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Abstract The purpose of this study was to estimate the chitinolytic and antifungal activity of Actinomycetes
sp.isolated from waste mushroom media. In five kinds of waste mushroom media, Sinyeong mushroom and
Yangsongi were the order of the population density of actinomycetes. Totally 91 chitinolytic isolates of
Actinomycetes sp. were obtained from waste mushroom media. The isolates were categorized into 3 groups
based on chitinolytic activity and antagonisms against Phytophthora capsici, Rhizoctonia solani, Sclerotinia
sclerotiorum, Collectotrichum gloeosporioides, and Cladosporium cucumerinum in vitro. CA-23 was selected
as a representative isolate of a group showing strong chitinolytic and antagonistic activities to all of the plant
pathogens, while AA-65 was selected as a representative isolate showing no chitinolytic activities but strong
antagonistic activities to the pathogens. CA-23 and AA-65 were highly effective on control of Phytophthora
blight of hot-pepper, powdery mildew and scab of cucumber in a greenhouse tests. Among the isolates tested,
CA-23 showed highest control efficacy, while AA-65 not only effectively controlled the diseases but also
consistently increased plant growth and yield. Although the isolates are similarly affected on suppression of
plant pathogens, the isolates could be differ from each other in modes of action. Further studies on
mechanisms and practical applications are being progressed.

Key words Biological control, chitinolytic actinomycetes, plant diseases, plant growth promotion
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ZFQa3t vAlEe|(Miyadoh, 1993; Tanaka and Omura,
1990), B H|E3to] S838 9&S o= Aoz A4 9l

TH(Vasconcello and Cardoso, 2009). 22| &3l B
oluf F714S Ho| Yo EYS g dert 52 &
x]o] 9l

B 4& FOIX Streptomycess©] 69.4%= 71 ol
EA81H, 2 IO F Micromonospora, Nacardia, Strepto-
sporangium?:0] AL ) tH(Lechevaliar, 1989; Kim, 1997).
o5 FoNA Streptomycetesss Wilwto] A= A EAS
ZZ91A+= indole-acetic acid (IAA) (Aldesuqy et al., 1998),
siderophore (Tokala &, 2012), polyammerr(Nassar et al.,
2003) 5°] FHHCE o] @77 B ZoE dHA
o} BEgk Qo R ARSEE AL oF 2/37F WS
Z2RH FY3 22 BT Uti(Labeda et al., 1997;
Bakkiyaraj and Pandian, 2010).
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of ARE AEWUTS Qo|AWY L (Phytophthora
capsici, KACC 40181), IFE-A W (Colletotrichum gloeo-
sporioides, KACC 40690), Q.°1ZZ=H (Rhizoctonia solani
AG-1B, KACC 40111), »F=S8 S (Sclerotium cepi-
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25°CellA] 77k wjFste] ARgERsAT).

23l 50| Holah PAFL ¥

Q‘L
<]
B

b

=
A 5
ok T i 10 g“] 7H3ko}°4 90 mie] EHSHRT7E 50
Je AEekaId Y 65°C FFRAAM 120 rpm
T2 2AZ7F B Wkt 9 wAlEEA] AR e
50 mlE 3% colloidal chitin®] ¢ = 450 ml¢| Chintl
2)(2.64 g (NH,),S0,, 2.38 g KILPO,, 5.65 g K,HPO,, 1.5 ¢
MgSO, * TH,0, 6.4 mg CuSO,* 5H,0, 2.5 mg FeSO, * TH,0,
2.5 mg MmCl, - H,0, 2.5 g ZnSO, - 7H,0, Agar 20 g, ¥
4 1000 ml, pH 8.0yt 9 & AEetsad ¥ &
AFo] BAsA] G FalsiM wnt & AR FS
Euiqlo] 253 & A200A 23 § 37°C 2054 0]
EollA 747 oYk 3, wiX]o]| Clean zoneS A3t 7€l

Halsde Hole #58 U9 needle® $3 3%
colloidal chitine] ¢ Y= ChintlR|ol] AHE =osle] 7]
BRe) 58S A Age) NERe #52 24dos A

O.O,I_'

[ A
o

oo oy

0

> JH

1=

i

oM 22808 FIRIEE] o] = AR &

o w78 T2 AEH el e Y
77 wjFeE WA R E
loop)°l &3 PDA HiX] Fol] A

it

o o

2

F2Z( < 19 HESAT
o] HEE PDARIA Y] A 2cm 7HEoE 5Y
7+ ) AE3 27 8

oot 7k A B Aete] @A} discE SF
m corker borerZ #Q3A A& T &
2] wjFet & FAS A AEE F4
ZAFFA B (Hwang 5, 2006).

e B
tlo Y

A S X i
Aol ARggt Qo= AT (Cucumis sativus) &
TOE FAE AlTolM At ARgsIlen, 24X7F &



L

404 Nap| - 2o - gg7) -

o

2
o
>
=
!
N
o
ol
2
N~
59
o
offt
2
el
5
al
oz
fuj
=2
X
=
o
<

o] AZAE HEAGET} E0

ol

o o 30 ot o r2
<l
o
o
N
W
ne
s
N
i

2
2

=3
=

ofr
on

3
T

Qo] Yol HA7FFH R WA o
Qo7 WAl AlE skt

Q0] SAW(C. cucumerinum)?] FAZZS PDAIA 9|
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ITS 1492R (5'-ACGGCTACCTTGTTACGACTT-3)E AR
3l9 PCRZ FE3I9th. PCR 242 HFEE 10mM
Tris-HCI (pH 8.3), 50 mM KCI, 1.5 mM MgCl,, 200 nM
dNTPs, 10 pmol®] ITS 8F<} ITS 1492R Z&}o]w, 0.1 unit
9] rTaq DNA polymerase (Takara, Japan)S AFE-811.0H,
50 2 WH-EHE W PCR WHEEZ2 predena-
turation (95°C, 5%), denaturation (95°C, 30%), annealing
(50°C, 30=%), extension (72°C, 30%), total cycle (35 cycles),
final extension (72%, 10%) 3432, =% PCR 4t
EL 1.2% agarose gelollA] 2719 &, ethidium bromide
2 YgAste] UV-transilluminatorol] A =g 1S3 ).
3olH whi=i= QIAquick PCR purification kit (Qiagen)=
ARgsle] B2] A5 pGEM-T easy B (Promega)l
223 F MI3F} MI3R Zelo|wE o] §3lo] 7MY
A8 971ME2 ABI PRISM BigDye Terminator
Cycle Sequencing Kit (PE Biosystems, Foster, CA, USA)
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Fig. 1. Isolation of chitinolytic isolates of Actinomycetes spp. from five kinds of waste mushroom media.

FE B35 16S rRNAEX A3} Streptomyces 453}
Thermoactinomyces <9 &sl= 2108 HAlgh v}

‘3—:1%%49& PAES Beghetls 2 EYS AEE
EAshe waael ot Ao A4 9%,
EYeE, EookséEH EYpH, f71=4d 4E 5l g3 &
HFS W= Ao 2 dEA Ut Goodfellow and Williams,
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32 Itk et al., 2007). FEo], AFHA ] 49 -2yt
2ho} &, FooM e BRI AN, AR 52 E9s
of gHlglele] F2 #/FAMIE st R BIHIT

(Kim et al., 2002). Bo|HAle] 75 Z7]oll= m|E&EH, 1
% 7S] WA B8, B, Bas v Eds
T O FAAESS £t HAME sl AoE B
2= TH(Cheong et al., 2010).

G2, & AR SER B8 Ak B
o EEdze] Aol& Hole & WAL Aulstr] $lske]
ABEE A0S ER7} ) BEolet AR

JlEl 2o WPl $7Y A
s5o) w3l AR 2E BAE 2 ovlel &
3t 244 02 TR $HE ZABAHY iR

] AFEd 7 58S Yepley, T #5
(AC001, ACO015, AC025, AC037, AC040, AC065, AC067)
= A8 7|19 al 58S HolA| Skrh(Fig. 2). i) &
ZTF S AC005, AC007, AC008, AC012, AC029, AC032,
S8 #= 71REE S 419 Aol ek 3
o] mf-g- FHolk o= VERHTH (Fig. 2).

Fig. 29} 7o] wAHMAIZTE &g e WA+
3ol sl 71€l EelleE T 452 A= ddel ek &
#8710 E Y aFoE ERSIATIY, 719
583 o] Hojd ZH(CA; chitinolytic antlfungal
actinomycetes)© 2 CA-23, CA-24, CA-39°] ERHAL 7]
E]lﬂﬁ:_ﬂ v?‘ﬁﬁ wxo‘% 6]‘#'?:]0] ‘14011'4' 1"‘(AA Antlﬁmgal
actinomycetes)©- 2 AA-15, AA-65, AA-67°] FF=om,
79123l 5ol Hojuar 35t o] Q& 15 (Ca; chitinolytic
actinomycetes)©. 2 Ca-07, Ca-12, Ca-057} &/ ATt
(Table 1).
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Fig. 2. Estimation of chitinolytic and antifungal activity of 91 isolates of Actinomycetes spp. isolated from a waste mushroom media.

Table 1. Grouping of nine isolates of actinomycetes isolated from mushroom media waste by chitinolytic and antifungal activity

Group

Activity
Chitinolytic Antifungal

Isolates

CA (Chitinolytic Antifungal Actinomycetes)

AA (Antifungal Actinomycetes)

Ca (Chitinolytic Actinomycetes)

CA-23

CA-24 ++ ++
CA-39

AA-15

AA-65 - +H+
AA-67

Ca-07

Ca-12 +++ ++
Ca-05

CA-23 &9 7193 s8e glovt o] Fojd 2
F(AAPIA A3k AA-65 55 IF FHO AZe &
AWt thek WA E S ZARIIEY o o

Aol Uehtr] Alakskad
& Bk v = F
Fol WAl Wil s HEe aFe e o] wAEHA|
goker 159 & 9y WATEE RARIEY AA-654F
£ 89.6%°19 3 CA-23dFE 100%Z YERSITH Table 2).
Ahn and Hwang (1992)& ZFAu)#]2] 2@ 2HE P
capsici®t Magnaporthe grisea® ZAFEA7} e Wl
T 25 el AMAEE Smm ol AR Pt
= 308 #FE 25 Gl tig A3Es AA sty

Table 2. Effect of antifungal Actinomycetes spp., CA-23 and
AA-65 against Phytophthora blight of hot-pepper caused by
Phytophthora capsici at 15 days after treatment in the greenhouse

Phytophthora blight of hot-pepper

Treatment - —
Disease incidence (%)  Control efficacy (%)
CA-23 0.0 ¢* 100.0 a
AA-65 7.1b 89.6b
Control 66.7 a -

“ In a column, means followed by the same letter are not
significantly different 5% level by Duncan’s multiple range test.

wuich st 2 ads Hole 202 BT &
5, 2gt WA vt Butanol FEH0] P capsicict
M. grisea®] # Y-S AAltke 10 Hol tEdol
e e AeE Bl

=+ APelMe 7I-Rs TEo] Hold CA-239F 7R
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dl T2 Wout FHo] Hold AA-65F B AF
IHvtol] theto] Hojdk WA R3S VR l=T] WAlsto]
AEHUE 28] Hig A sE S Ve AL it &
AEZ] A FAEo] e Ao Higo g, &
3] Chitinase®} 7+ 93] 75l @40] o] & Ao

B Al J1des] 8 PrE o]
Holt CA-23 #59} Fdo] Hold AA-65 45 g
< 7FERel B Qo] Rl Ay, FAle]

e AA-65T52] WHAIZFE 794%010 CA-23TF+E
873%= 13] M2 & 237k a3t A&He 2AE @}l
519 TH(Table 3).

AF Gus} Qo] At Holu WA EHE 1ol W
At CA-23 FF9 AA-65 T WYL Qo] 7Y
e JEe Q0] gl AT, FA2HH] AA-65
A7 T T oBgAI9l 03% dEE sl Ay
SIAEY, Wader g S5AEle CA-23dT = 44.2%,
AA-65TFTE 41.0%2 W2 WAEE BYou AR
03% FEHE st AsINS We CA-23dT+
98.8%, AA-65T0TE 98.0%Z ¢ =2 WA aHE B
tH(Table 4).

Cho (2005)= streptomyces SH-0971 20131715 (Sphaeri-

Table 3. Effect of antifungal Actinomycetes spp., CA-23 and
AA-65 against cucumber powdery mildew caused by Sphaeroseca
fusca at 15 days after treatment in the greenhouse

Powdery mildew of cucumber

Treatment - —
Disease incidence (%)  Control efficacy (%)
CA-23 0.8c? 873a
AA-65 1.3b 794 b
Control 63a -

“?In a column, means followed by the same letter are not
significantly different 5% level by Duncan’s multiple range test.

WitE PR CA-230 AA-653%Q| I8l Hsfisnt 333 U 407

theca fusca)®ll W3l AaFeo] ZFatar AA| Fuj S o] &
gt A= A7 Al g w1 OE A
o A= et @48 B mAE Feo Rl sl
7Fse 7102 BslQIth. Chi et al. (2012)S 21EZdC
2ZRE ®Est Streptomyces padanus 1A70-5 +57t in
vitro| A Colletotrichum acutaum®) TAH3%, EA o} 1
Y F27] 48 aFH o= Al on, a1 I
st 13 SAHAFE 45 A 1A70-5 vl A2 Al oF
90%2] BAY A ZAE Uepll= 2oz skt
H AgolMe Wald CA-233 AA-6STHF BF 209
WHAE 871 EHe g3bA o 7 W81 0 CA-237 AA-
657 AR e Qo] AT g A gt
< Bt} F7tolA
= 0.3% FRreh St
Aty 287yl gk WA &7t A4 Ve
=l olys A= G ZApHol JA|l s WA
o] ghstdo] tiaiA]
o A A= I F ]
oo B} PgAo R AEA AL F = =

¥ol 8 5 92 o2 AL,

UMT CA-233 AA-65TFQ 1F YEET g3
7)eEsl st o] Hold CA-23 w59} Tt e
o] ot AA-65 w5 AT AWl sl o] H
18 = =

o JF9] HFE CA-2IATE 17.6% S 7HIom™ AA-
65T 32.4% 57} SIATH(Table 5).

Han et al. (2012) H]574%|9] 28 ZAEG|A] e
3 47)o] WM @52l MSSI81, MSS269, MSS275,
MSS2767}F A =A41¢] 27|ASE7 237 3om™ MSS275
a5 P. capsici, F oxysporum, R. solani, S. sclerotiorum
of 73t GadAS Hole AoF HIEATE Yandigeri
et al. 2015y Q%] Chilka &4 B8t S, vina-
ceusdrappus SSMW2= AW ARANA R solaniol T3t
FARE oA FEo] ol 719l FallsEo] Hold W
Mo 2 ErtE R solanid-S HE3I WAE SSMW2

Table 4. Effect of antifungal Actinomycetes spp., CA-23 and AA-65 against cucumber scab caused by Cladosporium cucumerinum in

the greenhouse

Treatment Single Combined with COY*
Disease incidence (%) Control efficacy (%) Disease incidence (%) Control efficacy (%)
CA-23 2533 b 442b 0.33 ¢ 98.8 a
AA-65 26.30 b 41.0b 0.53 ¢ 98.0a
Control 4543 a - 25.53a -

“COY: It was used as stabilizer and made with 0.3% cooking oil and egg yolk mixture
Y In a column, means followed by the same letter are not significantly different 5% level by Duncan’s multiple range test.
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Streptomyces thinghirensis DSM 41919(T)(Logman et al. 2009)
Streptomyces lienomycini LMG 20091(T)(Gause and Maksimova 1986)
Streptomyces tricolor NBRC 15461 (T)((Wollenweber 1920) Waksman 1961)

Streptomyces rubrogriseus LMG 20318(T)((ex Kurylowicz et al.) Terekhova 1986)

Streptomyces coelescens DSM 40421(T)((Krassilnikov et al. 1965) Pridham 1970)

Streptomyces violaceoruber NBRC 12826(T)((Waksman and Curtis 1916) Pridham 1970)
Streptomyces fragilis NRRL 2424(T)(Anderson et al. 1956)

Streptomyces coelicoflavus NBRC 15399(T)(Terekhova 1986)

CA-23

Streptomyces diastaticus subsp. ardesiacus NRRL B-1773(T)((Baldacci et al. 1955) Pridham et al. 1958)
Streptomyces mashuensis DSM 40221(T)((Sawazaki et al. 1955) Witt and Stackebrandt 1991)
Streptomyces morookaense LMG 20074(T)((Locci and Schofield 1989) Witt and Stackebrandt 1991)
Streptomyces thioluteus LMG 20253(T)((Okami 1952) Witt and Stackebrandt 1991)

Streptomyces celluloflavus NRRL B-2493(T)(Nishimura et al. 1953)

99 | Streptomyces kasugaensis M338-M1(T)(Hamada et al. 1995)

Streptomyces sodiiphilus YIM 80305(T)(Li et al. 2005)

AA 65

90

32

Streptomyces xiamenensis MCCC 1A01550(T)(Xu et al. 2009)
Streptomyces carpaticus NBRC 15390(T)(Maksimova and Terekhova 1986)
Streptomyces harbinensis NEAU-Da3(T)(Liu et al. 2013)

48 Streptomyces cheonanensis VC-A46(T)(Kim et al. 2006)

Bacillus subtilis subsp. subtilis NCIB 3610(T)

—_—
0.02

Fig. 3. Phylogentic analysis of 16S rRNA sequence of Streptomyces sp. AA-65 and CA-23 isolated from the waste mushroom media.
Bootstrep percentage (from 1000 replications) > 50% are shown at branch points analyzed by with MEGA 6 program ().

‘ ITS tDNA 99<] 9714 (1,200 bpye BLASTN ZZ1
Table 5. Effect of Actinomycetes spp., CA-23 and AA-65 on WS olgste] BABGHY), 7|9Rs G4 (Chitinolytic

the growth promotion of hot-pepper plant in greenhouse
Antifungal Actinomycetes) B9 CA-233} &<+/d (Anti-

Fresh weight of hot-pepper (g)

Treatment ot Froit fungal Actinomycetes) A9 AA-652  Streptomyces
A3 37557 12006 diastatius subsp. ardesiacus NRRL B-1773) (GenBank:
AA-65 169.5 a 1352 DQ026631)} Streptomyces xiamenensis MCCC 1A01550
Control 835 ¢ 102d (T) (GenBank: EF012099.1)°1 thate] 2k 100%2] 354

‘g_ 3
# In a column, means followed by the same letter are not significantly = eI 7Rl ]l CA-239 AA-659] =
different 5% level by Duncan’s multiple range test. H BR FEFY 47 AAIAAES Lolrr] 95l

MEGA 6.0 ZZ 138 o]g35}o] neighbor—joining HElo g

< AsIAS W ErtE AlESW AT ojv gt ErlE FRRAES B4 A, Strepromyces sp2 T 2181
o] ASE FHske AR Bisigith & AFdFoMe uEbA, & AFeM e Al £ Holrt He A
A58 o] 53 CA-233 AA-65 75 25 EntES}l 7+ Ho| ZE3 wAFEIA2RE Hgd 7jeiis) WA
< 7 Y 29 S-S FRNF e o Streptomyces sp. CA-233} AA-65dFF 2.9] -47]~rtﬂ A
H& A RHE 75 2R et SHEFEH, a3 G tigh WA a e} ] ASE

H2 A 7153 5 ARITAEs HAE R T3t Hold Ze® I a7t AR HUT olH T 7]
M f71 Y] QAR A INkE: 2AE] flsiMe ATE EUE w7 NA €82 F UAEE H87eH
W5 e om wAE = e f71sAAe] A @A CA23F AA-653F7E EHlske Wt =ddl o
o] d43s] ZQa3slth(Lee, 2012; Thomashow and Weller, b $&AT7E ST, Streptomyces sp. CA233
1996). 2154 WAZ $J5to] 7|elRs] 58S Ad HEF AA-6STFTFE 7% AR E 3 fU1EAAE A
WARIAE A&dhs 712 w583 A0E BiE] 2 AS AR 7€

ATH(Cho et al., 2007; Han et al., 2012; Kim et al., 2007;
Kishore et al., 2005; Michael et al., 1992; Pati et al., 2011; Acknowledgment
Yandiferi et al., 2015).
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