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Bacillus subtilis AH182| 115H Y52} Siderophoresms2l T=EM

Structural Identification of Siderophoresg;g from Bacillus subtilis AH18, a Biocontrol agent of Phy-
tophthora Blight Disease in Red-pepper. Woo, Sang-Min and Sang-Dal Kim*. Department of Applied
Microbiology, Yeungnam University, Gyeongsan 721-749, Korea — The siderophore (siderophoreagis) of Bacil-
Ius subtilis AH18 was determined to be one of catechol type and purified by using Amberlite XAD-2, Sepha-
dex LH-20 chromatography, and reversed-phase HPLC. The siderophoresy1s was identified bacillibactin with
its structure by GC-MS, 'H-NMR, and "*C-NMR. Siderophore s (bacillibactin) had been confirmed its
molecular weight of 883 and chemical structure of (2,3-dihydroxybenzoate-glycine-threonine)s. Purified
siderophoreap s showed strong biocontrol ability towards the spore of Phytophthora capsici on PDA and able
to effectively suppress (55%) P. capsici causing red-pepper blight in the pot in vivo test.
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Fig. 1. Purification scheme of the siderophore from B. subtilis
AH1S.
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Table 1. Characterization of the siderophore produced by B. subrilis AH18.
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Strain CAS liguid assay’ Arnow assay” Csaky assay’ Reference
B. subtilis AH18 0.147 £ 0.017* 49.08 +2.71 0 This study
P, fluorescens GL20 0.092 0 2649 Lee etal, 1999

Strain was grown at 30°C for 96 h in nutrient medium.
!Siderphore production was determined by measuring the decrease in absorbance at 630 nm by the method of Padgyne[37].
*The presence of catechol type siderophore was detected at 510 nm by the method of Arnow[1]. The value is the concentration of 2,3-dihy-
droxybenzoic acid equivalents (ng/L).
3The presence of hydroxamate type siderophore was detected at 543 nm by the method of Csaky[5). The value is the concentration of hydrox-
ylamine equivalents (ug/L).
“Standard deviation.

Table 2. Effect of carbon sources on the production of sidero-

phore from B. subtilis AH18.

Table 3. Effect of nitrogen sources on the production of sidero-
phore from B. subtilis AH18.

Carbon Cell growth . ‘ Siderophore Nitrogen Cell growth . Siderophore
sources! (60§ nm) Final pH {u g})L) somrcgesl (60§ nm} Final pH (n g/i)

Control® 0.387 £ 0.026" 72620012  94+03 Control® 0371 £0.021 7363+ 0006 14.6+0.5
Mannose 0212+£0.018 7.248+0.014 124 0.7 KNO; 0424 £0.014 7276£0.014 4.0x0.1
D(-)-Fructose  0.226 £0.016 7.214 £0.016 11.6 +0.6 NH4H,PO, 0215£0018 7.154£0013 146+04
D(+)-Galactose 0.143 £0.021 7414 £0.011 3702 (NH4),HPO4 0.601 £0.010 7.318+0.011 168206
Sucrose 0220+£0.018 7.221 £ 0.009 15803 NaNO; 0.350+0.016 7.380 +£0.017 3202
D(+)-Maltose  0.245£0.017 7.263 + 0.007 124+ 04 NaNO, 0235+£0.003 7.347+0.026 3.0x0.2
Trehalrose 0.446 £0.021 7.281 £ 0.008 20.8+£0.5 NH4C1 0.496 +0.014 7.21+£0.022 245%03
Mannitol 0.363 £ 0.027 7.232+0.012 329+0.8 Alanine 1.065+0.011 7401+0.015 235x05
Lactose 0.120+0.011 7.401 £0.011 45+04 Asparagine 0.563 £0.006 7.500+0.024 265x0.1
Dextran 0.113 £ 0.009  7.389 £ 0.010 3.0£02 glutamic acid 0576 £0.008 7.170+0.015 143 x06
Starch 0474 £0.025 7.194£0.016 15.6+0.5 Urea 0.555£0.009 7.605+0.023 14.6+06
Amylose ND? 7273+£0014 17608 Proteose peptone  0.640 £ 0.011 7.560 £ 0.032  24.0+0.3
o-Cellulose ND 7.380 £ 0.013 4.0 £ 0.03 No.3
D(-)-Arabinose 0.118 £0.013  7.430 + 0.010 3502 Bacto peptone 0516+ 0.021 7.330:£0015 148+04
D(+)-Xylose 0.240 £ 0.018 7.347 £ 0.007 32+0.1 Tryptone 1156 £0.018 7423 £0.024 220202
'Carbon sources (0.1%) were added to the basal medium 0.7% Yeast extract 0.574+0010 7.623+0.018 9-6£0.5

K:HPO,, 02% KH,PO,, 0.1% (NH4)2$O4, 0.05% sodium cit- Beef extract 0.357 £ 0.015 7.305 £ 0.021 18.6 0.2

rate-2H,0, 0.01% MgSO4-7TH,0). Malt extract 0.071 £0.009 7.357+0014 4203

*Davis minimal medium (0.7% KHPO,, 0.2% KH.PO,, 0.1%
(NH):S04, 0.05% sodium citrate-2H,0, 0.01 % MgSO, 7H,0,
0.1% glucose).

3Standard deviation.

4ND: not determined.

B. subtilis AH182| X ¢ ZX{go} x| &4 &ol

B. subtilis AH18°] ABAF3= catechol type®| siderophore
(siderophoreagis)< AmberliteAF2] XAD-2 column3}
Sephadex LH-20 column2.2 2e] W A A st¢d cHFg. 2,
3). AN siderophoreanse= HPLCHAM 2 £498 3
Q151312 (Fig. 4), A ¥ siderophoreay s = P capsici®)
A (zoospores)”} EHE PDAY] o3A] discE o]-83) E
Apdtol AA5-2- Felg 4= 4)giTH(Fig. 5). Catechol type®)
siderophoret™ F-& Bacillus sppollA AAkeHs Aoz By
Holglem, o] 52 F2 2 3.dihydroxybenzoateel] ThoFs}
obw|xAbEe] AgE FEEo] 9doH, o|FelA 23,
dihydroxybenzoylglycine#} 2,3-dihydroxybenzoic acid(ltoic

Nitrogen sources (0.1%) were added to the basal medium (0.7%
K:HPO,, 02% KH,PO,, 0.1% glucose, 0.05% sodium cit-
rate-2H,0, 0.01% MgSO4-TH,0).

*Davis minimal medium (0.7% K;HPOQ4, 0.2% KH;POy4 0.1%
(NH)»S04. 0.05% sodium citrate-2H,O, 0.01% MgSO4TH,0,
0.1% glucose).

3Standard deviation.

acid) 2837 2,3,-dihydroxybenzoylglycl threonines] %
A Qleh2, 4, 11]. WEtM B subtilis AH180] A Ab3h
siderophore 94} 2, 3-dihydroxybenzoate®] =A% 45
o]},

Siderophoreang2 TEEAM.

Siderophoreays®] &% Quadrupole-TOF MS system
7} NMR spectrums 3] £43t9ich 2 A5 'H-NMR
(600 MHz, CD;0D, 8) spectrumell A3 6.71(1H, t, J=
10.2 Hz, H-3, 3, 3", 6.91(1H, dd, /=9.6 Hz, H4, 4, 4",
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Fig. 2. Sephadex LH-20 gel filtration column chromategraphy
{first) of the siderophore from B. subtilis AH18. @, cell growth;
O, siderophore.
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Fig. 3. Sephadex LH-20 gel filtration column chromatography
(second) of the siderophore from B. subtilis AHIS. @, cell
growth; O, siderophore.

Fig. 5. Inhibition of red-pepper blight causing P capsici
zoospores by purified siderophore,y s on PDA.
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Fig. 4, HPLC pattern of siderophore,ys purified from B. subtilis AH18. Siderophoreag;s produced by B. subtilis AH18 were analyzed
by HPLC (SHIMADZU Co., LC-10A, Japan), and using a Cis reversed-phase column (250x4.6 mm). Sample (20 uL) were eluted (1:1, v/
v) with 100% methanol : 0.1% phosphoric acid. The flow rate was 2 ml/min. There were detected by UV-absorption at 210 nm.
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Fig. 7. ®C-NMR spectrum (600 MHz) of the siderophore,ms,
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Fig. 8. Quadrupole-TOF MS spectrum of the siderophore,p;s.
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Fig. 9. Chemical structures of the siderophore,ms.
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Fig. 10. Growth inhibition of P. capsici by B. subtilis AH18 on
PDA. A, Phytophthora capsici; B, B. subtilis AH18.
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Fig. 11. Suppression of Phytophthora blight disease in red-pep-
per by B. subtilis AH18. Error bars represent the standard devia-
tion of seven replications.
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