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Siderophore

FE75E King's medium B (protease peptone 20 g, glycerol 10
ml, KH,PO, 1.5 g, MgSO, + TH,O 1.5 g, pH 7.2) 40 mlof| A 48417
Bt wokect, AR 919wy °§QE;§ 12,000xg0ll A 15871
AR H, A5 05 mlT chrom azurol S (CAS) reagent (10
mM hexadecyltrimethylammonium 6 ml, 1 mM Fe,Cl, + 6H,0 1.5 ml,
2mM CAS solution 7.5 ml, piperazine-N,N'-bis[2-ethanesulfonic acid]
43 g, 12 M HCI 625 mi& S+ 5 2F 737} 1,000 mlo] &
E% SFTE W7D 05 mbE 208 S whA7)a, AREC]
BRG] Aol 10,000xgoll A sEZE 4lE-Elsted 400 nmellA &
) = z.x%—g}gaq.{g, 18).

RIS ol i F FEde] pHE 298 BT 7, A
Eakal ethyl acetate® FE39Ct % $A4E 50 ml conical
tbeo]] VFFo] ©al A2 (3,000%g, 30 min)3 F A9 ethyl
acetate 5 mi%} Hathway YH3-890(0.1 M2] HCIE o] &3} o=
0.1 M&] FeCl, 4 1 ml7} 0.1 M9 potassium ferricyanide 1
mb& FFHF 100 mie]l H7h 5 mig ¥hg, 20% o] 700 nm
AM FF=E =43 k2 dihydroxy benzoic acidS ©]-8-5}]
e BEF0 Y3t FHIATH6).

Hydrogen cyanide

E2]5E Tryptone Soy Broth (TSB) 40 miol “g4=£3}e 30
°Coll A 447 WSkt 10%0.5 em®) ¢4#-2)(Whatman No. 3)
£ 10% alkaline picrate S-Hof] Z4l F 24A)7F Tk AF2ofA

AFA)F)3L, TSBo wigolr] 48217t Eot wijakalsict. o]
g AAAE AWA] 2L conical tubeol] E2, SHS 10 ml
& A718k] 1083 200 rpmold mwHe 9, dalEelsn 4%
A THALE 625 nmolA EFsHA

B-1,3 -Glucanase activity
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B2 TS 02% laminarin-peptone A} WA (glucose 5 g, peptone
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5 g, laminarin 2 g, K,HPO, 1g, MgSO,7H,0 05g NaCl 5 g, 5
£ 1 Ll HE3sbed 30°CelA] 497 widgict, EeldF]
%ol 2087F 9E-E(12,000xg, 4°0F F, FFH 025 mit
1 mM phosphate buffer (pH 5.5) 03 ml, Z& 3 02% laminarin
05 mi& 47 EFsled 40°Ce] BFeF2olA 24752t ¥hEA]
71 & dinitrosalicylic acid (DNS) methodZ ©] 5} laminarin
o] BafElo] MAE gucose®] W& FHBIRE. B3 Bradford
methodS o]&-5to] Al 79| Tl dHS HRFSIITH(14).

Chitinase activity

HE|7E 0.2% chitin-peptone medium (glucose 5 g, peptone
5 g, colloidal chitin 2 g, K.HPO, 1 g, MgSO,7H,0 0.5 g, NaCl
5 g 75 1 Lol HFsH 30°calA vt BT o
UAL 12,000%g, 4°ColA] 2087t AAERF H, 843 F5
025 ml¥ 1 mM sodiom phosphate buffer (pH 5.3) 0.3 mi, I
21 0.1% colloidal chitin 0.5 mi& 224 Este] 50°Cel|l A 4
A|7H50 BH-A17] 2L, DNS methodE ©]8814 chitino] ¥-3% o]
AAE glucose®] &g ABIHATH
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9] & YA TFES 40 pM/ml W) siderophoreZ AAFS}
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< RFO41 T57} 484131l 2o 24.2 uM/mls: WeRi o, o]
A& PSSETE oF 4u)) Ak #& AMAES YeRlT 9thFig.
2). 21y o] Axk= David 52002)2] AFolA wjekeldl] Fe-
EDTAZE A& ¥ Pseudomonas mondocina7t ¥ 6 mM/LY]
siderophoreZ AHA33+ Aol vla] v 2 o] IS B
Aot ole T el Bag WA Ul FeD®] sXol whet
siderophore®] AJ/3%5 Zto|7h & ZARRE Bald)e} Yx]shH,
£ dAFolA o8& ujA|o] Fe@DE A7FHA, T B2 e
siderophore®] 448 F =& 4= glezlel AlgH ) Siderophores
T2 hydroxamate®} catechol THZ -7 9= .21, catechol
T29] siderophore’t I IS VERE 8 2R gy
A A}, o] FFoll £EE = O} siderophoreR T Pseudomonas
sp7F A2¥8= pyrochelon, pseudobactins® pyoverdines®] 1.
21 5-0] A9 AAS AFA|F]I= siderophore-positive TTE0]
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Fig. 1. Siderophore production by Bacillus isolates after 4 days of
incubation in King's B medium.

production (uM/ml)
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Fig. 2. Production of catechol group siderophore by Bacillus isolates in
King's B medium. Symbols: ( Il ) PS2, (< )PS4, (O )PS5, ( A)
RFO41, (O ) RFO42
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Table 1. Quantitative assay of hydrogen cyanide production by
isolated bacteria.

Absorbance at 625 nm*

Isolates Qualitative assay (1 unit=0.001)
PS2 ++ 1743
PS4 + 312
PS5 + 3+1

RFO41 ++++ 714

RFO42 + 7£3

# Data represent mean of four replications

Bacillus sp. PS5, 7V & #HF+= RFO410]1eH, 2 A4
5% B2l PS50 HCN A4sel il dhd ez vng dx
E Table 19 qualitative assay® JERJATE E3F FE-eld57)
A= HONO 98] =ehAl 9] alkaline picrate §2o] 240
2 Wahe Y=g oIl HONS AFEAE Al=s 27,
625 nme] FFEo)A RFO41 TF7} 7P & HON B5E
VFERATE Meena 5200102 &F 1052] Pseudomonas fluorescens
(PHE ©]&3ld HONS TS veplidet, 7 =&
HCN AA%S Jehd Pfl 759 2%, FE= 625 nmollA] 7.3
wmit®] HONS AAskgch o]} Hlms), ¥ d7aA £
Bacillus sp. PS29} RF0419] HCN 450 Wi$ =25 ¢
At} 12 HON9| 75, B F3ol9 7I1F A& F7l
g} ZAATre] A4ksh= HONel| 23] o] Aafise Axs
t=7] i & o telglt 715 AEe Feste AEHes
A7 Favh Avho). =3 Al 93 HONS| A5
glycine®] 37} 5ol whe} ZA Zolrt $A=H|(10), °l= HCN
o] mlAYE] &g glycine®] HALRA A FE AY/JE7] W&ol
zyzke] B-gldFol 23k HONS Hu} AA5S AR ] s
T F7HE J77F I ojof & ot}

Chitin®} B-1,3-glucand FFo]e] MEH] FHECZ o]F
23| 4= A& chitinase?} B-1,3-glucanase= FF T EFE
Uehd 5= ok B Aol Eeldd= 25 B-1,3-glucanase®]
WA S-S ZhAat 1 B4 & Aol eI e
PS2E 319.1 pM min" mg protein?®] B-1,3-glucanase 45
viebdsE) Bl8] PS5 1024 uM min' mg protein'®] A5
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Fig. 3. Specific activity of B-1,3-glucanase of Bacillus isolates after 4-
day incubation in 0.2% laminarin-peptone medium.
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Fig. 4. Chitinase activity of Bacillus isolates in liquid culture
containing 0.2% colloidal chitin.

B ThFig. 3). 38 B-1,3-glucanase B4 ST} §ALSH 2
O chitinase B2 AT A7 PS29+ RFO41= T2
colloidal chiting A 2|39& W 242+ 71.29F 64.3 UM min’ mg
protein] glucoseS WA 3}91 W, PS5% &o] F Tl ulE)
oF 2 ti#] 3uf 9] B TS JElIthFig. 4).
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Pseudomonas  fluorescens MDU29|  [B-1,3-glucanase 43 Wt}
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o] A} oo} wolgl yxjo) A 27 AR 9l
O W(5), Bacillus cepacia®l 213+ B-1,3-glucanase’™= chitinase.t}
A=A

U e R

FF-O|(Rhizoctonia  solani,
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Fig. 5. Growth inhibition of F oxysporum (upper stream) and P
infestans (lower stream) by Bacillus isolates in pairing culture on
potato dextrose agar medium after 3 days of incubation.
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Hisl g7luA 4o sl ¥yl il ses g
Fig. 1, 3, 4), & o} 74 B (cellulase, salicylic acid %)
of AH8E oS 4 loug ARl AT el oisk
A5 o & Aot

Sk 51999y R WAl Promicromonospora  sp.
KH-28& g&ste] 248 A ATl tigh Asig xjols =
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Fig. 6. Growth inhibition of P, infestans (open bar) and F. oxysporum
(closed bar) by Bacillus isolates after 7 days of co-incubation in PDB
medium.
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olell Wg AaAEo] U= B. subtilis KMU-132 ©]-&8}
Botrytis sp., Colletotrichum sp., Diaymella sp., Monosporascus
sp. 5 ookl ZE WA Tgols gt FAFA s
el Ba)E B3A, & 979 BeldF E3 P infestasns
S} F oxyproum ©1919] BAA Fgolo] gt 29742 e}
3 Rojgta Add 5 Ak
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ETTF T PS2, RFO419 theh o]§ 715AS Fotdt 4= I
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WA skl FATAH BA] BTl tig ws ) 58
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Fo )3 WYy Fgole] YT LAE Yok T o)
o S, A% 99 FPold 84S ANY 5 A 9
4 EHE B AT 2ARE B o]9)o % cellulase, salicylic
acid 5°] 0E=2(20), o9} 22 FTA EH) TS F
ooz zAEle] o 4 47 vk Bavt o

HAle o
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ABSTRACT : Production of Antifungal Materials by Bacillus sp. Which Inhibit Growth of Phytoph-
thora infestans and Fusarium oxysporum
Kang-Hyeong Lee and Hong-Gyu Song” (Division of Life Sciences, Kangwon National Uni-
versity, Chuncheon 200-701, Republic of Korea)

Late blight, one of the most important disease in many agricultural crops, is caused by Phytophthora infestans.
Fusarium wilt is a vascular disease of many plants caused by Fusarium oxysporum. Some bacteria isolated from
rhizosphere were screened for their ability to inhibit the growth of £, oxysporum and P, infestans. Productions of
siderophore, [3-1,3-glucanase, hydrogen cyanide and chitinase by 4 isolated strains were examined. Among
them, Bacillus sp. RFO41 most effectively inhibited the growth of F oxysporum. The highest productions of
siderophore and 3-1,3-glucanase were shown in the culture of Bacillus sp. RFO41. Bacillus strain PS2 was most
effective against P. infestans. PS2 showed the highest production of chitinase and hydrogen cyanide. A sig-
nificant relationship was shown between the antagonistic effects of isolates against F. oxysporum and P
infestans and their production level of siderophore, 3-1,3-glucanase, hydrogen cyanide, and chitinase.



