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The study was conducted to isolate and select Bacillus strains with
antifungal activity against Colletotrichum spp. causing anthracnose
disease on papaya fruit after harvest. As a result, 12 strains of Bacillus
were isolated from rhizopheric soil samples of papaya roots grown in
Vinh Long province. The study used diffusion well method on agar
and double culture method to determine antagonistic activity of
isolated Bacillus strains on Colletotrichum spp. The results showed
that 6/12 Bacillus strains showed antagonistic activity against
Colletotrichum spp. Two bacterial strains BHL21 and BHL23
exhibited the highest antagonistic activity against Colletotrichum spp.
with inhibition zone diameters of 20.6 mm and 18.6 mm, respectively.
Based on morphological, biochemical characteristics and PCR and
sequencing results of 16S rRNA gene, strain BHL21 is 100%
homologous to B. methylotrophicus and strain BHL23 is 99.87%
homologous to B. amyloliquefaciens on Genbank.
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Trai du da

Nghién ctru dugc thuc hién nham phéan lap va tuyén chon mot sb
chung vi khuan Bacillus c6 hoat tinh khang nam Colletotrichum spp.
gay bénh than thu trén trai du du sau thu hoach. Két qua nghién ctu
da phan lap dugc 12 chung vi khuan Bacillus tir mau dét vang ré cay
du du trong ¢ tinh Vinh Long. Nghién ciu sir dung phuong phap
giéng khuéch tan trén thach va phuong phép ciy kép dé xac dinh hoat
tinh d6i khang cua céc chung vi khuan Bacillus phan lap lén nim
Colletotrichum spp. Két qua khao sat cho thiy, c6 6/12 chung
Bacillus thé hién hoat tinh dbi khang véi nam Colletotrichum spp.
Hai chung vi khuan BHL21 va BHL23 thé hién hoat tinh d6i khang
cao nhit déi véi nim Colletotrichum spp. véi dwong kinh vong vo
nim lan luot 12 20,6 mm va 18,6 mm. Dua trén két qua quan Sét cac
dic diém hinh thai, sinh hoa va két qua PCR va giai trinh ty doan gen
16S rRNA, ching BHL21 twong ddng 100% véi vi khuan B.
methylotrophicus va ching BHL23 tuong dong 99,87% véi chang B.
amyloliguefaciens trén ngan hang Genbank.
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1. Giéi thiéu

Pu du c6 tén khoa hoc 1a Carica papaya, thuoc ho than thao Caricaceae [1]. Pu du rat giau
vitamin A, C, polyphenol va chét chong oxy hoa nhung rat dé bj hong trong qua trinh bao quan
[2]. Nam la tc nhan gay bénh quan trong nhat trong qua trinh théi rira cua tréai cay Vva rau qua sau
thu hoach trong qua trinh van chuyen bao quan va tiép thi [3]. O du du, loai nAm thuong tan
cong trai la C. gloeosporioides, nim bt dau lay nhiém khi tréi con trén cay [4]. Viéc st dung cac
chét ddi khang c6 nguon gdc tir vi sinh vat da dugc ching minh laco thé kiém soat mot s6 mam
bénh sau thu hoach [5]. Vi khuan ¢6 lgi c6 thé d6i khéang véi mam bénh bang cach san xuét cac
hop chat chéng nim, enzyme ly giai ngoai bao hoic théng qua co ché gian tiép kich thich hé
thong phong thu caa vat cha [6]. Vi khuan Bacillus dugc biét 1a ¢6 kha ning ngin chan céc bénh
thuc vat khac nhau, chang han nhu bénh than thu & 6t do [7], x0ai va tao sap [8]. Nhiéu nghién ctu
trén thé gioi cho thiy Bacillus than thién véi méi truong va cd thé duge két hop véi cac hé théng
kiém soat hoa hoc truyén thong dé giam kha nang phat trién tinh khang cua vi sinh vat [9]. Tuy
nhién, cho dén nay chua c6 nghién ciru nao vé kha niang tc ché bénh than thu trén trai du du sau thu
hoach. Vi vdy, viéc thyc hién nghién ctru “Phan 1ap vi khuan Bacillus cd hoat tinh d6i khang nam
Colletotrichum spp. gay bénh than thu trén trai du du sau thu hoach” 1a rat can thiét va co y nghia
dbi véi viéc bao quan rau qua sau thu hoach néi chung va bao quan trai du du néi riéng.

2. Nguyén li€u va phuwong phap
2.1. Nguyén vit li¢u

Tréi du di ding dé phan 13p nam Colletotrichum spp. va dét viing ré du du ding dé phan lap
vi khuan Bacillus duoc thu tai xa Phu B, huyén Long Ho, tinh Vinh Long. Mau dat vung re
dugc thu ¢ 5 vi tri trong vuon va dugc tron lai véi nhau truge khi tién hanh phan lap vi khuan.

2.1.1. Phan ldp va quan sat cdc déc diém hinh thai nam Colletotrichum spp. tir trdi du di

Trai du du c6 triéu ching dién hinh cua bénh than thu (nhitng dém nho c6 mau sang hoic céc
ddm to triing xudng nhu bi ngdm nudéc, cac khdi hinh tron thuong tao thanh cac méd hinh vong
ddng tam & cac ton thuong triing [10]) dwoc st dung dé phan 1ap nam Colletotrichum spp. Ndm
Colletotrichum spp. dugc phan lap dua theo quy trinh caa Aradjo (2001) [11] c6 chinh sira va b
sung. Nam dugc phan lap trén moi truong PDA (Potato Dextrose Agar, dich chlet khoai tay
(200g/L nuéc), 20g/L glucose va 20g agar/L, pH 7.0). Sau khi phan lap, cac mau nim duoc lay
nhiém nhan tao trén tri du du theo quy trinh Koch. Cac dic diém hinh thai va bao tir ciia nam
duogc xac dinh theo Weir (2012) [12].

2.1.2. binh danh ndm

Nam Colletotrichum spp. dugc dinh danh bang k§ thuat sinh hoc phan tar (PCR) va giai trinh
twy doan gen vai cap moi ITS1: 5-TCCGTAGGTGAACCTGCGG -3’ va ITS4: 5'-
TCCTCCGCTTATTGATATGC -3’ [13]. San phim PCR s& dwoc gui giai trinh tu tai cong ty
Macrogen, Han Quéc (www.macrogen.com).

2.1.3. Phan ldp va quan sdt ddc diém hinh thai va sinh hoa vi khuan Bacillus tir ddt ving ré cay
du du

Vi khuan Bacillus dugc phan lap trén méi truong NA (Nutrient Agar: 5g/L pepton, 5g/L
NaCl, 1,5g/L beef extract, 1,5g/L yeast extract, 18g/L agar, pH 7.0). Cac khuan lac tiéu biéu duoc
lya chon va tién hanh tach rong dé ¢ chung Bacillus thuan. Cac diém hinh thai (hinh dang, mau
sic, do ndi, bia) va sinh hoéa co ban nhu nhuém Gram, nhuém bao tir, hoat tinh catalase va
oxidase dugc xac dinh dya theo tai liéu cua Abussaud (2013) [14].

2.1.4. Pinh danh vi khudn
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Céc chung vi khuan c6 kha nang wc nam Colletotrichum spp. cao nhat 1a BHL21 va BHL23
dugc chon dinh danh bang ki thuat PCR va giai trinh ty doan gen 16S rRNA véi cip mdi 27F: 5'-
AGAGTTTGATCMTGGCTCAG-3' va 1492R: 5-TACGGYTACCTTGTTACGACTT-3' [15].
Quy trinh dinh danh vi khuan dugc thuc hién theo phuong phdp cua Sanger (1975) [16]. San
pham PCR s& duoc giri giai trinh tu tai cong ty Macrogen, Han Quéc (www.macrogen.com).

2.2. Khdo sdt hogt tinh khdng nam cia vi khudn Bacillus

Khdo séat kha nang dsi khang bang phwong phap khuech tan dia (Disk Diffusion Method)

Hoat tinh ddi khang cua vi khuan Bacillus dbi voi nam Colletotrichum spp. duoc thuc hién
bang phuong phap khuéch tan trén giéng thach cua Abussaud (2013) [14] c6 hiéu chinh va bd
sung. Cac budc thyc hién bao gom: vi khuan Bacillus duoc nudi ting sinh trong thoi gian la 24
gio trong moi truong NB (Nutrient broth: 5g/L pepton, 5g/L NaCl, 1,5g/L beef extract, 1,5g/L
yeast extract, pH 7.0) ¢ nhiét do 30°C. Sau do, dich tang sinh dugc ly tdm t 8.000 - 10.000
vong/phit & 4°C trong thai gian 10 phat. HGt 80 pL dich trong (chira chat khang ndm) cua vi
khuan cho vao giéng di duoc duc c6 kich thude 8 mm trén moi truong PDA da dugc trai bao tu
niam Colletotrichum spp. & mat s6 1a 10° bao ta/mL. Tién hanh do dwong kinh vong vo nam va
ghi nhan két qua sau 3 ngay.

Khdo séat kha nang doi khang bdngphzmngphap cay kép (double culture method)

Hoat tinh ddi khang cua vi khuan Bacillus duoc thuc hién bing phuong phap cay kép cua
Nguyén Thi Lién (2016) [17] c6 hi¢u chinh va b6 sung, Céc budc thuc hign bao gom: cay hai
duong cay vi khuan Bacillus trén moi truong PDA co bé sung NA thanh hai duong cdy dai 2-3
cm song song va cach nhau 2-3 cm. Cit mét khdi ndm c6 kich thudc 8 mm dit vao giira hai
duong ciy vi khuan. Tién hanh quan sat va ghi nhan sy phét trién cia nim trong 7 ngay.

2.3. Phwong phdp xii i s6 ligu

S6 liéu duoc xur I bang phan mém Microsoft Excel va Minitab 20. Phan tich phuong sai
(ANOVA) mét nhan té va kiém dinh LSD véi d6 tin cay 95%. Sir dung cdng cu BLASTn dé
kiém tra murc do tuong dong cua chang vi khuan Bacillus va ndm trén co s& dit liéu NCBI.

3. Két qua va thio luin

3.1. Két qud phan lgp nam Colletotrichum spp. tie trdi du dii

(@) ) (©) o (d )
Hinh 1. (a). Trdi du du bénh diroc chon dé phan ldp nam Colletotrichum spp., (b). Nam sau 5 ngay nudi cay,
(c). Nam xudt hién giot ddu sau 7 ngay nudi cay, (d). Bao ti ndm diroc xem ¢ vat kinh 100X

Tur mau du du bi bénh than thu (Hinh 1a), nghién ctru da phan 1ap dugc 2 chang nim
Colletotrichum spp. trén mdi truong PDA. Két qua quan st nim Colletotrichum spp. phan lap
sau 7 ngay cho két qua duong kinh cta tan nim dat kich thuéc 60-70 mm (Hinh 1b), to nam day
c6 mau trang (Hinh 1c). Sau 10 ngay nudi ciy thi hinh thanh vong tron déng tim mau cam, dugc
tao thanh bén trong tan ndm va xuat hién nhiing giot dau I4n trong cac to nAm (Hinh 1c). Quan sat
bao tir bang kinh hién vi quang hoc & vat kinh 100X cho thay bao tir nAm c6 dang tir hinh try, mot
dau nhon mot dau tron, mau trang va khong c6 vach ngan (Hinh 1d), cac dac diém trén pho hop voi
miéu td cua Damm (2012) [18] ve bao tir nam Colletotrichum Spp. Tur két qua quan sat dac diém vé
hinh thai khuan ty nim, bao tir cho thiy c6 su twong dong véi cac két qua nghién ciru da dugc cong
b6 trude day vé nam Colletotrichum spp. trén trai thanh long [19], trai du du [20].
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Két qua lay nhiém cho thay, hai chung nam phan Iap duoc 1a nim Colletotrichum spp. do sau
khi 12y nhidm cho thay cac vét bénh c6 cac dic diém: vét thuong hinh tron triing 16n ¢6 mau nau
sam dén den, cac dic diém trén giéng véi triéu chiang cua bénh than thu trén trai bo [21], trai du
du [22]. T két qua lay nhiém cho thiy, chang ndm TD1 c6 déng lec gay bénh cao nén duoc
chon dé thyc hién thi nghiém sau.

3.2. Két qud dinh danh ndm

Két qua giai trinh ty cho thiy, chang nam TDI twong ddng 99,25% vai loai C. fructicola
strain YCH09 (MT579614.1), 99,06% véi loai C. fructicola strain YCH32 (MT626035.1) va
99,06% Vi loai C. fructicola strain YCH23 (MT626034.1) trén ngan hang NCBI (Hinh 2).

Max | Total Quen Per.  Acc.
Description Scientific Name V| E

= - Score Score Cover wvalue Ident Len
v v v v v v

Accession

Calletotrichum fructicola strain YCHO9 small subunit ribosomal RNA gene, partial sequence; internal tra... Collefotrichum{... 961 961 98% 00 99.25% 579 MT579614.1

(] Callelotrichum fruclicola strain YCH09 small subunit ribusomal RNA gene, partial sequence; interal bra. .. Colletolrichum {... 981 961  98% 00 99.25% 579 MT704607.1

D Colletotrichum fructicola strain YCH32 small subunit ribosomal RNA gene, partial sequence; internal tra... Colletotrichumf... 957 957  98% 00 99.06% 578 MT626035.1

u Colletotrichum fructicola strain YCH23 small subunit ribesomal RNA gene, partial sequence; intemal tra... Colletotrichumf... 955 985 98% 00 99.06% 569 MI626034.1

Hinh 2. Két qua so sanh trinh ching ném TD1 véi ngan hang gen NCBI
3.3. Két qud phan ldp vi khudn Bacillus tir dét vang ré du dii

Tiur 3 mau dat ving ré du du, nghién ctu da phéan 1ap duoc 12 chang vi khuan Bacillus trén
moéi trudng NA & huyén Long H9, tinh Vinh Long. Két qua quan sat vé cac dic diém hinh thai
khuan lac vi khuan cho thdy, sau khi tach rong cac chung Bacillus phét trién manh sau 24-36 gio
nudi cay. Pac diém hinh dang khuan lac da dang va thuong c6 mau trang, cac hinh dang pho bién
thuong gap 1a khuan lac khong déu, bep, bé mit khong bong uét, nhin nheo, bia luon song,
khuan lac ¢6 mau trang duc (Hinh 3a). Chung vi khuan BHL21 ¢6 dang khuan lac hinh tron, bep,
bé mat khong bong uét, nhin nheo, bia nguyén, khuan lac c6 mau trang sita (Hinh 3b). Chang vi
khuan BHMS5 c6 dang khuan lac hinh tron, 16m, bé mait khong bong uét, nhin nheo, bia luon
s6ng, khuan lac ¢6 mau tring sita (Hinh 3c).

\1 m
m\ () 'A
b c

) Hinh 3. (a). Chung BHM2, (b). Chuing BHL21, (c). Chung BHM5 )
Két qua nhuom Gram cho thay, vi khuan 1a Gram dwong do bat mau xanh tim cua thudc
nhuém (Hinh 4a), catalase duong tinh do c6 hién tuwgng sui bot khi (Hinh 4b) va oxidase duong

tinh do que thu chuyen sang mau tim (Hinh 4c).
1‘ \‘ B e/ 7 \
}M ol m
-
L : bl _‘J*'k {hsy :
bolak) e
Lady, ot SR )

(@)
Hinh 4. (a). Nhugm Gram bat mau xanh tlm (b). Thiz nghiém catalase dwong tznh
(¢). Thit nghiém oxidase dwong tinh

3.4. Két qud khdo sdt tinh khdng nam ciia vi khudn Bacillus

Khdo sat kha nang doi khang bang phwong phdp khuéch tan dia
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Két qua khao st hoat tinh khang nam cua vi khuan Bacillus (Hinh 5) cho thay c6 6/12 chung
Bacillus thé hién hoat tinh déi khang voi nim Colletotrichum ching TD1. Trong dé, c6 3/12
chung vi khuan Bacillus thé hién hoat tinh d6i khang manh (chiém 25%), 2/6 chang vi khuan
Bacillus thé hién hoat tinh d4i khang trung binh (chiém 16,6%) va 1/6 chung vi khuan Bacillus
thé hién hoat tinh ddi khang yéu (chiém 8,3%). Hai chung BHL21 va BHL23 thé hién hoat tinh
dbi khang cao nhat véi duong kinh vong vé nam lan luot 12 20 mm va 18 mm. Két qua trén twong
tu vai két qua cua Hailmi va cong su (2017) [23]. Su hinh thanh cé&c ving wc ché cd thé 1a do vi
khuan Bacillus san xuét cac chat khang khuan nhu chitinolytic enzymes, laminarinase, cellulase,

25 d
b
BHL2 BHL21 BHL23 BHM2 = BHM5 BHM®6
Chung vi khuan

=N
u o

Dudng kinh vong vo
nam (mm)
=
o

HCN, khang sinh, canh tranh vé dinh dudng [24].
cd c
b
% a %

o o

Hinh 5. Khd ndng khdng nam cia vi khuan Bacillus gua phirong phép khuéch tin dia

Khdo sat kha nang dsi khang bang phirong phdp cdy kép

Két qua khao sét hoat tinh khang nam cua vi khuan Bacillus (Hinh 6) cho thay, c6 6/12 chung
Bacillus thé hién hoat tinh d6i khang voi nam Colletotrichum spp. Trong do, chiung BHL21 la
chang c6 hoat tinh d6i khang manh nhat vai ty & khang 79%. Két qua trén twong tu voi két qua
cua Girish va Prabhavathi (2019) [25]. Két qua cho thay, vi khuan Bacillus c6 thé 1am suy giam
oxalic acid bang cach san xuit oxalate oxidase. N6 c6 thé 1a mot trong nhiing yéu té dé wc ché su
phat trién cua nam [26].

% a2 a a a abp by g b, 2bpyp
_ 80 £ 5 = = Ar=m & =
S HALE CiFmGE BldE H ]
% 60 AL h P =
g [ 44 || <1k i
= bl : e =
£ 4 - ‘ { ] | mi
z H e =
@ 30 = ‘ { . ¥ 1k I
& 20 | 4 B H mi

0 SN ] L b

o Clfal-i il 1

NGAY 2 NGAY 3 NGAY 4 NGAY 5 NGAY 6

Cac chung vi khuén Bacillus
OBHL2 @BHL21 OBHL23 mBHM2 BBHMS5 OBHM6

Hinh 6. Khd ndng khdng nam cia ching vi khuan BHL21 qua phwong phdp cdy kép
3.5. Két qud dinh danh vi khudn

Két qua giai trinh ty cho thdy, ching BHL21 tuong ddng 100% véi vi khuan B.
methylotrophicus strain CSY-F1 (KF010916.1), twong dong 99,84% vai B. amyloliquefaciens
strain SEE-3 (MN826326.1) va twong dong 99,84% véi B. velezensis strain JS12Q voi mic do
(KX129853.1) (Hinh 7).

Description Scientific Name 13 || 1] | @y = Rz R Accession
Score  Score Cover value | Ident  Len
-
Bacillus methylotrophicus strain CSY-F1 168 ribosomal RNA gene, partial sequence Bacillus velezensis 127 1127 98% 00 100.00% 1456 KF010916 1
\:| Uncultured bacterium clone L63 165 ribosomal RNA gene,_partial sequence uncultured bacterium 125 1125 99% 0.0 99.84% 1450 KJ554997.1
\:| Bacillus am 15 strain SEE-3 168 ribosomal RNA gene,_partial sequence Bacillus amyloliguefaciens 123 1123 99% 00 99.84% 1065 MNB26326 1
\:I Bacillus am 1s strain BM3 16S ribosomal RNA gene, partial sequence Bacillus amyloliguefaciens 123 123 99% 00 9951% 1441 MNB09367.1
\:I Bacillus am 15 strain 15535 165 ribosomal RNA gene, partial sequence Bacillus amyloliquefaciens 1123 1123 99% 0.0 99.84% 1459 MNB30201.1
\:| Bacillus velezensis strain JS12Q 16S ribosomal RNA gene, partial sequence Bacillus velezensis 123 1123 99% 0.0 99.84% 1453 KX129853.1

Hinh 7. Két qua déi chiéu trinh ching vi khudn BHL21 véi ngan hang gen
Trong khi d6, két qué giai trinh tu va doi chiéu véi ngan hang gen (Hinh 6) cho thay, chiing
BHL23 voi B. amyloliquefaciens strain C-2 SSK-8 mutc d¢ tuong dong la 99,87%
(MK501609.1), B. amyloliquefaciens subsp. plantarum strain Ns3-4 véi mic d6 twong dong la
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99,87% (HQ831407.1), B. subtilis strain ZWZ-19 véi mic do tuong ddng la 99,87%,
(MT271990.1) (Hinh 8).

Max Total Query E Per. Acc.

Score Score Cover value Ident Len
v

Description Scientific Name

Accession

1463 1463 99% 00 99.87% 1020 MK501609.1
1463 1463 99% 00 99.87% 1450 HQ831407.1
1461 1461 99% 0.0 99.87% 1465 KR708855.1

1461 1461 99% 00 99.87% 1453 JN7T

faci... 1461 1461 99% 00 9987% 1436 JF4

1459 1459 99% 00 9987% 1455 MT271990.1

Hinh 8. Két qua @i chiéu trinh ching vi khudn BHL23 véi ngan hang gen
Céc két qua di bao cao trude day cho thay vi khuan Bacillus methylotrophicus c6 kha ning trc
ché >70% ndm Colletotrichum lagenarium [27] va Bacillus amyloliquefaciens ciing thé hién hoat
tinh khang nam C. lagenarium nho tao ra enzyme B-1,3-glucanase ngoai bao [28] 1a mot enzyme
quan trong trong viéc phan hity thanh té bao cua sgi nam [29]. B. subtilis d4 cho thiy kha ning
khang ndm C. acutatum vé&i ving e ché 1a (5 — 12 mm) [30].

4. Két luan

Tir 2 mau dat vang ré nghién ciru da phéan 1ap va tuyén chon duoc 6 ching vi khuan Bacillus
c6 hoat tinh dbi khang véi nim Colletotrichum spp. Dua trén két qua quan sat cac dic diém hinh
thai, sinh hoa va két qua PCR va giai trinh ty doan gen 16S rRNA, chung BHL21 tuong dong
100% véi vi khuan Bacillus methylotrophicus va BHL23 thudc loai B. subtilis, B.
amyloliquefaciens véi do tuong dong 1a 99,87% trén ngan hang Genbank.

Loi cam on

Nhom nghién ciu xin cam on Truong Dai hoc Su pham K§ thuat Vinh Long da hd trg kinh
phi dé thuc hién dé tai, cam on nha vuon da ho trg cung cap mau dat dé thuc hién nghién cuu.
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