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TOM TAT

De phat trién tac nhan sinh hoc méi cho canh tac néng nghiép, chung t6i tap trung vao xa khuén co
ngudn goc & cac vuon qudc gia, khu bao ton thién nhién c6 kha ning tong hop chitinase. Trong nghién ctru
nay, tr 20 mau dat thu nhan & vuon quoc gia Yok Pon, 13 chung xa khuén ¢6 hoat do chitinase cao nhat
da dugc tuyén chon tir 48 chung sinh chitinase da dugc phan 1ap véi hoat d9 chitinase 0,781-3,836 (U/
mg protein). Protein thé chira chitinase thu nhan dugc tir qua trinh nuéi cay cua 13 chung trén déu c6 kha
nang e ché nay mam cua bao tir nAm Phytophthora sp. va Fusarium sp. trong diéu kién in vitro.. Trong
s0 13 chung xa Kkhuan tiém nang, hai xa khuan da duoc dinh danh 1a Streptomyces cellostaticus AYS-17 va
Streptomyces triostinicus AYS-22. Nghién ctru nay cho thiy tiém ning tng dung xa khuén sinh chitinase
trong d6i khang nam gay bénh cay trong va an toan vai sirc khoe con nguoi.

Tir khéa: Chitinase, hoat tinh khdng ndam, Streptomyces.

1. MO PAU

Chitinase (EC 3.2.1.14) la mot nhom cac enzyme
phan huy chitin thanh cac N-acetylglucosamine,
chitobiose hay chitotriose bang cach thuy phan lién
két B-1,4-glycosidic (Bhattacharya et al., 2007). Rét
nhiéu nghién ctru da chi ra rang cac chitinase & vi
sinh vt dong vai tro quan trong trong viéc tc che
sinh truong cta rat nhiéu loai nam hai cay trong
théng qua co ché phan huy chitin & thanh t& bao ndm
(Chernin et al., 1997). Chitinase A va chitinase B
cua S. albocinaceus S-22 c6 kha nang phan huy
thanh té bao nam (Bhattacharya et al., 2007),
enzyme chitinase A tai to hop tinh sach c6 kha
ning tc ché sy nay mam ciia bao tir nAm Fusarium
falciforme (Tran et al., 2022b). Theo nghién ctru
cua Yuan va cdng su (1995), Streptomyces lydicus
WYEC108 c6 kha nang pha huy cic bao tir ndm
ctia Pythium va pha hily thanh té bao cta sgi nam
(Yuan et al., 1995).

Cho dén nay Viét Nam van la qudc gia san
xuat va xuat khau ho tiéu sé mot thé giéi. Nam
2022, Viét Nam xuét khau uéc dat 220.000 tan,
chiém 55% tong san luong ho tiéu trén toan thé
gidi (Vietnamplus, 2022). Tuy nhién, ngudi trong
tiéu dang phai d6i mit v6i dich bénh do ndm
Phytophthora sp. va Fusarium sp., 1a nguyén nhan
anh huong dén nang sut va chat lugng hd tiéu
xuét khau, dn dén nhing thiét hai kinh t& nghiém
trong. Pé kiém soat cac bénh nay, viéc dung cac
loai thudce c6 ngudn gdc hoa hoc thudong xuyén va
lau dai vira giam hiéu qua, anh hudng xau dén chat
luong tiéu xuat khau va dic biét 1a giy 6 nhiém
moi trudng. Gan ddy nghién ciru st dung vi sinh
vat dé tao ra ché pham sinh hoc da gop phan quan

trong trong viéc diéu tri nAm bénh déng thoi khong
gay tac hai t61 moi truong (L€ Minh Tudong va Ngo
Thi Kim Ngan, 2014). Trong d6, mot s6 xa khudn
¢6 kha nang sinh tong hop cac hop chat khang
nam, nhu chitinase (Pham Héng Hién va cs, 2019).
Do vay, xa khuén s& hitu chitinase c6 tiém nang
tng dung thay thé thudc héa hoc trong viéc bao
vé cdy trong.

Vuon qudc gia (VQG) Yok Dén, tinh Pak Lik
1a khu vuc duy nhat & Viét Nam c6 hé sinh thai rimg
khop, véi hé dong vat va thuc vat phong phu, c6 da
dang sinh hoc cao. Khi phéan tich dir li¢u vé hé vi
sinh vt trong dat tai VQG Yok Pén bang phuong
phap giai trinh tw 16S rRNA metagenomics, két
qua cho théy, xa khuin Actinobacteriota rat phong
phi va da dang chiém 20,28% tong s6 vi sinh vt
dat (Tran et al., 2022a). Trong nudc ciing nhu thé
gi6i dd c6 nhiu cong trinh nghién ciru vé chitinase.
Tuy nhién, chua c6 nghién ctru vé phan lap va sang
loc cac chung xa khudn dé thu nhén chitinase &
khu vire VQG Yok Pén. Dé gop phan tham gia vao
viéc nghién ciru chitinase tir xa khuéan, chiing t6i
thuc hién nghién cuu nay nham sang loc va dinh
danh duge mot s xa khuan sinh chitinase cao ung
dung cho canh tac nong nghi¢p ¢ Tay Nguyén.

2. NOI DUNG VA PHUONG PHAP NGHIEN
CcUU
2.1. Ngi dung nghién cuu

- Thu thap mau dét, phan lap va sang loc xa
khuén c6 kha ning tong hop chitinase.

- X4c dinh hoat do chitinase ctia xa khuén.

- Anh hudng cua protein tho chura chitinase tir
xa khuan dén sy phat trién ctia bao tor nam.
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- Binh danh va phan tich phat sinh loai cua cac
chung xa khuan tiém nang.
2.2. Phwong phdp

2.2.1. Thu mau va phan ldp xa khudn c6 kha nang
tong hop chitinase dwa vao phwong phap dia thach

Mau dit dugc thu thap tai cac vi tri khac nhau
& vuon qudc gia Yok Pon, dudi tan rimg, dat am,
d6 sau 0 - 20 cm, theo nguyén tic 5 diém va khdi
luong ctia mdi mau 1a 300 - 400 g. Mau dat sau do
dugc pha lodng trong nudc mudi sinh 1y va trai trén
moi truong thach Gause cai tién (ngudn carbon 1a
huyén phu chitin 0,2%) trong 5 - 10 ngay (Nguyén
Thi Diéu Hanh va cs, 2021). Céac chung c6 khuén
lac phét trién nhanh va tao vong phan giai huyén
phu chitin 16n dugc lya chon dé danh gia hoat do
chitinase trong méi truong 1ong. Xa khuan dugc
quan sat, nhan dién va lam thuan trén moi truong
Gause I (ngudn carbon 14 tinh bot).

2.2.2. Xac dinh hoat do chitinase cua xa khudn

Xa khuén dugc nudi trong éng nghiém chira 5
mL mdi truong tong hop 1ong (5 g (NH,),SO,; 0,85
g KH,PO,; 0,15 g K,HPO,; 0,3 g MgSO, 7HO
0,1 g NaCl 0,1 ¢g CaCl nude cat di 1000 ml
pH 6,1 ¢6 bd sung 0 2% huyen phu chitin) trong
5 ngay (30°C, 150 vong/phut). Sau d6, dich nuoi
cdy duoc ly tam (13.000 Vong/phut trong 5 phut o
4°C) loai bo sinh khi vi khuan, phan dich ndi phia
trén s& dugc thu nhan va thim tach qua dém trong
dém phosphate 20mM (pH 6.0) ¢ 4°C.

Hoat tinh chitinase theo phuong phap Shales
cai tién dugc mo ta theo nghién ctru cua Tran
Minh Dinh va cs.. Nguyén tic: Hoat do chitinase
duoc xac dinh dua vao lugng duong khur N-acetyl-
B-D-Glucosamine sinh ra trong phan ung thuy
phan. Khi cho chitinase tac dung vdi co chat la
huyén pht chitin, N-acetyl-B-D-Glucosamine sinh
ra dugc dinh luong qua phan ung voi thude thir
Schale. Hoat tinh chitinase dugc thuyc hién trong
600 pL hdn hop phan tmg c¢6 chira 0,1% huyén phu
chitin, enzyme tho, 20 mM dém phosphate (pHO).
Hon hop phan g dugc 1 trong 15 phiit ¢ 37°C. Ham
luong duong khir sinh ra duge xac dinh bang phuong
phép Schales cai tién voi N-acetyl-D-glucosamine
(GleNAc) duoc dung dé dung duong chuan (Tran
et al., 2018). Mot don vi hoat tinh chitinase dugc
xac dinh 1a luong enzyme can thiét dé giai phong 1
umol N-acetyl D-glucosamine trong thoi gian 1 phut
0 37°C, pH 6. N6ng dd protein dugc xac dinh theo
phuong phap Bradford (Tran et al., 2018).

Chung xa khuan c6 hoat do chitinase cao dugc
lua chon cho cac thi nghiém tiép theo.

2.2.3. Anh hu"o‘ng cua protein tho chita chitinase
dén s phat trién cia bao tir ndm
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Cac ching ndm sir dung trong thi nghiém gom
Fusarium sp. va Phytophthora sp. dugc phan lap tr
dat, ré cay ho tiéu va luu giit tai Vién Cong nghé Sinh
hoc va Moi truong, Truong Pai hoc Tay Nguyén.

Thu nhdn protein tho chira chitinase: Xa khuén

dugce nudi trong mdi truong tong hop long (5 g
(NH,),SO,; 0,85 g KH,PO,; 0,15 g K HPO,;
g MgSO,.7H,0; 0,1 g NaCl; 0,1 g CaCl,; co bo
sung 0,2% huyen phu chitin; nude ¢t du 1000 ml;
pH 6,1) trong 5 ngay (30°C, 150 vong/phut). Sau
d6, dich nuéi cdy duoc ly tim dé phan tach té bao,
loai b sinh khéi thu dich néi. Protein tho duge thu
nhan bang phuong phép tiia véi mubi (NH 2,50,
d6 bao hoa 80%. Sau do dung dich tia dugc ly
tam (10.000 vong/phut, 10 phut, 4°C), loai bo dich
nbi va thu tua. Hoa tan cin toa v6i dung dich dém
phosphate (pH 6.0), thim tach qua dém trong
dém phosphate 20 mM (pH 6.0) nham loai bo
cac ion kim loai va thanh phan méi truong nudi
cdy (Tran etal., 2018).

Dé kiém tra kha ning trc ché cua protein tho
thu nhén tir xa khuin véi bao tir nAm Fusarium sp.
va Phytophthora sp., thi nghiém dugc thuc hién
bang cach u dich protein thd v&i bao tir nAm. Mot
tram microlit hdn hop gdm 50 pL protein tho
chira chitinase (ndng d6 50 pg protein) va 50 uL
chtra khoang 4000 bao tu nim duoc 1 6 33°C,
15 gio. Poi chung thay protein tho bémg 50 uL
dém photphate 20 mM (pH 6.0). Su nay mam cia
bao tir nam duogc quan sat dudi kinh hién vi &
d6 phong dai 4000 lan. Dong thoi, sau 15 gio,
100 pL dung dich u dugc cay vao giéng trén moi
truong PDA da duge duc 16 (9mm) (Tran et al.,
2022b). Sau 4 ngay nudi cdy, hoat tinh khang ndm
duoc tinh theo cong thirc:

C -
x 100

Hiéu luc wc ché (%) =
C: duc‘n}g kinh cta tan nim trén moi trudng
trong dia d6i ching (mm)
~ T: duong kinh cia tan nam trong dia c6 bao tir
nam dugc U voi enzyme (mm)
2.2.4. Pinh danh chiing xa khuan tiém ning

Trinh ty nucleotide cuia gene 16S rRNA duoc
khuéch dai bang PCR vé6i cip mdi 27f-YM
5’-AGAGTTTGATCCTGGCTCAG-3" va 1492r
5’-GGTTACCTTGTTACGACTT-3> va Taq
DNA polymerase. San pham PCR duoc phan tach
bang dién di trong gel Agarose 1% va Band muc
tiéu dugc cit ra va tinh sach bang Wizard SV Gel
and Clean-Up (Promega Co., USA). Cac trinh tu
nucleotide sau d6 duogc so sanh voi cac trinh tu
nucleotide ctia gen 16S rRNA cuia cac xa khuan
da biét trén cac ngan hang gene DDBJ/Genbank/
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EMBL théng qua chuong trinh BLAST. Cay phan
loai (phylogenetic tree) dua vao trinh ty 16S rDNA
dugc phan tich va xdy dung qua phan mém MEGA
7.0 theo phuong phap neighbor-joining, Kimuara
two-parameter voi chi sd bootstrap 1a 1000 1an
(Tran et al., 2018).

2.2.5. Phurong phap xu ly s6 liéu

Céc thi nghiém duoc lap lai 3 lan, sb liéu dqqc
phan tich ANOVA (Duncan’ test p<0,05) bang
phan mém xu 1y thong ké SPSS phién ban 22.
3. KET QUA VA THAO LUAN
3.‘)1. Phan lip va sang loc xa khudn c6 khd néing
tong hop chitinase

Phdn ldp cdc ching vi khudn c6 khd ning tong
hop chitinase

Tir cac mau dat thu thap tai vuon qudc gia Yok
Pén, tién hanh phan 1ap trén méi truong Gause-
chitin sau 5 - 10 ngay nudi cdy. Cac ching xa
khuan phan 1ap hinh thanh vong phan giai huyén
phu chitin trén cac dia thach dugc quan sat can
than (Hinh 1). Trong qua trinh phan lép, dua vao
hinh thai, kich thudc vong phan giai, két qua thu
nhan duoc 48 chung khac nhau cé vong phan giai
chitin va dugc dit tén theo thtr tw AYS-1 dén AYS-
48 (AYS la ky hiéu viét tdt ciia Actinomycetes, Yok
Pén, Soil). Xa khuan duoc lwa chon duoc tién
hanh ciy ria 1am thuan va bao quén.

Hinh 3.1. Xa khuén sinh chitinase hinh thanh vong phan giai trén méi truong Gause — chitin

Hoat do chitinase chung xa khuan phdn ldap

Bén muoi tam chung xa khuan duoc nudi céy
trén moi truong tong hop long bd sung 0,2% huyen
phu chitin. Tién hanh loai bo sinh khoi, thu nhan dich
nudi cay va tham tach. Dung dich sau tham tach duoc
sir dung d¢€ xac dinh chitinase va nong d¢ protein. Keét
qua hoat d9 chitinase dugc thé hién qua bicu do 3.1.

Ba chiing xa khudn sinh tng hop chitinase ¢6 hoat
tinh tot nhat 1a AYS-1, AYS-11 va AYS-17 véi hoat
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dd chitinase 1an luot dat 3,836524 (U/mg protein);
2,816201 (U/mg protein) va 2,661916 (U/mg protein).
Tiép theo 1a ching AYS-47, AYS-4, AYS-22 voéi hoat
do chitinase lan luot 1a 1,428 (U/mg protein) va 1,417
(U/mg protein) va 1,226 (U/mg protein). Cac chiing
xa khuin AYS-46, AYS-5, AYS-10, AYS-13, AYS-43,
AYS-48, AYS-28 c¢6 hoat tinh khong c6 su khac biét
c6 y nghia théng ké (ANOVA, n=3, d9 tin ciy 95%).
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Ki hiéu chiing xa khuin

Biéu d6 3.1. Hoat d chitinase ciia cac chiing xa khuin phén 1ap tai VQG Yok Péon

Ghi chu: 1 don vi hoat tinh enzyme la kha nang phan gidi tao ra 1 umol — GlcNAc trong khoang thoi

gian 1 phut.

93



Tap chi s6 59, thang 4-2023, truong Pai hoc Tay Nguyén

ISSN 1859-4611

Chung AYS-2, AYS-45, AYS-47 c6 hoat do
chitinase cao nhung kich thu6c khuan lac nho va
tbe do phat trién ctia khuan lac chdm nén khong
dugc lya chon cho céac thi nghiém tiép theo. Tu
két qua danh gid hoat dd chitinase, véi hoat do
chitinase 0,781-3,836 (U/mg protein) muoi ba
chiing vi khuén tiém nang da duogc lya chon cho cac
thi nghiém ké tiép, gdm cac ching AYS-1, AYS-4,
AYS-5, AYS-10, AYS-11, AYS-13, AYS-17, AYS-
22, AYS-28, AYS-33, AYS-43, AYS-46, AYS-48.

3.2. Anh hwéng ciia protein thé chiva chitinase
dén phat trién ciia bao tiv ndm

Dé kiém tra anh huong cta protein tho chira
chitinase tir xa khuan dén sy phat trién cta bao tir
nam, thi nghiém dugc thuc hién bé‘mg cach u protein
tho protein thd ciing voi bao tir ndm, 2 ching ndm

duoc lya chon 1a Fusarium sp. va Phytophthora sp.

D6i véi ndm Fusarium sp. véi duong kinh tan
nim dbi ching 1a 48 mm, duong kinh tan niam
cong thuc (1 bao tu nim véi enzyme) 1a 14 - 26,3
mm hiéu luc tc ché dat 45 - 70% (hinh 3.2A).
Trong d96, chitinase tir ching 2 chiung AYS-46 va
AYS-43 ¢6 hiéu lyc e ché manh nhat, 1an lugt 1a
70% va 66%, chitinase thu nhén tr cac ching con
lai déu c6 hiéu luc rc ché nAm nhung khong c6 su
khac biét dang ké.

Puong kinh nim Phytophthora sp. & dia dbi
chimg dat 44 mm, duong kinh nim cong thirc 1a
21,3 - 30,3 mm, hiéu luc trc ché nim dat 31 - 51,5%
(hinh 3.2B). Trong d06, 3 ching AYS-46, AYS-10
va AYS-1 c6 hiéu luc e ché cao nhét, 1an luot 1a
51,5%; 49,2% va 48,4%.

YS-48

Hinh 3.2. Khi ning e ché sy phat trién ciia bao tir cia nim bang protein thd
(A) Fusarium sp. (B) Phytophthora sp.
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Dong thoi, quan sat bao tfr‘nérn dudi kinh hién  nAm Fusarium sp. va Phytophthora sp.
vi sau 15 gio' u voi protein déu cho thay sy khac Nhu vay, két qua trén chimg minh protein tho
bigt gitra cong thirc va doi chimg (Hinh 3.2). Bao  chyra chitinase cuia 13 chiing xa khuén c6 kha ning
t Fusarium sp. va Phytophthora sp. 6 doi chimg  phan hay vach bao tir nAm lam mét kha ning nay
co hién twong nay mam, hinh thanh hé soi, phat  mim cua bao tr trén ca hai loai ndm duoc thu
trién nhanh, dé dang quan sat sgi mam va bao tir nghiém, pha hily c4u tric hé soi ciia nim. Do d,
dudi kinh hiéf} vi. Trong khi d6 ¢ tat ca cac cong protein thd chira chitinase ¢ tiém nang tr¢' thanh
tht'rcv bao tir nam U vai proteip tho thu nhan tur Xa  chit khéang nidm gay bénh & cdy trong mét cach
khuan, quan sat bao tir cho thay bao tir v tan, dau  higy qua. Co ché e ché su phat trién cua nim la
soi ndm bi chai khong phat trién, véch € bao bi V5, - do sy thity phan céc chudi chitin boi chitinase, lam
soi nam co hién tuwong bi nat do tac dong phan hity  thanh & bao mong hon va v nguyén sinh chat.
cua enzyme chitinase. Dong thoi, chitin méi dugc tong ‘hop cting ¢o thé

Két qua kha nang d6i khang trén cac loai nAm b phan hity boi chitinase, din dén tic ché sy kéo
cho thiy, protein thd chtra chitinase cua 13 chung  dai va phat trién cta soi ndAm (Lu et al., 2018).
xa khuan déu c6 kha ning trc ché nay mam bao tir

7 : 4 t ‘Eu o) I3 % g
] ':I:||. |I”|’”|ld | -[nlei u-'r"ﬁ- 4ot 1 J‘1|ﬁi:|:
DOICHU’NG PEE ‘.‘:—.{_ '
O/ n;l G L] : :H
Phytophthora sp.

Ghi chii: Cde miii tén chi ra sw phdn hity ciia soi ndm dwdi tée dung ciia protein.
Hinh 3.3. Bao tir nAm Fusarium sp. va Phytophthora sp. dwgc quan sat dwéi kinh hién vi.

Ngoai ra, cac nghién ctu trudc day chi ra rBvChiB trc ¢6 kha ning trc ché sy ndy mam cua
rang, chitinase thd dwoc san xudt tir xa khuin bao tir Fusarium falciforme, dong rBvChiA trc ché
Streptomyces sporovirgulis ¢6 kha ning wc ché 37,8% sinh truéng ctia ndm Fusarium trén moi
khang lai su phat trién cia nam Alternaria alternata — tradng PDA (Tran et al., 2022b). Streptomyces da
(phéan 1ap tir su hao), Fusarium oxysporum (phan  duoc nghién ciru vé kha nang tng dung kiém soat
lap tur khoai tay), Fusarium solani (phan lap tr bénh kho van do Rhizoctonia solani trén cay lua
mui tiy) va Botrytis cinerea (phan lap tir ca chua) va dugc str dung lam tic nhan kiém soat sinh hoc
(Swiontek Brzezinska et al., 2013). rBvChiA va hodc phan bon sinh hoc (Yang et al., 2021).
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3.3. Pinh danh xq khudn tiém ning

Trinh ty nucleotide ciia gen 16S rRNA cua
xa khuan AYS-17 (1397 bp) va AYS-22 (1398
bp) dugc kiém tra va so sanh voi ngan hang dir
liéu trén co s dir lisu NCBI/DDBJ/EMBL. Két
qua cho théy, trinh ty gen 16S rRNA cua ching
AYS-17 tuong dong 100% vdi trinh ty gen 16S

A

rRNA cua Streptomyces cellostaticus va trinh tu
gen 16S rRNA ctia ching AYS-22 twong dong
99% voi trinh tu gen 16S rRNA cua Streptomyces
triostinicus CKM?7. Phéan tich cay phat sinh loai
(Hinh 3.3) ciling cho thay, chung AYS-17 dugc
dinh danh 13 S. cellostaticus va AYS-22 dugc dinh
danh 1a S. triostinicus.

+++ AYS 17

Streptomyces cirratus strain NRRL B-3250 16S ribosomal RNA gene partial sequence (AY999794.1)

Streptomyces cavourensis subsp. cavourensis gene for 16S rRNA partial sequence strain NBRC 13026 (AB184264.1)

Streptomyces globifer gene for 16S rRNA partial sequence strain NBRC 13775 (AB184472.2)

Streptomyces griseochromogenes strain NBRC 13413 16S ribosomal RNA partial sequence (NR 112396.1)

Streptomyces filamentosus strain F7 16S ribosomal RNA gene partial sequence (OL414774.1)

Streptomyces cellostaticus strain QMAS53 16S ribosomal RNA gene partial sequence (MT525245.1)

7.+++ AYS 22

H
0.0020

Streptomyces recifensis strain ST100 16S ribosomal RNA gene partial sequence (EU216596.1)

Streptomyces panaciradicis strain 1MR-8 16S ribosomal RNA partial sequence (NR134200.1)

Streptomyces triostinicus strain CKM7 16S ribosomal RNA gene partial sequence (EU635725.1)

Streptomyces cavourensis subsp. cavourensis gene for 16S rRNA partial sequence strain (NBRC 13026 AB184264.1)

— Streptomyces cirratus strain NRRL B-3250 16S ribosomal RNA gene partial sequence (AY999794.1)

Ghi chii: +++ 1a xa khudn dwoc gidi trinh tuy.

Hinh 3.4. Ciy phat sinh loai ciia chiing AYS-17 (A) va AYS-22 (B) véi céc loai xa khuin di cong
bo dwa vao trinh ty gen 16S rRNA

4. KET LUAN

ba tuyén chon duoc 13 chung xa khuén sinh
tong hop chitinase ¢ hoat tinh cao trong 48 ching
phén lap. Protein tho chita chitinase thu nhan dugc
tir qua trinh nuéi cdy 13 chung trén déu c6 kha ning
trc ché sy ndy mam cta bao tir nAm Phytophthora

sp. va Fusarium sp. trong diéu kién in vitro.
ba dinh danh dugc 2 chung la Streptomyces
cellostaticus AY S-17 va Streptomyces triostinicus
AYS-22 ¢6 kha ning sinh tong hop chitinase c6
hoat tinh khang nim cao dé tiép tuc nghién ciru
ung dung.
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SUMMARY

To develop the different types of biocontrol agents for crop cultivation, we focused on actinomycetes
possessing chitinase from National Parks. In this study, 13 Streptomyces strains with the highest chitinase
activity was were selected from 48 chitinolytic actinomycetes isolated from the soil samples at Yok Don
National ParkYok Don National Park soil samples. The crude protein containing chitinases produced by
these strains inhibited the germination of spores of Phytophthora and Fusarium. Among the 13 selected
strains, AYS-17 and AYS-22 were identified to belong to the genus Streptomyces cellostaticus AY S-
17 and Streptomyces triostinicus AYS-22Among the 13 selected strains, AYS-17 and AYS-22 were
identified to belong to the genus Streptomyces cellostaticus AYS-17 and Streptomyces triostinicus
AYS-22. The crude protein-containing chitinases produced by these strains inhibited the germination
of spores of Phytophthora and Fusarium. This study showed the potential of the application ofapplying
actinomycete-produced compounds as a biocontrol agent and bio-fertilizer in the developmement of
sustainable agriculture.

Keywords: Chitinase activity, antifungal activity, Streptomyces.
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