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AuxinZ} Siderophore Y&t Cl7|s MWEWXM|T Bacillus subtilis AH18

An Auxin Producing Plant Growth Promoting Rhizobacterium Bacillus subtilis AH18 which has Sid-
erophore-Producing Biocontol Activity. Jung, Hee Kyoung, Jin-rak Kim, Sang-Min Woo, and Sang-Dal
Kim*. Department of Applied Microbiology, College of Natural Resources, Yeungnam -University, Gyeongsan
712-749, Korea — To isolate a bacterium that produces plant growth promoting hormone, a total of 29 bacteria
were obtained from the soil in Gyeongsan, Korea. Among these, 14 strains were selected by their positive
reaction on Salkowski to produce auxin. All of these were then tested for their property to produce siderophore
using CAS (chrome azurol S) blue agar, and one was chosen for its ability to produce both, auxin and sidero-
phore. This strain, denoted, AH18, showed 1.5 times higher adventitious root induction rates than controls,
using mung-beans. The strain also showed efficient biocontrol properties towards Fusarium-wilt of tomatoes
in artificial pot assays. The strain was identified as Bacillus subtilis by 16s IDNA comparison and Biolog anal-
yses. Growth and media conditions for Bacillus subtilis AH18 to highly produce siderophore were also inves-

tigated.
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Auxin AAbAd 9] ZAetge] el 8 AR A 4
e Az &1 B # o7 2T 7P 222 1) A
2] 2 B 0.1 g& EoE 555 0.9 mill sl &
AH ez 343 F Nutrient agar(Nutrient broth 0.8%,
agar 1.5%)°l 0.1 mP¥ =33le] 30°CollA] 24~484]7F wioF
Ble] EHE colonyE E&]sloth

Auxin ‘it mEFEel Het

Auxin AR w52 S $38te] L-Tryptophans
0.02% #1718 King's B broth ¥ #|(Peptone NO.3 2%,
K,PO4 0.15%, MgSOy4 + TH,O 0.15%, glycerol 1.5%) 5
mle]] Eoke2Re] Hejg FFF AHEFSAL 30°CelA 244]
7+ whekslolct. 2 F 8,000 rpmell A 10827 LAl 2] sl
v ok AFAEH S Salkowski A 2F(5% perchoric acid 100
ml, 0.05M ferric choloride 2 ml)ell 1:28} 82 4]o] 305
Zb ukS- A7 F REA 02 WhEE 5 ATESIe e,
AukEl F5= Nutrient agar W&ol Alt|sled 4°Cel] B33}
A=H9].
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Auxin AAMA TF9) siderophore AAMIS AR $
8le] siderophore AAbEF9] E=2ux]Ql CAS(chrome
azurol S) blue agar ¥j=]ol|[18] auxin’§AHA& epll= &
T2 A&Esled 28°Col| woFAIFIHEA orange halo zoned] A
A 52 A3} siderophore AJAHTS YR L2 Fe
33 CAS liquid assayell 2]3)| siderophore EAdel w2
CAS®] 2 &8 0|83} siderophore AAFs¢] -8t o
FE5 AT 11].

Auxin YiknRFo] s5U2 HEHY

A8 FF2] auxinJAA Y in vivo TAR= AlSHM 7}
b o] ARgsle H A W (Mung-bean adventitious
root induction method) 22 FH3lH=[5]. &, H5FEE
A1 807 o]fHE ¥F FAE 0.3% sodium hypochlorite
Lalo] 3H7F AR A% F T2 pEE| 24X AESE
I BFESTo| FEsle] 28°C, 5,000 lux FA3e) A Eufk
Aol A 6~747F wioFsisdet. Al 12sdol AHET A 329
9] Golrt 7t F-Eol sy AeelA HFEE el T
U3 =7|2 AR SFEEFE AYE AR A 32
22 ShlES 3om BV ZE A F, AEsE 752
Abgell 50 plo} DHEHS S mPPF A3 test tubeol] Ak
g FES VI 9T 2X0mbe 49 aES SFRTE
UALF7A] Hgsled 28°C] 5,000 lux®] AEXTHOR 6
U7t T AZL F el 1 mm o|ife] MEE Al
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Z22AF2) in vitroAdoll M WA E S Fusarium oxysporum,
Rhizoctonia solani, Phytophthora capsicis A A2
2] AlY gF= sled WS A ZA ¥ (pairing plate
culture) S E3lod ZA}Fstgw}h. &, PDA(Potato dextrose
broth, agar 1.5%)lAJo| A F7bol] AlEHAFE 3 mm disc
2712 AHFT F AUE gl A AHEhe 28°Ce
A wijeFsled A8 Age] B A A ARlE &
Akt

Siderophore d&tof 2|8t in vivo YKls Z=AL

Auxin % siderophore A& 7IXE %5 AEAAA
Zx1o] AAZ in vivo potdellAl EFAGAH e gt v
AE3} eA e ZABP] 18t 121°C, 2087 Ha® A
PEFORE - Bl By =2:1:1p] AL ErEE 7152
2 3lo] 2RI

A F oxysporum EAE AT FHEF3HL 197 4
(28°C, %% 70%)ejsle] W& FEAI71 L 7)o Add
)% AEYAEATE 2.0x10° CFU/MIS) T2 5ml
225l o] F 28°C, 70% F23FAdA 71914 714
22 S I3 H13]. ol HETE WAldRRE A
AV F2EIg potst Blasle] ErlE Al HH
AAHS Felzlge

Auxin, siderophore 24Hd CP|s ASYEETIZS| 8

AnEE] auxin Y siderophroe AAF 2] FAL e L AY
3}ah8 A4S 21338 F Biologrlel #4428 (Microlog™
4.0)7 16s tDNAS] 4§ E3| Bergey's manualol] ] 3]
A3 T].

HHQEAIZE, BHQF =Mof [E MY ZFQ| siderophore
Miks ZAL

Aubgl auxin @ siderophroe A 752 siderophore |
A WA S A7) $5led King's B(proteose peptone 2%,
glycerol 1.5%, K HPO, 0.15%, MgSO4 7H,O 0.15%),
Alexander(glucose 0.2%, manitol 0.2%, NH4Cl 0.1%, NaCl
0.05%, KH,PO,4 0.03%. MgS04.7H,0 0.05%, casamino acids
0.3%), SAM(sucrose 2%, L-asparagine 0.2%, KoHPO4 0.1%,
MgSO,4-7H,0O 0.02%), SMM(succinic acid 0.4%, K;HPO,
0.16%. KH,PO4 0.3%. MgSO4-7H,0 0.02%, (NH4)2SO4
0.1%) mediumel] ARFFF2] ZuoFd S 0.1%5 A FE3}
3 59 Fet ol wiok & 3)43le] spectrophotometers:
o83 600 nmolM FHE=E FAst TFAEE 2R
¢131 siderophore AJAHAI-S CAS liquid assay[1 10 %
3 &2 e
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< 0.1% FA AHFsFIL o] E 10°C, 20°C, 30°C, 40°C,
50°C oM 247t 39 wieksl § 2=Wsll @ siderophore
AAP5-S- CAS liquid assaydPd-S o83l ZAF181 2™, pH
of W AnbFF2) siderophroe’AFs-2 pH 3-pH 117HX] 2
A 3 King's B wi|el] Ag52] Auffl S AHF3h
3d wieF ¥ HJA] CAS liquid assay¥H2E siderophore A}
A& AR
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Auxin &k ZFEo| Mt

A2x) Eoko 2 HE] Reld 2079 FE-S ok ¥ A5
ol Salkowski Al2k=} 1 : 2(v)E HRAIZ] F Rt
£ o83} 535nm FAlM FA8 F auxin S
s 14 #5512} AVEERI AL, 1 FollA] Sl Ak
o] 714 ¥& AHI8 ¥5-5 HF AUsiHci(Table 1). 35
==L bioassaydl| Al E BF 2]l vlE AHI8FF7}
71 2 ABAA 2A%S Bolo) whebA Salkowski test

9} bioassay?] A7} FLsHA wlEHER= RS Aoy

AH18 ZF<9| Siderophore #ME =X
AN AHI8 FFE CAS wIRIA el toothpickingd &

Table 1. Auxin-producing microorganisms selected by
Salkowski test.
Auxin activity®
Control 0.003
IAA 0.104
AHI 0.021
AH2 0.009
AH7 0.018
AHS 0.052
AHI15 0.008
AHI16 0.028
AH17 0.013
AH18 0.063
AH20 0.015
AH23 0.041
K4 0.038
K5 0.029
K9 0.038
K11 0.059
King's B broth 0.008

* Auxin activity was estimated with absorbance at 535 nm by
Salkowski test Control : Treatment of water

King's broth : Treatment of medium

IAA : Indole-3-acetic acid (1 pg/ml)

Al B3t el gh8- AAJsled siderophored WARHS &
alsled e (Fig. 1), vl A &3t assays $13ld King's B
brothel Aol A] 7]8- AH18T-F2] Aed& 3]¢3le] CAS
liquid assay*] AH18°] A4k} siderophoredl] &J3l] Heol-2S
F23te] CAS liquid assay§<io] BH-S 2lgt 4= Q)3
o}, w3 7 g2 84.93%% viEWe] $A1AA] A3k
9 AHI8F57} I siderophore A 59 v &
g 4 3l

el

Auxin Mt TFe| WEeN ZH

Al AHIBTEF2) wiek A4FH} controld HE
medium& ARg3te] HF T AL 33] MR- A4Sl
o wbpe) #e2] AolE bicassay SR A3 AHISTH
Z7} Ak 2Alo) o4 B2 AAe] HE mediumdt
2718 279} vladsfe] B oddee] Helzt oF 15w F
7o} AE AH18ETE ¢ & A& S5l 9l

5% elsldvi(Table 2).

AH18 2F9| in vitro YN HS
AbEl AHI8 T5-9] AlEH A Aol Hst Zeksx
AFZ 9 -EA XS4 (pairing plate culture)yS A A|

Fig. 1. Confirmation of orange halo zone on CAS medium by
production of siderophore from the strain AH 18. A: Negative
control (Bacterium not producing siderophore), B: Strain AH 18.

Table 2. Effect of auxin produced from the strain AH18 with
Mungbean adventitious root induction method in vivo assay.

Auxin Root length Root
activity? (mm) number
Control 0.008 7.8 4: .
Test 0.063 10.6 6

? Auxin activity was estimated with absorbance at 535 nm by
Salkowski test Control : Treatment of medium
Test : Treatment of AH18 culture broth
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o thsl 30.5%, GHTFQ P capsicioll A3l 48% A%,
TEHE A R solanin o H#35.5%2] o] A& A
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Fig. 2. In vivo antifungal activity of Bacillus sp. AH18 on the
growth of tomato infected by F. oxysporum. A: Treatment of F,
oxysporum and Bacillus sp. AH18, B: Treatment of only F
oxysporum ( Fusarium wilt by F oxysporum), C: Treatment of only
Bacillus sp. AH18.
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A 249 awind F8 AT AL 2
%715 PGPRAE A5 ZHAE)HS BRI 4 3
A=t

AH18 T2 Siderophore M 2|8t in vivo WM
H=

S A AHIRS dig e g ErtE A5
Holl digh A2 EE AA BhlelA AAls A3 in
vivo  pot testl A 23] AlE5el gt WAlle-E e}
Walvh(Fig. 2). webd AL I3 AHI18E A 5S4
T2 B8l AlEAY HHHE FAld 7= s A

SATEES oA B A A

Auxin ditHd ZERFE AH18 TFe SH

Auxin®} siderophore A3 o] ¥ veh= )5 A
EHAIET AHISS AL A& 2% A5adA Al F
BiologAte] T4AI28 165 IDNA 97|MEE ¥H8 +
NCBI®] BLASTE °]-83}F 7|&Ad 3 FAM3-& v wiAst
A3}, Bacillus subtilisdll 98% A48 vFeblo] Bacillus
subtilis AH18Z. 574, B3 Fig. 3, 4).

HHFA[ZE, BHXIZ=M, pH, 2Z0| W& Bacilus sp.
AH189| siderophore Mils &9l

AMEE o7)s PGPR F5F B. subtilis AH18%] siderophore
Ao w1 X = HA iR 2d-S AEZ At B osubtilis
AHI8% Sucrose-asparagine-MgSO4(SAM) medium(pH 6.0)
of Aujorelg HEsho] 30°Col A 322t lekul oAl of
siderophore A o] 2 PE o 4= A= (Fig. 5, 6, 7).

o (]
S =

AEAA £3 $2E<] awxing A1 TF-E AlWE}
7] 13 AAR A AR EokollA] 2980 Mg EElE
o Salkowsky tests 3] auxing PAlsh= 1455 A
slgdet. o] % CAS(chrome azurol S) blue agarel] A

BACILLUS MAROCCANUS
BACILLUS MEGATERIUM
BACILLUS AMYLOLIQUEFACIENS
BACILLUS PUMILUS

BACILLUS SUBTILIS

MicroPlate

AH18

BACILLUS LICHENIFORMIS
BACILLUS PANTOTHENTICUS

[~ BACILLUS PSYCHROSACCHAROLYTICUS
L PAENIBACILLUS PABULI
BACILLUS HALODURANS

Fig. 3. Phylogenetic trees estimated from Biolog system of the strain AH18.
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1 CTGGCTCCTAAAAGGTTACCTCACCGACTTCGGGTGTTACAAACTCTCGTGGTGTGACGG 60

LELLEELEREE LR R LT
1422  CTGGCTCCTAAAAGGTTACCTCACCGACTTCGGGTGTTACAAACTCTCGTGGTGTGACGG 1363

61 GCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGC 120

LEEEELEERE LR LR
1362 GCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGC 1303

121 GATTCCAGCTTCACGCAGTCGAGTTGCAGACTGCGATCCGAACTGAGAACAGATTTGTGG 180

LLLELLRLEEE TR T
1302 GATTCCAGCTTCACGCAGTCGAGTTGCAGACTGCGATCCGAACTGAGAACAGATTTGTGG 1243

181 GATTGGCTTAACCTCGCGGTTTCGCTGCCCTTTGTTCTGTCCATTGTAGCACGTGTGTAG 240

FEEELEREEEEE LR R R D e L]
1242 GATTGGCTTAACCTCGCGGTTTCGCTGCCCTTTGTTCTGTCCATTGTAGCACGTGTGTAG 1183

241 CCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACC 3000

LELRLLEL PR PR LT L
1182 CCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACC 1123

301 GGCAGTCACCTTAGAGTGCCCAACTGAATGCTGGCAACTAAGATCAAGGGTTGCGCTCGT 360

CLELELLPEEEELE R EEE PR L LT
1122  GGCAGTCACCTTAGAGTGCCCAACTGAATGCTGGCAACTAAGATCAAGGGTTGCGCTCGT 1063

361 TGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATGCACCACCTGTCA 420

LU LT EEEEECEEE LR EELL LT
1062 TGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATGCACCACCTGTCA 1003

421 CTCTGOCCCCGAAGGGGACGTCCTATCTCTAGGATTGTCAGAGGATGTCAAGACCTGGTA 480 -

CLLLECELEEEEEEEEELEEEL L e LT
1002  CTCTGCCCCCGAAGGGGACGTCCTATCTCTAGGATTGTCAGAGGATGTCAAGACCTGGTA 943

481  AGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTC 540

LELELLPEELEE DL E P e e
942  AGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTC 883

541 AATTCCTTTGAGTTTCAGTCTTGCGACCGTACTCCCCAGGCGGAGTGGCTTAATGCGTTA 600

LLEDLLEDEE LT T LT
882  AATTCCTTTGAGTTTCAGTCTTGCGACCGTACTCCCCAGGCGGAGT-GCTTAATGCGTTA 824

601 GCTGCAGCACTAAGGGGCGGAAACCCCCTAACACTTAGCACTCATCGGTTTACGGCGTGG 660

LLCLEELECLDEE L LT L LT
823  GCTGCAGCACTAAGGGGCGGAAACCCCCTAACACTTAGCACTCATC-GTTTACGGCGTGG 765

661  ACTACCAGGGTATCTAATCCTGTTCGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTTACA 720

L EEEEE LT
764 ACTACCAGGGTATCTAATCCTGTTCGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTTACA 705

721 GAACAANAGAGTCGCCTTCCNCCNCCTGGTGTTCCTCCACATCTCT 766

LR L L LLELEE LT |
B 704 G-ACCAGAGAGTCGCCTTC--GCCACTGGTGTTCCTCCACATCTCT 662

Fig. 4. Alignment of partial 16s rDNA sequence of the strain AH18 with Bacillus subtilis. A: Partial 16s IDNA sequence of the strain
AH18 amplified with Primer 8F (5AGT TGA TCC CTC AG) and 1492R (5'ACC TTG TTA CGA CTT), B: Partial 16s ribosomal DNA
gene of Bacillus subtilis CICC 10088 from blast result.
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Fig. 5. Effect of various mediums on the siderophore produc-
tion of B. subtilis AH18.
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Fig. 6. Effect of temperature on production of the siderophore
from B. subtilis AH18. Siderophore acitivity and cell growth was
determined with AH18 culture broth incubated for 3day in King's
B at various temperature. Siderohpore activity was measured with
decolorization rate by CAS liquid assay and cell growth was esti-
mated with absorbance at 600 nm.

siderophore®] A4S 2ol F auxind} siderohroeZ 54|l
A= AHI8S 2|5 A3l ™. AH189] mung-bean
adventitious root induction tests £3l AEAA} Fx] o]
ol vlsl 1.5 FHoldE o & UM, ErEE pot
testol] A EnlE Al 5519 Helwel F oxysporumel o8|
A A E Jepfigich Al AHI8 75 16S 1DNA
2} Biolog system< 28| Bacillus subtilis=. 3=}, B.
subtilis AH18-2 Sucrose-asparagine-MgSO4(SAM) medium
(pH 6.0)° HF8}ed 30°Ce Al 3UzF wieF 4] siderophore
£ 7 "ol Akt AE o 4 sdsiTh
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Fig. 7. Effect of pH on production of the siderophore from B.
subtilis AH18. Siderophore acitivity and cell growth was deter-
mined with AHI8 culture broth incubated for 3day in King's B
adjusted with various pH. Siderohpore activity was measured with
decolorization rate by CAS liquid assay and cell’ growth was esti-
mated with absorbance at 500 nm.

ZAtel 2

B = 222254 Biogreen 21 A @M E.:105649)
2ol 2Jsted o] FojF om ofef A=Y,

REFERENCES

—_

.Chio, D. W. and 1. G Kim. 1996. Respection of pectic
enzyme among the hydrolysis enzymes of plant cell wall.
KOREAN J. Food Nutrit. 9: 92-101.

2. Chun, J. O., Y. S. Hwang and J. C. Lee. 1995. Effect of cell
wall hydrolase and Ca++ hydrolysis of isolated apple cell
wall. J Kor. Soc. Hort. Sci. 13: 206-207.

3. Devender K. J. and G. David. 1984. Characterization of a
substance produced by Azospirillum which causes branching
of wheat root hairs. Can. J. Microbiol. 31: 206-210.

4.Elad, Y. and R. Baker. 1985. Influence of trace amounts of
cautions and siderophore producing Pseudomonads on
chlamydospore  germination OXySprum.
Phytopathology 75: 1047-1052.

5. Francine, M. P, B. G. Rolfe, M. F. Hynes and Charles H. H.
2004. Gas chromatography-mass spectrometry analysis of
indoleacetic acid and tryptophan following aqueous
chloroformate derivatisation of Rhizobium exudates. Plant
Physiol. Biochem. 42: 723-729.

6. Hess, C. E. 1961. The mungbean bioassay for the detection
of root promoting substances. Plant Physiol. (suppl.) 36: xxi.

7. Holt, J. G, N. R. Krieg, P. H. Sneath, J. T. Staley and S. T.
Williams. 1994. Bergey's manual of determinative
Bacteriology. 9th., Williams and Wilkins, U.S.A. 1004-1139.

8. Katiyar, V. and G. Reeta. 2004. Improved plant growth from

seed bacterization using siderophore overproducing cold

resistant mutant of Pseudomonas fluorescens. J. Microbiol.

of  Fusarium



100 JUNG et al.

Biotechnol. 14: 653-657.

9.Kwon, D. H,, J. H. Choe, H. K. Jeong, J. H. Im, G. J. Ju and
S. D. Kim. 2004. Selection and identification of auxin-
producing plant growth promoting rhizobacteria having
phytopathogenantagonistic activity. J. Kor. Soc. Appl. Biol.
Chem. 47: 17-21.

10.Lee, I. K, C. J. Kim, S. D. Kim and 1. D. Yoo. 1990.
Antifungal antibiotic against fruit rot disease of red pepper
form Streptomyces parvullus. Kor. J. Appl. Microbiol.
Biotechnol. 18: 142-147.

11. Lee, J. M, H. S. Lim, T. H. Chang and S. D. Kim. 1999.
Isolation of siderophore-producing Pseudomonas fluorescens
GL7 and its biocontrol activity against root-rot disease. Kor.
J. Appl. Microbiol. Biotechnol. 27: 427-432.

12. Leonid, N. T., M. J. Lee, M. K. Lee, H. Park and J. H. Yoon.
2000. Production of Auxins and Auxin - like Compounds by
Ginseng Growth - promoting Bacterium Pseudomonas
Sluorescens KGPP 207. Agric. Chem. Biotechnol. 43: 264-
268.

13.Lim, H. S., J. M. Lee and S. D. Kim. 2002. A plant growth -
promoting Pseudomonas fluorescens GL20 - mechanism for
disease suppression, outer membrane receptors for ferric
siderophore and genetic improvement for increased
biocontrol efficacy. J. Microbiol. Biotechnol. 12: 249-257.

14.Lim, S. U, T. G Lee and D. M. Sa. 1995. Isolation and
physiological characteristics of auxin-producing soil bacteria.
Korean J. Soil Sci. Fert. 28: 75-82.

15. Nakano, M. M. and P. Zuber. 1990. Molecular biology of
antibiotic production in Bacillus. Crit. Rev. Biotechnol. 10:

223-240.

16. Oh, Y. I, 2000. Cultural Conditions for the Improvement in
Gibberellic Acid Productivity by a Mutant of Gibberella
Sijikuroi ATCC 12616 - Gibberella fujikuroi G - 36. Kor. J.
Appl. Microbiol. Biotechnol. 28: 152-153.

17. Ravikumar, S., K. Kathiresan, M. B. Selvam and S. Shanthy,
2004. Nitrogen-fixing azotobacters from mangrove habitat
and their utility as marine biofertilizers. J. Exp. Mar. Biol.
Ecol 312: 5-17.

18. Schwyn, B. and J. B. Neilands. 1987. Universal chemical
assay for the detection and determination of siderophores.
Anal. Biochem. 160: 47-56.

19.Seong, K. Y. 1995. Factors influencing siderophore
production by plant growth promoting rhizopseudomonas
strains. Kor. J. Soil Sci. Fert. 28: 287-294.

20. Shivanna, M. B., M. S. Meera and M. Hyakumachi. 1994.
Sterile fungi from zoysia grass rhizosphere as plant growth
promoters in spring wheat. Can. J. Microbiol. 40: 637-644.

21. Stosola, F. H. Source book on Gibberellin. 1958. U. S. Dept.
of Agr. Washington. 1828-1957.

22. Takeru, T. 1993. Enzymatic Determination of Itoic Acid, a
Bacillus subtilis Siderophore, and 2, 3-Dihydroxybenzoic
Acid. Appl. Environ. Microbiol. 59: 2343-2345.

23. Waring, W. S. and C. H. Werkman. 1942. Growth of bacteria
in an iron-free medium. Arch. Biochem. 1: 303-310.

24. Weinberg, E. D. 1974. Iron and susceptibility to infectious
disease. Science 184: 952-956.

(Received Feb. 18, 2006/Accepted June 12, 2006)



