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8 9 Y AuiR] EFOZRE auxin M KSD16, KSD33 183l KSD365 H&|otsict. £
5 KSD16, KSD33 1831 KSD36 &= 16S rRNA 42 AERA-S 53 Arthrobacter £2 2 B&E]
3t o] 5= R2AHIA]Y] 0.1% L-tryptophang 715t viz]o| A 28°C, 48 A7t viekst A3} auxin
o] A%9l indole-3-acetic acid [AA)S 204.4 mg L™ A= Aoz el [AA AR =
FZ2; Wotd n|xl& IS RIS B3}, Arthrobacter % w5 KSD16, KSD33 181 KSD36 & thx
ol v|a] Baldojo} Wy} ZUVSFATE. Arthrobacter & w52 5% AREXN 4= 291 Axf,
Lol gobgo] el 73.4 % 7l EXS LERyith

FAo] o auxin, Arthrobacter sp., indole—3-acetic acid, X/ESEZ], F2}EFo}

Abstract : An auxin—producing bacteria, KSD16, KSD33, and KSD36 were isolated from agricultural
soil. The strain KSD16, KSD33, and KSD36 was classified as a strain of Arthrobacter sp. based on
phylogenetic analysis of 16S rRNA gene. The isolated KDS16, KDS33, and KSD36 was confirmed to
produce indole—=3-acetic acid (IAA), which is one of the auxin hormones. When the concentration of
IAA was assessed the maximum concentration of IAA, 206.62 mg L', was detected from the culture
broth incubated in R2A medium containing 0.1% L-tryptophan for 48 h at 28 C. To study the effect
of TAA producing bacteria on germination rate, seeds of Mung bean were prepared for each treatment.
KSD16, KSD33, and KSD36 showed significant increase in root length and number of adventitious
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roots than the controls. To investigate the growth—promoting effects on the crops, Arthrobacter

species were placed in water cultures and seed pots of mung beans. In consequence, the seed
germination of mung beans was 73.4% higher than the control.
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1. M B

Y Aol st vigE FHASH A8t
e pEFE S AT SERE EAE 4+ 4
of v A71Helal et ARg2 A &
o] dFe v B o EY =49 §
DS o1 ololl, AlA A= I8
71l dizt BAS mhedsta ik @A A=
AR MG 7t 2 5 AE8E=R
e e e 2 e FE2 g2 ¥4
< 7 gt

AEFEAe] Aeell mAe A2
HAUECs AeAdees, daud, 771

=
ds ToE dEAHUH2]. AT EES
gibberellin, auxin, cytokinin, abscisic acid 5©]
Qlom[3] thxE# AES2%Ql indole-3-acetic
acid (IAA)= L-tryptophans HFAH=Z Al-g5}
of A= AEe] Ay 9wy g 24
St 71%%E She R7IstEeIH 4] A S
22 X3 A 248 BYcke Alve
2 Bacillus %, Streptomyces 2, Arthrobacter
ol BaEo] glom, ol AEFEAAN T
EF Y gl RS FXAA EFE ¢
kot HISEE F7MA EGUAF 443t
Fz]o] E5] @atHolrle] XA sAAN=A &

oL L rlo b

840l ZlthEe} [2,5-100,
B ATelAE AeA EoReld Eed IAA
Y $5RFE olgstel el HF Fxpel
Wob B gAEAC el WLENE ZAGo]
ARAR N AANAL BE A5HE A=
ek,
2. 4 8
2.1, 2% g2l

1 =
N252R auxin AFRFO] BaE 95l
T 83 =5 ARl EF(36.4430827,

127.27.312)& AFstde. AFHL ESF 10 g&
B4 90 mLo]] 3]435}al SonicationE ©]-&5}
of 18 30 = 30 W g = 9A4 34 Huiy
< o]8sto] F|MHS R2A A x| Lo}
o] 28 CollA wjeFstdct. mEsgh dAaiz] oA
4 colonyE Easte] 12} Adg st

2.2.1. Indole—3-acetic acid A4t

Adkst 12} #F2] auxin AAFES EQ15)Y]
el auxin®] Al F8& 71 F Sk
Indole—3-acetic acid® FAFsIYTh Eajde] Hj
FHS R2A broth ix](pH 7.0)°l HE% 28
TollA 24 AZb ol Huje, Hufjko=z gt
vjoket HiFdS 4 C, 8000 rpm, 10 &7+ ¥4
2ot wiF A 4ot g e
T} Salkowski AleFE 1:2 (v/v)9] HIEE 4
¢ x| 30 EIF ¥-gAIZl & o] kgl
FFEAE o] &5t 535 nmolA SHEE
ste] 0.8 ooz F4o] A FP A
sttt EEEd [AAE AFEsShe] 2F

2gstal w59 Agof oE auxin®] A4
BT oAt e S5kt (111

o flo rEL o Mz ol

2.2.2. Siderophore A4t

Ag 12 FF9] Hol2 Eol
(siderophore) @] A& H715H7] ¢4t chrome
azurol sulfate (CAS) 8iz]o] &3t 30 CAlA
3~7¢ B9 widstal, colony FHo] T3t 3+
o] A7|¥ siderophore A4kl g Aoz w
coriTH12].

2923

2.2.3. N, fixation

BadFe dAa 14 %S 2klsh] s
Nitrogen—free BjZ|ollA AA 14 fso] thsh
=

Z AR Nitrogen—free BjZ|o] HZE3st 28
TolA 79~109 B+ AFAHTE Nitrogen—
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free HiZ]of|l colonyZt =¥ A
P99l Aoz st rH13].
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2,3. 16S rRNA RHx} BN U AS3HH £Y

=g " 759 165 rRNA FHx 24
2 AETA B4 #AsH] Sl 9 E=2Y
£ FPo= ARgSte] A3 PCR 5E& 495
Aot E coli 16S rRNA fFHz REe
conserved sequenceE 7|EE Tt 27F (57
~AGAGTTTGATCMTGGCTCAG-3" ) primer
¢+ 1492R (5" ~ATTACCGCGGCTGCTGG-
3" ) primerg ©o]8stct. PCR Z={L 2x
Master Mix (Bioneer, Korea), PCR buffer, 0.2
¢ M primer, templater= 10~50 ngo=2 s}t
16S rRNA #4x PCRZA wat 95 CoflA
2 8 94 CollA 30 %, 54 CollA 40 %, 72 C
oA 1 & 30 cycle 2702 ¥HESIY 72 T 5
+ Agste] PCR F55 sklrh. PCR S3FA4HE
2 0.8 %9 agarose gel, 0.5XTAE buffer
(0.045 M Tris—borate, 0.001 M EDTA)®]|A]
100 V, 25 mA® 30 &3t H7]9%Estl PCR
purification kit (Qiagen Inc.)& o]&sto] AA|gH
T IAd #AE ekt 2" 16S
rRNA 42k A7 g2 EzBioCloud
(http://www.ezbiocloud.net/eztaxon)&  ©]-&35}]
AAES AMSE[14], homologyE H| sttt
7} 71482 Clustal W program© 2 multiple
sequence aligment3dt &, MEGA 6.0 [15]& At
goto] 22 AsrE Ak

d

2.4, IAA Yibs Etel

IAAYdS TLCEAS Boll &lshr] $isto
0.1 % L-tryptophans 233 R2AMAH[Z] <]
A 28 CollA 24 A viFet =, wieF F5HS
IM HCLE o]gste] pH 2.87Hx] AH4d3l A7
5, 28f9] ethyl acetate® HE FEst1l $8H
T2 HEY1 353 etherdS HASTHFIAZ &
o]Z ZFAFS methanol 2mlLef &o] TLCES 439
st o o H7§8ui= 1-propanol: NH4
OH: H,O (6: 3: 1) E&dq& AREstH, T A
k2 ZHS 100 mL, & @4 150 mlL,
p-dimethylamino benzaldehyde 0.7 g& -&3li%t
Ehrlich AloF& AHESHATHI6].

2.5.1. =5 F2 Fo}

=5Z2= 70 % ethyl alcohol2 |
2okl SRR 33 pAlste] B AS5tglch
2 % sodium hypochlorite2 15 & 3+ X511
Atz 33 ARt & Edd o3A7F & 90
mm petri dish ¢tollA] T3 A=H 4
= gzl 28 T 797 widstTHLT). B
2 28 C, 5& 60 %7t #A1=E 254l
A Asstal Wolayt 27|15 Repdds &
Sl

shit,

252, SRIEAHY o A
Al 9] AEASETES S04
of =FITHANS ol8ste] Ry WEEIaA
e ZARILE 55525 03 % sodium
hypochloride &< 3& <t EH Adg tha
da5E ofg] ¥ AlF st dad oBAE
Azxst FAE dxdel 28 T 33Uz =gzt
HjeF w2l MSHi]e] AeHE =5E
TUR FxNA A& o= T
3z i

TS Ak, Bel 2

S o

3.1, AE H% EX 248 = Arthrobacter

of Fuzle] FAHE FE2Y S50dFE 58
St TAA, siderophores, N2 1452 &

Z 11 #59 AEASEANTE At
(Table 1). AEASEAANTE 114FE L=
165 rRNA {4z @r7Age 4% 23t
Arthrobacter (3 ), Streptomyces (1 ¥+F),
Bacillus (1 @), Neobacillus (1 ),
Pseudomonas (2 +5), Rhodococcus (1 #F),
Flavitalea (1 w+5%) 1831 Massilia (1 )=
SRRIE AtH(Table 1).
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Table 1. Isolation of IAA, sideropore production, N, fixing bacteria from paddy soils. 16S rRNA
gene sequences analysis of plant growth promoting bacteria

Strain N, fixation  Sideropore  IAA Closet sequence sztly:)r o
KSD36 - + Arthrobacter ginsendisoli 100%
KSD33 + Arthrobacter globitormis 100%
KSD16 + Arthrobacter oryzae 99.46%
KSD2 - + - Streptomyces sanglieri 99.84%
KSD43 - + + Bacillus wiedmannii 100%
KSD12 + + Neobacillus cucumis 100%
KSD26 + + Pseudomonas knackmussi 100%
KSD23 + - + Pseudomonas knackmussi 100%
KSD13 - + + Rhodococcus jostil 99.83%
KSD14 + - Flavitalea antarctica 97.33%
KSD55 + + - Massilia agri 99.28%
Strain KSD33
Arthrobacter globiformis NBRC 121377 (BAEG01000072) 100%
0,005 Arth.robacter ginsengisoli DCY81" (KF212463) 99.27%
— Strain KSD36

Strain KSD16

62

56

Pseudarthrobacter sulfonivorans ALLT (AF235091)

Arthrobacter oryzae KV-651" (AB279889) 99.46%

Arthrobacter humicola KV-653T (AB279890)

Arthrobacter pascens DSM 205457 (X80740)

Pseudarthrobacter scleromae YH-2001T (AF330692)

Pseudarthrobacter oxydans DSM 201197 (X83408)

Pseudarthrobacter polychromogenes DSM 201367 (X80741)
Pseudarthrobacter siccitolerans 4J277 (CAQI01000001)
Pseudarthrobacter chlorophenolicus AT (CP001341)

Arthrobacter liuii DSXY973T (KJ082091)

Pseudarthrobacter defluvii 4C1-aT (AM409361)
T{ Pseudarthrobacter niigatensis LC4" (AB248526)
Pseudarthrobacter enclensis NIO-1008T (JF421614)
Paenarthrobacter nicotinovorans DSM 4207 (X80743)
Arthrobacter ramosus CCM 16467 (AM039435)
Arthrobacter cupressi CGMCC 1.107837 (jgi.1076144)
Arthrobacter nanjingensis A33T (KF479547)

Fig. 1. Phylogenetic tree based on 16S rRNA gene sequences showing the position of strain KSD16,
KSD33 and KSD36 located in the type strains of the genus Arthrobacter. Bootstrap values (O
50 %) based on 1,000 replicates are shown at branch nodes. Bar, 0.005 substitutions per

nucleotide position.

3.2. 16S rRNA SXXIE &8t Arthrobacter
& 2o|#el 3

AEASEZ Al KSD16, KSD339} KSD36

F59] 165 rRNA $47% 97] A9 AHstn

AssE 244t Zx, KSDI16, KSD331zal
KSD36 wF= Arthrobacter 40| 490,

Arthrobacter oryzae KV-651T €} 99.46 %,
Arthrobacter globiformis NBRC12137" ¢} 100
%} Arothrobacter ginsendisolif DCY81" £} 100
%O A53S Yetlo] Arthrobacter sp.2 54
=it (Fig. 1.)
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3.6. Arthrobacter & |AA MAts H|w

MEE Arthrobacter 49| 43l= KSDI16,
KSD33 12]3 KSD36w@52 0.1 % L-tryptophan
o] g% R2A broth (pH 7.0) Biz]e] BijeFsA
A auxin S HESIL Eade HE
T 28 TollA 8iF Al w9] A& oF 244171
di7lol Tgstdet. Agx7]olE 9.5 mg L
ojote] w2 Fg fAstH o, A& Higl
HjoF 24 A7l TAAZF 50 mg LlolAteg &
As| Z7Vetart.  Arthrobacter KSD36dF:=
IAAAS0] 2044 mg L1072 =2 JAANAS
S HAHFig. 2).
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Fig. 2. The profile of IAA production of
Arthrobacter sp. strain KSD16 (a)
KSD33 (b) and KSD36 (c¢) incubation
time in 200 m¢ flask culture.

Indole—3-acetic acid (IAA) 84 Arthrobacter sp.2) &g @ A& L= a7 5

3.3. IAA MAIO| TLC EM

225 KSD16, KSD33¢} KSD36 52| TAA
AL g1st7] e TLCE o] &8sttt IAAS
EZFEAR vwslct. 1 Ay KSD16, KSD33
o} KSD36olA 55 B2 TLCAlA [AA<t
A5t A2 JAAA auxin EFYE sl &
Aot (Fig. 3)

4 o

Fig. 3. TLC analysis of IAA produced from the
selected strains. Concentration of ITAA
standard : 100 mg L'

3.4. Arthrobacter & T332

M= Arthrobacter 49| 43dl= KSDI6,
KSD33 1&]1l KSD36w+9] 5% FAte] wofp
2 Y27 F$, BF 100 %9 dorgg
Eigich 7] B2 g4 He, KSD16w+9
malZol 10 cm& hRT(5.38 cm)ell H]s oF
1.89, KSD339F+= 9.3 cmZ tiztof H|s) <F
L.79 #=A yebgon, KSD36wF= 9.6 cmZ
oF 1.78uj742] veh= Aog elstylrh(Fig.
4).

Ir
4n
oM
A
-3
k=]

3.5, MHEl Arthrobactert|| 2l&ll EZIEl=
SFUEY EolAMH

23 vlwste]  Arthrobacter sp. KSDI16,
KSD33 12|31 KSD362 Z+zhe] W Zolg H
e MBS g Hwst A 52.4 %, 109.5 %,
429 % Z7%t Aog VeRtth Arthrobacter
sp.9] tiAAHES] et W4 KSD16, KSD33
12]3 KSD36 Z+2F 63.2 %, 115.8 %, 579 %
Z7K Aoz yepydtt (Fig. 5). ol4te] ZAat=z
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IAA RBA Arthrobacter & 5= 7|Ujo|A] ot
@ x5 Aol peldTel mAHd Aow

UehitthFig, 5).

R2A Cell product
(no microbes)

DwW Strain

medium

(@)

R2A . Cell product
bw medium Strain (no microbes)
I I

(b)

R2A Cell product
medium

Strain (no microbes)
——

©

Fig. 4. Seed germination effect of mung bean

infected with Arthrobacter sp. strain

KSD16 (a) KSD33 (b) and KSD36 (c).
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Control KSD16  KSD33 KSD36
(@)

Control KSD16 KSD33 KSD36
(b)
Fig. 5. Growth effect of mung bean infected with
cell cultures (a) and cell product(no

microbes) (b) of Arthrobacter sp. strain
KSD16, KSD33 and KSD36 in water
culture

4,

Y
[

ool Antm AEAEEX Aoz AAH
Arthrobacter %°f 43F= KSD16, KSD33 g
T KSD36 ot ik 24 Al7rel 2044 mg
Loz =2 JAMFeS Hylon, Aauy
18] siderophore®] AlEASEX &S UE
Higieh ol #FE =5 dot @ By Ao
aE Hole Zoz sIEglom, Hig 7Y
ojff 7] &% B AL 734 % FVHII=
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Aoz  FelFQlty. =
Arthrobacter 5= A& AGS
=

3 A
of og AT AR S ABASRZUE WD
AR\ saAARe] B Feel B Aow
A

References

1. D.B. Brana, P.T. Lacava, A. Ferrari, N. S.
“M.L. Bonatelli, er al
Screening of tropically derived, multi—trait

Teixeira—silva,

plant growth— promoting rhizobacteria and
evaluation of corn and soybean colonization
ability”, Microbiol Res. Vol.206, pp.33-42,
(2018).

2. Y. Jiang, Y. Song, C. Jiang, X. Li, T. Liu,
J. Wang, C. Chen, J. Gao. “Identification
and  Characterization  of  Arthrobacter

J139, a Novel Plant

Growth—Promoting  Rhizobacteria ~ Strain

nicotinovorans

From Panax ginseng, Frontiers in Plant
Science, 13: 873621, (2022).
3. M. Lambrecht, Y. Okon, A. Broek, J.

Vanderleyden. “Indole=3-acetic acid: a
reciprocal signalling molecule in
bacteria—plant interactions’, Trends in

microbiology. Vol.8, No.7, pp.298-300,
(2000).
4, M. R. Sunayanal, Ch. Sasikala, and Ch.

V. Ramanal. “Rhodestrin: a novel indole
terpenoid phytohormone from
Rhodobacter  sphaeroides”,  Biotechnology

Letters. Vol.27, pp.1897-1990, (2005).

5. B. Mahadevan, and D. L. Crawford.
“Properities  of the chitinase of the
antifungal biocontrol agent Streptomyces
lydicus WYEC108”, Enzyme and Microbial
Technology. Vol.20, pp.489-493, (1997).

6. M. Sunayanal, C. Sasikala, and C.
Ramanal. “Rhodestrin: a indole
terpenoid phytohormone
Rhodobacter  sphaeroides”,  Biotechnology
Letters. Vol.27, pp.1897-1990, (2005).

novel
from

10.

11.

12.

13.

14.

15.

- 837 -

. de Vasconcellos, R. L. F. and E. J. B. N.

Cardoso. “Rhizowspheric Streptomycetes as
potential agents
and Armillaria pine rot and as PGPR for
Pinus taeda”, Biocontrol. Vol.54, pp.807,
(2009).

biocontrol of Fusarium

. J. Y. Yoo, H. H. Lee, C. H. Han, and M.

H. Yoon. “Characterization of auxin
production plant growth promotion by a
bacterium isolated from button mushroom
compost”, Journal of Mushroom. Vol.15,
No.1, pp.8—13, (2017).

S. J. Moon and M. H. Yoon. “Plant
growth promotion effect of Arthrobacter

enclensis  Yangsong—1 isolated from a

button mushroom bed”, Jjournal of
Mushroom.  Vol.17, No.l, pp.12-18,
(2019).

N. Napawit P. Watanalai, S. Wisuwat, 1.
Bungonsiri.  “Plant
of Streptomyces  spp.

growth—promoting
properties isolates
and their impact on mung bean plantlets’
rhizosphere  microbiome”,  Frontiers in
microbiology. Vol.13, pp.247-252, (2022).
J. C. Lee and K. S. Whang. “Optimization
of Indole=3-acetic Acid (IAA) Production
by Bacillus megaterium BM5”, Korean
Journal of Soil Science and Fertilizer,
Vol.49, No.5. pp.461-468, (2016).

B. Schwyn, and J. B. Neiland. “Universal
chemiacl assay for the detection and
determination ~ of  siderophores”,  Anal
Biochem. Vol.160, No.1, pp.47-56, (1987).
E. A. Rodriguez Caeres. “Improved medium
for isolation of Azospirillum spp”, App/
Environ Microbiol, Vol.44, No.4,
pp.990-991. (1982).

O. S. Kim, Y. J. Cho, K. Lee, S. H.
Yoon, M. Kim, et al. “Introducing
EzTaxon—e! a prokaryotic 16S rRNA gene
sequence database with phylotypes that
represent uncultured species”, Microbiology.
Vol.62, pp.716—-721, (2012).

K. Tamura, G. Stecher, D. Peterson, A.
Filipski, and S. “MEGAS6:

Molecular analysis

Kumar.
evolutionary  genetics



16.

N
K}
b
™
foi
oo
o
o
o,

version 6.0,  Molecular  Biology — and
Evolution. Vol.30, No.12, pp.2725-2729,
(2013).

H. S. Lim, J.M. Lee, S. D. Kim. “A plant
growth promoting Pseudomonas fluorescens
GL20: Mechanism for disease suppression,
outer ~membrane receptor for ferric
siderophore, and genetic improvement for
incresed biocontrol efficacy”, Journal of
Microbiology and Biotechnology. Vol.12,
No.2, pp.249-257, (2002).

- 838 -

Journal of the Korean Applied Science and Technology

17. K. S. Choi, S. K. Song, D. E. Koo, H. N.

Lee, H. I. Sung, J. J. Kim. “Characteristics
of Seed and Germination of Rhododendron
mucronulatum by Collection Dates and
Germination  Temperatures”, Journal —of
Korean Society of Forest Science. Vol.107,
No.3, pp.237-244, (2018).



