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ABSTRACT

Brown spot and sheath rot of rice are caused by fungal pathogens such as Curvularia lunata,
Cochliobolus miyabeanus, and Sarocladium oryzae, and cause losses such as reduced rice
yield and quality, which is an enormous problem with serious long-term effects. To search
biological control agents of phytopathogenic fungi, five kinds of useful Bacillus-like isolates

'.) which are excellent in extracellular enzyme activity and produce siderophore were selected
o from paddy soil of Sunchang in Korea. The selected isolates were tested for excellent
sbdates antifungal activity against three of the phytopathogenic fungi that frequently occur in rice, and

JSRB 177 strain had the most excellent antifungal activity. Based on the experimental results,

a OPEN ACCESS JSRB 177 is finally selected as a candidate for biological control and identified to Bacillus

PISSN : 0253-651X subtilis through 16S rRNA sequence analysis. In addition, physiological characteristics of JSRB

eISSN : 2383-5249 . . . .
177 confirmed by analysis of carbohydrate fermentation patterns and enzyme production

Kor. J. Mycol. 2019 September, 47(3). 259-69 ability. Based on the above results, JSRB 177 is expected to be used as a biological control

hitpsy/doiorg/104485/K M 20190030 agent for the rice pathogenic fungi. In the future, further studies related to industrialization

such as port test and establishment of mass production process are needed.

Received: May 31, 2019 . . . . e .
Revised: July 02, 2019 Keywords: Antagonistic bacteria, Bacillus subtilis, Biological control agents, Brown spot,

Accepted: July 11, 2019 Sheath rot
© 2019 THE KOREAN SOCIETY OF MYCOLOGY.

This is an Open Access artide
BY__NC distributed under the terms of

the Creative Commons Attribution Non-Commerdial L‘I E

License (http: //creativecommons.org/licenses/by-

nc/40/)which permits unrestricted non-commercial A2 1Y ot 309 0] W AlrEol AdFH sk AlAIA 71 525 2= 5 shuolH, &5
e dhton andepodidmnAY T gaelolls RolRThF28 F RS F Sk T o) YA Bl BYL vo] BE A

provided the original work is properly cited.

The Korean Journal of Mycology 2019 Vol.47 259



Ryu et al.

R, ol A 7)1 e e 't 5 of2] 8Rlof ol FFE e Ao A QU1
E35] Al 2 A% 717t 5 Dok 4 Aoh= HiolH A, A, 3350] E s S 22 o F
Falf Q1Atol] ogt FgFo] - 2w, Hyalje] ms= Tt o] AR QIS 57tke] Azt
&4 fH ol Qjoll = ol 214 0 2 Wsh= 2 AlE e Fgol7H ks HlsAl e
2= (Deoxynivalenol, DON), U2zl (Nivalenol, NIV), A 2&ll+=(Zearalenone, ZEA) 5-2] 50| &
A0f 2h2 24} tiAf 4hEo] QJof) Al FEol XA FEE= fEote AoE AR )l
TH2). PREA 0 2 wjo| A AYch= B/ 3go] tifE-2 Yol oAt A S Y oA 45t

G o] E 2AH R Aega QL B 7P 2 wjslE Fe loR dE
Cochliobolus miyabeanus, Bipolaris oryzae, Curvularia lunata ‘5-°0] =+@]ojlA] 24| Q] om[34], =+
oMM C. lunata?} AR FEHH O 2 Q1% o]Ato] nhg A2 Uo7 = HAF =M o]Af 4
A2 QI fgtef 215t Bl An|uh Zn] S7t= o] 4 |5} 55 of|sto] B o] AlnkEHy
etk B QITHS). B3, Sarocladium oryzae 2 Q15l o= B YN H2 3~85%9]
T SAN SR AEY 9 JFS AaATe SA Yoz S B A =71l A

o
:
]

Mo &N & rr

T 20 THTT W
3 BobE 7|28 o SobA W & o] 8o Al S +-3skal /lrhe).

71878 wof2 4% A= Hgsie] BabaQl A 5l Ajate] 7| ook nFst o] whg
A7tel REA ke A 7he sl o= F o) A S B ALESkE olg 4 3l
= AR FAAZ ARG AL leh7). SEAIRE F o= RIFstal F et {719 w2kl
AR Qs P L9, S 544 AP A= BshE T 5 B2 A2 /o,
FE TV Aol ek, A 54, WA S 22 W 737 Aollel gt A7t

z|Zoll= S WA W F -80S 283 =5 WHAol g
7h R3] a glo = 218 3
A= 2ol 9ol A& B evte] 52 Aslishe Y 28 11], A& el 718= 58 YA
=50]9] A5 Aol 24812, n= 437l 2ot
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BE|Fo) Hj2e] a4 T4 242 H-a4 Bl a i (cellulase), FHEIA E5Y & A (protease), T & &
Sl & A (amylase), 2-FTAFC] = 8l & 4 (B-glucosidase) S TH/d 22 AAISHIT, Cellulase, protease,
amylase 84 B/ S4S 9|0l Z}2te] a4ef Soldog vh3ah= 7] /d& carboxylmethyl
cellulose (CMC, JUNSEI chemical Co. Ltd., Tokyo, Japan), skim milk (Difco™', MI, USA), soluble starch
(JUNSEI chemical Co. Ltd., Tokyo, Japan)S- ZF2Z} 1%, 2%, 1% H3-0F 214 ot vl 2] S | 25}
well diffusion 'R &l S5k 2 2] 0] A2 84 B4 S42 flote T 2 =Y
£ LB YA Hj 2ol 4F3F £ 30°Col|A] 27F K& vl SFAL 13,000 pmoilAf 30427 4225t
i S5 Bloto] 2A]ofl ARESHITE. ZH2te] a4 2Hd S uljA]ofl 2l 5 2H2ke] vy
% /35BS 0.45 pm syringe filter (Sartorius, Frankfurt, Germany) 2 Al|=# 3t F 100 pLE- 217 6 mm2)
wellof] 252501 30°Col|A] 18AI BEGAIZ] & 2k2ke] Rolle2 Frgghe] 442 SA45to] A
ST B-glucosidase 29 2] =72 1% esculin (Difco™, MI, USA)Z} 0.5% ferric ammonium citrate
(JUNSEI chemical Co. Ltd., Tokyo, Japan)g 7d7}5to] A2t LB LA Hij2|of] HF-5ko] 37°CollA]
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Siderophore M= £H
AH 7329 siderophore A8/352] 72 Louden 51719 ®oll w2} blue agar CAS assay= =
5+ T} 60 mg2] chromezurol S (CAS, Sigma aldrich Co. Ltd., MO, USA)YE 50 mLe] -5, 2.7
mg FeCly-6H,0 (Sigma aldrich Co. Ltd., MO, USA)S- 10mM HC1 -8, 72.9 mg hexadecyltrimet-
hylammonium bromide (HDTMA, Sigma aldrich Co. Ltd., MO, USA)E -7~ 40 mLO]| 50 Hlo] &
TolA] etA shar, ZH7ke] 330 §ols 23toto] blue dye -§-H& A|£ 5ol Pttt o2
2 750 mLe] Z-F4=0f| 100 mL MMO salt solution, 32.24 g PIPES (Sigma aldrich Co. Ltd., MO, USA),
15 g agar (Difco™, MI, USA)E 351510 pH 682 ZA$H & 119t Hdtslal 50°C2 YZsh & 30

mL2] 10% casamino acid (Difco"™', MI, USA)2} 10 mL2] 20% glucose (Sigma aldrich Co. Ltd., MO,
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HZ A F3F9 16S rRNA 9714 Y9 245 959 universal Z2}o] ™Sl 27F
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o] SHAE ZE T ZZ g pCR AHE-2 QIAquick PCR purification kit (QIAGEN, CA, USA)E AH&-
Sto] HAstaL FErtaEAlol o]=lsto] A71M DS sttt A7141 L2 chromatogram: ©]
85} gap= 2|43} S 5 National Center for Biotechnology Information (NCBI)Ol|A] A€ 2] A&
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A E ABE o] 242 MEGA 7.0.26 program=- ARE3! o:] E—Ma}oﬂguq Tamura-Nei 22| 7]
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Table 1. Extracellular enzyme activities of the isolated strains

Clear zone diameter (mm)

Strains Protease Cellulase a-Amylase P-glucosidase activity
JSRB 22 10.0 9.0 11.0 .

JSRB 46 10.0 7.0 10.0 +

JSRB 58 11.0 10.0 9.0 -

JSRB 66 15.0 11.0 13.0 +

JSRB 97 12.0 9.0 9.0 -

JSRB 101 9.0 8.0 18.0 +

JSRB 177 150 13.0 15.0 +

JSRB 179 14.0 12.0 12.0 +

JSRB 185 11.0 11.0 10.0 -

JSRB 193 10.5 10.0 11.0 -

*-, No formation of clear zone or no activity.
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siderophore®]] 2J5f 115= JHtof| et ®A| SatE Zh=rthe Ha23]9F 115 7R of| oigh
" @35 Hol+= B. subtilis R2-1°] siderophoreS AJ/dSHth= B a1[24]0]] 0] o] Ho} St 5
%9 Bacillus S Xt 55t siderophore A/d 0.2 Q15 AJE5H4] WA A 249 G+ 71 7102
7|t

o] Hald STolof cHzt 2El= 2y

A2 27 29lol ZAIB}IL 9l Tl Zo] 49 29 Rglol PR U 40] §45 FHslo]
A2 A7o] Tol}aL, B4 Z o] AABHS cellulaselt chitinasedt 22 Al Ze] EAR Qls}o] 2
A U EAfsHs A0S el Ee) e olrsto A HEo] AR S ZUSHE olg
2 aystol Al HeUFI A WAV} Qo] BuE|TH2s] webd, %A AEE HlEe] &
4 o] 943 s%0] BalRg oo wollx] wwlshAl wAlste Attol Qjee S
o] ey Zapolo] gt AF BAS ST T MK Thxulk B3 AH8A
A 2R ZAE 23, A Hel B 5% 2 4 A FLIS] AR C. mpeanas

l AttEr o] RIS C. lunata, AN 2] LU S. oryzae
5 350l tigt Pt EdS 2L UAATHTable 2). ©1+= B. subtilis”F ¥ =W 2] A #<1
Magnaporthe grisae PB1°]| that 10 mme] #J5l] 2442 B ith= BEA126], B Y FLntEH 2]
Mo 22|t B. subtilis SI-27} 2] =W+t Pyricularia oryzae2} =118 1+t Rhizoctonia
solani, 7TWA F-E] % Q1591 Bipolaris maydis2} C. miyabeanus©]] ths}d 10 mm ©]/32] {3l &4d
2 Hoirt= H719t Yx|eteict Yuby o 2 AlE A Qalldol tist AEEH B &
A5 = 52 B. subtilis, B. thuringiensis, B. licheniformis, B. brevis 5-0| 0] &% Qo™ E35
B. subtilis2] 3+ Z/Jol| thet A7} 71 o] Bars| 3 Qlrt. ﬂXlDPZﬂJW}ZH A 23
H2o| B o]e]e] A-Fof tigh Hiro|al, AR 0 2 Fh=lof| 7] ZH AFE Al 2helQl B2
A=8H] HAl|of] tigh At Aibe ohd )55k A7g o]t 28], whaka] obA ARt 539 &
T ISRB 177 w52] 737 A Hare Ak AakE} ] alstol = 9t rlat B/d 2 2L 9

Table 2. Production of siderophore and antifungal inhibitory activity against the phytopathogens by
selected strains

) Clear zone diameter
Fung! JSRB46 JSRB66 JSRB101 JSRB177 JSRB 179
Sarocladium oryzae ATCC 64086 * ++ ++ ++ Tt T
Curvularia lunata KACC 40392 * - ++ T S T+
Cochliobolus miyabeanus ATCC 44560 * + + 4+ —+ +
Production of siderophore b + + + + i

*+, A degree of inhibition of fungal growth by tested strains: -+, inhibition zone of 1~10 mm; ++, 11~20 mm; +++,
>20 mm.
°+, Production of siderophore
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£ 7102 sjolsjol, vjo] ALZ WY RolE OIS I3 BB YA B8] 91

%] A3 ISRB 177 7532] 16S rRNA /-3 G714 E 4] A+ 0]-8-5F0] NCBI nucleotide
BLAST searchS 43319100, GenBankol| 52 EZ 7329} 97|49 A5AS vl &
A skoltt ¥7] A E 9] alignment 1440l AFE-SF parameter X option2] 42 protein weight matrix
2 Gonnet seriesE A-8-5+].0.™, gap opening 15, gap extension 6.66, delay transition weight-= 0.52
75231, gap penalty 5, K-tuple size 2, top diagonals 4, window size 42 750 X851t 1
A3} 2% A JSRB 177 (1537 bp, NCBI Accession No. MN121128)+= Bacillus subtilis DSM 10"

(AJ276351) L NRRL B-23049 " (AF074970)2} 99.8%, 99.4%2] 9-AF-S LFERNSITE 165 rRNA &
2} 9714192 B2 Maximum Likelihood method S AH8-510] 1542 24519 21 Fig. 1), ]
£0] N2/ 522 9 boostrap 241 10008] AAsle] A2 BAAIZT HE A2
U/ T80l YETHA YAAE 15 7-& n 2= AL ISRB 177 - Bacillus subtilis
JSRB 1772 574513}

Bacillus subfilis DSM10 T (AJ276351)

JSRB 177

Bacillus subtilis NRRL B-23049 7 (AF074970)

Bacillus subtilis 168 T (NR102783)

Bacillus methylotrophicus ATCC 14581 T (JTKJ01000077)

Bacillus methylotrophicus CBMB 205 T (S001239910)

Bacillus amyloliquefaciens subsp. amyloliquefaciensDSM 7T (HQ231913)

23

8 | Bacillus amyloliquefaciens subsp. amyloliquefaciens 155357 (AB325583)
Bacillus atrophaeusNBRC 155397 (AB363731)
Bacillus atrophaeus JCM3070 T (AB021181)

Bacillus licheniformis DSM 13T (KX785171)

Bacillus licheniformis NBRC 122007 (AB680255)

Bacillus sonorensisNBRC 101234 (AB681416)

87 L Bacillus sonorensisNRRL B-23154 T (AF302118)
Bacillus coagulansATCC 70507 (DQ297928)
100 I— Bacillus acidiproducens SL213 T (EF379274)
Bacillus anthracis ATCC 14578 (KC020169)
100| Bacilluscereus JCM 21527 (AB598737)

g' Bacillus cereus GTC 02826 T (AB59249)

100

—
0.0050

Fig. 1. Phylogenetic tree based on nearly complete 16S rRNA gene sequences of strain JSRB 177 and
Bacillus type strains. JSRB 177 showed the phylogenetic position similar to B. subtilis type strains.
GenBank accession numbers are given in parentheses. Branching pattern was generated by maximum
likelihood method. Bar, 0.005 substitutions per nucleotide position. Bootstrap values are expressed as
percentages of 1,000 replicates.
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83512 2ot 212 2015 THTable 3). 3}, API ZYM kit ©]-8-5F0] JSRB 177°] AJAtsh=
G 4of tist =% A3} esterase C42} esterase C80]] thoho] 735 &AdS 231 Q110 o]Q] ¢, B
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Table 3. Carbohydrates assimilation of Bacillus subtilis JSRB 177 by API 50 CHB kit

Enzyme' JSRB 177  Enzyme JSRB 177
Control - Esculin +
Glycerol + Salicin +
Erythritol - D-Cellobiose +
D-Arabinose - D-Maltose +
L-Arabinose + D-Lactose +
D-Ribose + D-Melibiose +
D-Xylose + D-Saccharose +
L-Xylose - D-Trehalose +
D-Adonitol - Inulin +
B-Methyl-D-xyloside - D-Melezitose -
D-Galactose - D-Raffinose +
D-Glucose + Starch +
D-Fructose + Glycogen +
D-Mannose + Xylitol -
L-Sorbose - Gentiobiose +
L-Rhamnose - D-Turanose +
Dulcitol - D-Lyxose -
Inositol + D-Tagatose -
D-Mannitol + D-Fucose -
D-Sorbitol + L-Fucose -
a-Methyl-D-mannoside - D-Arabitol -
o-Methyl-D-glucosamine + L-Arabitol -
N-Acetyl glucosamine + Potassium Gluconate +
Amygdalin + Potassium 2 keto-gluconate -
Arbutin + Potassium 5 keto-gluconate -

“+, utilized; -, not utilized.
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Table 4. Enzymatic activities of Bacillus subtilis JSRB 177 by API ZYM kit

Enzyme' Bacillus subtilis JSRB 177
Alkaline phosphatase -

Esterase (C4) +H+

Esterase (C8) +

Lipase (C14) -

Leucine arylamidase -

Valine arylamidase -

Crystine arylamidase -

Trypsin -

a-chymotrypsin -

Acid phosphatase -

Naphtol-AS-BI-phosphohydrolase +
o-galactosidase -

[3-galactosidase -

f-glucuronidase -

a-glucosidase +
[-glucosidase +
N-acetyl-p-glucosaminase -

o-mannosidase -

a-fucosidase -

4, utilized; -, not utilized.

58
H o] 7 Frf e} M-S o] QIR Cochliobolus miyabeanus2} Sarocladium oryzae©l| 2
3l Ly = m, 7] e g o] o] Atol| A 739 Curvularia unata©]] 2]l o] AfmpgH o] 712 &
Wal i 13 BEele] F419) el 4319 71 1 4] F Afslel 22 £412 Zelelol A
AR 02 1 Al oAt 2 BAZ B M0 2L Azket BAIS Zefelck, nreb, ofefet
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