong 2 gio trude khi trong vao cac chau. Sau khi ngam,
phan con lai cua dich bao tir dugc tudi déu 1én cac cay trong trong chau. RE cay d6i
chting duoc nhung trong nude cat vo tring. Toan bd cay thi nghiém, cdy dbi ching
sau khi lay nhiém dugc tréng trong chau nhya va dugc tudi nude, cham séc thuong
xuyén. Moi thi nghiém st dung 30 ciy chudi trong trong 30 chau nhya (mdi cay
trong mot chau chtra 0,5 kg dat da tiét trung) va lap lai 3 lan doc 1ap.

Céc triéu ching bénh duogc ghi nhan sau 1,2 va 3 thang thi nghiém lay nhiém
bang cach quan sat hién twong 1a vang theo cic thang bénh. Cac mau nam sau d6
duoc tai phan lap tir cac cay bi nhiém; cdc mau nAim nay s€ dugc so sanh vdi cac
mau nam gbc sir dung trudc khi gy nhiém dé chimg minh cac dinh luat ciia Koch.

S cay bi bénh

Ty 1& cAy nhiém bénh (%) = _ x 100%
SO cay thi nghiém
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Mtrc @6 gay bénh theo Moore va ¢s 1993 [144] nhu sau:

Mire d§ gay bénh Triéu chiwng caa cay
1 Khéng co triéu chang
2 Vang ban dau chu yéu ¢ 14 dudi
3 Vang tat ca cac 1a dudi véi mot s6 1a non bi ¢6i mau
4 Tat ca cac 1a déu vang dam
5 Cay chét

2.2.4.2. Tdildy nhiém nam gdy bénh trén ld chudi
Thi nghiém tai lay nhiém nhan tao trén 14 chudi duge thuc hién theo quy

trinh ciia Udompongsuk va Soytong (2016) [192]. Bé mit cua 14 chubi khée manh
duoc tiét trang bang ethanol 70% trong 15 gidy, sau do cit thanh cdc manh co kich
thudce 5x5 cm va dat mat 14 hudng 1én trén trong cac dia Petri v6 trung. Cac dia nay
chtra gidy loc dugce 1am 4m bang nude cit dé duy tri d6 4m cao. Rach 1 vét thuong
& gitta manh 14 khoe manh dé dé dang nhim nim 1én mau 14 chudi. Pit cac khoi
thach c6 chira soi ndm ctia mdi ching (duong kinh 5 mm) tir cac dia nudi cdy nim
Foc sau 7 ngdy vao cac vét thuong trén cac manh 1a. Mau d6i chimg chi lam t6n
thuong 14 ma khong duoc cdy nidm bénh. Cac dia Petri dugc U ¢ nhiét d6 phong
trong 5 ngay, voi mdi thi nghi¢m duoc lap lai ba lan.
2.2.5. Phwong phdp dinh danh vi sinh vit
2.2.5.1. Dinh danh nam gdy bénh

- Phuwong phdp tdch DNA tir hé soi ndm

Str dung que ciy vo trung 1y soi nam cta chung Foc duoc thu tir cac khuan lac
riéng & sau 7 ngay nudi cay & 25 °C cho vao cac 6ng Eppendorf 2ml. Sau d6, thém
Iml dung dich dém CTAB va @ & 65°C trong 1 gio, lic 10 phat/ 1an. Thém dung
dich phenol-chloroform-isoamyl (PCI) véi ty 18 1:1, tron déu, sau d6 ly tim 13.700
vong/phiit & 4°C trong 10 phut dé thu dich. Chuyén phan dich ndi vao cac éng
Eppendorf 2ml d3 tiét tring va bd sung dung dich Chloroform: Isoamylalcohol (ty
16 1:1), trén déu bang vortex, ly tim & 13.700 vong/phut trong 10 phut & 4°C. Phan

dich ndi tiép tuc dugc chuyén vao éng Eppendorf 1.5ml méi, bd sung ethanol 100%

61



v6i ty 18 2:1. Sau khi dao nhe, hdn hop tiép tuc duoc ly tim 10.000 vong/phut trong
10 phat & 4°C dé thu duoc phan tia DNA. Phan tia DNA dugc rira bang 500ul
dung dich ethanol lanh 70% va huyén phu trong 50ul dung dich dém TE. Nong do
mau DNA duge xac dinh bang may quang phd nanodrop va dién di gel. Dung dich
DNA sau d6 duoc luu trir 6 -20°C.
- Phuwong phap PCR va giai trinh ty gen

Céac doan DNA dugc PCR tir DNA tong sé thuc hién trén may chu ky

nhiét ASTEC Gen Atlas (Nhat Ban) véi tong thé tich 30 pl. Thanh phan phan

ung PCR khuéch dai cac doan gen phuc vu cho viéc giai trinh ty:

2XPCR Master Mix 15 ul
Moi xudi (10 pmol/pl) : 1,5
Moi nguogc (10 pmol/pl) — :1,5pl
Khuon DNA (50 ng/pl) 4,5l
Nudc khtr ion vo tring 7,5 ul
Tong thé tich 230 pl

St dung cac mdi ITS1 (5-TCCGTAGGTGAACCTGCGG-3’)/ITS4 (5°-
TCCTCCGCTTATTGATATGC-3’) theo Kumar va cs, 2013 dé xac dinh cac chung
nam Fusarium [110].

Chu trinh nhiét nhu sau: 94°C (5 phut); 30 chu ky ctua 94°C (30 giay), 53°C
(40 gidy), 72°C (1 phat); 72°C (7 phut). Cac san pham PCR duogc phan doan va quan
sat bang dién di gel agarose 1% (w/v) va duoc giai trinh t bai cong ty 1st BASE
(Singapore). Cac chudi duoc can chinh va kiém tra bang cong cu BLAST cua Trung
tam Quéc gia (NCBI) trén trang web NCBI (http://www.ncbi.nlm.nih.gov/BLAST).
Sy twong dong cua cac chudi gen ma hoa ving ITS cia cic ching ndm duogc so

sanh bang cong cy tim kiém (BLAST) tir (NCBI; https://www.ncbi.nlm.nih.gov).

Phian mém Mega 11 phién ban 11.0.13 duoc st dung dé xdy dung cdy phat sinh
loai, phuong phap Maximum Likelihood Tree dugc chon dé thiét 1ap tap hop céac
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bootstrap c6 d¢ tin ciy véi 1.000 lan lip lai va cac thiét 1ap khac duoc gitt & mic

dinh.
Bang 2.1. CAc cip méi dic trung dwoc sir dung trong nghién ciu
. Kich D3
Tén mbi Trinh tu (5"—3") thuée tm;nc TLTK
SP (bp) 5
TCCGTAGGTGAACCTGCGG/ | Kumar va cs
ITSUITSA | recTecGeTTATTGATATGE | 220 |Fusariumi ohgay 1107
Foc-1/Foc-2| CAGGGGATGTATGAGGAGGCT/ | 242 Lin va cs
Foc | (2009) [125]
GTGACAGCGTCGTCTAGTTCC
FocTR- | CACGTTTAAGGTGCCATGAGAG/ | ., TRa | Ditavacs
F/FocTR-R |CGCACGCCAGGACTGCCTCGTGA (2010) [58]

Céc ching Fusarium dugc xac nhan 1a Foc TR4 bang cach sir dung cac moi
dac trung (Bang 2.1) Foc-1, FocTR4-F va FocTR4-R theo Dita va cs, 2010 [58].

Céac diéu kién khuéch dai PCR duge thuc hién theo mé ta cta Li va ¢s nam 2011

[120]. Cac san pham PCR duoc kiém tra trén gel agarose 1,5%.

2.2.5.2. Dinh danh xa khudn

- Phwong phdp tach DNA ciia xa khudn

Chung xa khuan nghién ctru dugc nudi trong méi truong Gause-I 1ong voi

céc diéu kién nhiét do 30°C, tde do lac 200 vong/phut trong 7 ngay. Ly tam dich 1én

men va rira 2 1an bang nudc vo tring sau d6 thu tia. DNA hé gen duoc tach chiét

theo quy trinh dugc mo ta boi Masoomi-Aladizgeh va ¢s nam 2016 ¢6 cai tién. B6

sung 20 pl lyzozyme, U ¢ nhiét do phong trong vong 5 phat. B6 sung 600 pl dém

chiét GX va tién hanh cac budc tich DNA tuong ty nhu ¢ nam.

- Phwong phdp PCR va gidi trinh tir gen xa khudn

Cac doan DNA dugc PCR tir DNA tong s sir dung enzyme Phusion®

high- fidelity DNA polymerase ctia hing Thermo Scientific. Thanh phan phan

ung PCR khuéch dai cac doan gen phuc vu cho vi¢c giai trinh ty:
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5X HF buffer 5 ul

dNTPs (10 mM) 1l
Mai xudi (10 pmol/pl) 1 pl
Mdi ngugce (10 pmol/ul) 1l
Phusion polymerase (2 U/ul) 1l
Khudn DNA (50 ng/ul) 1l
Nudc khir ion vO tring 15l
Tong thé tich - 25 ul

Str dung cac moi 27F (5’-GAGTTTGATCCTGGCTAAG-3’) va 1492R
(5’-AGAAAGGAGGTGATCCAGGC-37) [203].

Chu trinh nhiét nhu sau: 94°C (6 phut); 35 chu ky ctua 94°C (30 giay), 58°C
(30 giay), 72°C (40 giay - 1 phut 30 gidy); 72°C (10 phut). San pham PCR duoc dién
di kiém tra trén gel agarose 1% va duoc giai trinh ty boi Céng ty 1% BASE
(Singapore). Mirc do twong dong vé trinh ty gen ma hoa ving 16S rRNA cua ching
xa khudn tuyén chon duogc so sanh véi cac chung da cong b trén Genbank bang

cong cu tra ctru Blast (http://blast.ncbi.nlm.nih.gov/Blast.cgi). Trinh tu cac ching

loai co lién quan chat ché dugc léy tir co so dir liéu GenBank duogc can chinh béng
phan mém BioEdit 7.2.5. Cay phat sinh gen duoc xdy dung bang phuong phap kha
nang t6i da st dung MEGA-X phién ban 10.1.8 véi cac phan tich bootstrap dua trén
1000 1an 1ap lai bang cach lay mau lai.
2.2.6. Phwong phdp ddnh gid mirc dp an toan ciia cdc chiing xa khudn tuyén
chon

Panh gia theo Huéng dan s6 2000/54/EC cua Cong dong Chau Au vé an toan
sinh hoc bang cach tra ctru theo danh muc cac tac nhan sinh hoc. Nhém tac nhan
sinh hoc vi sinh vat duoc phan 1am 4 cap d6 an toan.

- Cap d6 1 (Group 1) 1a cac vi sinh vat khong co thé giy bit cir mot nguy

hiém nao doi voi nguoi va dong vat
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- Cip dd 2 (Group 2) 1a céc vi sinh vat c6 thé gdy bénh ddi voi ngudi, dong
vat & mirc d6 thap, khong c6 kha ning lan truyén va cé thé phong, chong va loai
trir d& dang trong diéu kién binh thudng.

- Cap do 3 (Group 3) 1a cac vi sinh vat c6 nguy co gdy bénh ning d6i véi
ngudi, dong vat va c6 kha ning lan truyén rong, song van cé thé phong chdng va
loai trir duoc.

- Cip d6 4 (Group 4) 1a céac vi sinh vat c6 thé gy bénh ning ddi véi ngudi,
dong vat, c6 nguy co 16n vé muc do lan truyén rong va khong thé phong, chong
hoac loai trur.

2.2.7. Cdc phwong phdp trong gidi trinh tw hé gen xa khudn
2.2.7.1 Tao thw vién va giai trinh tu

+ Chuén bi thu vién cho giai trinh ty v&i nén taing DNBSEQ

DNA dugc kiém tra dé xac dinh su nguyén ven, néng d6 va do tinh khiét dat
tiéu chuan. Nong do DNA duogc phat hién bang fluorometer hodc Microplate Reader
(Qubit Fluorometer, Invitrogen). Tinh toan ven va do tinh khiét ciia miu duge phat
hién bing dién di trén gel agarose 1%, dién ap 150V, thoi gian dién di 40 phut. Sau
khi dién di dé chon cac doan DNA c6 kich thudc khoang 200-400 bp dé chuan bi
giai trinh tu. Cac doan DNA sau d6 duoc adenyl hoa 3' (gan nu A). Céac adapter sau
d6 dugc ndi vao cac dau cua cic doan DNA da gin voi nu A & phia 3°. Trinh tu
adapter sé sir dung dé khuéch dai cac doan DNA boi phan tng PCR. San pham PCR
sau khi duoc tinh sach s& duoc bién tinh br?mg nhiét va tao vong. Tap hop cac DNA
soi don khép vong (ssCir DNA) dugc kiém dinh chat luong dugc goi 1a thu vién. Thu
vién duoc kiém tra 1an cubi vé kich ¢& va do phan manh véi Bioanalyzer 2100 trudc
khi dua 1én SMRT Cell (PacBio). Cac thu vién du ti€u chuén s& dugc giai trinh ty boi
nén tang DNBSEQ (xtt 1y dit liéu thé (loc, cét bé doan doc kém chét luong)).
2.2.7.2 Chuan bi thu vién cho giai trinh tu voi nén tang PacBio

Trén nén tang PacBio, cac doan DNA trudc tién duoc xir 1y bang Covaris g-
TUBE dé dat kich thudc thich hop (khoang 10-15 kb), sau d6 cac dau doan duoc

noi lai dé tao thanh cau tric hinh chudng bang cach sir dung B chuan bi mau
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SMRTbell v.1.0 (Pacific Bioscience) dé sira chita cic hong hoc tir qua trinh phan
manh va stra hai dau 5°, 3’ trude khi gan vé6i adapter cta PacBio. Sir dung enzyme
Exo III va Exo VII dé loai bo cic san pham khéng gin adapter. Thu vién duoc 1am
sach béng hat tr Ampure PB (Beckman Coulter) va duogc kiém tra do dai, néng do
béng Bioanalyzer 2100. Thu vién dugc lam sach va chon kich thuédc béng Blue
Pippin (SageScience) voi nong do gel 0,75% dé loc ra cac doan DNA thu vién ¢
d6 dai tir 20kb tr¢ 1én. Thu vién duoc kiém tra 1an cudi vé kich ¢& va do phan manh
vo1 Bioanalyzer 2100 trudc khi dua 1én SMRT Cell (PacBio). Céc trinh tu
Polymerase duoc sir dung dé 1ap rap, so sanh bao gdm adapter va cac trinh ty DNA
(Subreads). Céac trinh tu c6 do dai ngén hon 1000 bp s€ bi loai bo. Cac thu vién du
tiéu chuan s& duoc giai trinh ty boi nén tang PacBio (xt 1y dit lidu thé (loc, cat bo
doan doc kém chat luong).

2.2.7.3 Ldp rdp hé gen

Céc trinh tu (read) duoc xir Iy bai nhiéu phin mém khac nhau va tuan theo 4
budc

Buoc 1. Swa cdc trinh ty subreads: St dung phén mém (Canu, Falcon) dé sua
16i giai trinh tu trong cic Subreads. Canu v1.5 (estn = 24, npruseGrid = 0,
corOviMemory = 4) (https://github.com/marbl/canu/releases) [109].

Buéc 2. Ldp rdp cdac doan doc chinh xdc: Lap rap trinh tu tir cac subreads da
dugc chinh sira 16i bang cac phan mém Canu va Falcon, tir d6 chon két qua lap rap
t6t nhat [109].

Buéc 3. Sira 16i gidi trinh tw d6i véi 16i chi ¢ mét nucleotide: Stra 161 mot
nucleotide trong két qua lap rap véi phan mém GATK v1.6-13 (-cluster 2 -window
5 -stand_call conf 50 -stand emit conf 10.0 -dcov 200 MQO> = 4)
(https://www.broadinstitute.org/gatk/) [134].

Buéc 4. Lap rdp, hinh thanh b nhiém scc thé khép vong: Sit dung phan mém
Circlator v1.5.5 dé danh gia hinh dang cua trinh tu lip rap (c6 dang vong hay
khong) [96].
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2.2.8. Phdn tich hé gen ciia chiing xa khudn tuyén chon

2.2.8.1 So do phan tich hé gen xa khudn

[ Trinh tw hé gen chiing xa khun nghién ctru J
z ~ s . K . =
Ngidung |\ . Su phat Cac c,,lm Ph'an flch G?, '!“lm I'(lem sw co ma't
A ) Pac diem ; ) gen sinh ch thich chirc cua cac gen trong cac
nghién ctru [/ sinh loai 3 - o B (o
tong hop ning con dwéng chuyén héa

Phuwong
phap nghién
clru

EzBioCloud Blast2GO
Genmarrk

Két qua N S6 gene, kich Cay phat Phat hién cac
thu'f')‘c, VI tri trén sinh chiing ving ma hoa cho
nhiém sac thé, ty 1& loai sinh tdng hop cac
G+C, gen ma héa hop chét thir cép
Protein, tARN,

rARN. ..

Tim kiém céc gen lién
quan dén cac con

dwéng sinh téng hop
céc hop chét thi cp

Ban thé luan
gen (Gene
ontology)

thu duoc

Hinh 2.2. Se' @6 quy trinh phan tich hé gen xa khuan
2.2.8.2 Cdc phirong phdp phan tich hé gen xa khudn.
- Duw dodn gen

Céc cong cu du doan gen thuc hién theo nguyén tic: (1) Dya trén mot tap
hop cac gen dugc xac dinh ban dau trong co s¢ dit li¢u da dugc ma hoa dé huin
luyén mo hinh dac thu cho tung loai, du doan cac ving ma hoa;(2) Cai thién cac du
doan bang cach tinh chinh tham s6 qua cac vong lip thong qua cac thuit toan
heuristic va (3) Str dung BLAST hoic cac co sé dit liéu khac dé xac nhan cac gen
du doan bang cach so sanh véi cac trinh tu da biét thong qua viéc tim kiém céc trinh
tu twong dong.

Str dung 02 cong cu duy doan vi tri cua gen trén h¢ genome chung xa khuén
voi tham sb mic dinh. Tir d6 chon ra tap gen chung nhét v&i mtc d6 tuong déng >
90% lam gen du doan cudi cung 1a két qua thu dugc tir hai phan mém GenMark va
Glimmer.

+) Cong cu du doan truc tuyén GenMarkS-2
http://exon.gatech.edu/GenMark/heuristic_gmhmmp.cqgi).

+) Phéan mém du doan gen Glimmer

(http://cch.jhu.edu/software/glimmer/glimmer302b.tar.qz).
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- Chui thich bo gen
Hé gen xa khuan VNUAL116 dugc cha thich bing cong cu Blast2GO.
Blast2GO da duoc coi l1a cong cu duge sir dung rong rai nhét tich hop nhiéu tinh
ning khac nhau, bao gém phén tich 1am giau bo gen, hién thi, quan 1y va phén tich
thng ké dir liéu chu thich. Ung dung ndy gilp cung cip InterPro, ma enzyme, cac
con dudng sinh tong hop KEGG, mé hinh hoa dya trén GO (direct acyclic graphs -
DAGS) va GOSlim [80]
- Phan tich cum gen ma hoa
Hé gen xa khuan VNUA116 duoc phan tich cic cum gen sinh tong hop
bang cong cu AntiSMASH 7.1.0 (Antibiotics & Secondary Metabolite Analysis
Shell) (https://antismash.secondarymetabolites.org./#!/start). AntiSMASH la céng

cu duoc su dung phé bién nhat st dung dir liéu dau vao trén GenBank dé xac dinh
va phén tich cac cum gen sinh tong hop (smBGC) trong hé gen cua vi khuan, xa
khuan va nam, do d6 tao diéu kién khai thac bd gen nhanh chong cua nhiéu loai vi
khuan, xa khuan va nim. AntiSMASH két hop thuat toan du doan cum gen
CLUSEAN (CLUSter SEquence ANalyzer), cha thich gen (théng qua BLAST), xac
dinh mién protein (thong qua HMMER so véi Pfam) va dya trén cac ving bao thi
cua cac enzyme NRPS/PKS, ciing nhu du doan tinh dac hi€u cua co chat ddi véi cac
mién NRPS 'A' (thong qua NRPSpredictor). AntiSMASH dung trinh tu protein
tham chiéu dé phan tich 1an luot cac khung doc mo dua theo cong cu BLASTp (gia
tri e-off-off = 1e-5). Céc trinh ty axit amin duoc giong véi thong sé mic dinh. Cac
gen di du doan dugc chu thich véi két qua mo ta chét luong t6t nhat (voi ty 18 %
chiéu dai giong cao nhét va do tuong ddng cao nhat). Tét ca cac gen da chu giai sau
do6 dugc phan loai dua trén cac 16p COG cua ching.
- Tim kiém con dwong lién quan dén sinh tong hop cdc hop chat khdang nam

Duya trén co s dit liéu Kegg pathway vé cac con dudng sinh tong hop cic
hoat chat khang nidm nhu Siderophore trén co sé dir liéu: Biosynthesis of
siderophore group nonribosomal peptides-Reference pathway

(https://www.kegg.jp/entry/map01053) . Tién hanh ldy céac trinh tw ma hoa cho céc
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enzyme trong con duong dugce cung cap boi co sé dit liu Kegg pathway, so sanh

trinh tu cac gen co trong hé genome cua chung VNUA16 véi céc trinh ty ma hoa

cac enzyme tim kiém duoc.

2.2.9. Nghién cieu cdc diéu kién 1én men nhdm ting khd néing khding ndm Foc
TRA4 ciia chiing xa khudn tuyén chen

2.2.9.1 Lya chon moi truwong lén men thich hop

Chung xa khuén tuyén chon dugc tién hanh 1én men trén 15 méi truong
(Gause I, Gause Il, ISP1, ISP2, ISP3, ISP4, ISP5, ISP6, Emerson, Casein, A-4 ,
YIM 61, YIM 301, YIM 308 va YIM 310) ¢ 30°C, téc d6 lic 200 vong/phit. Kha
nang khang nam Foc TR4 dugc danh gia tir ngay thir 5 bang phuong phap khuéch
tan trén dia thach cho dén khi két thuc thi nghiém [57]. Cac thi nghiém duoc lap lai
3 lan v6i mdi cong thirc. Chon mdi trudng thich hgp cho kha ning khang nim cao
nhat.
2.2.9.2 Anh hudng ciia nguén carbon va néng dé carbon

Chung xa khuén tuyén chon duoc nuoi céy trén moi truong da chon tir thi
nghiém trude véi cic ngudn carbon dugce thay thé 1a CB1 [(tinh bot tan 24 g/l): D-
glucose (1 g/l)], D-glucose, D-mannitol, D-Sorbitol, D-xylose va xellulose, cac
thanh phan khéac trong méi truong khong thay doi. Lén men & 30°C, téc do lic 200
vong/phit. Kha nang khang nam Foc TR4 dugc danh gia bang phuong phap khuéch
tan trén dia thach cho dén khi két thic thi nghiém [57]. Mdi cong thiic thi nghiém
duoc lap lai 3 lan. Lya chon nguén cacbon cho vong khang nim cao nhat.

Tién hanh thay d6i ham luong carbon trong madi truong, cac thanh phan khéac
khong thay doi. Moi cong thuc thi nghiém dugc 1ap lai 3 lan. Lua chon ham lugng
carbon cho vong khang ndm cao nhat.
2.2.9.3 Anh hudng ciia nguén nito

Chung xa khuan tuyén chon dugc nudi cdy trén mdi trudng co6 ngudn carbon
va ham luong carbon d3 duoc lua chon tir thi nghiém trude voi cac ngudn nito dugce
thay thé 1a N1 [(cao thit bo (3 g/): cao ndm men (5 g/1): pepton (3 g/l)], cao nim

men, cao thit bo, bot dau tuwong, pepton va KNOs v4i ham lugng tuong duong voi
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ngudn nito ban diu trong méi trudng co sd, cac thanh phan khac khéng thay doi.
Lén men ¢ 30°C, téc d6 lic 200 vong/phut. Kha ning khang ndim Foc TR4 duogc
danh gid bang phuong phap khuéch tan trén dia thach cho dén khi két thuc thi
nghiém [57]. Moi cong thirc thi nghiém dugc 1dp lai 3 lan. Lua chon nguén nito cho
cho vong khang ndm cao nhit.

2.2.9.4 Anh hudng cia pH va nhiét dg

Tién hanh thay d6i pH méi truong tir 5, 6, 7, 8, 9 dén 10 & 30°C, toc do lac
200 vong/phiit va nhiét do nudi cay 25, 30 va 35°C, téc do lac 200 vong/phit. Kha
ning khang ndm Foc TR4 duoc danh gid bang phuong phap khuéch tan trén dia
thach cho dén khi két thuc thi nghiém [57]. Mdi cong thuc thi nghiém duoc lap lai 3
lan. Lua chon dugc pH va nhiét @6 cho vong khang nam cao nht.

2.2.10. Phwong phdp xdc dinh khd néing déi khdng nim gdy bénh thuwe vit ciia xa
khudn.
2.2.10.1 Phwong phdp dong nudi cay cham 1 diém [57]

Lay mdt vong que cay chung xa khuan nghién ctru cdy chidm diém hoic dat
miéng thach (kich thudc 5 mm) chira xa khudn 1én dia petri chira méi truong PDA,
cach mép dia 20 mm. Sau d6, ldy mot vong que cdy chira ndm kiém dinh hoic
miéng thach da duoc céy nim bénh (duong kinh 5mm) céy & vi tri ddi dién, song
song véi ching xa khuan nghién ctru, cach mép dia 20 mm. Pia ddi ching, thuc
hién céy mot luong nam kiém dinh tuong tu vao gilta trung tam dia petri c6 chira
moi truong PDA (Dhanasekaran & cs, 2012) [57]. Céc dia thi nghiém va dbi chung
dugc nudi trong ta 4m & nhiét d6 30°C trong 7 ngiy. Do ban kinh tin nim hinh
thanh. Hiéu luc wc ché (Percent inhibition of radical growth) (PIRG) dugc xac dinh

theo cong thuec:

R 2
PIRG (%) = T X 100%

Trong d6: R1 - ban kinh tin ndm trén dia d6i ching

R2 - ban kinh tan ndm & phan tiép giap voi xa khuan trén dia thi nghiém.
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2.2.10.2 Phwong phdp dong nudi cay cdy cham 4 diém [57]
bat khéi thach da duoc céy ndm bénh (duong kinh 5Smm) ¢ trung tam dia
chtra méi trudng PDA. Ching xa khuan tuyén chon duoc cdy ¢ 4 goc dbi ximg bao
quanh khdi thach chita nAm bénh cach tim dia 3 cm. Mau ddi ching 1a dia chi dat
khéi thach d3 cdy nim, khong cdy xa khuan. Cac dia petri thi nghiém duoc nudi cay
& 30°C trong 7 ngdy. Do dudng kinh ving trc ché sinh trudng hinh thanh.
Ti 1& phan trim @c ché sy phét trién cua soi ndm (Growth Inhibition) (Gl) theo

cong thure sau:

D — D1
GI (%) = ——— x 100%

Trong d6: D - duong kinh cua tan ndm trong dia di chimg
D1 - dudng kinh ciia tan nim trong dia thi nghiém
2.2.10.3 Phwong phdp khuéch tan dia thach [57]

Chung xa khuan dugc nudi ciy trén moi truong Gause I 16ng voi cac didu
kién: téc do lac 200 vong/phut, & 30°C trong 7 ngdy. Cdy nim bénh kiém dinh trén
moi truong PDA, dung dung cu duc dia thach dé tao ra cac giéng trén dia, dung
pipet nhoé 100 pl dich nudi cay xa khuan di ly tAm ling cin vao cac giéng dd duc
trén dia thach dd duoc cdy trai 100 pl dich bao tr nAm Foc TR4 (10° bao tir/ml).
Céc dia petri sau khi bo sung dich xa khuin duoc nudi & 30°C trong thoi gian 5-7
ngay va do vong khang nam hinh thanh xung quanh giéng thach [57].

Hoat tinh trc ché nim duoc tinh theo cong thirc sau:

bK = D-d;
Trong d6: D - duong kinh vong khang ndm (mm)
d - duong kinh 16 thach (mm)

2.2.11. Xdc dinh néng dé irc ché t6i thiéu (MIC) va nong dp diét ndm téi thiéu

(MFC) [166].

Cao chiét xa khuan dugc pha loang bang DMSO 10% (v/v) & cac dai nong do
tir 1; 6,25; 12,5; 25, 50, 100, 200, 400 va 600 pg/mL. Huyén phu nam kiém dinh
duoc diéu chinh vé mat do twong duong 10° CFU/mL (x4c dinh lai mat do bﬁng

cach pha loang huyén phu va trai dia ¢ém khuan lac séng). Str dung phuong phap
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dia 96 giéng, mdi giéng thi nghiém gdm: 80 pl méi trudng PDB, 100 pl dich huyén
pht ndm va 20 pl dich cao chiét xa khuan da pha lodng. Ddi chimg duong st dung
khang sinh Cycloheximide va Nystatin. D6i chimg am st dung DMSO 10%. Cac
giéng s& duoc u & diéu kién 28 °C trong 4 ngay. Nong d6 wc ché tdi thiéu MIC 13
ndng do thap nhat trong diy thi nghiém @rc ché su phat trién ctia nAm.

Tir thi nghiém trén dia 96 giéng c6 ndng dd e ché t6i thiéu MIC duoc xéac
dinh, tién hanh nho 10 pl dich thir nghiém 1én dia c6 chira méi truong PDA. Sau
48h nuoi céy 0 28 °C xac dinh su séng sOt ctia nam. Néng do MFC duoc xac dinh
tai néng do ma khong co khuin lac ndm nao xuit hién trén dia thi nghi¢m. Pay
chinh 13 nong do diét nam ti thieu MFC trong day nong do cua cao chiét xa khuan
c6 thé tiéu diét hoan toan nim trong giéng hodc trén 99.9%. Mdi thi nghiém duoc
tién hanh 3 lan.

2.2.12. Anh hwéng ciia cao chiét xa khudn lén sinh truéng hé soi.

- Su phét trién va hinh thai hé soi ndm tién hanh theo mé ta ciia Yun va cs
(2021) [215] c6 cai tién nhu sau: Pat mot que thuy tinh da gap lai 1én mot to gidy
loc thAm nuéce dé dudi day mot dia Petri. Cit mot mau agar co di¢n tich khoang 1
cm? dat 1én mot lam kinh d3 tiét trung roi dat lam kinh nay lén trén que thuy tinh.
Cay nam vao bdn canh ctia miéng agar rdi dit lamen 1én trén, u 28°C trong 2 ngay
trong bong toi. Quan sat hinh thai nAm trén lam kinh va lamem bang kinh hién vi.
Tiép d6, nho 30 pl cao chiét ching xa khuan 1én trén lam kinh va mau thach (vi tri
soi ndm dang phat trién). Sau 2 ngdy tach miéng thach ra khoi lamen va lam kinh,
dit lamen 1én mot lam kinh méi va nguoc lai tao thanh 2 mau dé quan sat. Mau ddi
chtng dugc thuc hién twong tir va thay dich nuéi xa bang nudc cit vo trung. Cac
mau soi nim duoc quan sat bang kinh hiém vi quang hoc (Axio Scope Al, Carl
ZEISS, Diic). Phuong phap nay c6 thé quan sat duoc ciu triic nguyén ven ctia hé
soi ndm khi dang phat trién.

- Tac dong trc ché cua dich chiét xa khuan 1én su phat trién hé soi ndm gay
bénh héo Fusarium duogc tién hanh bang phuong phap khuéch tan dia thach trén

moi trudng PDA theo Dhanasekaran va ¢s 2012 [57] ¢6 cai tién. Trong d6, mdi dia
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6 4 giéng thach duogc dit & 4 goc ddi xing dia, nho 50 pl dich chiét cua xa khuan
VAo moi giéng thach, dit khdi thach chira nAm bénh cach tdm dia 3 cm. Mau doi
ching la dia chi dat khdi thach da céy nam, khong nho dich chiét xa khuan. Cac dia
petri thi nghiém duoc nudi cdy & 30°C trong 7 ngdy. Po dudng kinh ving Gc ché
sinh trudng hinh thanh.

Ti 1& phan trim tc ché sy phat trién cua soi nAm (GI) theo cong thire sau:

1
GI (%) = x 100%

Trong d6: D - duong kinh cua tan nam trong dia ddi chimg
D1 - dudng kinh ciia tan nim trong dia thi nghiém
2.2.13. Anh hwéng ciia cao chiét xa khudn lén kha nang nday mam bao tir.

Anh hudng cia cao chiét ching xa khuan VNUA116 1én qué trinh ndy mam
ctia bao tir nAm gay bénh héo vang tién hanh theo mé ta cia Wei va cs 2020 co cai
tién [202]. Bao tir nAm dugc thu bang cach thém 5 ml nudc vo tring vao bé mit cac
mau da duoc nudi cdy 7 ngay trén PDA va nhe nhang cao bang que gat. Hon hop
duoc loc qua 2 16p vai va diéu chinh dén nong d6 10 bao ta/ml véi nude cat vo
trung. Sau do, 1 ml dung dich bao t nam duoc ly tam va loai bdé nudc. Léy 1 ml
dich chiét ching xa khuan VNUA116 & cac nong do khac nhau thém vao 6ng chira
bao tir ndm theo ty 1& 1:1. Nho 10 pl hdn hop (cao chiét: bao tir nAm) 18én cac lam
kinh va giit trong diéu kién am va nhiét d6 phong trong 9 gio dé quan sat hinh thai
va sy nay mam bao tir, va trong 24h dé theo doi anh hudng ctia nong do chat chiét.
Mau dbi ching, bao tir nAm Foc TR4 duoc tron véi nudce vo tring thay vi cao chiét
chung xa khuan VNUA116. Sy ndy mam cia bao tir nAm duoc quan sat dudi kinh
hién vi (Olympus CX33, Nhat Ban). Sir dung lamen dit trén miu da nho twong tng
v6i 100 bao tir va chi nhitng 6ng mam c6 kich thudc dai hon kich thudc bao tir cta
chung méi duoc tinh 13 dd nay mam. Ty 1é nay mam duogc tinh toan va so sanh giita
d6i chig va thi nghiém. Thi nghiém duoc tién hanh ba lan lp lai.

Ti 1é phan trim Gc ché sy ndy mam cia bao tir ndm (Percentage of Spore

Germination Inhibition- PSGI) duoc tinh theo cong thirc:
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Sc— St

PSGI(%) = X 100%

Trong d6: Sc: 86 lwong trung binh bao tir ndy mam trong miu ddi chimg
St: s6 lwgng trung binh bao tir nay mam trong mau thi nghiém.
2.2.14. Phwong phdp phdn tach va xdc dinh cdc hoat chit thir cip

So dé tao cao chiét téng dich 1én men xa khuan

Dich nuoéi xa khuan

+ EtOAC ti 16 1/1
+ + chiét phan 16p 4 lan
Dich chiét EtOAc

co quay

\4

Cao EtOAc tong

+ hoa tan hoan toan trong MeOH 95%
+ n-hexane/lan x 3 1an, chiét phan 16p

\ 4 Y

Cao hexane Cao methanol

Phurong phdp phdn tach va tinh sach cdc hop chat thir cap

Buée 1: Dich 1én men xa khuan duge chiét phan 16p véi ethyl acetatate voi ti 1€
1/1, 1ap lai quy trinh chiét 3 1an, thu dich ethyl acetate, c6 quay loai dung méi thu
dugc cao chiét tong ethyl acetate dang sét.

Buwdc 2: Hoa tan cao chiét tong ethyl acetate trong methanol 95% sau d6 chiét
phan 16p véi n-hexane/lan, ldp lai quy trinh chiét 3 1an. Tach riéng phan dich chiét
n-hexane va methanol 95%, cit quay loai dung méi thu dugc cao hexane va cao
methanol.

Buéc 3: Cao methanol dugc tam véi hat Diaion HP-20 dugc phan tach qua cot

Diaion HP-20 vé&i Diaion dd 1am kho hoan toan va rira giai bang cac dung moi:
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100% nudc, 50% methanol, 80% methanol va 100% aceton thu dugc cac phan doan
ky hi¢u phan doan 1, phan doan 2, phan doan 3...

Céac phuong phap sic ky dugc st dung dé phan 1ap va thu nhan cic hop chit
th cap:

- Sdc ky 16p mong (TLC)- ding dé khdo sdt

Séc ky 16p mong (TLC) va sic ky 16p mong diéu ché duoc thuc hién trén ban
mong trang san DC-Alufolien 60 Fzss va RP1s Foss (Merck-Biic). Céac vét chat duoc
phat hién bang dén tir ngoai ¢ hai budc séng 254 va 366 nm, hoic ding thudc thir 13
dung dich H2SO4 10% phun déu 1én ban moéng rdi sdy ¢ nhiét do cao cho dén khi
hién mau.

- Sdc ky ¢ét (CC)

Sac ky cot dugc tién hanh véi chat hap phy pha thuong (Silicagel 240,430
mesh, Merck) hodac pha dao (ODS-60-14/63, YMC-RP18, Fujisilica-Nhat Ban).
Chat hip phu dugc nhdi 18n cot thiy tinh. Trong sic ky cot, ty 1¢ gitta quing duong
di cua chat can tach so v6i quing duong di dugce ctia dung méi duoc goi 1a Rf, mdi
mot chét s& c6 mot gia tri Rf khac nhau. Chinh nh¢ sy khac nhau dé6 ma nguoi ta
tach dugc cac chat riéng biét ra khoi hon hop.

- Sdc ky HPLC diéu ché

Sic ky cot diéu ché HPLC véi diéu kién sac ky: cot sic ky diéu ché YMC-Pack
ODS-A 250x20mm, 5mm, 8nm, YMC-column 2 ODS-A 250x20mm, 5mm, 12nm;
chuong trinh hé¢ dung mo6i methanol — nudc (0,1% TFA) gradient tr 10-100%
methanol trong 180 phut, toc do dong 3-4 mL/min. Thu dugc két qua 1a thoi gian
lwu cua peak sic ky cua chét.
Phwong phdp xdc dinh cdu tric cdc hop chdt thir cap

Xéac dinh ciu trac hoa hoc cua cac hop chit sach tir dich nuéi cﬁy xa khuén
dua trén sy phdi hop céac dir kién thu dugc tir cic phuong phap phd nhu: Pho cong
huong tir hat nhan: phd cong huong tir hat nhan mot chiéu (*H-NMR, 3C-NMR va
DEPT) va hai chiéu (HSQC, HMBC, COSY va NOESY) va phd khéi luong (MS).

75



Céc hop chit thu duoc sau qua trinh tinh ché bang cac phuong phép sic ky s&
duogc kiém tra d6 tinh sach bang cach do phd proton *H-NMR. Tiép theo, cac hop
chat nay s& duoc phan tich bing phd 3C-NMR va cac phd NMR hai chiéu nhu
HSQC, HMBC va COSY dé xac dinh céu trac hoa hoc. Sau khi cdu triic duoc xac
dinh, cong thirc phan tir cia hop chit s& duoc xac nhin thong qua phd khéi MS.
Dua trén ciu trac di xac dinh, tén va tinh chdt méi cla cac hop chét s& duge xac
dinh bang cach so sanh véi dir liéu cta cac hop chat da biét tir cac ngudn tai liu
hoa hoc nhu SciFinder, dugc cung cap béi Chemical Abstracts Service (CAS). Qua
trinh phén tach, xac dinh cu tric cia cic hop chit thir cAp duoc thuc hién tai Trung
tam nghién ciru va Phat trién cong nghé cao- Vién Han 1am Khoa hoc va Cong nghé
Viét Nam.

2.2.15. Phwong phdp xir Iy sé li¢u

- S6 lidu dugc thu thap, xu 1y so bo trén phan mém Excel phién ban 365.

- V& biéu dd, théng ké bang phan mém GraphPad Prism 9 véi d6 tin ciy P
<0,05. Su khac biét gitra cac céng thirc dugc xac dinh bﬁng cach st dung phan tich
phuong sai mot chiéu (ANOVA). S6 liéu thu duge tir cac thi nghiém mot nhén t6,
sau ba lan l3p lai ngdu nhién dugc biéu thi béng gia tri trung binh £ d¢ 1éch chuan

(SD).
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Chwong 3. KET QUA VA THAO LUAN
3.1. Phén lap, tuyén chon nim Foc TR4 giy bénh héo vang trén cay chudi tai
Viét Nam
3.1.1. Phdén Igp, tuyén chon néim Foc.

Cac mau chudi bi bénh dugc thu thap déu co nhirng tri€u ching bénh
dién hinh theo mé ta cua Pegg va cs, 2019 [156] nhu: cac 14 gia bi héo vang
toan b, giy guc va rii xudng xung quanh than gia. Cac 14 phia dudi cta ciy c6
mau vang nhat & quanh mép 14 va & gan chinh cta 1a. M6t s6 14 ¢ hién tugng
dbm trén 14, gy ra vang va kho 14. Mau than gia, xuat hién cic vét bénh mau
nau va mau den lam cho than gia c6 mau vang, nit doc than gia dugc quan sat
thiy & gan gdc cdy, cach mat dat 10cm, hodc cac than gia c6 hién tuong bi thdi
nhiin va c6 mui. Mau ré bi dut va co cac vét bénh mau den. Mau than ci xuét

hién mau do nau ¢ mach dan cua than cu.

(A) (B) (®)
Hinh 3.1. Céac vi tri Idy miu trén cay chudi bi bénh héo vang
(A) Cdy chuoi bi bénh héo vang; (B) Than gia bi bénh, (C) Than ré bi bénh.

Tir 160 mau chudi bi bénh thu thap tir cac giéng chubi tiéu (AAA) va chudi
tdy (ABB) tai 7 tinh, di tién hanh phan 1ap dugc 50 chung ndm c6 dic diém hinh
thai twong tu loai Fusarium oxysporum theo mé ta cia Thangavelu va cs nam 2019
[189]. Trong do, tir cac mau chudi bi bénh thu tai Vinh Phtc di phan 1ap dugc 9
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chung nim gy bénh, tai Ha ndi phan 14p duoc 9 ching, tai Hung Yén phan lap

dugc 13 chung, tai Hai Duong phan 1ap duogc 1 chung, tai Thai Binh phan 1ap dugc

11 chung, tai Hai Phong phan 1ap dugc 2 chung va tai Ha Tinh phan 1ap duogc 5

chung. Két qua s6 luong cac ching nam bénh phan lap dugc thé hién tai Bang 3.1.

Bang 3.1. S6 lwgng cac chiing nam Foc phan lap dwec tai mét sé tinh caa Viét

Nam
S6
Pia diém x So 2 cllllél‘illllllg
A x Loai mau| lwong Biéu hién bénh A Ky hiéu chiing
lay mau X phén
mau A
lap
dugc
Mit cit ngang cla than VP1, VP1(1),
Than gia 5 gia ¢6 cac mo mach dan VP1(2), VP1(3),
Vinh Phuc bi hoai tur 10 VP1(5), VP8(2),
RE 1 Lép ngoai cuia ré chuyén VP2(6), VP3(1),
sang mau den VP3(2)
L& 3 Mau vang
o Mat cat ngang cua than MLO1, MLO2,
Than gia 3 gia ¢6 cac mo mach dan
S ML02.2,
b1 hoai tir
x NAS . 2z A X MLO4.1,
Ha Noi N Mat cat ngang cua than ré 9 MLO4.2
Than re 2 ;(3 mo bi thoi va c6 mui MLO04.3, MLOS,
@ MLO6, MLO8
x L6p ngoai cua ré chuyén
Ré 1 \
sang mau den
La 8 Mau \{ang VG2C, MS1T1,
Mat cat ngang cua than MS1T2, BM1C,
Than gia 25 gia c0 cac mach dan ATS5.2, ATG,
Hung Yén chuyén sang mau nu. 13 PC8, PC9,
Mit cit ngang ciia than ré VGI1C, VGIT],
Than ré 17 |c6 cac mach dan chuyén BM2C, YM3,
sang mau nau YM6
Hii Duong L& 10 | Mau vang c6 dém den 1 NFO1
La 14 | Mau vang QG1(R), G4(T),
PPN Mt cét ngang cua than QH2(R), G4(R),
Thai Binh Than gia 14 |gia co cdc mach dan 1 QG5(T),
chuyén sang mau nau do. QG5(R),
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So

£ chiing
Pia diém x 2 2 nim
i x_ |Loaimau| luwgng Biéu hién bénh A Ky hiéu ching
lay mau x phén
mau A
lap
dugc
Mt cit ngang cua than ré QG1(RL2),
Than 13 4 ¢6 cac mach dan chuyén HH1(T), H1(R),
sang mau nau hodc nau HH1(R), HH5(T)
sam, cO mui hoi.
La 11 Mau vang
Mit cat ngang cua than
Thangia | 11 |81 c0 cdc mach dan
chuyén sang mau nau
Hai Phong sam. 2 BV03, BV06
Mit cit ngang ciia than ré
Than & 11 cO cac r‘naclz dan f:hu;:@n
sang mau nau hoac nau
sam, cO mui hoi.
L& 7 La bi héo vang
N Lo 1w HT39, HT10,
HaTinh | Thangia | 11 rTn};ann%‘a o thoinhiin, | g LO5n, ROS,
i VCM1520
Than 3 3 N{achqdan than cti c6 mau
nau do
Tong so 160 50

3.1.2. Tdi ldy nhiém cdc chiing ndm gdy bénh trong phong thi nghiém

Dé khang dinh cac chung ndm phan lap duoc 14 nhom nidm giy bénh héo

vang, tién hanh 1ay nhiém céc chung nim gy bénh trén chudi tiéu hong nudi ciy

md (cao 7-10 cm véi 3-5 14 that) trong diéu kién phong thi nghiém theo quy tic

Kock.

Két qua cho thiy: Sau 30 ngay dau cua thi nghiém, cic cdy cta mdi thi

nghiém (3 cdy/1 chung nim bénh) ctia 50 chung nim phan 1ap dugc déu co biéu
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hién céc tri¢u ching dién hinh cta bénh héo vang nhung ¢ cac mic do khac nhau
nhu: 14 bi vang chop 14, c6 cac vét bénh mau nau trén than gia. Quan séat nhitng ngay
tiép theo, 14 tiép tuc bi vang tir ngon t6i cudng 14, héo rii xudng rdi kho lai. Khoang
thoi gian dau tir 1Uc bat dau tai 1y nhidm téi ngay thir 30, cly vén ting chiéu cao, ra
|4 méi... tuy nhién, mirc d6 sinh trudng cham hon rat nhiéu so véi cay ddi ching.
Triéu chimg bénh ngay cang rd rét va ning hon, cdy khong con ra 14 méi hodc néu
c6 ra 14 moéi thi 14 non ciing s& bi vang va héo. Piéu nay c6 thé khang dinh ring:
nam giy bénh xdm nhiém vao bo ré thong qua hé thdng mach xylem dé hinh thanh
vét bénh sau d6 mam bénh s& xAm nhiém dén cac t& bao bén ngoai, do do, sé can tro
qua trinh hiit nudc cia cay va anh huéng dén qua trinh trao doi chét dinh dudng dan
dén cay bi coi coc, héo va 14 bi vang [25]. Mot sé cong b ciing cho thiy, ndim gay
bénh c6 thé xam nhap tryc tiép vao ré hodc thong qua cac vét ton thuong trén ré, cac
vi tri xdm nhap thudng 1a dau ré cai hodc ving kéo dai giita cac té bao trong ci
chudi dé phat trién bénh [128]. MAu tai lay nhiém ching VCM 1520 va TG1t biéu
hién triéu ching sém nhat (sau 15 ngay tai lay nhiém). Cac chung HT39, TG1t,
VP1(2) xuit hién cdy chét sau 60 ngay tai 1ay nhiém. Mau VCM 1520, VP2(6) xuit
hién vét bénh mau nau do ¢ than cu va than gia, cay chét sau 50 va 60 ngay tai lay
nhiém tuong tng véi timg chung. Cac cay ddi ching phat trién binh thuong, khong
xudt hién cac triéu ching bénh. Sau 90 ngay tai 1ay nhiém, nhom 34 chung nim
phan 13p duoc (VP1(1), VP1(3), MLO1, ML04.3, ML06, ML08, BV03, MS1T2,
VGI1T1, VP1(5), VP8(2), ML02, ML02.2, ML04.1, ML04.2, MLO05, NF01, BVO06,
QG1(R), VP1(2), VP2(6), VP3(1), VP3(2), HH1(R), HH5(T), QG4(T), QH2(R),
QG5(T), QG4(R), QG5(R), HT10, L05n, VCM1520, VP2(6) c6 tat ca cac 1a déu c6
biéu hién dién hinh cua bénh héo vang nhu: bé mat 14 bi vang khong déu, phan giira
vét thuong chuyén sang mau nau den va lan rong, kém theo nhitng dém nhd mau
nau den xung quanh, xuét hién mot sb cay chét. Nguoc lai, nhom 16 chung nam con
lai (VP1, VG2C, MS1T1, BMI1C, ATS., AT6, PCS8, PC9, VG1C, BM2C, YM3,
YM6, QG1(RL2), HH1(T), HH5(R), R0O5 khong c6 biéu hién héo rii triéu chimg, 14

van xanh va cdy con phat trién binh thuong.
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VP1(5)

VP2(6)

VCM1520

Hinh 3.2. Té&i lay nhiém cac chiing nam dién hinh gay bénh héo vang trén cay

chudi

Cin ctr vao murc do biéu hién bénh trong thi nghiém tai 1ay nhiém, cac chiing

nam gay bénh duoc chia thanh 5 nhém nhu Bang 3.2.

Bang 3.2. Mire d biéu hién bénh cia cac chiing nam phan lap sau 90 ngay thi

nghiém
Phan nhém Tén chiing Murc do Mo ta
biéu hién
VP1, VG2C, MSITL,
BM1C, AT5.2, ATS,
Nh6m 1 PC8, PC9, VGIC, L - Khong biéu hién triéu
BM2C, YM3, YMG, chung gy bénh
QG1(RL2),  HHI(T),
R05
VP1(1), VP1(3), MLO1, - Gay bénh yéu
Nhém 2 ML04.3, ML06, MLOS, 2 - L& vang chi yéu phia
VG1T1, QG5(R), dudi
VP§(2), MLO2, MLO4.1, - ?gt%aéycginlg vang phia
Nhom 3 ML04.2, MLO05, NFO1, 3 dusi VA 1 55 14 non bi
HT10, LO5n PO ~
dol mau.
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Mirc do

Phan nhom Tén ching bidu hien M6 ta
- Gay bénh manh
VP3(1), VP3(2), X . s o x
Nh6m 4 HH1(R), HH5(T). 4 - Tat ca cac cay nhiem

bénh biéu hién triéu

QG5(T), QG4(R), TG1t chiing 14 vang dam.

- Gay bénh nghiém
trong.

- Céc cdy chét:

+ Sau 50 ngay lay

\Q/g:\l/g%’zo Ql_lilz.lgng’ nhiém: VCM 1520
’ ’ + Sau 60 ngay lay
Nhom 5 xﬁigg '\\/l/Egéeg 5 nhidm: VP2(6), VP1(2),
QGL(R), BV06, BVO3, HT39. _
MS1T? + Sau 90 ngay lay
nhiém: QH2(R),
QG4(R), VP1(5),
ML02.2, QG1(R),

BV06, BV03.

Két qua Bang 3.2 cho thiy rang cac ching ndm gay bénh phan 1ap tir cac tinh
khac nhau thé hién mirc d6 gdy bénh khic nhau. Cac ching QG4(T), QH2(R),
VCM1520, HT39, VP1(2), VP2(6), VP1(5), ML02.2, QG1(R), BV06, BV03,
MS1T2 c6 kha ning nhiém va biéu hién bénh héo vang ¢ mitc do nghiém trong nhat
va 1a cac ching dai dién cho 7 tinh dd duoc 1y miu. Két qua tai 1y nhiém tuong tu
nhu cic cong bd cua Zheng va cs nam 2018; Andrew Chen va ¢s ndm 2019 cho thiy
rang cac mau chubi tai 1y nhiém bai dich nudi cdy cac chung ndm gay bénh c6 cac
biéu hién triéu chimg bénh rat gidng véi triéu chirmg bénh do nAim Foc TR4 gay ra
[219],[46].

Dua trén murc d6 biéu hién bénh, tinh dai dién cua ting chung tuong Gng Véi
ting vi tri 1dy mau chudi bi bénh, lya chon cac chiung QG4(T), QH2(R), VCM1520,
HT39, VP1(2), VP2(6), VP1(5), ML02.2, QG1(R), BV06, BV03, MS1T2 d danh

gia thém kha ning gay bénh trén 14 chudi.
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BV0O6 QH2(R) QG4(T) QG1(R) VCM1520

VP2(6) VP1(2) MLO02.2 VP1(5) BVO03

Hinh 3.3. Té&i lay nhiém cac chiing nAm dién hinh gay bénh héo vang trén I&
chuéi

Két qua Hinh 3.3 cho thy sau 5 ngay tai lay nhiém 12 chung nam lua chon,
tat ca 14 & cac thi nghiém déu xuat hién cac triéu chimg dién hinh nhu: (1) vét bénh
vang khong déu, (2) tam vét bénh c6 mau nau den va co xu huéng lan rong, (3)
xung quanh xuat hién cac ddm nho mau nau den. Mau 1a ddi chitng khdng c6 biéu
hién bénh, 14 van xanh. Két qua nay ciing twong tu v&i mot sé nghién cau di duoc
cong bb & Théi Lan [192], Indonesia [87], Pai Loan va Malaysia [158] d3 tim thay
va md ta loai nAm gay bénh nay la Foc gay bénh héo vang trén cay chudi. Cac mau
cdy, 14 nhiém bénh sau khi tai 1dy nhidm duoc tai phan 1ap dé thu nhan cac tic nhan
gay bénh tur cac bd phan bi bénh méi, xac dinh thong qua hinh thai thu duogc nguén
nam Fusarium oxysporum ban dau véi ty 1¢ dat 100%.

3.1.3. Dinh danh cdc chiing ndm gdy bénh héo ving trén cdy chuoi.

Vi mot s6 chung ndm phan lap duoc tir cling mot tinh gidng hét nhau nén
chung t6i d3 chon 12 chung dai dién cua cac tinh khic nhau, bao gdbm QG4(T),
QH2(R), VCM1520, HT39, VP1(2), VP2(6), VP1(5), ML02.2, QG1(R), BVO06,
BV03, MS1T2 dé tién hanh dinh danh va xay dung cdy phat sinh loai.

Tién hanh dinh danh 12 chuing nam gay bénh lya chon dua trén cac dac diém
hinh thai (hé soi, bao tir va cdu trac sinh bao tir) va trinh tu gen vung ITS cua
rDNA. Trinh ty DNA cua vung sao chép ndi bd ITS cua rDNA ¢ céc loai nam vira
c6 trinh ty bao thil vira ¢6 céc trinh ti thay doi nén ving ITS di dugc nghién ciu

cho muc dich phan loai nhiéu loai ndm. Ngoai ra, so véi cac gen 18S rRNA va 28S
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rRNA cua rDNA, ving ITS (gém ITS1; 5.8S rRNA; ITS2) ¢ nidm c6 mirc do bién
d6i cao hon giira cac loai gan giii [54].

Céc doan 18S rDNA cua 12 ching nim gy bénh d3 duoc khuéch dai phan
tmg PCR véi cac doan moi ITS1/ITS4; 12 ching nam nay déu biéu hién mot bang
trong khoang 500-550bp, trong ing véi bang muyc tiéu.

San phim PCR duoc sir dung dé giai trinh ty va so sanh voi Genbank bang
BLAST dé phan tich nucleotide. Cdy phat sinh chung loai ctia nhitng chung phan
1ap nay di duoc xay dung. Két qua Hinh 3.4 cho thdy 12 ching ndy c6 quan hé gan
giii va trong cing mot nhanh véi cac ching F. oxysporum. Két qua khuéch dai ving
ITS voi cip moi da ning cho nam 14 ITS1/ITS4 chi ra 1 bang DNA duy nhét, c6
kich thudc khoang hon 500 bp. San phdm PCR ving ITS duoc tinh sach bing kit
tinh sach ctia hang Promega va dugc giai trinh ty boi Cong ty 1st BASE
(Singapore). Trinh ty ITS dugc phan tich, so sanh vi dit li€u trong ngan hang gen
GenBank va phan tich mdi quan hé loai véi phdn mém Mega 11 phién ban 11.0.13.
Cay phat sinh chung loai dugc xdy dung dua trén phuong phédp Maximum
Likelihood Tree dé thiét 1ap tap hop céc bootstrap cd do tin cay voi 1.000 lan 1ap lai

va céc thiét 1ap khac duogc gilt & mic dinh.
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OCIR)

HT39
w b (OL744588.1) F oxysporum clone QT109(T)
0 VRIS

(MT560381.1) F. oxysporum 1solate N-61-2
* |- VEL

(MTE10983.1) F. oxysporum isolate F-1

(OP631424.1) F. oxpsporum strain P15
(EYT798175.1) F. exyzporum stram XGIKWH
BV0S
(LNE28193.1) F. exyzporum isolate CIB 17
BYV03

QHR)
sl (MNT12485.1)} F. expsporum stram 5T-21

(JN1166T8.1) F. axysporum strain PSU-ES 157

(MG430267.1) F. exysporum f. sp. cubense 1solate CSR-F-1
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(PP426600.1) Fusarium sp. breed CB17
(PP426195.1) Fusarium sp_breed CB1

(0Q973990.1) F. solani isolate Arbial

(MZ569505.1) F. figiikurei isolate HBSC
L (MZ496781.1) F. figjikuroi isolats D12

(——————————————{QP163473_1) F. foetens isolate WZ-4235
(OP&01646.1) F. foerens 1solate 30-C
(ONO003545.1) F. rardieraseens enlure NFCCT:5201

(OR338697.1) F. nirenbergiae isolate FSE9
(OR538689.1) F. mirenbergiae 1solate F353PP3

(KPT21572.1) F. proliferamm staim AQGS33

8 (MF993105.1) F. proljferatm stramm F28
(MECT90049.1) F. vervicillioides 1solate FM13
(METI0042 1) F. verticillioides 1solate FM2
E— (0Q933866.1) F. odorarizsimum 1solate P100
w | (OQB983867.1) F. odoratizsimum 1solate P101
—  (OM955951.1) F. subglutinans 1solate HA-7b512
(OL&96027.1) F. amrulatum stram AMI10
(HM7T76423 1) F. preudonygamai spacer 1
il
(OR617392.1) F. prendoanthephilum strain AQBVAD3E
I ! ! ! ! I ]
T T 1 T T T 1
s 030 o4 030 020 o 000

Hinh 3.4. Cay phét sinh chiing loai ciia cac chiing nim gay bénh héo vang dai

dién.

85



Ciap mdi Foc-1/Foc-2 dugc st dung dé phat hién nhanh chéng va chinh xac
cac ching nim Foc (bao gdm ca nim Foc TR4) thong quan viéc khuéch dai mot
doan gen dic trung [58]. Tuy nhién, trong nghién ctru nay, diéu dang chi y di xay
ra khi st dung cap mdi Foc-1/Foc-2, ca 12 chung nam duoc lya chon dé dinh danh
déu khong tao ra bang khuéch dai nhin thiy duoc. Su khong dong nhat nay co thé 1a
mot gidi han mdi duoc phat hién cia cdp mdi Foc-1/Foc-2.

Dé xac dinh chinh xac hon cac chung nim duogc tién hanh chay phan tng
PCR str dung cic moi dic trung FOCTR4-F/FocTR4-R. Pay 1a phuong phap dang
tin cdy va cu thé dé phat hién Foc TR4 da dugc T6 chirc qudc té vé sirc khoe Nong
nghiép Khu vuc (OIRSA) va T6 chire Nong Luong Lién Hop Québc (FAO) khuyén
khich str dung. Két qua cho théy, ca 12 chung nam duoc lya chon cé vung ITS dugc
khuéch dai v6i cdp méi dic hiéu FocTR4-F/FocTR4-R chi ra 1 bang DNA duy
nhat, ¢ kich thudc xap xi 460 bp. Két qua phan tich cho thdy rang 12 ching nim
tuyén chon déu 1a Foc TR4.

M 1 2 3 4 5 6 7 8 9 10 11 12 pos neg

T— . e—

1,500 bp —>

- as
p— |
b —
500 bp —> [N
- -
--
- -
100bp —> B

Hinh 3.5. Hinh anh PCR nhan gen bang cip mai Foc TR4-F/Foc TR4-R
1-BV03, 2-VP1(5), 3-QG1(R), 4-VP2(6), 5-MI02.2, 6-QH2(R), 7-VP1(2), 8-
QGA(T), 9-MS1T2, 10-BV06, 11- HT39 va 12-VCM1520, pos: Foc TR4 ddi ching diong,

neg: Foc race 1 doi chirng am.
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Bang 3.3. Pinh danh cac chiing nAm phan 1ap bing cac cip méi dic trung
Foc TR4-F/Foc TR4-R

Cip mai

TT | Ténching | IOV | _CPWOL EocTRAE/ | Race
FocTR4-R
1 VPL(2) Vinh Phic - + TR4
2 VP1(5) Vinh Phic . ¥ TR4
3 VP2(6) Vinh Phic - + TR4
4 ML02.2 Ha Noi . n TR4
5 MS1T2 Hung Yén . + TR4
6 BV03 Hai Phong . v TR4
7 BV06 Hai Phong . n TR4
8 QGL(R) Thai Binh . v TR4
9 QGA4(T) Thai Binh . ¥ TR4
10 QH2(R) Thai Binh . n TR4
11 | VCMI520 Ha Tinh : n TR4
12 HT39 Ha Tinh : n TR4

Céc két qua ctia mot sd nghién ciru trude ddy vé sy xuat hién cua ching Foc
TRA4 tai mot s6 ving trong chudi & dong bang séng Hong nhu tinh Nam Dinh [116],
Vinh Phuc [50], [116], Hai Phong [50], Hung Yén, Ha Noi [8], Lao Cai, Yén Bai,
Phti Tho, Lai Chau [219]. Két qua nay ciing cho thdy ndm Foc TR4 da lan dau tién
dugc cong bd xudt hién tai Thai Binh. Piéu nay c6 thé khang dinh ching nim Foc
TR4 d4 lay lan nhanh chong ra hau hét cac ving trong chudi ¢ viing dong bang song
Hong ctia Viét Nam.

Chung nim VCM1520 di duoc xac dinh 14 Fusarium oxysporum f. sp.
cubense race 4 (Foc TR4), c6 cac dic diém sinh hoc dic trung nhu: kha ning gay
bénh héo vang trén ca than, 14 chi sau 15 ngay véi doc luc manh, gay chét cay con
sau 50 ngay lay nhiém, kha nang sinh truong manh trén nhiéu loai méi truong, dai
nhiét 6 va pH sinh truéng rong (phu luc 4) chung t6i da lya chon chung ndm
VCM1520 lam ching kiém dinh dé tién hanh cac thi nghiém tiép theo.
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3.2. Sang loc va tuyén chon chiing xa khuén c6 kha ning déi khang nim gay
bénh héo vang trén cay chudi

3.2.1. Tuyén chon xa khudn cé khd néing doi khdng nam gdy bénh héo vang trén
chuoi.

Dé tuyén chon dugc ching xa khuin c6 kha ning khang nidm Foc TR4,
nghién ctru dd str dung ching nAim Foc TR4 ki hiéu 1a VCM1520 lam chung kiém
dinh. Bo suu tip 45 ching xa khuan duoc phan 1ap tir cac ving dat trong chudi dang
duogc luu gilr, bao quan tai B mon Cong nghé vi Sinh, Khoa Cong nghé sinh hoc-
Hoc vién Nong nghi¢p Viét Nam da dugc st dung dé tuyén chon dugc chung xa
khuan c6 hoat tinh d6i khang naim Foc TR4 VCM1520 manh nhat.

Trong nghién ctru ndy, 45 chung xa khuan dugc phan lap tir cac mau dat lay
tir cac vung trong chudi bi nhiém bénh héo vang dugc tién hanh danh gia kha ning
d6i khang voi ndim Foc TR4 VCM1520. Dua trén két qua sang loc hoat tinh d6i
khang nim Foc TR4 VCM1520, hau hét cic ching xa khuin trong bd suu tap
khong thé hién hoat tinh khang ndm (84,44%) va 15,56% cac ching thé hién hoat
tinh d6i khang naim Foc TR4 (Hinh 3.6).

100

1 _ 2 1A 0 A )
00 84.44 BTy1E% ™SO chung

S6 luong cac chung xa
khuan (%)
a1
o

Téng ) chung xa khuan Xa khuan khong thé hiéen  Xa khuén ¢6 hoa‘[ tinh khang
danh gia hoat tinh khang nam nam

Hinh 3.6. Panh gia hoat tinh khang nam ciaa b swu tap xa khuan

Xa khuan Streptomyces da dugc cong nhan 1a c6 kha niang ddi khang chong
lai nhiéu ndm gdy bénh cay trong trong d6 c6 nam Fusarium. Rét nhiéu cong bd da
chtrng minh xa khuén c6 hoat tinh khang Foc TR4. Li va c¢s nim 2012 d3 cong bd
xa khuan Streptomyces bikiniensis HD-087 c6 kha ning ¢ ché Fusarium

oxysporum dat 69,2% va ting cudng stc d& khang cua ciy dua leo [122], Qi va cs
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niam 2019 ciing cong bd ching Streptomyces sp. SCA3-4, dugc phan 1ap tir dat ving
ré ctia cdy xuwong rong Opuntia stricta co kha ning khang nim pho rong trong d6 cd
Fusarium oxysporum [166].

Dua trén két qua danh gia kha ning dbi khang nAim Foc TR4, 3 chung xa
khuan VNUA116, VNUA27 va VNUA30 thé hién kha ning khang ndm cao nhit
lan luot dat 65%, 54,78% va 52,85% (Hinh 3.7). Két qua ndy vuot troi hon hin so
v6i cong bd trude ddy cua Cao va ¢s nim 2005 chimg minh ring ching xa khuin
Streptomyces griseorubiginosus c6 kha ning khang nam Foc dat 37,05% va tuong
duong voi cong bd ciia Qi va ¢s ndm 2021 di ching minh ching xa khuan SCA 2-4
c6 hoat tinh khang Foc dat 53,17%{Cao, 2005 #386}, {Qi, 2021 #229}. Vi vay, 3
chung xa khuan VNUA116, VNUA27 va VNUA30 c6 kha ning khang nam Foc
TR4 VCM1520 cao nhat trong 7 chung c6 hoat tinh khang ndm trong 45 chung cia
bd suu tap duogc lya chon dé tién hanh céc nghién curu tiép theo.

Doi ching Thi nghi¢m

.
\

¥l VNUAL116
A 65.00 %

VNUA 27
54.78% =

| VNUA30
52.85% =

Hinh 3.7. Kha ning khang nam Foc TR4 VCM1520 ciia 03 chiing xa khuan

tuyén chon
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3.2.2. Nghién ciru diic diém sinh hoc ciia cdc chiing xa khudn.

Pic diém sinh hoc ciia xa khuan chinh 13 cac yéu t6 lién quan dén hinh thai,
ciu truc, chirc ning, sinh 1y va sinh héa ctia ching. Nghién ctru cac dic diém sinh
hoc giup hiéu & hon vé cach xa khuan tdn tai, phat trién va tuong tac voi moi
truong xung quanh. Tir do, ¢ thé lya chon dugc cac ching xa khuan thich hop véi
cac muc dich nghién ctru nhu: (1) bao vé cay trong khoi cac tac nhan gy bénh (vi
khuan, nm, vi rut...); (2) kha nang sinh céc hoat chét sinh hoc (enzyme ngoai bao,
kha ning cd dinh dam, phan giai phosphat, tao chat kich thich sinh truéng thuc vat
nhim ning cao ning sudt ciy trong va cai thién chat luong dat; (3) kha ning thich
nghi v6i mdi trudng song da dang gitp xa khuan c6 thé ton tai va phat trién trong
cac diéu kién khac nhau....
3.2.2.1. Ddc diém hinh thai cac ching xa khudn tuyén chon

Viéc phan loai chi Streptomyces 1 rat phirc tap va thach thirc hon so vdi cac
chi trong nhom xa khuan do sb luong loai duge mé ta trong chi Streptomyces kha
16n [111]. Céc k¥ thuat sir dung dé phan loai Streptomyces da duoc cai thién theo
thoi gian tir cac phan loai hinh thai ¢6 dién nhu hinh thai chudi bao tir, mau sic ciia
chat nén va soi nim khi sinh dén cac phan tich phan loai s6 bao gom dic tinh kiéu
hinh dua trén cac bo tiéu chuin va hién nay 4p dung cac phan tich phén tir va phat
sinh gen [111]. Yéu t6 dau tién dé phan loai xa khuan theo khoa phan loai ISP
(1974) va khoa phan loai Bergey [89] chinh 1a mau sic cua khuan lac xa khuan khi
nudi trén moi truong ISP1 dén ISP6. Str dung biéu d6 mau ISCC-NBS cua Kelly
[103] dé so sanh khuan ty khi sinh va khuan ty co chat ctia cac ching xa khuan
trong nghién ctru nay. Pong thoi, kha ning sinh sic t6 tan va sy hinh thanh melanin
clia cac ching xa khuan tuyén chon ciing 1a mot trong nhing tiéu chuan co ban dé
phan biét cac ching xa khuan.

Céc chung xa khuan tuyén chon duoc cr?iy ria trén moi truong Gause I, moi
truong tir ISP1 dén ISP6 dé danh gia dic diém vé hinh thai khuan lac. Két qua

nghién ctru cho thiy rang, trén cac moi trudng nudi cdy khac nhau thi hinh thai
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khuan lac cta cac chung xa khuan cling thé hi¢n khac nhau. Két qua dugc trinh bay

Hinh 3.8 va Bang 3.4.

Chiing
VNUA30

Chung
VNUA27

Chiing f
VNUALLG ||

Hinh 3.8. Hinh thai khuin lac cia cac chiing xa khuan trén cac maéi truong

nudi cy.
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Bang 3.4. Pic diém nudi cdy cia chiing xa khuan nghién ciru trén méi treong Gause | va ISP

M VNUA27 VNUA30 VNUA116
o1 : £ < 2 < X Y < X Y
truong KTCC KTKS Sac to Sac tq KTCC KTKS Sadc to Sac tq KTCC KTKS Sac to Sac t?
tan melanin tan melanin tan melanin
z z Nau - z z
Gause Trang Trang nhat Trang Trang -
A - A - Hodn Tran - -
Vang . 5 2 . Vang g g
ISP1 nau Trang Nau Trang Trang nau nhat
ISP2 Va}ng Trgng Nau i Va}ng Tréng Nau ) Hong Tréng i i
nau xam nau
Tring . Nau - : . Nau - Hong Hong - -
ISP3 A xam nhat Trang Xam nhat dam ph An
2 2 Nau - 2 Tring P - Hong Tring - -
ISP4 Trang Trang nhat Trang A Trang héng
ISP5 Tring Tring - - Tring Tring - ) H?ng Hong )
dam
Hinh Hinh Hinh
ISP6 Pen Pen - tflanf) Pen Pen - ”}am} Pen Pen Pen thgant]
sac to sac to sac to
melanin melanin melanin
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Két qua quan sat duéi kinh hién vi quang hoc cho thdy, chung xa khuan
VNUAZ30 bit dau hinh thanh chudi sinh bao tir sau 30 gio nudi cay. Cac bao tu
dugc hinh thanh sip xép thanh cac chudi dai véi dau chudi xoin cudn. Sau 36 gio
c4c bao tur trén chudi nay bat dau tach roi khoi chudi va phét tan. Chung xa khuan
VNUA30 khi dugc quan sat dudi kinh hién vi dién tir quét (SEM) & d6 phong dai
5000 lan cho thay rd, hinh dang chudi sinh bao tir cua chung nay rat dic trung voi
dang xoan mac cau (Hinh 3.9). Chung xa khuan VNUA27 bit dau hinh thanh cudng
sinh bao tir sau 36 gio nudi cdy. Céac bao tir dugc sip xép thanh chudi dai, dang
X04n va sau 48 gid bit dau dat roi khoi chudi, phat tan. Quan sat dudi kinh hién vi
dién tir quét (SEM) & do phong dai 2.000 lan cho thay rd, hinh thai chudi sinh bao
tr cua chung xa khuan VNUAZ27 rat dic trung véi dang xoan mau trang, mdi chudi
hinh thanh 20 - 35 bao tir (Hinh 3.9). Trong khi dé, ching xa khuan VNUA116 bat
dau hinh thanh chudi sinh bao tir sau 30 gid nudi cay. Cac bao tir dugc hinh thanh
sap xép thanh cac chudi dai véi dau chudi xoan cudn. Sau 36 gid cac bao tir trén
chudi nay bat dau tach roi khoi chudi va phat tan. Chang xa khuan VNUA116 khi
dugc quan sat dudi kinh hién vi dién tir quét (SEM) ¢ do phong dai 5000 lan cho
thay rd, hinh dang chudi sinh bao tir caa chiing nay c6 cau triic dic biét véi cac bao
tr dugc sap xép thanh hai nhanh khong c6 ciu tric hinh xoan ¢ (Hinh 3.8). Hinh
thai nay cho thay chung xa khuan VNUA116 c¢6 cac dic trung khac biét véi hinh
thai bao tir dién hinh cua Streptomyces [121]. Céc bao tir duoc sip xép trén hai
nhanh xuat phat tir mot diém c6 thé giup t6i vu hoa viée phat tin bao tir trong moi
truong, dong thoi chudi sinh bao tir khong c6 cau triic xoan ¢ gitp dé dang phan
biét chung xa khudn VNUA116 v&i nhiéu loai xa khuan khac. C6 thé ciu tric dang
s¢1 va bao tur dac bi¢t cua chung xa khuan VNUA116 cho phép chung canh tranh

hiéu qua hon chdng lai c4c sinh vat khac dugc tim thay trong ving ré.
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Chiing
VNUATI16 [§

v TR T

S48

Hinh 3.9. Dic diém hinh thai ciia cac chiing xa khuan nghién ciu
(A) Hinh thdi khudn lac trén méi truong Gause I; (B) Hinh thdi cudng sinh bao
tr, chudi bao tir

3.2.2.2. Khd ndng sinh sac té melanin cia cac ching xa khudn tuyén chon
Melanin tir xa khuan dugc nghién clru thé hién nhiéu hoat tinh sinh hoc nhu
hoat dong chdng oxy hoa, dic tinh khang khuan, khang nim [182]. Nhiéu cong bd
clia cic tac gia vé cong dung cta melanin nhu: (1) dwoc sir dung 1am chét hip phu
cac hat nhan phong xa va céc ion kim loai nang, (2) thé hién hoat tinh sinh hoc
manh mé trong viéc loai bd cac géc tu do va bao vé chéng lai buc xa, (3) cai thién
ty 1€ séng sot dudi cac ap lyc moi truong nghiém trong (nhiét do khic nghiét, han
han, chiéu xa va kim loai phoi nhiém, va c6 thé thay thé cho chat tong hop sic t6.
Vi vay, kha nang tong hop va hinh thanh sic t6 melanin ctia xa khuan duge xem la
mot trong nhimg tiéu chi chuan dé xac dinh phan loai xa khuan dén cap do chi, tir
d6 chon loc nhimg ching xa khuan c6 tiém ning Gmg dung cao trong ndéng nghiép

va cong nghiép sinh hoc [56].

Ba chung xa khudn tuyén chon duoc nudi ciy trén méi truong ISP6, sau 7

ngay & 30°C dé kiém tra kha nang hinh thanh sic t6 melanin. Két qua nghién ciru
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cho thiy: trén tit ca cac dia thi nghiém méi trudng chuyén tir mau vang nhat sang
mau nau den, ching t6 ca 3 chung nay déu c6 kha ning sinh sic t6 melanin (Hinh
3.10). Chung xa khuan VNUA30 va VNUA27 c6 mdi truong nudi cdy chuyén tir
vang sang nau, trong khi d6 méi trudng nudi cdy chung xa khuin VNUA116
chuyén sang mau den ching t6 chung xa khuin VNUA116 thé hién kha ning sinh

melanin manh nhat.

Chung VNUA27 Chuing VNUA30 Chung VNUAL116

Hinh 3.10. Kha niing sinh sic t6 melanin cia 3 chiing xa khuan nghién cieu
3.2.2.3.  DBdc diém sinh ly, sinh hda ciia cac chung xa khudn tuyén chon
Két qua nghién ctru danh gia dic diém sinh 1y, sinh hoa ctia 3 chung xa

khuan tuyén chon duoc tong hop trong Bang 3.5.

Bang 3.5. Pac diém sinh ly, sinh hda caa cac chiing xa khuan tuyén chon

2 Chung
DPic diem sinh ly, sinh hoa
VNUA27  VNUA30  VNUALL6
Pic diém sinh ly
. | 20-40 20-40 20-40
A A O O r r r
Khodng nhi¢t do chiu dyng (°C)  14; 111 25-37)  (t6i wu 25-37)  (t6i wu 25-37)
7 | 4-12 4-12 4-10
Khoang pH chiu dung (t5iwu 6-11)  (t6iwu6-9)  (t5i wu 6-10)
0-4 0-5 0-5

O 5 i 9 . . .
Nong do NaClchiudung (%) (141 11 1.2)  (@iwu1-3)  (tiwu 1-3)
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Chung

Dic diém sinh ly, sinh hoéa
VNUA27 VNUA30 VNUA116

Pic diém sinh hoa

Kha nang sinh Chitinase + + +
Kha nang sinh Cellulase + + +
Kha nang sinh Xylanase + + +
Kha nang sinh Protease + + +
Kha nang sinh Pectinase + + +
Kha nang sinh Amylase + + +
Cic dic diém khac

Kha nang sinh indole - - -
Kha nang sinh IAA + + +
Kha nang sinh siderophore + + +
DPong hda citrate + + +
Khu nitrat - + -
Kha nang hoa long gelatin + - +
Kha nang phan giai ure + + -
Kha nang phan giai phosphate + i i
kho tan

Kha nang phan giai kali kho tan - - -
Phan tng MR - - -
Phan tng VP - - -

Ghi chu: (+) co hoat tinh, (-) khong co hoat tinh

Két qua danh gia so bd vé dic diém sinh 1y, sinh héa cta 3 chung xa khuan
tuyén chon cho thay: ca 3 ching déu c6 thé sinh truéng trong dai nhiét do rong (tir
20-40°C), khoang pH tbi wu cho sinh trudéng cua ching VNUA27 tuong ddi rong
(6-11), tiép dén 1a chung xa khuan VNUA116 (6-10) va hep nhat 1a chung xa khuan
VNUA30 (6-9), cac chung xa khuan ciing c¢6 kha ning chiu duoc nong d6 mudi
trong khoang 1-2% ddi v&i chung xa khuan VNUA27 va 1-3% ddi v6i chung xa
khuan VNUA30 va VNUA116. Ca 3 chiing déu c6 kha ning sinh c4c enzyme ngoai
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bao (chitinase, cellulase, xylanase, protease, pectinase va amylase), sinh 1AA,
siderophore va kha ning dong hoa citrate, 3 ching xa khuan nay khong c6 kha ning
sinh idole, khong sinh acetoin, c6 kha nang phan giai kali khé tan, chi c6 ching
VNUAZ27 c6 kha nang phan giai phosphate kho tan. Cac dic diém hinh thai, sinh 1y,
sinh héa ciia 3 chung xa khuin tuyén chon phu hop cac dic diém cua chi
Streptomyces.
3.2.3. Pdnh gid hoat tinh sinh hec ciia cac chiing xg khudn nghién cru
Ba chung xa khuan (VNUA27, VNUA30 va VNUAI116) c6 kha niang dbi

khang manh véi nAm Foc TR4 VCM1520 gay bénh héo vang trén cay chudi dugc
tién hanh nghién ctru xac dinh mot s6 hoat tinh sinh hoc nhu: kha nang sinh enzyme
ngoai bao, kha ning sinh siderophore, kha ning sinh chét kich thich sinh trudng
(IAA). Muc dich nham tuyén chon dugc ching xa khuan vira c6 hoat tinh khang
nam Foc TR4 gdy bénh cao vira c¢6 cac hoat tinh sinh hoc vira cao nhat, tir d6 tuyén
chon duoc chung xa khuén tiém ning tmg dung san xuat ché pham vi sinh gop phan
trir bénh va thic day sinh trudng cho cay chudi.
3.2.3.1. Pdnh gid kha ndng sinh tong hop enzyme ngoai bao

Theo Mishra va cdng tac vién (2020), chitinase, cellulase, protease, pectinase,
amylase va xylanase la cdc enzyme quan trong ctia cac vi sinh vat sir dung lam tac
nhan kiém soat sinh hoc bénh, dich hai cay trong [139]. Két qua danh gia kha ning
sinh té)ng hop cac enzyme ngoai bao: chitinase, cellulase, protease, pectinase,
amylase va xylanase cua cac chiing xa khuan tuyén chon dugc tong hop trong Hinh
3.10 cho thdy ca 3 chung xa khuan tuyén chon déu thé hién kha niang tong hop
enzyme nay nhung ¢ cic muc do khac nhau. Trong d6, chung xa khuan VNUA116
thé hién kha nang sinh téng hop cac enzyme ngoai bao vuot trg1 hon hén 2 ching xa
khuan VNUA27 va VNUA30 véi dudng kinh vong phan giai pectinase, chitinase,
cellulase, amylase va xylanase 1an luot 14 43; 33; 26; 27 va 23mm, chi c6 hoat tinh
phan giai protease thé hién thap hon 2 ching xa khuan VNUA27 va VNUA30 véi
duong kinh vong phéan giai chi dat 6mm. Nayak va ¢s nim 2020 da cong bd, st

dung xa khuan kiém soat cac bénh do nam giy ra thong qua co ché tiét ra cac
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enzyme ngoai bao nhu chitinase- ¢6 kha ning thuy phan chitin nim trong thanh té
bao nam [147]. Pong chitinase con ¢ tac dung khang ndm nhu chitinase F (ChiF)
tur S. coelcolor A3(2), chitinase 30 (Chi30) tir S. olivaceoviridis ATCC 11238,
chitinase 35 (Chi35) tur S. thermoviolaceus OPC-520, chitinase IS (ChilS) tur
Streptomyces sp. MG3 va chitinase A (ChiA) tir S. cyaneus SP-27 [210]. Céac
enzyme khéac nhu glucanase, cellulase va protease c6 kha nang phan giai cac thanh
phan chinh cua thanh t& bao nim bénh, lam nidm bi ton thuong va khong thé phat
trién binh thuong. Do do6, ca 3 chung xa khuan nay déu cé tiém niang trong viéc (ng
dung dé kiém soat cac bénh do ndm & thuc vat gay ra, tuy nhién ching xa khuén

VNUAZ116 thé hién kha ning sinh cic enzyme ngoai bio manh hon ca.

o= mVNUA27 mVNUA30 mVNUA116
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Hinh 3.11. Kha niing sinh enzyme ngoai bao cia 3 chiing xa khuan nghién cieu
3.2.3.2. Pdnh gid khd nang sinh chat kich thich sinh truong IAA
IAA 1a chét thuc déy tang trudng thuc vat thugc nhém auxin, hoat dong thong
qua cac con dudng trao doi chat khac nhau, c6 lién quan dén su kéo dai r&, phan
chia té bao va ting sinh ciia 16ng ré [198]. Xa khuan c6 kha niang sinh IAA gifip 1am
tang dién tich bé mit va chidu dai r&; nho d6 ma cdy trong co thé tiép cin nhiéu hon
v6i dinh dudng trong dét, ting kha nang hap thu dinh dudng, gitp ciy phat trién t6t
hon, tir d6 ting ning suat cho cy trong [178].
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Hinh 3.12. Kha niing sinh IAA ciia 3 chiing xa khuan nghién ciu
Tir két qua danh gia kha nang sinh TAA trén cho thay trong 3 chung xa khuan
nghién ctru déu c6 kha ning sinh IAA khi b6 sung Tryptophan véi nong do 0,2%;
lugng TAA cia cac chung dao dong trong khoang 12,5 dén 35,5 pg/ml. Trong d6
chung xa khuan VNUA116 sinh IAA v6i ham luong cao nhat dat 35,5 pg/ml sau 7
ngay nudi cdy. Nhiéu nghién ctru cho thiy rang mot lugng nho IAA 1a can thiét cho
su phét trién cua ré so cap va vi sinh vat c6 kha nang tiét ra lugng hop chét indole
cao hon 13,5 pg/ mL duogc danh gia l1a c6 hoat tinh kich thich sinh truéng [198].
Cong b cuia Rihab va ¢s nim 2020 cho thiy trong 9/14 ching xa khuan tuyén chon
tir ¢at nhiém man c6 kha nang sinh IAA va chung H14 ¢ hoat tinh sinh IAA cao
nhat (21,4 pg/mL), chang K12 ¢6 hoat tinh sinh IAA thap nhat (7,44 pg/ mL), 7
chung con lai c6 hoat tinh sinh IAA trong khoang tir 12,25 -14,75 pg/mL. So sanh
v6i cac két qua da cong b, hai ching xa khuan VNUA27 va VNUA116 cho thay
¢6 kha ning tong hop chat kich thich sinh truong IAA cao hon. Trong d6, chung xa
khuan VNUA116 dugc danh gia 1a c6 tiém ning tot nhéat cho viéc tmg dung xa
khuan v6i myc dich kich thich sinh truéng thuc vat.
3.2.3.3. BPanh gia kha nang sinh siderophore
Siderophores 1a cac hop chat c6 kha niang lién két v6i sat (Fe3*) voi ai luc
cao, giup vi sinh vat thu nhn sit trong méi trudng c6 ndng do6 sit thip. Do d6, hd
tro vi sinh vt co thé ton tai va phat trién trong moi truong canh tranh sat khic

nghiét. Cac nghién ctru d3 phat hién Streptomyces c6 thé san xudt nhiéu loai
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siderophore khac nhau, bao gdm catechol, hydroxamate, carboxylate va loai hdn
hop. Trong d6, hydroxamate dong vai trd quan trong trong viéc ¢6 dinh cac kim loai

trong dat [88].
(A) (B)

10
8
6
4
2
0

VNUA27 VNUA3(0 ¥NUALI6

VNUA27

VNUA30

Kich thwdce vong sang (mm)

VNUALI6

Chiing xa khuan nghién ciru

Hinh 3.13. Kha niing sinh siderophore ciia 3 chiing xa khuan nghién ciru

Két qua nghién ctru trén cho thdy, ca 3 ching xa khuan VNUA27, VNUA30
va VNUA116 déu c6 kha nang sinh siderophore trén moi truong thach CAS thong
qua mau sic vong phan giai 16 rang xung quanh cic khuan lac. Theo két qua Hinh
3.13 (B) cho thay, chung xa khuan VNUA116 c6 mau sic vong phan giai mau cam
chinh 14 siderophore dang hydroxamates, ching VNUA27 va VNUA30 c6 mau sic
vong phéan giai mau vang 1a siderophore dang catechol. Ca 3 ching nay déu c6 kha
nang sinh siderophore, trong d6 chiing VNUA30 thé hién kha nang sinh siderophore
manh nhét (13,3 mm) tiép dén 1a ching xa khuan VNUA116 (11,6 mm) va thap
nhat 14 ching VNUA27 (9,88 mm). So sanh v4i cong bd ctia Fatmawati va ¢s nim
2019 chung xa khuan ASR 41 thé hién kha ning sinh siderophore cao nhét (26 mm)
trong 23 chung xa khuan tuyén chon cé kha nang sinh siderophore trén méi truong
CAS va cao hon két qua nghién ctru cta chung t6i [70]. Nguyén Thi Vang va cs
(2013) da phan 1ap dugc 5 ching Bacillus trén dat trong laa c6 kha ning d6i khang
manh vé&i vi khuan Xanthomonas oryzae pv. oryzae va c6 kha ning tiét siderophore
dang hydroxamates. Gopalakrishnan va ¢s (2011) ciing da ghi nhan 5 ching xa

khuan c6 kha ning san xut siderophore dang hydroxamates dong thoi ca 5 chiing
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nay déu c6 kha niang d6i khang manh v&i Fusarium oxysporum f. sp. ciceri [79].
Nhu vay, so sanh voi cac két qua di cong bd thdy rang ching xa khuan VNUA116
6 kha nang tiét siderophore dang hydroxamates, ciing véi kha niang khang nim Foc
TR4 manh nén c6 thé du doan rr:ing chung xa khuan VNUA116 khong chi ton tai
dugc trong didu kién thiéu sit ma con co vai trd quan trong trong khang ndm gay
bénh, bao vé cay trong khoi cac bénh do nim gay ra.

3.2.4. Pinh danh cdc chiing xa khudn.

Céc chung xa khuan duoc nudi lac trong méi trudng Gause-1 & 30°C trong 48
gid dé tang sinh khdi phuc vu tach chiét DNA. DNA tong s6 thu dugc tir mdi ching
xa khuan duoc sir dung cho phan ing PCR khuéch dai trinh tu 16S rRNA béng cap
moi 27F/1492R. 16S rRNA ¢ xa khuan co6 muc do bién ddi cao giita cac loai gan
giii. Do d6, trinh ty 16S rRNA dugc st dung pho bién trong nghién ctru phan loai
xa khuan. Kiém tra két qua PCR cho thidy mdt bang duy nhat kich thudc 1500 bp.
Mau DNA tinh sach duogc giai trinh tur boi cong ty 1st BASE (Singapore). Két qua
so sanh trinh ty 16S rRNA véi dit li¢u trong GenBank va xay dung cay phat sinh
chang loai st dung phan mém MEGA®G cho thay, chung xa khuan VNUA27 nim
cung nhanh véi chung Streptomyces diastatochromogenes SZN44 (MW363039.1)
V6i gia tri bootstrap kha cao 87%, dong thoi trinh tu nucleotide trén BLAST cho
thay muc do tuong dong cua trinh ty 16S rRNA cua chung xa khuan VNUA27 va
chang S. diastatochromogenes SZN44 1a 99,13%. Ching xa khuan VNUAS30 nam
cung nhanh vaéi chung Streptomyces decanensis QY-3 (MG751325.1) vaéi gia tri
bootstrap rat cao 97%, trinh tu nucleotide trén BLAST cho thay mirc d6 twong dong
cua trinh ty 16S rRNA cua chung VNUA3O0 va chung Streptomyces decanensis la
99,8%. Chung xa khuan VNUA116 nam cing nhanh véi ching Streptomyces
lilacinus NBRC 3944 (NR 041215.1) vai gia tri bootstrap kha cao 87%, trinh ty
nucleotide trén BLAST cho thay muc d6 twong dong cua trinh tu 16S rRNA cua
chang xa khuan VNUA116 va ching Streptomyces lilacinus NBRC 3944 13 99,0%.

101



Nhu vy, 3 chung xa khuan tuyén chon duoc dinh danh lan lwot Ia:
Streptomyces diastatochromogenes VNUA27, Streptomyces decanensis VNUAS30
va Streptomyces lilacinus VNUA116 (Hinh 3.14).

Streptomyces anandii JCM 4720 (NR 041135.1)
Streptomyces andamanensis KC-112 (NR 149230.1)
Streptomyces prasinosporus NBRC 13419 (NR 041130.1)
Streptomyces albogriseolus DSM 40003 (NR 042760.1)
Streptomyces bluensis NBRC 1346 (NR 041142.1)
Streptomyces albus DSM 40313 (NR 025615.1)
Streptomyces albofaciens JCM 4342 (NR 024760.1)
Streptomyces antioxidans MUSC (NR 145593.1)
Streptomyces glebosus NBRC 13786 (NR 041151.1)
Streptomyces lydicus ATCC 25470 (NR 026444.1)

Streptomyces tubercidicus DSM 40261 (NR 025623.1)
Streptomyces orinoci NBRC 13466 (NR 041228.1)

Streptomyces roseifaciens MBT76 (NR 171503.1)

Streptomyces sparsogenes NBRC 13086 (NR 041111.1)
Streptomyces roseoverticillatus NBRC 12817 (NR 112288.1)
VNUA116

Streptomyces lilacinus NBRC 3944 (NR 041215.1)

34

|%

67

63

68| | Streptomyces parvisporogenes CSSP732 (NR 115444.1)
Streptomyces thioluteus NBRC 3364 (NR 041203.1)
Streptomyces morookaense LMG 20074 (NR 042300.1)
—— Streptomyces pratens BK138 (NR 108499.1)
Streptomyces lucensis NRRL B-5626 (NR 043827.1)

81 Streptomyces qaidamensis S10 (NR 178866.1)
ey Streptomyces antibioticus CSSP528 (NR 043348.1)

55 L— Streptomyces canus NBRC 12872 (NR 041085.1)

Streptomyces aurantiacus NBRC 15418 (NR 041436.1)
VNUA30
Streptomyces deccanensis QY-3 (MG751325.1)
Streptomyces arboris TRM68085 (NR 175525.1)
VNUA27

Streptomyces diastatochromogenes SZN44 (MW363039.1)
Streptomyces diastatochromogenes A7 (KJ145874.1)
L Streptomyces atrocyaneus RR25 (PP956069.1)
Bacillus subtilis ATCC 6051 (MN640967.1)

] 81
73

73

86

83

0.020

Hinh 3.14. Cay phét sinh chiing loai 3 chiing xa khuan tuyén chon
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3.2.5. Ddnh gid mirc dp an todn ciia cic chiing xa khudn tuyén chon

Do an toan sinh hoc cua cac ching VSV sir dung trong doi séng cé y nghia
dac biét quan trong. Céac chung vi sinh vat nghién ctru khi dua ra ngoai méi truong
tu nhién phai dam bao diy du cac yéu t6 nhu: khong gay bénh cho thyc vat va dong
vat, on dinh hoat tinh d6i khang trong thoi gian dai...Trude tién cic ching vi sinh
vat tuyén chon duogc so sanh, danh gia an toan thong qua danh muc danh gia mirc do
an toan cua cac chung vi sinh vét.

Céc chung xa khuan tuyén chon duoc so sanh, danh gia an toan thong qua
danh muc danh gia mirc d¢ an toan theo hudng dan sé 2000/54/EC ciia Cong dong
Chau Au vé an toan sinh hoc cua cac chuing vi sinh vat. Két qua thé hién tai Bang
3.6.

Bang 3.6. Mirc d6 an toan sinh hec ciia cac chiing xa khuan tuyén chen

Ky hiéu chiing Loai gin nhat Nhom rii ro
VNUA27 Streptomyces diastatochromogenes 1
VNUA30 Streptomyces decanensis 1
VNUA116 Streptomyces lilacinus 1

Két qua danh gia cho thiy ca 3 chung xa khuan tuyén chon déu thudc nhom
cd mirc do rui ro thap, khong c6 nguy co gdy bat cir mot nguy hiém nao d6i véi
ngudi va dong vat. Vi vay déu co thé sir dung cc ching ndy dé tmg dung trong san
xuat ché pham, phan bén vi sinh.

Trong 3 ching xa khuan nghién ctu, chung Streptomyces lilacinus
VNUA116 c6 hoat tinh d6i khang Foc TR4 VCM1520 manh nhat (65%), kha ning
sinh cac enzyme ngoai bao cao nhat (trong dé cO chitinase — mot trong nhing
enzyme phan hay thanh té bao nam bénh), kha ning sinh chat kich thich sinh truong
thuc vat (IAA) & mac do cao, vuot trdi so voi 2 chung con lai (35,5 pg/ml), kha
ning sinh siderophore dang hydroxamates va mét sd hoat tinh sinh hoc tiém ning
khéac. Chung xa khuan VNUAL116 la ching c6 murc dd an toan sinh hoc cao (cép do

1) dap tmg dugc yéu cau khi ing dung san xuat ché pham, phan bon vi sinh gop
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phan phong trir bénh héo Vang va thuc day sinh truéng cho cdy chubi. Dong thoi,
chung xa khuan VNUA116 v6i cac dic diém sinh hoc doc ddo va tiém nang phat
hién cac dic tinh méi, co thé dai dién cho mot ching xa khuin méi, can duoc
nghién ctru sau hon. Vi vy, chung xa khuan Streptomyces lilacinus VNUA116
duoc lya chon dé nghién ctru: (1) tdi wu hoa diéu kién nudi cdy nham ting hoat tinh
khang nim Foc TR4, (2) tim kiém co ché phan tir hé gen ching xa khuin
VNUAL116lién quan dén co ché khang nim Foc TR4, (3) xé4c dinh kha ning khang
nam gay bénh phé rong trén thuc vat, (4) phat hién, thu nhan va danh gia cac hoat
chat khang nam trong diéu kién PTN.... dé hiéu rd hon vé ching nay va tiém ning
ng dung trong san xuat ché pham, phan bon vi sinh phuc vu ndng nghiép hitu co.

3.2.6. Lwa chgn cdc diéu kign 18n men thich hop nham ting kha néing khdng

ndam Foc TR4 VCM1520 cia chiing xg khudn VNUA116

Dé lua chon cac diéu kién 1én men thich hop nhat d6i véi ching xa khuan
VNUA116 nham ting cuong kha ning khang nim Foc TR4 VCM1520, thi nghiém
dugc tién hanh véi cac yéu td anh huong chinh nhu: nguén carbon, ngudn nito, pH
moi truong, nhiét d§ va thoi gian nudi céy. Viéc lua chon duoc céac diéu kién 1én
men thich hop khong chi ting kha ning ddi khang véi tic nhan giy bénh ma con
gitip nang cao hiéu qua sinh truéng cua chung xa khuan VNUAL16, tir d6 tao tién
dé trong tng dung chung xa khudn VNUA116 vao thuc tién nhim kiém soat bénh
héo vang trén cay chudi.

Véi 15 loai moi truong 1én men duge khao sat, chung xa khuan VNUA116
phat trién va thé hién hoat tinh khang nAm Foc TR4 VCM1520 & cac mirc do khac
nhau. Sau 8 ngay 1én men c6 7 loai mdi truong c6 thé hién kha nang khang ndm Foc
TR4 VCM1520 ¢ cac muc do khac nhau, d6 1a moéi truong ISP-3, A-4, Emerson,
YIM 61, YIM 301, YIM 308 va YIM 310. Trong d6 méi trudng YIM 301 thé hién
kha ning khang nam vuot troi. Pay ciing 1a moi truong hinh thanh kha ning khang

nam sém nhat va manh nhat trong 15 méi trudng duoc khao sat (Hinh 3.15 A).
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Hinh 3.15. Anh hwéng cia diéu Kién méi tredng caa qué trinh 18n men chiing
xa khuan VNUA116
(A) Kha ning khing ndam Foc TR4 VCMI1520 cua dich 1én men ching xa
khudn VNUAIG trén cdc loai méi truong khdc nhau, (B) Kha ndng khdng nam Foc
TR4 VCM1520 ciia dich 1én men ching xa khudn VNUAI16 trén cdc nguon carbon
khac nhau; (C) Khd ndng khang ndm Foc TR4 VCM1520 cia dich 1én men ching

xa khudn VNUAL1G6 trén cdc ngud‘n nito khac nhau;
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Két qua (Hinh 3.15 B) cho thy ngudn carbon CB1 va D-glucose 1a thich hop
v6i ching xa khuan VNUA116 trong viéc hinh thanh hoat tinh khdng niam. Va
ngudn carbon hdn hop 1a CBI (tinh bot tan 40 g/l + D-glucose 1 g/1) 1a thich hop
nhit tao hoat tinh khang nam tdi da véi duong kinh vong khang ndm dat trén 22,5
mm & thoi gian sém nhat (10-11 ngay). Dong thoi, mot sé nghién ciru ciing chi ra
rang ndng do glucose lam giam kha ning téng hop cac chat khang sinh do e ché
cac enzyme tham gia vao qué trinh ndy va c6 thé lién quan dén anh huong cua sinh
truong 1én sinh tong hop khang sinh [169]. Cac nghién ctru khac ciing cong bd: tinh
bot tan la nguSn carbon dé xa khuan su dung san sinh nhiéu loai khang sinh nhu
Streptomyces fradiae san sinh ra tylocin [39], Streptomyces kanamyceticus san sinh
ra Kanamycin [164], Streptomyces rimosus san sinh ra hoat chit khang ndm [213]
va Steptomyces noursei san sinh ra nystatin [66]

Ngudn nhito dong vai trd cung cap co chat dé xa khuan téng hop nén cac hop
chét chira nito can thiét cho su sinh truéng va phat trién ctia chung. Mdi loai xa
khuan khac nhau s& phu hop véi ti 16 C/N trong mdi trudng séng nhat dinh. Do d6
ngudn nito bd sung vao moi trudng can phai can dbi véi ngudn carbon ma xa khuin
dang s dung. Trong nghién cru nay, ngudn nito hdn hop N1 (cao thit, cao nim
men, pepton) vai ty 16 3:5:3 g/l 1a ngudn nito tSt nhit cho sinh tong hop hoat chit
khang nam Foc TR4 VCM1520 cta chung xa khuan VNUA116. Véi bot dau tuong
va cao ndm men mic du ching xa khuan VNUA116 c6 sy gia ting vé sinh khoi
nhung kha ning hinh thanh hoat tinh khang nim Foc TR4 VCM1520 la khéng
nhiéu. D6i voi méi trudng sir dung pepton va KNOs thi chiing xa khuan VNUA116
khong hinh thanh hoat tinh khang nam (Hinh 3.15 C). Piéu nay c6 thé thiy rang,
khi ngudn nito 1a cac chat riéng 1¢ 1a khong thich hop cho sinh chat khang ndm dbi
v6i ching xa khuin VNUA116. Két qua nay ciing phu hop véi cong bd cia M.
Young va cs (1985) khi sir dung ngudn nito riéng 1é hodc nito vo co lam giam kha

nang sinh tong hop hoat chét khang nam [212].
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Hinh 3.16. Anh hwéng cia diéu kién nudi cdy caa qua trinh [én men ching xa
khuan VNUA116
(A) Kha ning khdng nam Foc TR4 VCM1520 cua dich 1én men ching xa khudn
VNUAL16 trén cdc nhiét dg nuéi cdy khdc nhau,; (B) Kha ndng khdng nam Foc TR4
VCM1520 cua dich lén men chung xa khuan VNUAI 16 trén cac pH moi truong
nuoi cay khac nhau.

Ngoai ra nghién ctru cling cho thay, kha nang hinh thanh hoat tinh khéng
nam thich hop nhét cua ching xa khuan VNUA116 & nhiét d6 nudi 1a 30°C, moi
trrong c6 pH 7 va thoi gian 10 ngay (Hinh 3.16 A, B).

Tién hanh 1én men ching xa khuan VNUA116 véi cac diéu kién thich hop
nhat dugc lya chon cho muc dich ting hoat tinh khang ndm gdm: Mbi trudng
khoang YIM30, ngudn carbon (tinh bdt tan 40 g/l + D-glucose 1 g/l), ngudn nito
(cao thit 3¢/l + cao nAm men 5g/I + pepton 3g/l), mdi truong c6 pH 7, thoi gian 1én
men 10 ngay & 30°C thi chung xa khuin VNUA116 d3 thé hién kha ning sinh chét
khéng nim véi duong kinh vong khang nidm dat cuc dai 30,67+0,58 mm tuong

duong voi hiéu luc khang ndm dat 93,20% (ting 1,43 1an so véi ban dau) sau 11
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ngay 1én men. Két qua nay twong duong véi ddi ching duong khi st dung Ridomil
gold 68WG véi ndng d6 3 g/l khi thir nghiém trong phong thi nghiém theo cong bd
cia L.T. Tuong va cs (2019) [10]. Kha ning khang ndm ban dau cua chung xa
khuan VNUA116 khi chua lya chon cac diéu kién nuoi céy thich hgp chi dat 65%.
Diéu nay cho thiy viéc lia chon dugc cac cac yéu td vé thanh phan dinh dudng moi
truong, diéu kién nudi cdy (pH, nhiét do) thich hop vira ting cuong hiéu qua san
xuat cac hop chit khang ndm vira c6 thé day nhanh thoi gian 1én men, giam thiéu
chi phi. Nghién ctu cia Hu va cs (2024) ciing cho thay chung Streptomyces
rectiviolaceus WM-37 khi t6i wu hoa cac yéu t6 1én men di ting cudng san xuét cac

chét chuyén hoa tht cap co hoat tinh khang ndm [92].

(A) (B)
Hinh 3.17. Kha niing wc ché nam Foc TR4 VCM1520 ciia chiing xa khuan
VNUA116

(4). Poi chirng dwong (thuéc Ridomil gold 68WG); (B) Vong khang ném Foc TR4
cua dich 1én men chung VNUAL116.
3.2.7. Ddnh gid hoat tinh khing ndm Foc TR4 VCM1520 ciia chiing xa khudn
VNUAL116

3.2.7.1. Pdnh gid tac dong cua cao chiét chung xg khuan VNUA116 dén sinh
truong va hinh thai hé sgi

Cao chiét xa khuan duoc sir dung chinh 12 cao metanol (cao tinh sach trudc
khi tach chit) thu duoc tir quy trinh phén tach tai phuong phap 2.2.14. Cao chiét xa
khuan néng d6 30 pg/ml duge nho 1én lam kinh chira sgi nAm Foc TR4 VCM1520
dang phat trién. Sau 2 ngay nudi & 28°C, hinh thai soi ndm duoc quan sat dudi kinh

hién vi quang hoc c6 d0 phong dai 400X. Két qua dugc thé hién & Hinh 3.18.
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Doi chirng

Thi nghiém

Hinh 3.18. Tac ddng cia cao chiét xa khuian dén sy phat trién cia nam Foc
TR4 VCM1520
(A) Tdc déng cua cao chiét én sinh truong sei nam; (B) Tdac déng cua cao
chiét 1én hinh thai soi nam.

Két qua cho théy, & mau dbi ching nidm Foc TR4 VCM1520 ¢6 hé sgi moc
déu, hinh thai va cau tric soi nAm moc binh thudng, thang, déu. Trong khi & cong
thirc thi nghiém khi xur Iy bang dich chiét xa khuan, hinh thai sgi ndm c6 nhiéu bat
thuong, bi bién dang, bé mit soi nAm xu xi, nhiéu doan soi nAm bi gdy gap, hinh
thanh cac vach ngan trong hé sgi nam.
3.2.7.2. Pdnh gid tic dong ciia cao chiét xa khudn dén khd ndang nay mam ciia bao
tir ndm

Két qua quan sét hinh thai va sy nay mam bao tir nam (Hinh 3.19) cho thay:
& cong thic thi nghiém khi xir ly dich bao tir véi cao chiét xa khuan cac bao tir ndm
gan nhu khong ndy mam hodc 6ng mam rat ngan. Trong khi & cong thirc d6i chimg,
mot s6 bao tr nay mam binh thudng véi 6ng mam dai vuot qua chiéu dai bao tu,
mot s6 bao tir khac dugc quan sat thiy dang bat dau nay mam. Diéu nay ching to,
dich chiét xa khuan c6 anh hudng 1 rét dén kha ning nay mam bao tir nAm, rc ché
su ndy mam cta bao tir. Tién hanh danh gia kha ning @c ché cua dich chiét xa

khuén 1én sy nady mam bao tir ndm Foc Tr4 VCM1520 cho thfiy dich chiét xa khuan
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¢6 kha niang trc ché manh (72,82%) su nay mam cia bao tir Foc TR4 VCM1520 va
anh huong dén kha niang kéo dai dng mam (Hinh 3.19 C) twong duong véi kha ning

nay mam bao tir nam chi dat 27,18%.
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Hinh 3.19. Tac ddng cia cao chiét xa khuan VNUA116 dén kha ning nay mam
bao tir nam Foc TR4 VCM1520
(A) Hinh thai bao tir ciia mau doi ching; (B) Hinh thai bao ti ciia mdu thi nghiém;
(C) Ty Ié nay mam cua bao tiz nam Foc TR4 VCM1520

Gan day, nhiéu nghién ctru di phat hién ra tiém ning ctia mot sb loai
Streptomyces trong viéc kiém soat nim Foc gdy bénh trén cdy chudi. Qi va cs
(2019) d4 bao c4o rang Streptomyces huiliensis sp. nov trc ché sy phat trién cia ndm
Foc TR4 bang cac co ché: vira 1am hong cdu trac té bao ciia ndm vira e ché sy phat
trién soi nAm va sy nay mam bao tir nim [166]. Tuong tu, Streptomyces sp. WHL7
c¢6 co ché khang nAm Foc TR4 thong qua viéc (rc ché sy ndy mam cia bao tir, ngin
chin su phat trién cta soi ndm va thay doi ciu trac té bao ndm [200]. So sanh voi
két qua cong bd ctia Yun va cs (2021) chat chiét ching xa khuan 5-10 c6 ty 1 nay
mam bao tir nAm Foc TR4 sau 6h & miu thi nghiém dat 27,35% thi chat chiét ching
xa khuan VNUA116 ¢6 hoat luc tuong duong voi ty 1€ nay mam bao tir dat 27,18%.
C6 thé thiy rang ching xa khuan VNUA116 c6 thé tao ra cac hop chét thir cap c6
kha ning khang ndm va giai phong vao méi truong dé e ché sy hinh thanh bao tir
nim Foc TR4 VCM1520.
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Nhu vy, c6 thé thdy rang cao chiét xa khuan VNUA116 c6 tac dong han ché
kha ning 1ay nhidm cta ndm Foc TR4 VCM1520 bang cach 1am bién dang hé soi,

uc ché sy ndy mam cua bao ti, tir d6 lam giam murc do gay hai ciia nam bénh.

3.2.7.3. Xdc dinh nong dé irc ché toi thiéu (MIC) va nong dé diét nam toi thiéu
(MFC)

Dé khang dinh kha ning trc ché ciia cao chiét ching xa khuan VNUA116 thi
viéc xac dinh dugc néng do tbi thieu (MIC) va nong do diét nam toi thiéu (MFC)
1én sinh truong ndm Foc Trd VCM1520 1a yéu cau hang dau. Két qua nghién ctru
nay da xac dinh dugc gia tri MIC va MFC cua cao chiét d6i v6i nam Foc Tr4
VCM1520 thé hién tai Bang 3.7.

Bang 3.7. Nong d¢ wc ché caia cao chiét 1én sinh trweéng nAm Foc TR4

VCM1520.
, n MIC MFC
TT , Thi n%hlgm (ug/ml) (ug/ml)
1.| Cao chiét xa khuan VNUA116 > 6,25 > 30
2.| Nystatin > 6,25 > 25
3.| Cycloheximide > 0,052 > 50

Tu két qua Bang 3.7 cho théy, cao chiét xa khuan VNUA116 c6 néng do
MIC (> 6,25 pg/ml) tuong duong véi khang sinh Nystatin (> 6,25 pg/ml) nhung
thap hon Cycloheximide (> 0,052 pg/ml). Kha ning diét nim t6i thiéu MFC ciia cao
chiét xa khuan VNUA116 thap hon khang sinh Nystatin (> 25 pg/ml) nhung cao
hon Cycloheximide (> 50 pg/ml). So sanh két qua cong bd ctia Wei va cs 2020 ciing
cho thdy, chung xa khuan Streptomyces sp. YYS-7 c¢6 kha ning rc ché nam Foc
TR4 véi gia tri MIC > 6,25 pg/ml vd MFC > 25 pg/ml, dong thoi chung YYS-7
cling thé hién kha ning khang nam Foc Tr4 khi thi nghiém trén chau vai [202].
3.2.7.4. Ddnh gid kha ning khdng ndm phé réng ciia ching xa khuan VNUA116
Kha ning khang ndm gay bénh thuc vat phd rong rat c6 y nghia va dong vai
trd quan trong trong bao vé ciy trong, giup giam thiéu thiét hai do cac loai nAm

bénh nguy hiém giy ra. Ching xa khuan VNUA116 duoc tién hanh danh gia hoat
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tinh d6i khang véi cac loai nAm gay bénh phd bién khac nhau trén thuc vat nhu C.
gloeosporioides, C. cassiicola, F. solani, S. rolfsii, Diaporthe sp., va F. oxysporum.
Két qua Hinh 3.20 cho thiy rang ching xa khudn VNUA116 c6 kha ning tc
ché su phat trién cta tat ca 6 loai nAm gay bénh khac nhau duoc thir nghiém. Ty 1¢
{rc ché su phat trién hé soi nAm cta cac loai ndm gay bénh dugc thtr nghiém dao
dong tir 59,46% dén 98,9%. Trong do, ching xa khuan VNUA116 thé hién ty 18 tc
ché cao nhat ddi véi su phat trién hé soi ndm cua Diaporthe sp (98,9%) - giy bénh
th6i than (thdi ndn) chudi. Pong thoi, chiing xa khuan VNUA116 thé hién kha ning
trc ché ndm F. oxysporum dat 71.11%. Nhiing két qua nay cho thiy rang chung xa
khuan VNUA116 c6 hoat tinh wrc ché pho rong dbi v6i cac lodi nam gay bénh khac

nhau.
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Péi chirng  Thi nghiém

Ty 1§ dbi khang (%)
C. gloeosporioides 71.25+ 0.86
C. cassiicola 61.11+0.39
I solani
59.46+1.89
S. rolfsii
. 67.50 +0.89
Diaporthe sp.
2 P 98.96 + 0.72
I oxysporum 71.11 £4.00

Hinh 3.20. Kha niing &c ché mét s6 nam gay bénh thuc vat cia chiing xa khuan
VNUAI116
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Két qua cong bd cua Wei va cs (2020) cho thiy ching xa khuén Streptomyces
sp. YYS-7 thé hién kha niang khang nim giy bénh phd rong trong do ty 1& trc ché
cao nhat déi véi C. fallax (76,07 + 1,97) va thap nhat dbi voi C. musae (51,07 +
1,57), dong thoi chung Streptomyces sp. YYS-7 thé hién kha ning khang F.
oxysporum f. sp. cucumerinum (59,25 #+ 1,77) [202]. Hay cong bd cua Qi va cs
(2019) ciing cho thiy ching xa khuan Streptomyces sp. SCA3-4 duogc phan lap tir
ving ré cdy xuong rong Nopal ciing thé hién hién kha ning tc ché 13 loai ndm gay
bénh thuc vat v6i duong kinh vong khang ndm cao nhat dbi véi C. fragariae (84,67
+0,58) va thap nhat dbi voi F. graminearum (36,67 + 5,77), chiing Streptomyces sp.
SCA3-4 ciing thé hién kha ning khang ndm Foc TR1 nhung chi dat (39,67 + 0,58)
[166]. So sanh kha nang khang nim pho rong va ty 1& (e ché dbi voi cac chung nim
gay bénh thuc vat thi ching xa khuan VNUA116 thé hién hoat tinh khang nam dbi
v6i timg chung nam gay bénh dugc thir nghiém déu manh hon cac chung xa khuan
d3 cong bd.

Két hop véi két qua danh gia kha nang khang nam Foc TR4 VCM1520 cia
chung xa khuin VNUA116 chi ra rd rang rang Streptomyces lilacinus VNUA116 c6
thé duoc coi nhu mot chiing xa khuan tiém ning dé ngin ngira hoic trc ché cac loai
nam gay bénh khac nhau trén thyc vat, diac bi¢t 1a cac tac nhan gy bénh héo
Fusarium (do Foc TR4).

Tir cac két qua cua nghién ciru c6 thé khang dinh rang ching xa khuan
Streptomyces lilacinus VNUA116 c6 rit nhiéu tiém ning tng dung trong san xuét
ché pham phong va diéu tri bénh héo vang trén cay chudi do ndm Foc Tr4 gay ra.
3.3. Phén 14p va xic dinh ciu tric héa hoc cac hop chit tir dich 1én men chiing

xa khuan Streptomyces lilacinus VNUA116
3.3.1. Xt Iy méu, tao cin chiét

Sau khi lya chon dugc cac diéu kién 1én men chung Streptomyces lilacinus
VNUAI116 nham muc dich thu nhan hoat chat khéng nam Foc TR4 cao nhit. Quy
trinh phan l4p cin chiét cua chung xa khudn VNUA116 trinh bay tai Hinh 3.21. Ki
hiéu mau 1a XK4
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Dich 1én men chiing
Streptomyces lilacinus
VNUA116

J +EtOAC ti e 1/1

+ chiét phan16p 4 lin

Dich chiét EtOAc

l Co quay

Cao EtOAc téng
(14.8g)

+ Hoa tan hoan toan trong 0,51 MeOH 95%
+0,5L n-hexane/lan x 3 lan, chiét phan lép

.

XK4N 1.1 XK4N 1.2
(cao hexane 4.2 g) (cao methanol 5,76 g)

Hinh 3.21. So' dd tao cao chiét tong chiing xa khuan VNUA116

Dich 1én men duoc chiét phan 16p voi ethyl acetatate véi ti 18 1/1, 1ap lai quy
trinh chiét 4 1an, thu dich ethyl acetate, c6 quay loai dung méi thu dugc cao chiét
téng ethyl acetate 14,8 g. Cao chiét dang sét, mau nau, c6 mui dac trung cua dich
1én men xa khuan (nhu mui méc hodc mui dat ém).

Hoa tan cao chiét tong ethyl acetate (14 g) trong 0,5L methanol 95% sau d6
chiét phan 16p vé6i 0,5L n-hexane/lan, lap lai quy trinh chiét 3 1an. Tach riéng phan
dich chiét n-hexane va methanol 95%, cit quay loai dung méi thu dugc cao hexane
XK4N 1.1 (4,2 g) va cao methanol XK4N 1.2 (5,76 g).

3.3.2. Phdn ldp cdc chit tiv cdc can chiét

Str dung cac hé dung mdi khac nhau dé khao sat trén sac ky 16p mong (TLC)
dé phan tach cédn chiét EtOAc. Hé dung moi dichloromethane/acetone va h¢
dichloromethane/methanol cho két qua tot nhat. Vi vay, lya chon 2 hé dung mdi nay
lam dung méi rira giai cho sac ky cot. Hé dichloromethane/acetone (gradient, 40/1,
v/v) va hé dichloromethane/methanol (gradient, 5/1, v/v) duoc tién hanh ké tiép

nhau.
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Su két hop gitra sic ky cot va sic ky HPLC diéu ché trong phan l4p va tinh
ché hoat chét tir dich 1én men xa khuén mang lai hi¢u qué cao nho kha nang tach
chét tot va ting cudng do tinh khiét cua cac hop chét thu dugc. HPLC diéu ché cho
phép xac dinh chinh xac va thu dugc cac phan doan c6 hoat tinh sinh hoc cao, trong
khi sic ky cot gitip xtr 1y luong mau 16n hon va loai bo tap chét hiéu qua hon. Su
két hop nay tdi vu héa qua trinh phan 14p, dam bao thu duoc cac hop chit voi do
tinh khiét cao nhat, day 13 mot trong nhitng yéu td quan trong trong nghién ctru va
phat trién san pham tir vi sinh vat [20].

XK4N1.2 (5,67g)
| CC. diaion. 0%M—100%M. 100%A

[ 100% w [ 3000 M [s0% M | 10004
XK4N2.1 XK4N2.2 XK4N2.3 XK4N2.4
I 950mg 144 ¢ lg

CC, silica gel,
DJ/A 40/1 (v/v) — DM 5/1
(i)

XK4N3.2 XK4N3.3
64.8mg 85.6mg
Prep-HPLC, 3mL/mim CC. silica gel.
180min_20-100% MeOH HDE 10/60/1 (vAviv)
XK4N4.8
XK4N12.14 XK4N12.25
Prep-HPLC.
Prep-HPLC, Prep-HPLC. 3mL/mim
4mL/mim 4mL/mim 180min_30-
180min_20% 180min_45% 100%
MeOH MeOH MeOH

XK4N13.1 XK4N17.1 XK4NS5.5
(1,1 mg) (2 mg) (4,6 mg)

Hinh 3.22. So' @6 phan lap chat trong miu xa khuan VNUA116

Két qua phan 1ap cac chét tir cin chiét tong chung xa khuan VNUA116
(Hinh 3.22) nhu sau:

Phan doan XK4N1.2 dugc rua giai véi hé dung moi lan luot 1a 100% nudc,
30% methanol, 80% methanol va 100% acetone thu dugc cac cao phan doan tuong
ung nhu sau: XK4N 2.1 (1 g), XK4N 2.2 (0,95g), XK4N 2.3 (1,44 g), XK4N 2.4 (1
g). Trong qua trinh sir dung ban méng TLC dé danh gi4 trién vong vé thanh phan
hoa hoc ctia cac cao chiét, chiing toi nhan thy cao chiét phan doan 80%M la cao
chiét kha quan nhét nén phan doan nay dugc lwa chon dé tiép tuc nghién ctiru phan

1ap hop chét.
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Tién hanh phan lap trén cot sic ky silica gel, rira giai v6i hé dung méi
dichloromethane/acetone tir 40/1 (v/v) dén dichloromathane/methanol 5/1 (v/v)
phan doan XK4N2.3 (1,44 g) thu dugc 16 phan doan tir XK4N3.1®XK4N 3.16.
Céc phan doan thu dugc tiép tuc tién hanh phan 1ap chét két hop giira phwong phap
chidm ban mong TLC vaéi sdc ki cot dé lua chon cac phan doan co trién vong du
doan 1a cac hop chit thir cip co hoat tinh khang nim. Cac phan doan XK4N3.2
(64,8mg) va XK4N3.3 (85,6mg) dugc lira chon va xir Iy bang phuong phép sic ky
cot diéu ché HPLC véi diéu kién sic ky: cot sic ky diéu ché YMC-Pack ODS-A
250x20mm, 5mm, 8nm, YMC-column 2 ODS-A 250x20mm, 5mm, 12nm; chuong
trinh hé dung moéi methanol — nude (0,1% TFA) gradient tir 10-100% methanol
trong 180 phit, tc do dong 3-4 mL/min (cac diéu kién véi mdi phan doan nhu so
d6 Hinh 3.8). Két qua thu duoc 3 hop chét nhu sau:

Bang 3.8. C4c hep chit phan lap dwoc trong dich 18n men chiing xa khuan

VNUAL116
A ; Trong lwgng chat .
TT Tén chat Nhan dang chat
(mg)
1. | XK4N13.1 1,1 Chat ran v6 dinh hinh
2. | XK4N17.1 2 Chat ran v6 dinh hinh
3. | XK4N5.5 4,6 Chat ran vo dinh hinh mau nau

Cac chét nay s& duoc tién hanh xac dinh cdu trac héa hoc bang cac phuong
phap pho két hop
3.3.3. Théng sé vit li va dir liéu phé ciia cdc hop chit phén lip dwoc tiv chiing
Streptomyces lilacinus VNUA116

3.3.3.1. Hop chdat XK4N13.1: p-hydroxybenzadehyde

Hinh 3.23. Céu truc hep chat XK4N13.1
Hop chit XK4N13.1 thu dugc duéi dang chit rin vé dinh hinh mau nau. C6
cong thirc phan tu C7HsO2 (M = 122).
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'H-NMR (600 MHz, Acetone-ds): & 9,85 (1H, s, CHO), 7,81 (2H, d,
J=8,4Hz, H-2, H-6), 7,02 (2H, d, J=9,0 Hz, H-3, H-5).

Dit liéu phd 'H-NMR cua hop chat XK4N 13.1 cho thiy su xuét hién cua tin
hi€u proton trong vung truong th'flp tai 9,85 (1H, s), cho phép dy doan su xuét hién
ctia nhom -CHO. Xuit hién 4 tin hiéu proton vong thom trong khoang 7,00 — 8,00
ppm goi y vé 1 hop chit benzadehyde 1 nhom thé tai vi tri para.

= W ol —
coo o o
@@ - oo

a0z

W NVZ
I \
1
|,
T T T T T T T
10.0 9.5 9.0 85 8.0 7.5 7.0 ppm
= Y

Hinh 3.24. Dir li¢u pho 'H-NMR ciia hop chat XK4N13.1
Két hop cac dir liéu phd NMR va so sanh véi tai lidu tham khao cho phép
xéc dinh hop chat XK4N13.1 la p-hydroxybenzadehyde [47].

3.3.3.2. Hop chat XK4N17.1: 4-hydroxysattabacin

Hinh 3.25. Cau truc hep chat XK4N17.1
Hop chit XK4N17.1 thu dugc duéi dang chét ran vo dinh hinh mau vang
nau. Co cong thirc phan tir C13H1803 (M = 222)
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'H-NMR (600 MHz, Acetone-ds): 66,99 (2H, d, J=8,4 Hz, H-3, H-5), 6,65
(2H, d, J=8,4 Hz, H-2, H-6), 4,03 (m, 1H, H-2"), 2,80 (1H, dd, J = 7,8;4,2 Hz, H-
1’a), 2,60 (1H, dd, J = 13,8;7,8 Hz, H-1"b), 2,39 (1H, d, J=7,2 Hz, H-4’a), 2,37 (1H,
d, J=7,2 Hz, H-4’b), 2,00 (1H, m, H-5"), 0,88 (6H, m, H-6", H-7").

BC-NMR (150 MHz, Acetone-ds): & 212,6 (C-3°,C=0), 155,6 (C-4), 130,5
(C-2, C-6), 128,0 (C-1), 114,9 (C-3, C-5), 77,5 (C-2’, C-OH), 46,5 (C-4’), 38,6 (C-
1), 23,2 (C-5°), 22,4 (C-6"), 22,3 (C-7°).

Pho 'H-NMR cho thay su xuat hién proton ddi xtmg trong khoang 6,5 — 7,0
ppm goi ¥ mot vong benzen 2 vi tri thé & vi tri 1-, 4-. Ngoai ra, dit liéu phd 1H-
NMR xuét hién 2 proton methine trong d6 c6 1 proton xuat hién trong ving trudng
thap tai 04,03 (m, 1H, H-2") goi y lién két v4i nguyén tir O, 1 proton methine con
lai tai 0 2,00 (1H, m, H-5%), 2 tin hiéu proton methylene trong khoang 2,3 — 3,8
ppm, tin hiéu methyl tai 0,88 (6H, m, H-6’, H-7’). (Phu luc 10.1: Phé dan *H-NMR
ctia hop chat XK4N17.1)
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Hinh 3.26. Dir liéu phé 'H-NMR ciia hop chat XK4N17.1

Dit liéu pho C-NMR cho thay cong hudng cho hai methylene, mot carbonyl
bdo hoa, hai methyl va hai methine (mdt trong s6 d6 c6 oxy). Phd HSQC cua hop
chat phi hop v6i phd *H-NMR va *C-NMR. (Phy lyc 10.2: Ph6 dan 3C-NMR ciia
hop chit XK4N17.1)
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Hinh 3.27. Dir liéu phd *C-NMR ciia hgp chat XK4N17.1
Phé HMBC cho thdy su tuong tac cua proton H-1’ véi carbon C-1 va C=0,
proton H-2’ vé&i carbon C-1 va C=0, proton H-4’ v4i carbon C=0 cho phép gin
nhém =0 vao vi tri C-3°, cac twong tac proton H-4’ véi C=0, C-5’, C-6’ va C-7°
cho phép xac dinh chudi lién két tir C=0 t6i C-7°.
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LN I
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Hinh 3.28. Dir liéu phé HMBC ciia hep chat XK4N17.1
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Tir cac dir liéu phd 1D, 2D — NMR két hop véi tai liéu tham khao co thé két
luan hop chat XK4N 17.1 1a hop chét 4-hydroxysattabacin [114], [108]

3.3.3.3. Hop chdt XK4N5.5: Oxindole

Ta~N'1
H
indolin-2-one
Hinh 3.29. Cau trac hep chat XK4N5.5

Hop chat XK4N5.5 thu duoc dudi dang chét ran vo dinh hinh mau nau. C6
cong thirc phan tu CgH7NO (M=133).

'H-NMR (600 MHz, Acetone-ds): 69,28 (1H, s, NH), 7,21 (1H,d, J=7,2
Hz, H-7), 7,17 (1H, td, J = 7,8; 1,2 Hz, H-6), 6,94 (1H, td, J = 7,8; 1,2 Hz, H-5),
6,88 (1H, d, J =7,2 Hz, H-4), 3,43 (2H, s, H-3).

13C-NMR (150 MHz, Acetone-dg): & 206,1 (C-2), 142,6 (C-7a) 128,4 (C-4),
125,3 (C-3a), 124,5 (C-6) (122,2 C-5), 109,9 (C-7), 30,5 (C-3).

Dir liéu phd 'H-NMR ctia hop chat XK4N 5.5 cho thay su xuat hién caa 7 tin
hiéu proton trong d6 xuét hién tin hiéu trong ving trudng thap tai 69,28 (1H, s) goi
¥ sur xuét hién cua proton gan véi N, xuat hién 4 tin hiéu proton thom trong khoang
6,5 — 7,5 ppm, 1 tin hiéu proton methylenene tai 3,43 (2H, s). Phu luc 11.1: Phd dan
IH-NMR ctia hop chat XK4N5.5)
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Hinh 3.30. Dik liéu phd 'H-NMR ciia hep chat XK4N5.5
Dir liéu pho 3C-NMR va DEPT ciing cho thdy su xuat hién cua 6 carbon vong
thom trong khoang 110 — 145 ppm, 1 tin hi€u carbon methylen tai 30,5 ppm. Ngoai
ra phd 3 C-NMR va DEPT con cho thdy su xuat hién cta 1 carbon carbonyl tai &
206,1 ppm. (Phu luc 11.2: Pho dan BC-NMR cuia hop chat XK4N5.5)
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Hinh 3.31. Dir liéu phé 3C-NMR ciia hop chat XK4N5.5
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Tir cac dit liéu phd két hop véi tai liéu tham khao, két ludn dugc hop chit XK4N
5.5 la Oxindole [218].
Bang 3.9. Tinh chat cac hop chat phan lap dwec

TT | Phan doan Tén chat C0E1g thire H.O at tinh TLTK
‘ hoa hoc sinh hoc
o Khang khuén, | [32],[205]
1. | XK4N13.1 hydroxybenzadehyde C7HeO2 k}langi nam,
chong 6xy hoa
Khang khuan, | [159]
2. | XK4N17.1 | 4-hydroxysattabacin | CisHi1sOs | khang nam,
khéang virus
Khang khuan, | [101],
3. | XK4N5.5 Oxindole CsH7NO khang nam, [106]
chdng 6xy hoa

Oxindole 1a nhoém chat di vong dan xuét cta indole da duoc Khetmalis va cs
chtimg minh ¢ lién quan dén cac hoat tinh sinh hoc rat phong pht nhu: khang
khuan, khang ndm va chéng 6 xy hoa ca trong diéu kién in vivo va in vitro. Trong
d6, hop chat aminomethyl-3- cyclohexylthiosemicarbazone-2-indolinone c6 kha
nang khang nam, khang khuan va khang vi-rat, trong khi hop chat méi 1,3-dihydro-
3-hydroxy-3- [2-hydroxyimino-2-(thay thé phenyl) ethyl]-2H-indol-2-one ciing
ching minh kha niang khang khuin va c6 nhiéu tiém ning khang nim [106].
Oxindole ciing d3 duoc cong bd tach chiét tir nhiéu vi sinh vat nhu Streptomyces
sp., Pseudomonas sp. va tir xa khuan bién va déu thé hién hoat tinh khang ung thu,
khang khuédn va khang nim [183].

4-hydroxysattabacin thuoc nhdm chat peptide di dugc Pinzon va cs ciing
cong bd thé hién hoat tinh db6i khang ndm F. oxysporum f. sp. dianthi,
Colletotrichum gloeosporoides C26 duoc phan lap tir vi khudn B. cereus RKHC-09
[159].

Diéu nay cho thdy ching xa khuan VNUA116 c6 tiém ning tng dung trong
san xudt ché pham vi sinh khang nim khi da tach chiét, phan 1ap duoc 3 chit p-
hydroxybenzadehyde, 4-hydroxysattabacin va Oxindole 14 nhitng chat dd c6 nhiéu
cong bd vé céc dic tinh sinh hoc nhu khang khuén, chéng oxy hoéa va dac biét la
hoat tinh khang nim Foc.
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3.4. Phan tich dic tinh di truyén hé gen chiing xa khuin VNUA116.
3.4.1. Gidi trinh tw h¢ gen chiing xa khudn VNUA116.

Trong nghién ciru ndy 2 nén tang dugc sir dung dé giai trinh tw hé gen gdm nén
tang PacBio - 1a mot phuong phéap giai trinh tu doan dai- két hop véi nén tang
DNBSEQ- giai trinh tu doan ngan. Viéc két hop hai nén tang giai trinh ty s& cing
lac ¢6 duoge hai vu diém quan trong va bu trir 14n nhau d6 1a d& lap rap (d6i véi giai
trinh tu doan dai nhu PacBio) va chinh xac (d6i v6i giai trinh ty doan ngin
DNBSEQ). Chinh vi vay, viéc két hop hai nén tang sé& 1 co so cho cong tac lap rap,
hinh thanh dugc mot hé gen hoan chinh, it 16i cho phép kham pha hé gen cua chung
xa khuan VNUA116 duoc toan dién hon vé cu trac gen va dac diém sinh hoa cua
xa khuan. Su két hop nay khong chi toi uu hoa viéc phat hién cac gen va cac ving
1ap lai kho x4c dinh ma con diy manh kha ning khdm pha céc san pham tht cap co
gia tri to xa khuan.

Bang 3.10. Thang sé hé gen chiing xa khuan VNUA116 theo nén tang DNBSEQ

Kich thuéc | Chiéu dai | Kich thuée | Tong cic
chenvao | doan dgc | dirliéu thé | trinh tu
(bp) (bp) (Mb) (read)

Dir liéu sach sau khi lgc
(Mb)

350 (150:150) 1.314 8.764.210 1.311 (157X)

Két qua Bang 3.10 cho thy ching xa khuan VNUA116 c6 s6 trinh ty (read)
dat 8.764.210, kich thudc trinh tu giai dugc 1a 1.311 Mb, véi sb 1an che phi dat kha
cao 157X. Vi s6 lan che phu dat duoc nay, kha ning lap rap dé hinh thanh bo
genome hoan chinh va it bi 15i ctia chung xa khudn VNUA116 14 hoan toan c6 co
sO.

Trén nén tang PacBio, do cic subreads c6 kich thudc nhé hon 1000 bp da bi
loc va loai bo nén trinh tw nho nhét cua subread 1a 1000 bp. Két qua trén Bang 3.11
cho thiy sb trinh ty (Subreads) cua chung xa khuan VNUA116 1a 421.729, s luong
base dat 3.644.571.672, chiéu dai 16n nhat cia mot subread 13 167.462 bp, chiéu dai
trung binh ctia Subreads (bp) dat 8.641. Két qua trén chting t6 cac doan trinh tu giai
duoc o kich thude rat 16n, chat luong tHt. bay la diéu kién tién quyét, thuan loi cho

cong tac lap rap dé hinh thanh mot bo genome hoan chinh.
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Bang 3.11. Thang sé hé gen chiing xa khuan VNUA116 theo nén tang PacBio

. Chiéu
A Giatri | Giatri | Chiéu dai
z £ Chiéu Y .
£ Tong so bazo | .. N50 N90 | dailén nhoé
So £ . dai trung . . £ £
SO luwgng trong cac < . cua cua nhat nhat
lwgng binh cua - -
Subreads | Subreads Subrea | Subre cua cua
Z\WM Subreads
(bp) (bp) ds ads Subrea | Subre
(bp) | (bp) | ds(bp) | ads
(bp)
59.911 | 421.729 | 3.644.571.672| 8.641 9.332 | 6.120 | 167.462 | 1.000

Dua vao dif liéu tir hai nén tang giai trinh tu, tién hanh lap rap hé gen chung
xa khuan VNUA116. Trinh ty sau khi 1ap rdp va chinh sira 18i dugc phan tich bang
phan mém Circos. Két qua cho thay da lap rap thanh cong bd genome cuia ching xa

khudn VNUA116 hinh thanh duoc mot ban d6 khép vong (Hinh 3.32).
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Hinh 3.32. Ban db hé gen chiing xa khuan VNUA116

Tir ngoai vao: Vong 1 chil thich kich thudc hé gen; vong 2 va 3 chira CDS dwoc dy
doan theo chiéu duong (plus) va chiéu am (minus). Vong 4 la cac rRNA va tRNA;
vong 5 biéu thi gia tri G+, vong 6 biéu thi gia tri do léech GC (GC skew)
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Két qua lap ghép de novo va chi giai hé gen cho thay hé gen cua ching xa
khuan VNUA116 dang khép vong, kich thudc 1a 8,306,919 bp, ham luong GC dat
72,49%. Tong s co6 144 RNA trong d6 co 21 rRNA, 71 tRNA va 52 sRNA. Trong
d6, tong s trinh ty gen ma héa protein (CDS) 14 7.172. Két qua danh gia d6 hoan
thién cua hé gen bdi cong cu CheckM cho théy hé gen c6 do hoan thién dat 99.62%
(Accesstion ASM3052024v1) [155]. Cac két qua dd cong b vé trinh tu hoan chinh
va du doan bd gen cua cac chung Streptomyces, ty 1€ % GC dao dong tir 66 — 74%
[84], [167]. Nhu vay, ty 1&¢ GC cua ching xa khuan VNUA116 1a 72.49% la dic
trung v6i Streptomyces va phi hop véi cac cong bd trude d6. Toan bo trinh ty hé
gen va dir liéu lién quan cta chung xa khuin VNUAL116 di duoc luu trit tai
GenBank (s6 diang ky CP130487) va Sequence Read Archive (SRR25317685 va
SRR25317686).

3.4.2. Phdn tich dic diém di truyén hé gen chiing xa khuian V/NUA116.

St dung cong cu GenMark dé du doan gen cua ching xa khuan VNUA116.
Két qua Bang 3.12 thu duoc 13 7.172 gen. Céac ng dung RNAmmer, tRNAscan-SE
va Rfam duogc s dung dé du doan va cho két qua h¢ gen VNUAI116 c6 21 tRNA,
71 tRNA va 52 sRNA.

Bang 3.12. Pic diém hé gen chiing xa khuan VNUA116

Pic diém VNUAL116
Kich thudce hé gen (bp) 8.306.919
S6 lugng doan ghép 1

Céu trac nhidm sic thé Khép vong
S6 lugng gen 7.172
Ham luong G+C (%) 72,49

S6 lugng gen ma hoa protein (CDS) 7.172

S6 lugng rRNA 21

S6 lugng tRNA 71

S6 lugng sSRNA 52
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3.4.2.1. Phdn nhém cdc gen chirc ndng trong hé gen ching xa khudn VNUA116.

S6 liéu thong ké Hinh 3.33 cho thiy két qua phén tich ban thé luan (Gene
Ontology - GO) cta chung xa khuan VNUA116 dwoc phan thanh ba nhom
chinh dua trén chic ning bao gdom: (1) 1.067 gen ma hoa lién quan dén thanh
phan té bao, vi tri trong t& bao (cellular component — CC); (2) 4.857 gen lién
quan dén chtc ning phan tir (molecular function — MF); va (3) 6.047 gen lién

quan dén chu trinh sinh hoc (biological process- BP).

ey
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carbon utilization - . 4
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1872

developmental process- - 10
interspecies interaction between organisms - l 3 g
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structural molecule activity - 64
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transcription regulator activity - 239
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1000 2000 3000

Number of Genes

Hinh 3.33. Phan loai cdc nhom gen chire niing ctia hé gen chiing xa khuin
VNUAL116 trén két qua chd thich GO
Céac gen mi hoa protein chirc ning 13 chi tiéu dau tién dé danh gia dic diém

di truyén hé gen xa khuan. Ching xa khuan VNUAI116 c¢6 s luong gen mi hoa
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protein (CDS) 1 7.172 gen. Sir dung phin mém Blast2GO cho phép chu thich chirc
nang va phén tich trinh ty gen hodc protein, ching t6i da tién hanh so sanh trinh tyr
gen cua chung xa khudn VNUA116 véi CSDL va xac dinh dugc mirc do tuong
dong. Két qua théng ké Hinh 3.34 cho thay, trong 7.172 gen trong hé genome cua
chung xa khudn VNUAI116, c6 6394 gen da duoc dinh danh dya trén CSDL
InterProScan. Trong sb gen duoc dinh danh d6, c6 3879 protein dd c6 chu thich vé
ban thé luan gen (GO). Nhu vay, van con 778 gen trong hé gen ctia ching xa khuan
VNUA116 chua duoc dinh danh. Pay 1a nhiing co s¢ dit lidu tiém nang can khai
thac trong kham pha cic con duong trao doi chit, cac co ché san xuit khang sinh

m&i ctia chiing xa khuan VNUA116.

7000 6394
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C
‘©® 5000
o 3879
a 4000
2
5 3000
3
?) 2000 .
1000 8
0
Khéngcé trong Coétrong CSDL ctia Cé trong CSDL cla
CSDL cua InterProScan InterProScanva cd
InterProScan GOs

Hinh 3.34. S6 lrgng protein dwge dinh danh cia chiing xa khuan VNUA116 so
sanh vei co sé dir liéu caa InterProScan

Co s¢ dir liéu cac cum gen twong dong (Cluster of orthologous groups -
COG) [186] cuia cac protein chung xa khuian VNUAI116 di duoc st dung dé xac
dinh dic trung cac gen ma hoa protein (CDSs). Tong cong c6 7.172 gen da duoc so
sdnh vdi co s¢ dir ligu COG va duge chia thanh 4 nhom chitc nang chinh: (1)
cellular — chtrc ning té bao- chirc ning lién quan dén phan chia t& bao, van chuyén
chat, va to chirc té bao; (2) Information- thong tin va xir Iy thong tin- chirc nang lién
quan dén qua trinh sao chép DNA, sira chita DNA, dich mi, va cic qua trinh lién

quan dén RNA va protein; (3) Metabolism- trao d6i chét- chirc nang lién quan dén
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qua trinh trao doi chat nhu chuyén hoa carbon, nito, axit amin, va nucleotide; va (4)
Poorly- chirc nang chua xac dinh- céac protein chua c6 chitc nang xac dinh rd rang
nhung duoc xac dinh thuéc mot nhom nho tinh tuong déng vé céu trac hodc trinh
tu.

Chi tiét vé phan loai chirc nang COG cua chung xa khuin VNUA116 duoc
phan vao 24 danh muc. Trong d6, 5 loai chirc ning c6 sb lugng gen ma hoa 16n nhat
1a “phién ma” (683 gen), tiép theo 1a “van chuyén axit amin va trao d6i chat” (458
gen), “van chuyén coenzyme va trao doi chat” (411 gen), “van chuyén lipit va trao

doi chat” (410 gen) va hai nhom “co ché truyén tin hi€u” va “van chuyén va chuyén

hoa carbohydrate” déu c¢6 395 gen (Hinh 3.35).
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Hinh 3.35. Phan loai cac nhém gen chite ning ciia h¢ gen chiing xa khuan
VNUAL16 trén co sé dir ligu COG
Co s¢ dit liéu Cluster of Orthologous Groups (COG) cua céac protein la mot

ngudn tai nguyén quan trong trong nghién ctru sinh hoc phéan tir va tin sinh hoc.
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COG giup x4c dinh chirc ning va vai trd cia cac protein duwa trén sy bao ton tién
hoa. Viéc phan tich cac nhém COG cung cp cai nhin sau sic vé cic qua trinh sinh
hoc va chirc ning cua cac gen, hd tro viéc nghién ciru gen, protein va qua trinh tién
hoa [186].

3.4.2.2. Phan nhom enzyme trong hé gen chiing xa khudn VNUA116.

Enzyme déng mot vai trd quan trong trong hoat dong trao doi chét, sinh
trudng cua xa khuan. Vi vay, viéc phan tich hé enzyme hoat dong str dung cong cu
CAZy (Carbohydrate-Active enZYmes) dé chu thich va phén loai cac enzyme tham
gia vao chuyén hoa carbohydrate. CAZy tip trung vdo cic enzyme nhu
glycosyltransferase, glycoside hydrolase, polysaccharide lyase, carbohydrate
esterase va cac carbohydrate-binding module.

Bang 3.13. S6 lweng cac nhom gen CAZyme cia chiing xa khuan VNUA116

(theo CAZy database)
Chirc nang cac S6 lwong
CAZyme gen Ho CAZyme

GH18 (4), GH19 (1), GH92 (1), GH13 (4),
GH1 (1), GH101 (1), GH109 (1), GH113
(1), GH114 (2), GH13 (5), GH135 (1),
GH15 (2), GH171 (1), GH176 (1), GH178
(9), GH20 (3), GH23 (2), GH25 (2), GH3
(2), GH31 (1), GH33 (1), GH38 (1), GH39
(2), GH4 (2), GH47 (1), GH5 (2), GH55
(1), GH6 (1), GH63 (1), GH65 (2), GH77
(1), GH84 (1), GH85 (1), GH89 (2), GH92
(2), GHnc (10)

Glycoside Hydrolase 77

CBM12(1), CBM13(12), CBM2 (2),

Carbohydrate-Binding CBM32 (2), CBM35 (1), CBM48 (4),

Module 63 | cBMS (1), BM50 (1), BM32 (2), BM50
(1)
GT1 (5), GT11 (4), GT2 (20), GT20 (1),
GT28 (2), GT35 (1), GT39 (1), GT4 (15),

Glycosyl Transferase 2 GT51 (6), GT81 (1), GT83 (2), GT87 (2),
GTnc (4)

Carbohydrate Esterase 7 CE14 (2), CE4 (3), CE9 (1), Cenc

Auxiliary Activity 3 AA10 (3)

Polysaccharide Lyase 28 PL8 (1), PLnc (1)
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Két qua Bang 3.13 cho thay, s6 luong CAZyme dugc du doan cia ching xa
khuan VNUA116 1a 180 enzyme. Nhom c6 sé luong enzyme dy doan nhiéu nhit 1a
GH (Glycoside Hydrolase) (77 enzyme), tiép theo 1a nhém GT (Glycosyl
Transferase) (63 enzyme), CBM (Carbohydrate-Binding Module) (28 enzyme). Cac
nhém c6 sb lugng enzyme du doan thip hon gém c6 CE (Carbohydrate Esterase) (7
enzyme), AA (Auxiliay Activitie) (3 enzyme), PL (Polysaccharide Lyase) (2
enzyme). Cac CAZymes duoc tim thdy trong tat ca cac sinh vat séng va chiém
khoang 1-3% sd luong gen [93]. Qua trinh sinh tong hop disaccharides,
oligosaccharides va polysaccharides lién quan dén hoat dong cia hang trim
glycosyltransferases (GTs) khac nhau (EC 2.4.x.y). Cac enzyme nay XUc tadc quéa
trinh chuyén cac goc dudng tir cac phan tir chat cho da dugc kich hoat sang cac
phan tir chat nhan cu thé, tir d6 hinh thanh cac lién két glycosid. Cac enzyme GH,
CBM va GT chiu trach nhiém tong hop (trong thyc vét) va phan hiy (trong vi sinh
vat) cac hop chit carbohydrate cua thanh té bdao. Cac enzyme disaccharides,
oligosaccharides va polysaccharides khong chi déng vai trd nhu ngudn dy trit ning
lugng va cau tric ma con tham gia vao cac qua trinh nhan dang té bao ca bén trong
va bén ngoai [93]. Piéu nay cho thiy su quan trong ctia chung trong nhiéu chirc
nang sinh hoc va tng dung cong nghiép. Vi vay, viéc chu thich cidc enzyme trong hé
gen xa khuan gitip cac nha khoa hoc hiéu rd hon vé chitic ning va co ché cua cac
enzyme, dong thoi hd trg nghién ctru vé sinh hoa, cung cdp théng tin vé chic ning
va co ché hoat dong cua cac enzyme.

Thanh té bao nim chi yéu duoc ciu tao tir polysaccharide, chiém 80-90%
trong luong kho cta ching. CAZymes 1a cic enzyme quan trong nhét trong viéc
phan huy polysaccharide. Cac gen chirc nang ma héa CAZymes tham gia vao qua
trinh phan hay thanh té bao nim. Phan tich CAZymes cho thdy ring bd gen cia
chung xa khuan VNUA116 chira 180 CAZymes, chiém 2,51% tong sé gen (Hinh
3.36 A). Trong hau hét cac bo gen cia vi khuan, CAZymes thuong chiém it hon 2%
tong s6 gen [131]. B gen cia ching xa khuan VNUA116 c6 ty 16 CAZymes cao,

cho thay tiém ning manh mé cta no trong viéc phan huy thanh té bao ndm. Cu thé,
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nhoém GH cta CAZymes trong bd gen cua chung xa khuan VNUA116 chira 11 gen
chitinase va 01 gen B-1,3-glucanase (Hinh 3.36 B). Pong thoi, két qua dinh luong
kha ning sinh cic enzyme chitinase va p-1.3-glucanase cia chung xa khuin
VNUAL116 lan luot 1a 21,22 £ 2,15 va 52,06 + 1,25 U/ml twong duong voi ching
SCA4-21T thé hién hoat tinh chitinase va B-1,3-glucanase ¢ muc cao lan luot 1a
22,42 va 50,44 U/ml [165].

(A) (B)
So Hoat
15% Ho -
Enzyme - lwrong Iwc
\ =z gen (U/ml)
Chitinase ggig 11 2122+
2 9
(EC.3.2.1.19) GII23 2:15
p-1.3-
-G : « Cabolydente Biding Module glucanase GHS55 1 521’(,))65i
e (EC.3.2.1.39) =

Hinh 3.36. Phan tich cac CAZyme ciia chiing xa khuan VNUA116
(A) So lwong cac CAZyme; (B) So lirong cac enzyme c6 kha ndng phdn hiy thanh té
bao nam

Co ché khang ndm cua chung xa khuan VNUA116 dugc du doan c6 thé lién
quan dén kha ning san xuit enzyme thuy phan bao gom B-1,3-glucanase va
chitinase. Cac enzyme tac dong vao cac thanh phan ciu tric chinh caa thanh té bao
nam nhu B-glucan, chitin tir 6 pha hity thanh té bao nam va ro ri cua té bao, wc ché
su phat trién cua nam gay bénh thuc vat [90]. Cac bao céo tuong tu ciing cho thay
Streptomyces cavourensis SY224 ngin chin sy lay nhiém caa nim Colletotrichum
gloeosporioides nho kha nang sinh cac enzyme thuy phéan [117]. Hoat tinh khang
nim cua Trichoderma harzianum QTYC77 chéng lai F. oxysporum f. sp.
cucumerinum c6 lién quan dén kha niang sinh chitinase va p-1,3-glucanase [217].
Hay dich nudi ciy cua Streptomyces violaceusniger MTCC 3959 thé hién nhiéu
hoat tinh khang ndm chdng lai ca nim théi trang va théi nau théng qua kha ning
sinh chitinase va p-1,3-glucanase [146]. Anitha va cs (2009) ciing coéng bd ring

chitinase tir Streptomyces griseus c6 thé @c ché céc tc nhan gay bénh thuc vat
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trong dit nhu Fusarium oxysporum, Alternaria alternata, Rhizoctonia solani va
Fusarium solani [23]. Chitinase va (-1,3-glucanase do Streptomyces cavourensis
SY224 san xuat c6 kha niang d6i khang bénh than thu trén cay 6t [117]. Véi cac két
qua dinh tinh, dinh lugng xac dinh kha nang sinh cac enzyme nhu amylase,
protease, cellulase... c¢6 thé thdy ring kha ning sinh cac enzyme dic biét 1a p-1,3-
glucanase va chitinase cua chung Streptomyces lilacinus VNUA116 dugc du doan
lién quan dén kha ning ddi khang véi nim gay bénh thuc vat, dic biét 1a nAm Foc
TRA4.
3.4.3. Cdc cum gen sinh tong hop hop chit thir cép ciia chiing xa khudn
VNUAL116.

Bing cong cu AntiSMASH, tién hanh phan tich cac cum gen sinh téng hop
hop chat thir cip (smBGC) ciia hé gen ching VNUA116. Két qua cho thay co6 44
cum gen (BGC) ma hoa sinh téng hop nhiéu nhom hop chat thir cap, peptide nhu:
Non-ribosomal Peptide Synthetase Gen Clusters (NRPS), Polyketide synthase,
terpene, khang khuan, melanin, hop chit khang ndm, siderophore, geosmin,
carotenoid, osmolyte va terpenes... trong d6 ma hoa cho nhiéu hop chit co tinh
khéng, khang sinh nhu: mitomycin, ginichelins, griseobactin, telomycin (Phu luc
12).

Cum 6 BGC0002032: pentamycin (100% of genes show similarity), Polyketide

‘ (OO O S D —
Cum 9 BGC0002051: antipain (100% of genes show similarity), NRP

¢ PO —

BGC0000853: ectoine (100% of genes show similarity), Other

BGC0000091: marineosin A/marineosin B (90% of genes show similarity), Polyketide

Hinh 3.37. Cac cum gen sinh téng hep co ty 1& twong ddng véi cac cum gen di
biét trén 90%
Hinh 3.37 cho thiy, cum gen 6 cta ching xa khuan VNUA116 tuong dong &
muc 100% véi cum gen ma hoa cho PKS-T1 cua Streptomyces sp. S816 (NCBI
GenBank: QQVZ01000001.1). Pay 1a cum gen ma hoa cho cac gen tham gia vao
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qua trinh san xuét pentamycin, 14 mot chat thuoc nhom polyene cé tinh khéng
khuan, khang ndm da duoc Zhou va ¢s cong bd nam 2019 [220]. Cum gen 9 twong
dong & mirc 100% v&i cum gen ma hoa cho NRPS cua Streptomyces sp. (NCBI
GenBank: MT149901.1), chiu trach nhiém san xuat antipain- chat wc ché cac
enzyme protease serine va cysteine. Cum gen 15 twong ddng & muac 100% voi cum
gen mi hoa cho polyketide tir Streptomyces sp., tham gia vao qua trinh sinh téng
hop cac hop chét sinh hoc nhu ectoine. Cum gen 27 tuong déng & mic 90% voi
cum gen ma hod cho marineosin A/ marineosin B cua ching Streptomyces sp.
CNQ-617 (NCBI GenBank: KF711829.1). Cac cum gen c6 d6 twong dong > 80%
bao gdm ectoine, geosmin, desferrioxamine E, sapB, xantholipin. Diéu nay phu hop
vo1 cac nghién clru trudc day ching minh cum gen xantholipi, ectoine, geosmin va
sapB c6 do bao thu cao trong chi Streptomyces [201]. Bén canh cac gen ma hoa cho
cac chat chuyén héa c6 muc do tuong dong cao (> 90%) thi con lai rat nhiéu cum
gen mi hoa cho cac hop thir cip c6 muc do twong doéng dudi 20% nhu dudomycin
A (8%), hexacosalactone A (13%), hedamycin (9%), legonindolizidine A6 (12%),
sarasinoside (18%), kendomycin B (9%), actonamycin (3%). Diéu niy cho thay, bo
gen chung xa khuan VNUA116 c6 tiém ning trong khai thac cic chat chuyén hoa
thir cdp mai. Nhirng két qua ndy goi ¥ rang chung xa khuan VNUA116 c6 kha ning
tao ra cac hop chét hop chat méi va duoc du doan 1a rat da dang. Vi vay, ching xa
khuan VNUA116 mang 44 cym gen (BGC) mi hoa sinh tong hop nhiéu chat khang
sinh, kha ndng sinh siderophore va cac enzyme (chitinase, -1,3-glucanase)... cling
c6 thé gop phan giai thich dugc vi sao ching nay c6 kha nang khang nam Foc TR4.
3.4.4. Tim kiém con dwong lién quan dén sinh tong hop hoat chit khding nim
ciia chiing xa khuin VNUAI116.

3.4.4.1. Con duwong sinh tong hop hoat chdt khang nam ciia ching xa khudn
VNUA116.

Xa khuan. Streptomyces dau tién duoc giai trinh tur toan bo b gen — véi cac hop
chét hoat tinh sinh hoc quan trong duoc tao ra tir chat chuyén héa thtr cdp — chinh 1a

Streptomyces coelicolor. Viéc khai thac hé gen cua chung S. coelicolor A3(2) da chi ra
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rang ngoai 5 hop chat da biét, chung S. coelicolor A3(2) c6 thé tao ra khoang 20 hop
chat khac nhau [36]. Cong b ciia Bentley va cs ciing cho thdy nhom xa khuan ny van
13 ngudn phat hién cta cac chit chuyén héa méi co hoat tinh sinh hoc. Nghién ctru
khéc nhau ciia Becerril va ¢s nam 2018 cho thiy sy ton tai ciia cac gen & trang thai im
lang trong nhitng diéu kién nhat dinh chinh 14 nhimg khoang tréng con thiéu trong viée
tim kiém c4c san pham ty nhién méi [31].

Mot sd cum gen dugc dy doan lién quan dén sinh téng hop hoat chét khéng nam
ctia ching xa khuan VNUA116 bao gém 7 cum gen: cum gen 3 (Sarasinoside), 6
(pentamycin), 14 (peucechelin), 29 (Guanipiperazine A guanipiperazine B), 34
(griseobactin), 35 (Toxoflavin/fervenulin) 41 (niphimycins C-E). Cac hop chat nay
thudc nhiéu nhom chéat héa hoc khac nhau: triterpene glycoside, polyene macrolide,
peptide, alkaloid piperazine, alkaloid di vong... diéu nay cho thdy kha ning sinh tong
hop hoat chat khang nam ciia chiing xa khuan VNUA 116 rat phong phu.

Trong 7 chit khang ndm dugc du doan nay, tién hanh phan tich moé phong cac
cum gen ma hoa 2 hop chat 1a 6 (pentamycin) va cum 41 (niphimycins C-E) da duoc
nhiéu nha khoa hoc cong bd c6 kha ning khang ndm lam co so khoa hoc cho cac gia
thuyét cho phép giai thich dugc kha ning khang ndm cta ching xa khuan VNUA116 &
cap do gen.

Bang 3.14. C4c cum gen sinh tong hop chat khang nam dwoc du don trong hé
gen chiing xa khuan VNUA116

Kich Hoat bo
Cum . Loai cum | Cum gen tham | , o, | twong | Ching tham
thuoc <X tinh/Chure A AfA
gen (bp) gen chiéu niing dong chiéu
(%)
Chéng ung
thu, khang uncultured
Cum 3| 22,172 | Terpene Sarasinoside |khuan, khang 18 bacterium
nam, chéng ID: 77133
viém
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https://mibig.secondarymetabolites.org/go/BGC0002466/1
https://mibig.secondarymetabolites.org/go/BGC0002582/1
https://mibig.secondarymetabolites.org/go/BGC0000368/1
https://mibig.secondarymetabolites.org/go/BGC0001972/1
https://mibig.secondarymetabolites.org/go/BGC0001700/1
https://mibig.secondarymetabolites.org/go/BGC0001700/1

T1PKS,

transAT- . . x Streptomyces sp.
Cum 6| 163,825 PKS-like, Pentamycin | Khang nam | 100 3816
T3PKS ID: 2283197
Van chuyén Streptomyces
Cum Terpene, . st khang peucetius sub. sp.
¥ 48,664 NI- Peucechelin Iy . 25 caesius ATCC
14 . khuan, khang
siderophore Z 27952
Ham ID: 316280
Guanipiperazine| Chong ung
Cum NRPS-like, A thu, khang Streptomyces
43,126 .. . 2 , 80 |chrestomyceticus
29 terpene | Guanipiperazine khuan, khang .
z ID: 68185
B nam
Van chuyén Streptomyces
Cum : : sat, khang albus sub sp.
34 47,590 T1PKS Griseobactin khuénz khang 8 chlorinus
nam ID: 337066
Khang
T1PKS, . 2 , Streptomyces
C;Sm 53,133 |betalactone, TOXOfL?}ﬂQ/ferve l;gglan’;(hggi 67 hiroshimensis
terpene , Bay At ID: 66424
te bao
Streptomyces sp.
Cum T1PKS, TP . z IMB7-145
a1 48,037 NRPS-like Niphimycin C-E | Khang nam | 22 ID: 2070498

Con duong sinh téng hop pentamycin cum gen 6

Trong cum gen 6 véi chiéu dai ADN la 163,825 cap base duoc du doan ma

hoa cho céac gen trong con dudng san xuit pentamycin - chat khang sinh thudc nhoém

polyene macrolide c6 mtc d6 twong dong 100% vdi cum gen tham chiéu sinh

pentamycin tir Streptomyces sp. S816. Bén canh do, cum gen 6 ciing thé hién do

tuong dong téi 100% véi cum gen sinh chat khang ndm filipin cua Streptomyces

avermitilis MA-4680, 47% voi cum gen sinh chit khdng ndm pimaricin cua

Streptomyces avermitilis MA-4680 va cac chat khang nim khac dugc so sanh véi

cac mirc do twong ddng khac nhau ( Hinh 3.38).
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https://docs.antismash.secondarymetabolites.org/glossary/#terpene
https://mibig.secondarymetabolites.org/go/BGC0002466/1
https://mibig.secondarymetabolites.org/go/BGC0002582/1
https://mibig.secondarymetabolites.org/go/BGC0002582/1
https://mibig.secondarymetabolites.org/go/BGC0002582/1
https://mibig.secondarymetabolites.org/go/BGC0002582/1
https://mibig.secondarymetabolites.org/go/BGC0000368/1
https://mibig.secondarymetabolites.org/go/BGC0001972/1
https://mibig.secondarymetabolites.org/go/BGC0001972/1
https://mibig.secondarymetabolites.org/go/BGC0001700/1

Query sequence

Streptomyces sp.VNUA116
BGCOD02032: pentamyein (100% of genes show similarity), Polyketide
[ S S S Streptomyces sp. S816
BGC0O000059: filipin (100% of genes show similarity), Polyketide
KO K < Streptomyces avermitilis MA-4680
BGC0000125: pimariein (47% of genes show sinularity), Polyketide
OOl O ORI | Streptomyces natalensis
BGC0002517: tripartilactam/niizalactam C (36% of genes show similarity). Polyketide
O G KKK O Streptomyces sp.

BGC0001042: sanglifehrin A (9% of genes show gimilarity), NRP+Polyketide
MR T KX L Streptomyces flaveolus
BGC0002452: leucomyein (11% of genes show similarity), Polyketide

MMM OCH T @ DU T T Streptomyces kitasatoensis
BGCO000035: chalcomyein A {17% of genes show similarity), Polyketide

MDA DK I G| KD DD 1> Streptomyces bikiniensis
BGC0001830; rosamicin/salinipyrone A/pacificanone A (26% of genes show similarity). Polyketide
PO G G < Salinispora pacifica

BGC0001690: natammyeim (40% of genes show similanty), Polyketide

O < D) < | | Streptomyces gilvosporeus
BGC0000108: natamyecin (40% of genes show similarity), Polyketide

CHD! - G O D) D G Streptomyces chattanoogensis

Hinh 3.38. Dir liéu so sdnh cum gen 6 trén MIBIG
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Pentamycin la mdt loai khéng sinh polyene- 1a moét phan nhom cua
macrolide- c6 hoat tinh khdng ndm manh. Co ché cuia pentamycin 1 tac dong 1én
cac sterol ciia mang té bao, 1am thay d6i tinh chit mang t& bao, gy mat 6n dinh
mang, khién cac thanh phan ndi bao nhu ion va cac phan tir nho thoat ra ngoai, dan
dén su pha v& chirc ning té bao va cudi cung giy chét té bao ndm. Cho dén nay,
hon 200 loai khang sinh polyene macrolide di duoc phéan 14p va xac dinh dic diém
nhu rapamycin, pentamycin, nystatin, filipin va amphotericin B va hau hét trong s
d6 dugc san xudt boi chi Streptomyces [163]. Piéu nay cang khang dinh rang,
chung xa khudn VNUA116 c¢6 kha ning khang ndm khi cum gen 6 c6 d6 tuong
dong 100% v6i cum gen ma hoa pentamycin di duoc cong bd cua ching
Streptomyces sp. S816.

Con dwong sinh téng hop Niphimycins C-E cum gen 41

Cum gen 41 c6 kich thudc 48,037 cap base dugc du doan Ia cum gen san
xuét niphimycins C-E- 1a khang sinh thudc nhém guanidyl-polyol macrolide c6 mirc
d6 twong dong 22% v&i cum gen tham chiéu sinh niphimycins C-E ciia chung
Streptomyces sp. IMB7-145. Cum gen 41 ciing thé hién mirc d6 twong dong véi
cum gen sinh chat khdng nim azalomycin F3a (21%), cyphomycin (6%), eurocidin
D/eurocidin  E (17%), lasalocid (7%) va megalomicin A/megalomicin
B/megalomicin C1/megalomicin C2 (10%) (Hinh 3.39).
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https://mibig.secondarymetabolites.org/go/BGC0001700/1

Query sequence

SN DK< 1 Streptomyces sp. VNUAL116
BGC0001700: niphimyeins C-E (22% of genes show similarity), Polyketide
N o s X D s ) W Streptomyces sp. IMBT-145
BGC0001523: azalomycin F3a (21% of genes show similarity), Polyketide
I @ X K G S Streptomyces sp. 211726

BGC0001877: cyphomycin (6% of genes show similarity), Polvketide
DWWWW_ K KKK @ DDIDD Streptomyces sp. ISID311

BGC0002104: eurocidin D/eurocidin E (17% of genes show similarity), NRP+Polyketide

Streptomyces eurocidicus

K (ki ATCC 27428
BGC0000087: lasalocid (7% of genes show similarity), Polyketide
KO K O < COMD D) Streptomyces lasaliensis
BGC0000092: megalomicin A/megalomicin B/megalomicin C1/megalomicin C2 (10% of genes show similarity), Polyketid
+ Wm" Micromonospora megalomicea

subsp. nigra

Hinh 3.39. Dir li¢u so sdnh cum gen 41 trén MIBIG
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Niphimycins C-E thé hién kha ning khang nim manh, dic biét chdng lai cac
loai nAm gay bénh trén thyc vat. Co ché hoat dong cua cac hop chat niphimycins
bang cach can thiép vao mang té bao ndm, c6 thé bang cach lién két voi cac sterol
nhu ergosterol trong mang t& bao nam, 1am réi loan cu trac mang va giy chét té
bao nim.

Chen va cs (2022) d3 cong bd niphimycin C thé hién hoat tinh khang nim
manh d6i voi Foc TR4 véi gia tri 1,20 pg/mL d6i voi EC50 va (e ché sy phat trién
soi ndm va sy ndy mam bao tir cia Foc TR4. Pong thoi, niphimycin C giy ra sy
mat chirc ning cua ty thé tir 46 gay rdi loan chuyén hoa cia té bao nAm Foc TR4
[48]. Kim va cs (2013) cong bd Niphimycin thé hién hoat tinh khang nam phd rong
chéng lai Alternaria mali, Aspergillus oryzae, Colletotrichum coccodes,
Colletotrichum  gloeosporioides, Cercospora canescens, Cylindrocarpon
destructans, F. oxysporum f. sp. cucumerinum, F. oxysporum f. sp. lycopersici va
Rhizoctonia solani & nong d6 tir 8 dén 64 pg/ml théng qua co ché pha v& mang té
bao cac loai nam [107].

Con dwong sinh téng hop siderophore

Siderophores 1a nhom cac hop chét do vi sinh vat tong hop, ¢6 &i luc 16n véi
sat va do vay no6 c6 kha ning thu ht sit trong méi trudng. Ching dong vai trd quan
trong trong viéc thu nhan va van chuyén sat, mot yéu td thiét yéu cho sy phat trién
ctia nhiéu loai sinh vat bao gém ca nam. Cac nghién ctru da chi ra rang mot sb
siderophores c6 hoat tinh khang nidm manh mé, khong chi nho viéc lam can kiét
ngudn sat ma con c6 kha ning tryc tiép anh hudng dén céu trac va chirc ning cia
thanh té bao nam [104]

Phan tich hé gen cua ching xa khuan VNUA116 cho thay c¢6 2 con duong
sinh téng hop siderophore bao gdm: (1) Con duong sinh tong hop carboxylate
siderophore va (2) Con duong sinh tong hgp hydroxamate siderophore (Hinh 3.40)
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BGC0002466: peucechelin (25% of genes show similarity), NRP

Cum 14 — eacEe=E@Ec>-a—0l % (- — S

BGC0000236: kinamycin (13% of genes show similarity), Polyketide
Cum 25 DD IHOIMIOOIDDODIIO

Hinh 3.40. Cac cum gen sinh tong hep Nl-siderophore ciia hé gen chiing xa
khuan VNUA116

Con duong sinh tong hop carboxylate siderophore

Carboxylate siderophore ¢ vai trd quan trong trong viéc thu thap sit tir méi
truong cho hoat dong séng cua cac vi sinh vat, dic biét 1 nhiing sinh vat song trong
dat hodc nhitng noi c6 ndng do sit thap. Cac nhoém carboxylate tao ra lién két manh
mé véi sat va cho phép vi sinh vat canh tranh hiéu qua trong viéc hap thu sit tir moi
trueong [207].

Con duong sinh tong hop siderophore dau tién cua chung xa khuan
VNUA116 du doan dugc tim thdy trong cum gen 14 vé6i chiéu dai ADN la 260,763
cap base. Con dudng sinh tong hop carboxylate siderophore dugc du doan cé lién
quan mat thiét téi qua trinh san xuat vibrioferrin- I siderophore duoc tao ra tir cac
chung vi khudn bién Vibrio parahaemolyticus - khi so sanh trong co so dit liéu
MIBIG (Hinh 3.41A). Bang cach so sanh cic cum gen di biét (ClusterBlast) cho
thiy c6 sy twong dong cua con dudng sinh tong hop carboxylate siderophore cta
chung xa khuan VNUAI116 véi cic ching Streptomyces eurocidicus CECT 3259
(100%), Streptomyces sp. NRRL B-1677 B1677 XRG (97%), Streptomyces
rectiverticillatus B15-08 (91%), Streptomyces hiroshimensis JCM 4586
(78%)... (phu lyc 13.1).

Toan bd con dudng sinh tong hop carboxylate siderophore cua ching xa
khuan VNUA116 bao gém cic gen mi hoéa cho cac enzyme: (1) Glycosyl
transferase (Q3V23_08630) duoc dy doan tham gia vao qua trinh sinh tong hop
siderophore, dic biét trong cac con dudng can sy hinh thanh hoic chuyén hoa cac
hop chat chira nitrogen, thong qua viéc chuyén nhom amino tir glutamine dé san
xudt cac tién chat can thiét cho viéc tong hop siderophore khong co vai tro truc tiép

trong quéa trinh sinh tong hop siderophore nhung dwoc du doan cé thé ¢ lién quan
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gian tiép dén viéc cung cip tién chit va quan 1y ngudn nito cho té bao; (2)
Pyridoxal-dependent decarboxylase va pyridoxal binding domain (Q3V23 08670)
duoc du doan co vai trd gian tiép trong sinh téng hop siderophore bang cach tao ra
cac hop chat chira nitrogen, thong qua phan tng kha carboxyl (decarboxylation)
lién quan dén cac hop chét chira nhom amino ciia cic axit amin tir d6 cung cip cac
tién chit can thiét cho qua trinh sinh tong hop siderophore; (3) hai ho protein sinh
tong hop siderophore IucA/lucC (Q3V23 08675, Q3V23 08685) va chat van
chuyén FhuF (Q3V23 08675, Q3V23_08685) c6 kha niang khir Fe3+ thanh Fe2+
trong cac phirc hop siderophore-ferric hydroxamate trong diéu kién méi trudng
thiéu sat dé sit tré nén san co cho cac qua trinh sinh hoc ciia vi sinh vat; (4) ATP-
grasp domain (Q3V23_08690) mdt mién protein cd vai trd quan trong trong qui
trinh sinh tong hop siderophore, thong qua viéc sir dung ATP dé thuc day cac phan
ng hinh thanh lién két trong qua trinh tao ra cac hop chat siderophore; (5) Amino
acid permease (Q3V23_08725) dugc du doan vai trd van chuyén cac amino acid 13
cac tién chét quan trong dé tong hop cac siderophore c6 thanh phan tir cac peptide
hodc nhém chirc chtra nitrogen; (6) Hydrolase, activity lipid catabolic process
(Q3V23_08750) duoc du doan gian tiép tham gia vao qud trinh sinh tong hop
siderophore thong qua viéc cung cap ning luong duéi dang ATP va cac nguyén liéu

quan trong cho qué trinh trao doi chét trong té bao. (Hinh 3.41B)
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Reference Z & score Type Compound(s) Organism
BGC0000946 - 048 Other vibriofernn Vibrio parahaemolyticus
= = Xanthomonas oryzae pv. oryzae
BGC0001408 . 0.37 Other xanthoferrin KACC 10331
0 2R - synechobactin C9, synechobactin C11, synechobactin 13, synechobactin 14, synechobactin 18, synechobactin < R S >
BGC0002470 h 0.36 Other A, synechobactin B, synechobactin C Synechococcus sp. PCC 7002
0 Xenorhabdus szentirmaii DSM
BGC0001498 . 035 Other aerobactin 16338
BGC0000885 0.34 Other 4-hydroxy-3-nitrosobenzamide Streplomyces murayamaensis
Pyt - speibonoxamine, desoxy-desfernoxamine D1, desfernoxamine D1, desferrioxamine B, didesoxy- . o
BGC0002692 . 0.33 Other desfernoxamine D1, desoxy-deslerrioxamine B, didesoxy-desferrioxamine B Kribbella speibonae
2 Francisella tularensis subsp
3 i S
BGC0002681 - 0.32 Other rhizobactin tularensis SCHU S4
BGCO000590 gy  0.31 RiPP  microcin N Escherichia coli
BGC0002073 [ ] 0.30 NRP dehydroxynocardamine Corynebactenum propinquum
BGCO000544 s 029 RiPP  planosporncin Planomonospora alba
ri_siderophore
= 005.000 > 010,000 2.015 000 >.020.000

IEI Gl amidotransferase

GATase_7 C Asn_synthase ) ' Asparagine synthase

A
B ( Orn_Arg_deC_N )] | Pyridoxal-dependent decarboxylase, pyridoxal binding domain
C ( lucA_lucC , C FhuF ) i Siderophore biosythetic process
D I C lucA_lucC ) ( FhuF ) | Feric iron reductase FhuF-like transporter
F Carbo. trans i Carboxyl transferase domain

xyl_| )
G o3v23_o0872s I C AA_permease_2 ) | Transmembrane transporter activity, Transmembrane transport
H o3v23_o08750 I Lipase_2 { Hydrolase activity, Lipid catabolic process

Y ) P P

Hinh 3.41. Thong tin cac gen ma hoa carboxylate siderophore cia chiing xa khuan VNUA116 trén AntiSMASH.
(A) So sanh giira cum gen carboxylate siderophore (cdc gen mau dé tham va cam) . (B) Cum gen carboxylate siderophore
dugc xdc dinh dya trén Pfam. (1) Cum gen ma hoa carboxylate siderophore trén dogn ma contig_1.14 tur trinh ty toan bg bg
gen; (11) c&c gen ma hda cho cac enzyme tham gia vao qué trinh sinh téng hop carboxylate siderophore.
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Con duong sinh téng hop hydroxamate siderophore

Con duong sinh tong hop hydroxamate siderophore dugc tim thdy trong cum
gen 25 v6i chiéu dai DNA 1a 33,223 cip base. Con dudng nay chira 6 gen duoc dy
doan sé& tong hop siderophore c6 lién quan chit ché dén desferrioxamine B/E (1a
thanh phan chinh tao nén cac hydroxamate siderophore va thuong dugc tao ra boi
cac ching xa khuan Streptomyces [199]. Céc gen nay di duoc tim thiy trong ching
Streptomyces coelicolor A3(2), Streptomyces argillaceus va Pantoea agglomerans
(Hinh 3.42A). Bang cach so sanh cac cum gen da biét (KnownClusterBlast) trong
co so dit lieu MIBIG cho thdy c6 su twong dong cua con duong sinh téng hop
hydroxamate siderophore voi chung Streptomyces hiroshimensis JCM 4586,
Streptomyces rectiverticillatus B15-08 ¢ muac do 100%, ching Streptomyces
lateritius JCM 4389 (92%), Streptomyces roseolus JCM 4411 (91%) (phu luc 13.2).
Toan bd con dudong sinh tong hop hydroxamate siderophore ciia chung xa khuan
VNUAI116 bao gdm cac gen: (1) mot enzyme aminotransferase class-1lI
(Q3V23 26895) c6 kha ning xtc tic cho phan tng chuyén nhém amin trong qua
trinh tong hop amino axit, cac tién chat can thiét cho viéc tong hop siderophore; (2)
hai ho protein sinh téng hop siderophore TucA/TucC (Q3V23 26900,
Q3V23_26910) va chat van chuyén FhuF (Q3V23_26900, Q3V23 26910) c6 kha
nang khi Fe3+ thanh Fe2+ trong cac phuc hop siderophore-ferric hydroxamate
trong diéu kién mdi truong thiéu sat dé sit tré nén san c¢6 cho cac qua trinh sinh hoc
cua vi sinh vat; (3) mot acetyltransferase (Q3V23_26905) c6 vai trd quan trong
trong viéc chuyén nhém acetyl tir phan tir acetyl-CoA dén cac phan tir dich hoic co
thé thém nhém acetyl vao cac protein, tir d6 diéu chinh hoat dong cua ching; (4)
DUF1348 -mot protein chwa duoc biét (Q3V23_26935); (5) mién chirc ning chua
dugc xac dinh (Q3V23_26950) va (6) mdt protein thudc ho histidine phosphatase
(Q3V23_26965) lién quan dén viéc xuc tic cac phan Gng thiy phan nhém
phosphate tir cac phan tir phosphohistidine hodc cac hop chat phosphorylated khac.
Tuy nhién, His Phos 1 khong truc tiép tham gia vao qua trinh sinh tong hop
siderophore [179] (Hinh 3.42 B).
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Reference 2 Similarity score Type Compound(s) Organism
BGC0000940 0.24 Other desferrioxamin B, desferrioxamine E Streptomyces coelicolor A3(2)
BGCO001453 0.34 Other desferrioxamine Streptomyces argillaceus
BGC0002620 g 0.33 Other fulvivirgamide A2, fulvivirgamide B2, fulvivirgamide B3, fulvivirgamide B4 Fulvivirga marina
BGCO002469 [ ] 0.33 Other woodybactin A, woodybactin B, woodybactin C, woodybactin D Shewanella woodyi ATCC 51908
BGCO001531 [ ] 0.33 Other bisucaberin B Tenacibaculum mesophilum
BGCO0001572 g 0.33 Other desferrioxamine E Pantoea agglomerans

Hi-sideroohans

CEo— O -— ! a D ©
A
B
C
D
E
F
G

(B)

Gavaa_268¢s ( Aminotran_3 ) Aminotransferase
Qavaa_z26500 ( lucA_lucC ) C FhuF } Siderophore biosythetic process
Feric iron reductase FhuF-like transporter
Qavaa_26s0%8 { Acetyltransf_§ ) Acetyltransferase
Qawvaa_aes1o (_ lucA_lucC _) C FhuF ) Siderophore biosythetic process

Feric iron reductase FhuF-like transporter

Q3V23_26335 DUF1348 Protein of unknown function (DUF1348)
Qavaa_aesso @

Q3va3_a6565 C His_Phos_1 } Histidine phosphatase superfamily (nhinh 1)

Hinh 3.42. Théng tin cac cum gen ma hdéa hydroxamate siderophore cia chiing xa khuan VNUA116 trén AntiSMASH

(A) So sanh giita cum gen hydroxamate siderophore (cdc gen mau do tham va cam). (B) Cum gen hydroxamate siderophore
duoc xac dinh dya trén Pfam. (I) Cum gen ma hoa hydroxamate siderophore trén doan ma contig_1.25 tir trinh tu toan bg bg
gen, (II) cac gen ma hoa cho cdc enzyme tham gia vao qua trinh sinh tong hop hydroxamate siderophore
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Ddng thoi, tién hanh tim kiém cac trinh tr trong ddng ctia cac enzyme ma hoa
trén Hinh 3.42 cho thay: di tim duoc 100% céc trinh ty twong déng cla cac enzyme
can thiét trong cac con duong sinh téng hop siderophore trong hé gen ching xa khuan
VNUA116. Nhu vay, hé gen ching xa khuan VNUA116 c6 diy du cac gen dé tong
hop dugc Mycobactin, Enterochelin, petrobactin, MyxochelinA/B (Hinh 3.43).

Véi cac két qua tim kiém, khai thac hé gen cua chung xa khuin VNUA116
cho thiy rang: véi cac doan gen ma hoa cho viéc sinh tong hop siderophore loai
carboxylate va hydroxamate, chiing t6 kha ning thu nhan sat tir moi truong khan
hiém sét cta ching nay 1a rat manh mé. Viéc so hitu ddy du cic enzyme can thiét
trong cac con duong sinh tong hop siderophore, nhu non-ribosomal peptide
synthetases (NRPSs) va cac enzyme lién quan dén bién d6i nhom chirc nitrogen,
gitip ching nay c6 thé tong hop dong thdi ca hai loai siderophore. Piéu nay cho
théy chung xa khuan VNUA116 c6 thé canh tranh hiéu qua voi cac vi sinh vat khac
trong viéc hap thu sit, mot yéu td quan trong cho su sinh truéng va phat trién. Theo
du doan, chung xa khuan VNUA116 c6 thé san xuét siderophore va thich nghi tbt
hon trong cac méi truong khan hiém vi lugng sit. Bén canh do, viéc xac dinh duoc
ham lugng siderophore tao thanh trong dich nudi cdy ching xa khuin
VNUA116¢ho thiy rang kha nang sinh siderophore khong chi duge du doan thong
qua céac dir liéu hé gen ma con biéu hién thanh kiéu hinh. Két qua nay mot lan nira
khang dinh chung xa khuan VNUA116 c6 tiém ning tmg dung trong kiém soat vi

sinh vat gay bénh va ting cuong kha ning hap thu dinh dudng cia cdy trong.
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BIOSYNTHESIS OF SIDEROPHORE GROUP NONRIBOSOMAL PEPTIDES
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Hinh 3.43. Con dwong sinh tong hep siderophore cia chiing xa khuan VNUA116
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Hoat tinh khang ndm cua chung Streptomyces sp. SCA3-4 T ¢6 lién quan chit
chd dén kha nang sinh siderophore va chiét xuit cua né6 (terpenoid, este, axit,
macrolide) gy ra qué trinh tu hily cta té bao Foc TR4 [167]. Khan va cs 2021 di
cong bd cac siderophore ¢ kha ning canh tranh voi sit dang (Fe**) qua céc thu thé
clia cac ching xa khuan san sinh siderophore. Tir d6, gop phan quan trong trong
viée ting cuong kha ning chéng chiu cta cdy trong va giam thiéu nguy co mic
bénh cua thuc vat. Pong thoi, cong bd ciing cho thiy ching Brevibacillus brevis
GZDF3 ¢6 hoat tinh khang manh d6i voi nim Candida albicans thong qua viéc san
xuat siderophore [104]. Tuy nhién, mot cong bd khac ciia Cao va cs 2005 ciing
chtrng minh xa khuédn Streptomyces S96 khong thé hién hoat tinh déi khang v6i Foc
TR4 khi dugc bo sung du sat ferric [44].

Viéc tim cac con duong trong trinh tu hé gen cua ching xa khuin
Streptomyces lilacinus VNUA116 cho thdy chung nay c6 kha ning d6i khang véi
nam gy bénh thuc vat va c6 y nghia dic biét quan trong trong ndng nghiép va bao
vé thyc vat. Khai thac hé gen va phan tich cac hop chat chuyén hoa cho thay chung
xa khuan Streptomyces lilacinus VNUA116 c6 tiém ning 16n trong viéc san xuat
cac hop chat thir cAp. Ngoai viéc san xudt cac terpene, siderophore, cic enzyme
chitinase, B- 1,3 glycanese v4i cu trac da biét, nhidu cum gen sinh tong hop
(BGCs) khac trong hé gen ching xa khuan VNUA116 c6 do twong dong thip (<
20% hodc khong xac dinh), co thé mi hoa cac nhém gen sinh tong hop hop chat
méi chua dugc khai thac. Két qua nay cho thdy tiém ning cta chung xa khuin
Streptomyces lilacinus VNUA116 trong viéc sinh tong hop cac hop chat chuyén hoa
moi.

Bang cach xac dinh va hiéu rd cac con dudng lién quan dén viéc san xuét cac
chat khang ndm, cing véi nhiing két qua thyc nghiém trong phong thi nghiém nhur
kha ning khang nim giy bénh thyuc vat pho rong, khang khuan, sinh siderophore,
sinh enzyme PB- 1,3 glycanese... ciia ching xa khuan Streptomyces lilacinus
VNUAZ116 s& 1a can ctr khoa hoc dé chimg minh tiém ning tng dung cta ching xa
khuan VNUA116 trong kiém soat bénh héo vang trén cdy chudi do nim Foc TR4
gay ra.
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KET LUAN

1. Phan lap, lya chon dugc ching nam Foc TR4 VCM1520 véi nhirng dac diém
gy bénh héo vang lam chung kiém dinh trong nghién ctu.

2. Pi tuyén chon, xac dinh dic diém sinh hoc va dinh danh 3 chung xa khuan
thuoc loai Streptomyces diastatochromogenes VNUAZ27, Streptomyces
decanensis VNUA30 va Streptomyces lilacinus VNUA116. Lwa chon chiing
Streptomyces lilacinus VNUA116 c6 hoat tinh d6i khang Foc TR4
VCM1520 manh nhat (65%), kha nang sinh cic enzyme ngoai bao cao nhat,
kha ning sinh chat kich thich sinh truong thuc vat (IAA) (35,5 pg/ml), kha
nang sinh siderophore dang hydroxamates va mot s6 hoat tinh sinh hoc tiém
nang khac.

3. Pa phan tach, tinh sach va xac dinh ciu tric 3 chat c¢6 tiém niang khang nam
Ia p-hydroxybenzadehyde, 4-hydroxysattabacin va oxindole tir dich 1én men
xa khuan Streptomyces lilacinus VNUA116.

4. Pa giai trinh tu, lip rap va du doan thanh cong hé gen ching Streptomyces
lilacinus VNUAL116:

- Hé gen chung xa khuan Streptomyces lilacinus VNUA116 c6 kich
thudc genome 8.306.919 bp, sé luong gen 7.172 gen, cdu trac nhiém sic thé
dang khép vong, ty 16 G+C dat 72,49 %, tong s6 RNA dat 144 (trong d6 co
21 rRNA, 71 tRNA va 52 sRNA), s6 luong gen ma hoa protein (CDS) la
7.172 gen.

- S6 lugng CAZymes dugce dy doan cua ching xa khuan Streptomyces
lilacinus VNUA116 la 180 enzyme. Trong do6, nhém GH (Glycoside
Hydrolase) (77 enzyme), nhom GT (Glycosyl Transferase) (63 enzyme),
nhém CBM (Carbohydrate-Binding Module) (28 enzyme), nhom CE
(Carbohydrate Esterase) (7 enzyme), nhom AA (Auxiliay Activitie) (3
enzyme) va nhém PL (Polysaccharide Lyase) (2 enzyme).

- C4c cum gen sinh tong hop hop chét thir cip (smBGC): 44 cum gen

mi hoa cho nhiéu hop chét c6 tinh khang ndm, khang khuan, chong ung thur,
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khang khang sinh nhu: pentamycin, mitomycin, ginichelins, griseobactin,
telomycin... véi mic do twong ddong khac nhau.

- Tim kiém, x4c dinh, du doan thanh coéng cac con dudng lién quan dén
hoat tinh d6i khang nim Foc TR4 VCM1520 nhu: kha ning sinh chét khang
nam, sinh siderophore, sinh enzyme B- 1,3 glycanese, chitinase... ciia ching

xa khuén Streptomyces lilacinus VNUA116.
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KIEN NGHI

1. Nghién ciru thém vé cac hop chat khang nim Foc TR4 tiém ning tir ching
xa khudn Streptomyces lilacinus VNUA116, dong thoi dinh huéng nghién
ctru 1am 1 co ché di truyén va sinh hoa lién quan dén cac duong tong hop ba
hoat chét di dugc xac dinh.

2. Nghién ctru t6i wu hoa cac diéu kién 1én men quy mé cong nghiép nham tng
dung san xuét ché pham vi sinh va phan bén hiru co Vi sinh trong phong trir
bénh héo vang trén cay chubi.

3. Thir nghiém ché pham vi sinh khang nim Foc Tr4 trén md hinh trong tai mot
s6 ving trong chudi chuyén canh mién Bac Viét Nam (Hung Yén, Phu

Tho...).
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PHU LUC 1
HOA CHAT SU DUNG TRONG LUAN AN

Cac hoa chat dung trong nuoi cay vi sinh vat

Peptone, cao ndm men, glucose, sucrose, lactose, mantose, ,... dugc cung cap
béi cac hing Himedia (An Do), Biobasic (Canada), TM-Media (An D6), Sigma
My) ...

Héa chét ding trong sinh hoc phan tir
CTAB , EDTA, Tris base NaCl, 2- mercaptoethanol, Chloroform,
Isoamylalcohol TE, Ethanol 70%, Ethanol tuyét ddi, Pém chay dién di TAE,
dém mau (loading dye), dung dich Redsafe.

Héa chat diing trong phan lap, tach chat
n-Hexane, Dichloromethane, Ethyl acetate, Methanol, Acetone k¥ thuat
(Sigma, M¥), Trung Quéc, nudc dung cho HPLC diéu ché (Daesung, Han
Quoc), Triflouracetic acid (TFA) (Merck).



PHU LUC 2
CAC LOAI MOI TRUONG SU DUNG

Méi truwong Gause I: tinh bot tan (10(g/L), K:HPO4 (0,5 g/L), MgS04.7H>0 (0,5
g/L), KNO; (0,5 g/L), NaCl (0,5 g/L), FeSO4.7H20 (0,01 g/L), pH (7,2).

Maéi truwong Gause II: glucose (10 g/L), pepton (5 g/L), cao thit (0,5 g/L), NaCl (5
g/L), pH (7,2).

MBoi truong ISP-1: trypton (5 g/L), cao ndm men (3 g/L), pH 7)

Moéi truong ISP-2: cao nam men (4 g/L), cao malt (10 g/L), glucose (4 g/L), pH 7,3).
M&éi trwomg ISP-3 : bot yén mach (20 g/L), dung dich mudi vi luong (1 ml), pH
(7,0).

Moi trwong ISP-4: tinh bot tan (10 g/L), KoHPO4 (1 g/L), MgS04.7H20 (1 g/L),
NaCl 1(g/L), (NH4)2SO4 (2 g/L), CaCOs (2 g/L); dung dich muéi vi lugng (1 ml),
pH (7).

Moi trwong ISP-5: L-asparagin (1 g/L), glyxerin (10 g/L), KoHPO4 (1 g/L), dung
dich mubi vi lwong (1 ml), pH (7).

Moéi truomg ISP-6: pepton (10 g/L), cao nim men (1 g/L), CsHsFeNO;7 (0,5 g/L), pH
(7,0).

M&éi truong Emerson: cao thit bo (4 g/L), cao ndm men (1 g/L), pepton (4 g/L),
glucose (10 g/L); NaCl-2,5; pH 7,0).

Maoéi trudng Casein: tinh bot tan (10 g/L), casein (0,3 g/L), KNO3 (2 g/L), K;HPO4
(2 g/L), NaCl (2 g/L), CaCOs (0,02 g/L), FeSO4.7H20 (0,01 g/L), pH 7,0).

Moi trudng A-4: glucose (10 g/L), bot dau twong (10 g/L), NaCl (5 g/L), CaCOs (11
g/L), pH (7,0).

Moi trwomg YIM 61: bot dau twong (20 g/L), pepton (2 g/L), glucose (20 g/L), tinh
bot tan (5 g/L), cao ndm men (2 g/L), NaCl (4 g/L), K2HPO4 (0,5 g/L), MgS04.7H,0
(0,5 g/L), CaCOs (2 g/L), pH (7,8).

M&éi trwong YIM 301 : tinh bot tan (24 g/L), cao thit (3 g/L), cao ndm men (5 g/L),
pepton (3 g/L), glucose 1 (g/L).

Moi trwong PDA (Potato Dextrose Agar): khoai tay ( 200 g/L), dextrose (20 g/L),
agar (20 g/L), nudc cat: 1000ml.



e Moi trwong PDB (Potato Dextrose Broth): khoai tay ( 200 g/L), dextrose (20 g/L),
nude cat: 1000ml.

e Moi treong WA (Water agar): Agar (20 g/L), nude 1000ml.

e Moi trwong SDA (Sabouraud Dextrose Agar): Dextrose (40 g/L), peptone (10 g/L),

Agar (20 g/L), nuée cat (1000 ml).

e Moi trwong Czapek: Saccharose (30 g/L), NaNOs (3 g/L), K:HPOa4 (1 g/L), MgSOa4

(0,5 g/L), KC1 (0,5 g/L), FeSOa4 (0,1 g/L), Agar (20 g/L), nudc (1000ml).



PHU LUC 3
CAC CAP MOI PCR VA REAL-TIME PCR SU DUNG TRONG LUAN AN

Tén mdi Trinh tu mdi Ghi chu
27F 5’-GAGTTTGATCCTGGCTAAG-3’
1492R 5’-AGAAAGGAGGTGATCCAGGC-3’
ITS1 5’-TCCGTAGGTGAACCTGCGG-3’
ITS4 5’-TCCTCCGCTTATTGATATGC-3’
Foc-1 5’-CAGGGGATGTATGAGGAGGCT-3’
Foc-2 5’-GTGACAGCGTCGTCTAGTTCC-3’
Foc TR4-F | 5’-CACGTTTAAGGTGCCATGAGAG-3’
Foc TR4-R | 5’-CGCACGCCAGGACTGCCTCGTGA-3’




PHU LUC 4

PAC PIEM SINH HQC CUA CAC CHUNG NAM GAY BENH HEO
VANG TREN CAY CHUOI PHAN LAP PUQC

4.1 Pic diém hinh thai tan nim, hinh thai s¢' nAm, hinh thai bao tir

Théng qua dic diém hinh thai tan ndm (tan ndm béng x6p mau tring hodc mau
tim hodc mau tim nhat), dac diém hinh thai bao tt dai (bao tir cong hinh ludi liém, ¢6 2-
3 vach ngan), dic diém hinh thai bao tir nho (bao tir nhé hinh bau duc, khong c6 vach
ngan) thi 50 ching ndm bénh nay dugc xac dinh c6 dic diém hinh thai thudc loai

Fusarium oxysporum.

Bang PL4.1 Pic diém hinh thai cia mét sé chiing nam dién hinh phan lap dwoc
Bio tir nho, bao Pic diém tan

Ky hiéu . X AL oo
. Tan nam . Hau bao tw A
chung tw dai nam

Bé mit tan ndm
VP1(2) mau tréng, rat

bong va min

Bé mat tan nim
VP1(5) mau tréng, rat

bong va min

Bé mit tan nam
mau tim nhat, rat
VP2(6) R o
bong va min, day

dac

Bé mit tan ndm
mau tring bam sat
QGIR N . .
moi trudong, kém

bong x6p




Ky hiéu
ching

QH2R

QGAT

MSI1T2

BV03

BV06

VCM1520

HT39

Bao tir nho, bao

tur dai

Hau bao tir

Pac diém tian

nam

Bé mat tan nam
mau trang, bong

xbp, day dic

Bé mat tan nam
mau trang, bong

xbp, day dic

Bé mat tan nam
mau hong vién
trang, bong xop

Bé mat tan nim
mau trang, chinh
gifta tan nam co
mau tim nhat,
bong xop

Bé mat tan nam
mau hong nhat,

bong x6p

Bé mat tan nam
mau tim nhat,
bong x0p va min,

day dac

Bé mat tan nim
mau tring, chinh
gilta tan nim co
mau tim nhat,

bong xp.




Ky hiéu
ching

L05n

TG1t

HT10

Bao tir nho, bao

Hau bao tir

Pac diém tian

nam

Bé mat tan nim
mau tring, bong
xb6p, hoi xu xi,
chinh gilta tan
nam c6 mau vang
nhat.

nam cO6 mau tim
nhat.

Bé mat tan nam
mau trang, soQi
bong x0p, chinh

gita sQi nam co

Bé mat tan nam
mau tréng, SO1
bong xop phia
ngodi gan thanh
dia, chinh gitra tan

mau tim hong.

4.2 Pic diém sinh truéng cia cac chiing nim trén cic moi trwong khac nhau

DPic diém sinh trudng cua hé soi nam Fusarium co lién quan mat thiét dén kha
nang gay bénh nhanh hay cham ctia nim trén vat chu hay toc d6 phat trién cta soi ndm
c6 thé anh huong dén kha niang xam nhap va lay lan ctia ndm bénh trong cdy chudi
{Cannon, 2022 #347}. Vi viy, theo ddi toc do sinh truéng cta cic ching ndm cé thé
biét dugc kha ning giy bénh cua timg chung nim nghién ctru. Két qua sau 7 ngdy nudi
cdy, cac chung nm sinh truong khac nhau 13 rét trén cic moi truong thi nghiém thé hién
thong qua duong kinh tan ndm ciing nhu hinh thai tan ndm (bang 3.4). Trén mdi trudng
PDA, cac chung nam déu sinh trudng tbt, hé soi khi sinh phat trién manh, day dac, bong
xép, duong kinh tan nam 16n. Trén méi truong SDA mat do hé soi khi sinh thua hon; &
mot s6 chung ndm duong kinh tan ndm nhé hon so véi trén mdi truong PDA. Khi nuéi
ciy cac chiing nAm trén moi trudng Czapek, mat do hé soi khi sinh thua, phan bb khong
déu; tan ndm co phan bién dang. Dic biét, trén mdi trudng WA (moi trudng thach nuée)
cac chung ndm van c6 kha ning sinh trudng nhung hé soi ndm rét it, moc thua thét, bam
sat moi truong, khd quan quan sat. Nghién ctru ciing khiang dinh nhiét 6 30°C, pH =5
- 7 1a diéu kién tdi uu dé cac chiing nim phat trién tot.

MOoi trwong nuéi cay




VP1(2)

VP1(5)

VP2(6)

VCM1520

HT39

ROS5

Hinh PL4.1 Khi ning sinh truwéng clia mot sé chiing nam dai di¢n trén cac moi
trwong khac nhau sau 7 ngay nudi cy.



PHU LUC 5
CAC TRINH TU GEN MOT SO CHUNG PAI DIEN

1. Trinh tw gen 16S ciia chiing xa khuin Streptomyces lilacinus VNUA116
GCTGTGTCCAACGAATTGAACCCCTTGCGGGGTGGATTAGTGGCGAACG
GGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGACAAGCCCTGG
AAACGGGGTCTAATACCGGATACGACCACTAGGGGCATCCCTGGTGGTG
GAAAGCTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTTGTTGGT
GGGGTGATGGCCTACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGC
GACCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGC
AGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTGATGCAGCGACGCC
GCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGAAG
AAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGC
CAGCAGCCGCGGTAATACGTAGGGCGCAAGCGTTGTCCGGAATTATTGG
GCGTAAAGAGCTCGTAGGCGGCTTGTCGCGTCGGATGTGAAAGCCCGGG
GCTTAACCCCGGGTCTGCATTCGATACGGGCAGGCTAGAGTTCGGTAGG
GGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGG
AACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGACGCTGAGGA
GCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCC
GTAAACGTTGGGAACTAGGTGTGGGCGACATTCCACGTCGTCCGTGCCG
CAGCTAACGCATTAAGTTCCCCGCCTGGGGAGTACGGCCGCAAGGCTAA
AACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGCGGAGCATGTGGC
TTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACATACACCGG
AAAGCGCTAGAGATAGTGCCCCCCTTGTGGTCGGTGTACAGGTGGTGCA
TGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACG
AGCGCAACCCTTGTCCTGTGTTGCCAGCATGCCCTTCGGGGTGATGGGG
ACTCACAGGAAACTGCCGGGGTCAACTCGGAGGAAGGTGGGGACGACG
TCAAGTCATCATGCCCCTTATGTCTTGGGCTGCCACGTGCTACAATGGCC
GGTACAATGAACTGCCAATCCCGCAAGGTGGAACGAATTTCAAAAAGCC
GGTCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTTGGAGT
TGCTAGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCGGGCCT



TGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAGCCTG
TGTGGCCCAACCCAATGG

2. Trinh tu gen 16S chiing xa khuan Streptomyces decanensis VNUA30
TAAGGCATCCTAATTCGAACGCTCCCTCCCTTGCGGGTTGGGCCACCG
GCTTCGGGTGTTACCGACTTTCGTGACGTGACGGGCGGTGTGTACAA
GGCCCGGGAACGTATTCACCGCAGCAATGCTGATCTGCGATTACTAGC
AACTCCGACTTCATGGGGTCGAGTTGCAGACCCCAATCCGAACTGAG
ACAGGCTTTTTGAGATTCGCTCCGCCTCACGGCTTCGCAGCTCATTGT
ACCTGCCATTGTAGCACGTGTGCAGCCCAAGACATAAGGGGCATGAT
GACTTGACGTCGTCCCCACCTTCCTCCGAGTTGACCCCGGCAGTCTC
CTGTGAGTCCCCATCACCCCGAAGGGCATGCTGGCAACACAGAACA
AGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAG
CTGACGACAGCCATGCACCACCTGTACACCGACCACAAGGGGGCGA
CCATCTCTGGCCGTTTCCGGTGTATGTCAAGCCTTGGTAAGGTTCTTC
GCGTTGCGTCGAATTAAGCCACATGCTCCGCTGCTTGTGCGGGCCCC
CGTCAATTCCTTTGAGTTTTAGCCTTGCGGCCGTACTCCCCAGGCGGG
GAACTTAATGCGTTAGCTGCGGCACCGACGACGTGGAATGTCGCCAA
CACCTAGTTCCCACCGTTTACGGCGTGGACTACCAGGGTATCTAATCC
TGTTCGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTAATGGCCCAGA
GATCCGCCTTCGCCACCGGTGTTCCTCCTGATATCTGCGCATTTCACC
GCTACACCAGGAATTCCGATCTCCCCTACCACACTCTAGTCTGCCCGT
ATCGAATGCAGACCCGGGGTTAAGCCCCGGGCTTTCACATCCGACGC
GACAGACCGCCTACGAGCTCTTTACGCCCAATAATTCCGGACAACGC
TCGCGCCCTACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGGCGC
TTCTTCTGCAGGTACCGTCACTTTCGCTTCTTCCCTGCTGAAAGAGGT
TACAACCCGAAGGCCGTCATCCCTCACGCGGCGTCGCTGCATCAGGC
TTTCGCCCATTGGGCAATATTCCCCACTGCTGCCTCCCGTAGGAGTCT
GGGCCGGGTCTCAGTCCCAGGGTGGGCGGGTCGCCTTTCAGGGCG



3. Trinh tw gen 16S ching xa Khuin Streptomyces diastatochromogenes
VNUA27
CCATCCAATTCGGAACGCTCCCTCCCTTGCGGGTTGGGCCACCGGCT
TCGGGTGTTACCGACTTTCGTGACGTGACGGGCGGTGTGTACAAGGC
CCGGGAACGTATTCACCGCAGCAATGCTGATCTGCGATTACTAGCAAC
TCCGACTTCATGGGGTCGAGTTGCAGACCCCAATCCGAACTGAGACA
GGCTTTTTGAGATTCGCTCCGCCTCACGGCTTCGCAGCTCATTGTACC
TGCCATTGTAGCACGTGTGCAGCCCAAGACATAAGGGGCATGATGAC
TTGACGTCGTCCCCACCTTCCTCCGAGTTGACCCCGGCAGTCTCCTGT
GAGTCCCCATCACCCCGAAGGGCATGCTGGCAACACAGAACAAGGG
TTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGA
CGACAGCCATGCACCACCTGTACACCGACCACAAGGGGGCGACCAT
CTCTGGCCGTTTCCGGTGTATGTCAAGCCTTGGTAAGGTTCTTCGCGT
TGCGTCGAATTAAGCCACATGCTCCGCTGCTTGTGCGGGCCCCCGTC
AATTCCTTTGAGTTTTAGCCTTGCGGCCGTACTCCCCAGGCGGGGAA
CTTAATGCGTTAGCTGCGGCACCGACGACGTGGAATGTCGCCAACAC
CTAGTTCCCACCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGT
TCGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTAATGGCCCAGAGATC
CGCCTTCGCCACCGGTGTTCCTCCTGATATCTGCGCATTTCACCGCTA
CACCAGGAATTCCGATCTCCCCTACCACACTCTAGTCTGCCCGTATCG
AATGCAGACCCGGGGTTAAGCCCCGGGCTTTCACATCCGACGCGACA
GACCGCCTACGAGCTCTTTACGCCCAATAATTCCGGACAACGCTCGC
GCCCTACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGGCGCTTCT
TCTGCAGGTACCGTCACTTTCGCTTCTTCCCTGCTGAAAGAAGGTTAC
AACCCGAAGGCCGTCATTCCTCACGCGGCGTCGCTGCATCAGGCTTT
CCCCCATTGTGCAAAATTCCCCACTGCTGCCTCCCGTAGGAATCTGGG
GCCGGGTCTCAGTCCCAGGGGGGCCG

4. Trinh ty gen ving ITS chiing nam Foc TR4 VCM1520
ATTGTTTCCTTACCTGATCCGAGGTCAACATTCAGAAGTTGGGGTTTA
ACGGCGTGGCCGCGACGATTACCAGTAACGAGGGTTTTACTACTACG
CTATGGAAGCTCGACGTGACCGCCAATCAATTTGAGGAACGCGAATT



AACGCGAGTCCCAACACCAAGCTGTGCTTGAGGGTTGAAATGACGC
TCGAACAGGCATGCCCGCCAGAATACTGGCGGGCGCAATGTGCGTTC
AAAGATTCGATGATTCACTGAATTCTGCAATTCACATTACTTATCGCAT
TTTGCTGCGTTCTTCATCGATGCCAGAACCAAGAGATCCGTTGTTGAA
AGTTTTGATTTATTTATGGTTTTACTCAGAAGTTACATATAGAAACAGA
GTTTAGGGGTCCTCTGGCGGGCCGTCCCGTTTTACCGGGAGCGGGCT
GATCCGCCGAGGCAACAAGTGGTATGTTCACAGGGGTTTGGGAGTTG
TAAACTCGGTAATGATCCCTCCGCAGGTTCACCTACGGAAGGATCATT
ACCGAGTTTACAACTCCCAAACCCCTGTGAACATACCACTTGTTGCCT
CGGCGGATCAGCCCGCTCCCGGTAAAACGGGACGGCCCGCCAGAGG
ACCCCTAAACTCTGTTTCTATATGTAACTTCTGAGTAAAACCATAAATA
AATCAAAACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAG
AACGCAGCAAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAA
TCATCGAATCTTTGAACGCACATTGCGCCCGCCAGTATTCTGGCGGCC
ATGCCTGTTCCAGCGTCATTTGAACCCTCAAGCACAGCTTGGTGTCA
GAACTCGC



PHU LUC 7
1. Hé théng sic ky l6ng hiéu ning cao Agilent 1100

f gt
- 3 - - -

2. Hé théng co quay chan khong thu tach dich chiét (20L)




PHU LUC 8
Sic ky 16p méng

(A) (B)
Hinh 8.1. TLC test h¢ dung moi
(A) ban mong soi den UV254nm, (B) ban mang hién thuoc thez vanillin-sulfuric acid

X X4 23

A B

Hinh 8.2. TLC phén doan XK4N 2.3
(A) — soi den UV254nm, (B) — hién mau thuac thu vanillin-sulfuric acid



(A) (B)

Hinh 8.3. TLC phin doan XK4N3.2
(A) — soi den UV254nm, (B) — hién mau thuoc thu vanillin-sulfuric acid



(A) (B)
Hinh 8.4. TLC phén doan XK4N 3.3
(A) — soi den UV254nm, (B) — hién mau thuac the vanillin-sulfuric acid



PHU LUC 9

Sac ky do ciia mgt so phan doan dai dién

1. Phan doan XK4N13.1

ADT A 53104 el D WGLENT 4N 13_TESTRAMGTG2 JOUNTA_T_TEST 0340703 6990 390004131 01
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Hinh 10.1 Sic ky @ UV ciia mot sé6 hop chat phan doan XK4N13.1
(A) — Buoc song 210nm, (B) — Buoc song 230nm, (C) — Buoc song 254nm, (D) —
budc song 270nm.
2. Phan doan XK4N17.1
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Hinh 10.2 Sic ky @6 UV ciia mdt sé6 hop chit phan doan XK4N17.1
(A) — Budc song 210nm, (B) — Budc song 230nm, (C) — Budc song 254nm, (D) —
budc song 270nm
3. Phan doan XK4NS5.5
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Hinh 10.3 Sic ky dé UV cia mét sé hop chat phan doan XK4N5.5
(A) — Buoc séng 210nm, (B) — Bugc séng 230nm, (C) — Buéc sdéng 254nm, (D) —
budc séng 270nm.




PHU LUC 10

10.1  Phé dan 'H-NMR cia hep chat XK4N17.1
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10.2 Phé dan *C-NMR ciuia hgp chat XK4N17.1
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PHU LUC 11
11.1 Phé dan H-NMR caa hep chat XK4N5.5
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11.2 Phé dan 3C-NMR ciia hgp chiat XK4N5.5
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PHU LUC 12

C4c cum gen sinh téng hop (biosynthetic gen clusters - BGC) céc hep chit thix cap cia chiing xa khuan VNUA116 bing

AntiSMASH
Vung gen trén hé . . ) Ty 1é twong dong
Tén vung gen sinh tong hgp - BGC | Pinh danh gan nhat Pinh danh khac
genome (%)
terpene hedamycin Polyketide 9%
Vung 2 hglE-KS, T1PKS
terpene sarasinoside Other 18%
Vung 4 RiPP-like, T1PKS,hglE-KS hexacosalactone A Other 13%
vung 5 NRPS,RRE-containing,
o . cadaside A/cadaside B NRP 14%
lanthipeptide-class-iv
Ving 6 T1PKS,transAT-PKS-like, T3PKS pentamycin Polyketide 100%
hydrogen-cyanide aborycin RiPP 21%
Vung 8 T1PKS heme D1 Other 11%

NRPS-like

conglobatin

RiPP-like

NRPS,T1PKS kendomycin B Polyketide 9%
terpene

NI-siderophore,terpene peucechelin NRP 25%



https://mibig.secondarymetabolites.org/go/BGC0002497/1
https://mibig.secondarymetabolites.org/go/BGC0001968/1
https://mibig.secondarymetabolites.org/go/BGC0002032/1
https://docs.antismash.secondarymetabolites.org/glossary/#hydrogen-cyanide
https://mibig.secondarymetabolites.org/go/BGC0002285/1
https://docs.antismash.secondarymetabolites.org/glossary/#t1pks
https://mibig.secondarymetabolites.org/go/BGC0000905/1
https://mibig.secondarymetabolites.org/go/BGC0002051/1
https://docs.antismash.secondarymetabolites.org/glossary/#nrps-like
https://mibig.secondarymetabolites.org/go/BGC0001215/1
https://docs.antismash.secondarymetabolites.org/glossary/#ripp-like
https://mibig.secondarymetabolites.org/go/BGC0002671/1
https://docs.antismash.secondarymetabolites.org/glossary/#terpene
https://mibig.secondarymetabolites.org/go/BGC0002466/1

lanthipeptide-class-iii,terpene

Amfs

RiPP:Lanthipeptide

Vung 28 NAPAA terpene

hopene

Terpene

melanin melanin Other 28%
_ _ ' Polyketide: Type I
prejadomycin/rabelomycin/ ) )
. | polyketide+Saccharide:
T2PKS gaudimycin C/gaudimycin o 39%
_ _ Hybrid/tailoring
D/UWMS6/gaudimycin A .
saccharide
hydrogen-cyanide
. _ o Polyketide: Type II
T2PKS,RiPP-like granaticin _ 81%
polyketide
lassopeptide TVA-YJ-2 RiPP 19%
butyrolactone methylenomycin A Other 14%
T3PKS vazabitide A NRP 28%
NAPAA
NI-siderophore kinamycin Polyketide 13%
NRP-metallophore,NRPS paenibactin NRP 83%

76%

Vung 29
NRPS-like,terpene

guanipiperazine A

guanipiperazine B

NRP

80%



https://docs.antismash.secondarymetabolites.org/glossary/#ectoine
https://mibig.secondarymetabolites.org/go/BGC0000853/1
https://docs.antismash.secondarymetabolites.org/glossary/#melanin
https://mibig.secondarymetabolites.org/go/BGC0000908/1
https://docs.antismash.secondarymetabolites.org/glossary/#t2pks
https://mibig.secondarymetabolites.org/go/BGC0000262/1
https://mibig.secondarymetabolites.org/go/BGC0000262/1
https://mibig.secondarymetabolites.org/go/BGC0000262/1
https://docs.antismash.secondarymetabolites.org/glossary/#hydrogen-cyanide
https://mibig.secondarymetabolites.org/go/BGC0000227/1
https://docs.antismash.secondarymetabolites.org/glossary/#lassopeptide
https://mibig.secondarymetabolites.org/go/BGC0002669/1
https://docs.antismash.secondarymetabolites.org/glossary/#butyrolactone
https://mibig.secondarymetabolites.org/go/BGC0000914/1
https://docs.antismash.secondarymetabolites.org/glossary/#t3pks
https://mibig.secondarymetabolites.org/go/BGC0001818/1
https://docs.antismash.secondarymetabolites.org/glossary/#napaa
https://docs.antismash.secondarymetabolites.org/glossary/#ni-siderophore
https://mibig.secondarymetabolites.org/go/BGC0000236/1
https://mibig.secondarymetabolites.org/go/BGC0000401/1
https://mibig.secondarymetabolites.org/go/BGC0000091/1
https://mibig.secondarymetabolites.org/go/BGC0000663/1
https://mibig.secondarymetabolites.org/go/BGC0002582/1
https://mibig.secondarymetabolites.org/go/BGC0002582/1

_ NRPS griseobactin NRP 61%
Vung 31 LAPNRPS-like,NRPS, lassopeptide | telomestatin RiPP 76%
NRP-
ginichelins NRP 88%
metallophore, NRPS, butyrolactone
Vung 34 T1PKS dudomycin A NRP 8%
Vung 35 T1PKS, betalactone,terpene toxoflavin/fervenulin Other 67%
terpene legonindolizidine A6 NRP+Alkaloid 12%
crocagin
butyrolactone lactonamycin Polyketide 3%
terpene legonindolizidine A6 NRP+Alkaloid 8%
terpene
Vung 41 T1PKS,NRPS-like niphimycins C-E Polyketide 22%
Vung 41 thiopeptide, NRPS-
like, TIPKS,NRPS,NI- mitomycin Other: Aminocoumarin 58%
siderophore,other
_ NRPS-like telomycin NRP 5%
Vung 44 lanthipeptide-class-i nocathiacin RiPP:Thiopeptide 4%



https://docs.antismash.secondarymetabolites.org/glossary/#nrps
https://mibig.secondarymetabolites.org/go/BGC0000368/1
https://mibig.secondarymetabolites.org/go/BGC0001797/1
https://docs.antismash.secondarymetabolites.org/glossary/#terpene
https://mibig.secondarymetabolites.org/go/BGC0001752/1
https://docs.antismash.secondarymetabolites.org/glossary/#t1pks
https://mibig.secondarymetabolites.org/go/BGC0002359/1
https://mibig.secondarymetabolites.org/go/BGC0001972/1
https://docs.antismash.secondarymetabolites.org/glossary/#terpene
https://mibig.secondarymetabolites.org/go/BGC0002666/1
https://docs.antismash.secondarymetabolites.org/glossary/#crocagin
https://docs.antismash.secondarymetabolites.org/glossary/#butyrolactone
https://mibig.secondarymetabolites.org/go/BGC0000238/1
https://docs.antismash.secondarymetabolites.org/glossary/#terpene
https://mibig.secondarymetabolites.org/go/BGC0002666/1
https://docs.antismash.secondarymetabolites.org/glossary/#terpene
https://mibig.secondarymetabolites.org/go/BGC0001700/1
https://mibig.secondarymetabolites.org/go/BGC0000915/1
https://docs.antismash.secondarymetabolites.org/glossary/#nrps-like
https://mibig.secondarymetabolites.org/go/BGC0001406/1
https://docs.antismash.secondarymetabolites.org/glossary/#lanthipeptide-class-i
https://mibig.secondarymetabolites.org/go/BGC0000609/1

PHU LUC 13

13.1 Dir li¢u so sanh cic cum gen di biét (ClusterBlast) clia con duong sinh tong hop carboxylate siderophore cum gen 14

Query sequence

PO G @ aamEeaeEaaeese e D JjeEeeE 1D PeEccOeE >»a a

NZ WPBYO01000024 (18466-68817): Streptomyces sp. NRRL B-1677 B1677 XRG trimmed... (97% of genes show similari
PO D@ @ admEaaE T aaEaE ey B @I o eaaEacameE h>a-a

WNZ CP040752 (1654349-1704847): Streptomyces rectiverticillatus strain B15-08 ... (91% of genes show similarity), NI-sid
PO - @ G @ Ea T e @aaE T+ By <@ i DD I-E ke T

NZ BMUTOL1000012 (252803-299512): Streptomyces hiroshimensis strain JCM 4586 s... (78%0 of genes show similarity),
P G @l eI - M a T DD e e @

NZ JACHIJF010000013 (113514-145097): Streptomyces eurocidicus strain CECT 3259... (100% of genes show similarity),
P @< e <M < > -a

NZ CP0O71595 (5406400-5439121): Streptomyces griseocarneus strain KCC S-1010 c... (84% of genes show similarity), NI
WP CED I i R e e L L —

NZ CP097123 (1887596-1919159): Streptomyces sp. HU2014 chromosome (100% of genes show similarity), NI-siderophc
PO - - I E-<T T i D

NZ CP021744 (6005009-6036578): Streptomyces albireticuli strain MDJK 11 chromo... (100% of genes show similarity), Iv
PTG - e - D

NZ JATQQQOL10000013 (131754-163312): Streptomyces albireticuli strain NRRL B16... (95% of genes show similarity), I
DD D G {@l aameaEEa o< ieEeeEcC I D

NZ BNBLO0O1000007 (68589-101350): Streptomyces griseocarneus strain JCM 4580 se... (832 of genes show similarity), N
- b I el e gaaa i —a-a

NZ JACHIHOL10000006 (49847-81383): Streptomyces olivoverticillatus strain CECT... (82% of genes show similarity), NI-
WDy B G R S G R ) L G | B S



13.2 Dir liéu so sanh cac cum gen da biét (ClusterBlast) ciia con dwdng sinh tong hop hydroxamate siderophore cum gen 25

Query sequence

PP D DD-IDE ) DD DHED

NZ BMUTO01000001 (41328-74149): Streptomyces hiroshimensis strain JCM 4586 seq... (100% of genes show similarity),
>PrD D DD JDEDD OE 4 DeI4ID

NZ CP040752 (5478016-3510845): Streptomyces rectiverticillatus strain B15-08 ... (100% of genes show similarity), NI-si
D DD DD D4 DD

NZ CP029192 (2342569-2422860): Streptomyces venezuelae strain ATCC 14584 chro... (45% of genes show similarity), N
(P> DD D ad DI ¢)ED O D DHIOIDDDDT XA KKK O

NZ BMTOO01000017 (48348-80922): Streptomyces lateritius strain JCM 4389 sequen... (92% of genes show similarity), NI
MPIDIED D DA DD DI 4 IEDOMD

NZ CP046905 (5694019-5726593): Streptomyces sp. QHH-9511 chromosome, complete... (92% of genes show similarity).
MDD D DACPDEIDE O EDOHDID

NZ BMTV01000029 (49019-81674): Streptomyces roseolus strain JCM 4411 sequence... (91% of genes show similarity), T
MDD DAPBIDEBOEDPED

NZ AUBEO01000020 (69618-102218): Streptomyces flavidovirens DSM 40150 G412DRAF... (88% of genes show similarit
MDD PDD-aE@D)DEOEDDID D

NZ ILWLDO01000009 (50785-83788): Streptomyces sp. CB03578 scaffold17, whole gen... (88% of genes show similarity), I
MDD DD DAD B DGO

NZ BMVEO01000002 (49478-82212): Streptomyces goshikiensis strain JCM 4640 sequ... (91% of genes show similarity), M
MDD D DAP B DEGOEDIIID O

NZ NNBMO01000015 (49796-82548): Streptomyces sp. CB02120-2 scaffold15, whole g... (91% of genes show similarity),
>iDID DD D-EP D) PDEBUEDIIWD O




