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CH S PGPRTFE Bacillus licheniformis K110| 44t5hH=
iXIZM Siderophore?| X2t S

Purification and Characterization of the Siderophore from Bacillus licheniformis K11, a Multi-func-
tional Plant Growth Promoting Rhizobacterium. Woo, Sang-Min, Jae Uk Woo, and Sang-Dal Kim*.
Department of Applied Microbiology, Yeungnam University, Gyeongsan 721-749, Korea - Previously, we iso-
lated plant growth promoting rhizobacterium (PGPR) Bacillus licheniformis K11 which could produce auxin,
cellulase and siderophore. The siderophore of B. licheniformis K11 (siderophoreyg ;) was determined to be a
catechol type siderophore which is produced generally by Bacillus spp. B. licheniformis K11 could produce
the siderophore most highly after 96 h of incubation under nutrient broth at 20°C with initial pH 9.0. For the
production of the siderophorex;, trehalose and NH,Cl were the best carbon and nitrogen sources in Davis
minimal medium, respectively. The siderophorex;; was produced in M9 medium (pH 9.0) after 4 days at 20°C,
and purified from culture broth of B. licheniformis K11 by using Amberlite XAD-2, Sephadex LH-20 column
chromatography, and reversed-phase HPLC. The siderophorey,; had the biocontrol activity against spore ger-
mination of P, capsici and F. oxysporum on potato dextrose agar (PDA). The results indicate that the
siderophorey; is an antifungal mechanism of B. licheniformis K11 against phytopathogenic fungi.

Key words: PGPR (plant growth promoting rhizobacterium), siderophore, catechol type, Bacillus lichenifor-
mis K11
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el 7] B8-S JAIS= siderophore 18] A E
o] cellulose® T4 AEHAAR 2o A2 S F3l3)
X cellulaseE 340 AAFS}E= plant growth promoting
thizobacterium(PGPR)&52 WS Bacillus licheniformis
K11[14]l 28} HBALEE siderophore® A A|8}3, AA€
siderophoreel] 98t oJ2] 712} AEHUA A7 &L o
AT = e AT AL Fgelsin

WE ¥
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B Aol AM-E 1= AEAA F3 32241 auxin
A4 Ao Y8S JAISHE siderophore 718|312
cellulaseZ AYAF8Ye= B. licheniformis K11 d5-°|c}H14]. B.
licheniformis K110 AJAFsl= siderophore?] typed] &el-2-
Arnow assay[2]9} Csaky assay[7]= catechol type3}
hydroxymate typeS- #l3}3ct. Amow assay ¥ [2}2 B.
licheniformis K112 TAE A A8 viF 5 1 mief| 0.5
N HCI 1ml, nitritz-molybdate reagent 1 ml& H7} ¥ 1
M NaOH 1 mlE #7}8led 510 nmell M F3=8 SA439]
©}. Csaky assay[7] GA] TAE A A8 widd5d 1
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3| 5led 2, o17]2] 3 ml sodium acetate solution, 1 ml]
sulfanilic acid soluion, 0.5 ml iodine solutionS 22+ A7}
3}od 3~5% ¥ 1ml sodium arsenite solution, 1 ml a-
naphthylamine solutionS 3 7}8l1 vix|2o2 [0 mle] &
8 H7plked 20-308 ¥R F 526 nmel X SRS S
AetAct. Amow essay@t Csaky assay 23 A] BA|eke
Sigma-Aldrich Co., US.A. A}2] 2,3-dihydroxybenzoic
acid®} hydroxylam ne-HCIE Z+-2 A8-51%ic).
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0.05% sodium citrate:2H,O, 0.01% MgSO,7H,0, 0.1%

glucose)s glucose®} (NH,),S0, T4l 10714 =243} 16
71219l A4&LE 47 0.1%E ZA7FEE Davis minimal
medium 100 mlol] A ¥} Fst B licheniformis K11 0.1%
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6.4%, KH,PO, 15%, NaCl 0.25%, NH4Cl 0.5%) 200 ml,
IM MgSO, 2ml, 20% glucose 20ml, 1M CaCl, 0.1 ml,
total 1 L)YE pH 9.022 XA 3sle] 20°ColA] 4 T2t wiof
F 4°C, 6000 rpmoi|A] 3087t dAlEe] st A E AA
3kt Al 6 N HCIE #7138k pHE 258 A%
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AE 5N WAL FARL ARSI, A5
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N HCIE Agv}. 2 F 100% MeOHZS ©]-&3l siderophore
& Soqych. HodW MeOH: ZF553te] MeOHE 171
skar A%ke] MeOHE- 2¢] siderophore® 31t 3
8} siderophore:= sephadex LH-20 column chromatography
oA 23] Ee]slg] o, B HF-9E HPLC(C)s reversed-
phase column, elution with methanol-0.1% phosphoric

acid 1: 1, flow rate: 2 ml/miny& E3} &elsticH30].
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B. licheniformis K112] siderophore A& CAS(chrome
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Table 1. Characterization of the siderophore produced by B.
licheniformis K11.

. €AS liquid Arnow Csaky
Strain 1 2 3
assay assay assay
B. licheniformis K11 0.219+0.012* 6.5+ 0.7 0

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 Payne [28].

2The presence of catechol type siderophore was detected at 510 nm
by the method of Arnow [2]. The value is the concentration of 2,3-
dihydroxybenzoic acid equivalents (ug/L).

? The presence of hydroxamate type siderophore was detected at
543 nm by the method of Csaky [7]. The value is the concentra-
tion of hydroxylamine-HCI equivalents (ug/L).

* STD : Standard deviation.

AA st o A3 B licheniformis Kll1o] AAFst:=
siderophoret= catechol type2] siderophoreZ AJAFsl= 7.2
2 Eelalgieh(Table 1). o1& AF7HA Q=2 Bacillus sp.
o] AARkL B31[12, 139 catechol typed] siderophore
= AR Aoz AzbEe
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B. licheniformis K112] wiok&X7} siderophore2] A§Akel]
A= ofekS Eqlat A, #o AL 30°CeM AR B
%A1 5L, siderophore®] AJARE 20°Co A 7} ke (Fig.
1. Z22]a vjeF A)7kel w2 siderophore®] AR 96 h ul]
F A I wken, & S-S 72 howiek Al HNE et
Welth(Fig. 2). L83 B. licheniformis K112] pHel w}&
siderophore2] A4S 1371818l pH 3.0~pH 11.07}A4] %
Z % nutrient brothell 30°Cel A 49 7F Wik F A-8-3
siderophore 12]31 3}x174 FAYEA ] AYARS 2A}et 4
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Fig. 1. Effect of temperature on cell growth and production of
the siderophore from B. licheniformis K11. @ : Cell growth, B:
Siderophore, &: Final pH.
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Fig. 2. Effect of culture time on cell growth and production of
the siderephore from B. licheniformis K11.@ : Cell growth, l:
Siderophore, A: Final pH.
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Fig. 3. Effect of pH on cell growth and production of the sid-
erophore from B. licheniformis K11. @ : Cell growth, l: Sidero-
phore, A: Final pH.
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Table 2. Effect of carbon sources on the production of the siderophore from B. licheniformis K11.

Carbon Sources! Cell Growth (600 nm) Siderophore (pg/ml)? Specific productivity’ Final pH

Control* 0.124 £ 0.010 2.54+£0.32 100.00 7.509 £ 0.037
Trehalose 0.694 + 0.013 7.08 £0.48 49.80 7.388 £ 0.017
D(+)-Galactose 0.347+£0.018 444 +£0.32 62.47 7.444 £ 0.010
Dextran 0.196 + 0.008 423 +0.48 105.36 7.486 +0.012
D(-)-Fructose 0.222+0.019 4.12+0.32 90.60 7.424 + 0.038
Mannitol 0.167 £ 0.026 297+0.18 86.82 7.412 £ 0.024
Lactose 0.274 £ 0.020 2.96+0.18 52.74 7.374 £ 0.044
Mannose 0.092 £ 0.013 2.54 +£0.55 134.78 7.427 £ 0.026
Sucrose 0.185+0.013 2.32+0.18 61.22 7.397 = 0.009
Starch corn 0.478 £0.012 2.11+0.18 21.55 7.342 + 0.038
D(+)-Maltose 0.360 £ 0.019 2.11+0.17 28.61 7.435£0.019

ICarbon sources (0.19%) were added to the basal medium (0.7% K,HPO,, 0.2% KH,PO,, 0.1% (NH,),S0,, 0.05% sodium citrate-2H,0,

0.01% MgSO47H,0).

2The value is the conczntration of 2,3-dihydroxybenzoic acid equivalents (ug/L).
38pecific productivity = siderophore (ug/ml) / cell growth (600 nm). Control settled on standard.
“Davis minimal medivm (0.7% K,HPOy, 0.2% KH2PO4, 0.1% (NH4)2S04, 0.05% sodium citrate-2H,0, 0.01% MgS04:7H,0, 0.1% glucose).

Table 3. Effect of nitrogen sources on the production of the siderophore from B. licheniformis K11.

Carbon Sources Cell Growth (600 nm) Siderophore (pg/ml)* Specific productivity Final pH
Control* 0.199 + 0.004 1.91+£0.52 100.00 7.386 + 0.063
NH4Cl 0.222 £ 0.010 3.99 + 0.90 187.26 7.374 + 0.068
Tryptone 0.492 + 0.006 3.41+0.76 7221 7.568 £ 0.049
KNO; 0.356 £ 0.010 333+ 1.44 97.46 7.440 £ 0.072
Urea 0.195 % 0.008 3.00 £+ 0.66 160.29 7.789 £ 0.010
Yeast extract "0.428 £ 0.025 3.00 + 0.68 7.30 7.421 + 0.089
Proteose peptone No. 3 0.254 £ 0.006 2.66 £0.38 109.11 7.526 £ 0.007
Bacto peptone 0.364 = 0.013 2.66+0.76 76.14 7.480 £ 0.016
Alanine 0.243 £ 0.021 2414052 103.33 7.510 £0.017
Beef extract 0.635 + 0.008 241+ 054 39.54 7.620 + 0.029
Malt extract 0.356 + 0.006 233 +0.38 68.19 7.421 £0.014
L-Asparagine 0.233 £ 0.010 2.08+0.29 93.01 7.741 £ 0.007
(NH,),HPO, 0.285 £ 0.012 1.91+0.52 69.83 7.449 + 0.037
NH,H,PO, 0.175 £ 0.022 141+0.14 83.95 7.270 £ 0.046
NaNO; 0.3300.010 1.08 +0.14 34.10 7.301 + 0.020
NaNO; 0.389 £ 0.031 1.00 £ 0.25 26.78 7.515+0.016
glutamic acid 0.259 % 0.009 0.83 +0.29 33.39 7.702 £ 0.053

Nitrogen sources (0. %) were added to the basal medium (0.7% K,HPO,, 0.2% KH,PO4, 0.1% glucose, 0.05% sodium citrate:2H,0, 0.01%

MgSO4-7H20).

The value is the concentration of 2,3-dihydroxybenzoic acid equivalents (ug/L).
38pecific productivity = siderophore (ug/ml) / cell growth (600 nm). Control settled on standard.
“Davis minimal medium (0.7% K,HPO4, 0.2% KH,PO4, 0.1% (NH4),2S04, 0.05% sodium citrate-2H,0, 0.01% MgSO4-7H,0, 0.1% glucose).

Abe] Z1AF WQIAIY -, o A5 F71A A beef extract 3
7}A 7F E9hk3, NH4Cl, tryptone, KNO; <22
siderophore®] AJAte] FUTH Table 3).
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Aol A el st (Fig. 5). AAY siderophorex S P
capsici®} T A}(zoospores)et F oxysporum & FA T A}
(conidia)’} =2F PDAel| oJA] discE o]&-3] I} o}
A 5S Fealg 4 AU KFig. 6). Catechol typed
siderophore¥ 52. Bacillus sp.ollX A= A o2 Bl
Hojgler, o] 52 2. 2 3-dihydroxybenzoateel] Thes} o}
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dihydroxybenzoylglycine¥} 2,3-dihydroxybenzoic acid(itoic
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Culture broth (M9 medium) (A) o
l Centrifugation

Pellet Supernatant

Acidification by HCI (pH 2.5)
Centrifugation

Supernatant Peliet

Amberiite XAD-2 adsorption column chromatography

Washing with 0.2N HCl (B)
Elution by MeOH (2 X 250ml)

MeOH solution

Evaporation in vacuum at40°C
Add Sml MeOH

Sephadex LH-20 column chromatography (2 times)

l

High-performance liguid chromatography
(C,, reversed-phase column, elution - MeOH : 0.1% H,PO,; 1:1}

I 2
Siderophore,,, Fig. 6. Antifungal activity of purified siderophorex;, against
the zoospore germination of P. capsici (A) and conidia germi-
. . . nation of E oxysporum (B) on PDA. Left: Control (MeOH),
produced by B. licheniformis K11. Right: Purified the siderophorei;; with MeOH.

Fig. 4. Isolation and purification procedure of the siderophore
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Fig. 5. HPLC pattern of siderophorex,; purified from B. licheniformis K11. Antifungal siderophorex,; produced by B. licheniformis
K11 were analyzed by HPLC (SHIMADZU Co., LC-10A, Japan), and using a C;3 reversed-phase column (250 x 4.6 mm). Sample (20 pL)
were eluted with methanol : 0.1% phosphoric acid (1 : 1, v/v). The flow rate was 2 ml/min. The siderophorex;, was detected by UV-absorp-
tion at 210 nm.



PURIFICATION OF THE SIDEROPHORE FROM BACILLUS LICHENIFORMISK11 133

trehalose®} NH,4Cl % 7}4] siderophoreE 7} o] A4k}
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