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Plant growth promotion effect of Arthrobacter enclensis
Yangsong-1 isolated from a button mushroom bed

Seo-Jin Moon, and Min-Ho Yoon*
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Korea.

ABSTRACT: An auxin-producing bacterium Yangsong-1 was isolated from a button mushroom bed in Chung cheongnam-do. The
strain Yangsong-1 was classified as a novel strain of Arthrobacter enclensis based on a chemotaxonomic and phylogenetic analysis.
The isolated A. enclensis Yangsong-1 was confirmed to produce indole-3-acetic acid (IAA), which is one of the auxin hormones.
When the concentration of IAA was assessed by HPLC quantity analysis, the maximum concentration of IAA, 152.903 mg L-1,
was detected from the culture broth incubated in R2A medium containing 0.2% L-tryptophan for 48 h at 35°C. A negative
relationship between IAA production and pH was estimated to show that the increase in IAA caused pH acidification of the
culture. The effect of the supplement on L-tryptophan, a known precursor of IAA production, appeared to be at maximal
production at 0.2% concentration and was rather reduced at concentration above 0.4%. To investigate the growth-promoting
effects on the crops, the culture broth of A. enclensis Yangsong-1 was placed in water cultures and seed pots of mung beans and
lettuce. In consequence, the adventitious root induction and root growth of mung beans and lettuce were 1.5 and 1.9 times

higher, respectively, than those of the control.
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AEHYA] ol tist ddgoz 7HS U=
A2 SHCH(Ryu et al, 2000; Glick et al., 1999; Jung et

al., 2006; Loon et al., 2007). &= PGPR A& 2| 244
AR A& 3228 Arghe] ZALE Y] QA 1 F
auxinT 28 EHR] A A SERO A A|Ee]
A 23, 2w A A, e, 23 g
2 59 7S Fdsk=tl, AE 2HA IR AtE
o] SAIE A, WHIBHAL o]& AEo] Frate] Al
©]-8-& 4= )thi(Spaepen and Vanderleyden, 2010).
olglgt =4 nA=e] WS o83l A& ASS F
g BESH Ao R ALY o, & A=
o] mMAIZFH AEAAEZZEZDS auxin®] B8
Ho| 3 #FE g & FEY vl 20
auxin AAHsS FAFSII AL, B3, Bio assay A EHS )
&3 AMAAES B8 AEY AFaHAE AEFOEHN
M2 v 2AHS Adelr] A 5802 diAs

ahict.
ME %

3| 22|

Auxin BAHAHe] FEE 8t FHEE T+ A4
H gEo] AuETre] Fol WA 1 g& AHAATH A
Fs BEY 1 ¢S Hd 7295 (0.85% Nacl) 99 mL
of s]Alste] & widr]olA 170 rpm = 307+ X%
A7 & GAA A FIEE o83l 7F 349 auxin
A Beg wiA] ¢l 0.1% L-tryptophan®] H7He
R2A 1A wjAlol] Edsted 35°CoA] wFsiitt. A
iAoM) ==8-2] E colonyS auxin 7]EH]A]o| tooth-
picking ¥+ % Salkowski A|2F(35% perchloric acid 50 mL,
0.5M FeCly)S FAMAA £1374 colony FHol| F84-8
= #FEE axin A #FE 1A} LS

Auxin MM 7Fo| Myt

Adbgt 12} #5229 auxin AAHIES RIS S8 2
9] HjFAS R2A broth HIX] (pH 7.0)°l 1% A HE
% 35°C, 170rpmollA 24A17F o] AuiF, Hujko =z
718l vk vjklS 4°C, 4000 rpm, 15% 7+ Y45}
of wj%f EdlS Fsislth. M 45 Salkowski 4]
kS 1:3 (viv)S] HIER 42 § 4z 3087 A
71 & o] Wk S B FLAES o]g3le] 535 nmollA
£ ZAsto] AAFE] auxin BATS s
b 5FEFS Sigmatte] IAAES 10, 30, 50, 70, 100
mgL’ F% 2 methanolo] H7F ¥ 535 nmollA] F2ES
A8 FFFAS AT w1g, Ade] migEd
7 auxin AY42HsS HlaLal7] flste] 35°Cellx] 24417k vl
FotHA vjF7I7be e FFo] A, 1AAL] AR
L-tryptophan®] HZ& &%, IAA A 2 FHF pHE =4

skt

TLCOf| 2|8t TAAS| &2l

TLCE o|&3t A #4559 auxin S B4
A7) 918l v S FAHeE pH 2.871A] A3
3} 2171 %, 2809] cold ethyl acetate® 3] &3I4t}
TEd 2 WL 35 ether TS AUSTHFIAZ
dinE dojz ZALE methanol 2 mLoll 3] TLC ¥4
< 93 A2 ARSI TLC 7180 1-propanol:
NH, OH: H,0 (6: 3: 1) NS ARE-3H, BaA| ke S5
= 100mL, 5 ¥4+ 150 mL, p-dimethylamino benzaldehyde
0.7 g2 838t Ehrlich AleFS ARSI tH(Lim et al,
1995)

foi

HPLCO|| 2|8t IAAS| HEEA

HPLCE ©|83lo F&3t etherd methanol 8 U
o] JAA FTFS BT AT AR 24 7=
Agilent(USA) A2l 1260 Infinity system®] UV detector
= o]g3le] 285 mmolA A3, Columne Luna
5U C18 (250 x 4.60 nm), mobile Phasex= MeOH (HPLC
grade)2 &1 AZ, 283 0.6% acetic acidS &7 BE
ARESIATE. o] 8] T e &0 AS 5%, &0
BE 95%= &A1& AlAEIA 138 743 Folle &1 B}
25%7F ¥3L, 15% A3 7] A&, 177 A3t Folle
&1l B7} 95%7F HaL, 203 B/ A&stes 24t
At} flow rate= 1 mL/min®| At}

Bio assayS S8 ASUAAH

7t SRE2AEY &39)

Adte] SRS AEs7I98 auxin A4 AF
WHo 2 Wol E8HY e SFEHZHYYH (mungbean
adventitious root induction method)2 ©]-8&3}] auxin &
2R F8 7% F el e dEENaHE Ak}
At H5FFAE 0.3% sodium hypochloride &<¢] 3%
7F AR sl 253 F 528 B 2447 AEsl, B
o+ Bl m53le] 28°C, 5000Lux F-U35ke] oA
7L e Al 13S0l ANEI A 3499 Fort
tha 720 e AHdA 5FEE Y #4932
712 AEE SRR AGS AAS AY dew
shlSS 4om BV &A5E o3 ZE ddd &
Salkowski testol4] auxin AJAHgo] =A UePd FF2
HFLEd 50 uLst BASFT SmL (NS Fed: 2
TEFT = 1: 100)2F NPK o] H7FE Vialol] detst
FrE 3704 Yo] 2417k with Hit SRTE 9 T2t

T BHEste] 5Ue s slolA A& 2o
ZF AL F 1 mm oo WETE AT,
7

o)
=
2 Aol sl Garstart.
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Auxin 3% 21 AP S pot AHIE 5
AGHE WY Stk 719 7t 7 wet
ozl =7 A7 e spEHS HdE AE (
ZolE: AE=2:1:1)d] AdFo] vjds

AS 1004
34 sle] 3ol FHAA 209 ok AF3 F FAE w2
o} 2ol 5 S5t Bl adE AT

o AFE2AEY (Potd )

Auxin B35 3] A|RCE pot APWE T3 A
He B st AR e 5 BES T
sl HeE HE (TF: HUu|ETo|E: AE = 2:1:1)
o] w5 dS 1008] &A5ke] 3U dhHY
ghd B AFS & FAE wHole} e T
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&8 459 53

w #7e] Aty 542 Gram w73 Alte] F4e
AFE-E]= API 20NE kit(Bio Merieux)E A2 3|ALe] Al
el weh A&-519tk. DNA-DNA Hybridization 4
312 photobiotin-labelled DNA probe<} micro-dilution
wellsZ 0] 8310 (Ezaki ef al,1989)0] <J5) 71%8
of ols aatdth. Eet 168 tRNA H714E 34 2
AT 2dS 213k 16S rRNAS] FEAE 9] i3
DDBJ/ EMBL/GenBank database2] Blast program= ©|
g3te] FAsIReH, 7 4714 E9 alignment= Clu
ster X program package (version 1.8)Z o|-&-slo] FH3I3
3L, AE ] A ATl oA sk A=A

ool 2
FHEE Fodd AW Fo] AulErte] ol i
AZ2REH ¢ EE dF52 awxin AT 28 o)

A9l R2A agar HiA] oA colonyE FAAIZI F,
Salkowski A 2F2} HH-S-A]A colony FH ol 242 A
k= 3709] & 1xF ekt LA wiR] el A A
T8 HQl 13} AWFES 0.1% L-tryptophan©] H7F
® R2A broth ¥l (pH 7.0)°ll HZ3ato] 35°C, 24417F
e w kg mkel S YAlEEste] sl ekt
i 35} Salkowski A12FS 1:39] H&E st
1 5 F4E F2A9] 7Foks dd A
£ ol&sto] ERIgt A, AT F 8= 7 =
3 A o2 F2Ao] 7P FA ¥4t Yangsong-1
TFE IAA BA50) 2o 32 AHEtHFig. 1).

o

22|20 53

Auxin A/d%5°] 7P ¢ Yangsong-1 #52] 16S

Yangsong-1

Fig. 1. Isolation of auxin-producing strains using Salkowski-
R2A broth.

Fig. 2. Phylogenetic trees of strain Yangsong-1 estimated
from 16S rRNA gene sequence.

rRNA 971 <Eg Z2Asto] BLAST Z2I3S 0|83
o Aol oAt AFA ARXE HES A
Yangsong-1-> Arthrobacter enclensis<t 98.83%2] “3-5735
UEPH O 22X drthrobacter enclensisZ 573 ¥ ATHFig. 2).
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Auxin 29| &2l & Yits H|n

T2]¥l A enclensis Yangsong-19] auxin 2§43 <l
&t7] 918l TLC2H HPLCE AAIEHth. F38 el
TLC®} HPLC A¥E= 1AAS EFEHE Hasigich. 2
A3} Yangsong-1914 58 S22 TLCA 1AAS}
U3 RFAIQ] 0.89F YATFOZH [AAZ] auxin EE Y
S 1 & 4 AUTH(Fig. 3). T, wiGH o B RE] &
gk ether -8 o] A7 A dte 1AA S 44
o7 gRigh AF AME FF A5} MY sF5ES
IAA peak”} RT 103 1.98%2] 7-& retention timeS H.¢]
FAS EFZ IRIEJTH(Fig. 4), 4. enclensis Yangsong-1
770 FEE 152903 mg L' 02 FFAEHT} ot =
2 FEE HAZHATK(Table 1).

Bio assayS S8 A 24 A
E2]3F Auxin A4+ Yangsong-1°] 2HE2] B2 AL



Table 1. Estimation of IAA produced from the Isolated
strains by HPLC.

Strain No. RT Area Height TAA
min mAU*s mAU mg mL"
Control - - - -
100 ppm 10.198  1296.92480 132.1 100.0
Yangsong-1 ~ 10.209  1986.81079 186.6 152.903

TZYH| 2§ sFLUZE SoldH
Table 2014 Hi= npe} Zho] 7 HF<l o] A
7F 8701 " 1008 3143k Yangsong-1 w5-9] Wi 4
T 7 Al WEee 52 18700112, Yangsong-2
a5 13702 Jebdt). Yangsong-12] @Zol= 203
Fig. 3. TLC analysis of IAA produced from the selected mm= HZET(71 mm)f ¥lsf oF 2.9u) €] WG EIAE e
strains. Concentration of IAA standard:100 mg L WO, Yangsong-27F+= 102 mm=Z A= gt
Yangsong-1 #7-¢] & W) W2Zole] Hghs W
&2 ¥ A3} 2ol v]sl Yangsong-12 286%%
o WA= &35 AES] fJste] 5FR AFHE T Urhd 297 =4 YERe™,  Yangsong-22
ANFER o] g3t 7 pot AWl S B3 BEld 144%2 UERY FL7ER] e 202 BRI
vkl o] HFa s AT Pot&l #0f| of8t SFLUTUAHY
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Fig. 4. HPLC chromatogram of auxin extracted from the strains IAA standard 100 mg L"(A), Yangsong-1 (B).
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7} E=A YERsk e B = 627), ol 174 mm L
2|3 Yangsong-2 ¥ H 4970, W20 148 mm
2 RlFe] F et waole] Wk g 4
3, w7l Aol Zpelzb dlovt Tl Hls)
Yangsong-1-> 1.5817FA] #=A] UEFESH, Yangsong-2-2
1.2887FA] YERsttH(Table 2). ©]742] 743} pot 23
o] A= 53 Yangsong-1 4FE & ] ASEA
BHE Uehd S Ss3iTh

r
rml]...

A5 Pot AHES %ﬂ J%Oﬂ/ﬂ_h:_ Yangsong-13}
Yangsong-2 52| Aol = Z+7}; 260 mm<} 205 mm,
FAE 8.50 g3t 5.02 g0 2 &olFo] & wz7ole} 1A
o] Hapke vl A}, izl B3] Yangsong-1<
1.9817kA] A YeR O™, Yangsong-2¥1-S 1.58]2 1}
EPth(Table 3). o]4e] =%uba w AbZukae] pog 4]
o] A5 Sal Yangsong-1 #Fv 2 HASEFL
S35 JERleH, 1*—‘1%‘ EL HPLC 45 % 1AA
AT ZAIME 52 1AA B85S UERES gRlst
RO P Yangsong-1 755 auxin *3/“ PGPR 2.2 &
Z Adeiaict.

Hf k=71 Auxin MiHs H|T

#F A Yangsong-12 0.1% L-tryptophan©] &
% R2A broth (pH 7.0) ¥jA|ol| wlFsHA auxin A2
At FHA w2 ds AESISIT. Eele] A oufdd

Table 2. Growth effect of mung bean infected with
producing bacteria in water culture and seed pot culture.

Uprooting No. Uprooting length

Strain No. Water Water

culture Pot culture culture Pot culture
mm

Control 8 34 71 116
100ppm 15 53 198 164
Yangsong-1 18 62 203 174
Yangsong-2 13 49 102 148

Table 3. Growth effect of lettuce infected with auxin-
producing bacterium in seed pot culture

Uprooting of lettuce

Strain No.
Length weight
mm g
Control 138 3.70
100ppm 217 7.29
Yangsong-1 260 8.50
Yangsong-2 205 5.02

R2|8+ Arthrobacter enclensis Yangsong-19] 2421839 16

1%Z seed BE 3+ 5 35°ColA wid A o] S-S oF
2477k 7] F7)o] =EEIiTh ASZ719E 1AA
o] A Fo] 2 mg L o]3}e] W 78 fA3I99 0,
Ao Hhel Wik 124719E TAA7F 24 mg L' o1
o2 FA3] F7ketlct. Egh, wiA] W [AAY] =S}
pH ¥st= 7o AAAde Biled olds A3+ 1AA
EEZF7PE viA 9] pHE 2HdsA7E A1g] o= &
A= ATH(Fig. 5). B Fig.6°14 & = %o 6AI77HA=
0201 % X PR = A ZAGES 7HAA T 12A17HE &
5] A2 AFES HolH 244]7k0] HojA HA AGE
< HoFe Zo=E gRIFUT. 247P<>l At F=2= Al
FAZEC] Fadte 2 FFE E ok

T3 1AA B3-S fg A7=dE ¢#% L-tryptophan
o] Ee]+9] IAA Bl Pl S FERIsH] fl3te
R2A broth (pH 7.0) ®iA]el L-tryptophang &%= (0,
0.05, 0.1, 0.2, 0.4%)= 713t TAA ArksS HIaEts
o} Fig. 73} 2] ®2le2 § 71 wiA] oA = 1AA A
/\—Jako] uouq, 0.2% A 7]. /\] &94 /\ggr;q. IAA 6Lako]
Z7V819 3, pHEl A% %7] pH 8.13914] 6.80 FF2
2 Polx)= vlsgt A4S B 28y 0.2% o F
7F Al pH 9] ®st= A9 glom, o] Aol

140 10
 JAA(ppm) —#—pH

120
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O
o 80 ¢z
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> 60 s 2
g £
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3 6 12 24 48 72
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Fig. 5. The profile of IAA production of Arthrobacter
enclensis Yangsong-1 based on incubation time.
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Fig. 6. The profile of viable cells of Arthrobacter enclensis
Yangsong-1 based on incubation time.
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Fig. 7. The effect of concentration of L-tryptophan(%) on
IAA production from Arthrobacter enclensis Yangsong-1.
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Fig. 8. The effect of concentration of L-tryptophan(%) on
Cell Growth from Arthrobacter enclensis Yangsong-1

IAA F57F 3A] AR E 7559 L-tryptophane HY
AdM = 23l 1AAS] A Asids
Atk (Fig. 7, Fig. 8)

olFe] AdE T3l FEel wiAEHH EEg auxin
8735t Arthrobacter enclensis Yangsong-1 & IAA 2373
o] 152903 mg L' ©& th¥ A<l PGPR 755 (Jung
et al., 2006, Ouzari ef al., 2008, Jung et al., 2011y &
E AN EGoRRY e o Al
Ochrobactrum anthropi < (Lee et al., 2015)3} = H]=3%H
T2 IAA B5s BT, ZElEFe [AARES €
3 HA wjdEAS 02% L-tryptophan®] SH-E R2A
broth HiX]o|A] pH 7.0, ]S 35°CollA] 48AI7F vl
Al 2] AT ofuEl 1AAS] Aol Hjolr). Bt
T4 Pot S Tl SFEE ol & wjgde] 4
EAGEHRE RIS AP E A5 F Yangsong-
1 75 =2 By AS5EK 2945 Jelen, A4
2 auxin AEE2E0] ZFof A AlH] gL o 2w
F2 JeE 5= 510 mg L' ol 2523
& Yangsong-1°] AAsh= 1AA §=+ 2HE A&
Al e g AGEN S 5T 4 s PGPR PIAEA R

A G 9

A ARge] Zhssittal A=

¥ Q
FANE RoiF AW FFol Al 7tlN Fpol
53 T iR 2R B AFH 5l auxin(IAA) BAEE

o] Hol\d M Yangsong-1 55 ®2|5I9th. TLC ¥
HPLC £41& Fall Eefwol A3 1AA =5 Rl
A, 0.2% L-tryptophanEs 3 pH 7.09] R2A broth
HjAlell 35°C, 48417 wiF Al Hd) AAE=E 12633
mg Lotk 23 54 2 ASSHHEA 48 Fd
el Gram =4 ZHEQl Arthrobacter  enclensis
Yangsong-12 FAE At G2 AE 1AAS] ALk H]
AL TAA FEE] S vl o] pH AMd st 7191gh
S 2A 1AA B pH WSloll= o dado] e
Ao E AZEAUTH IAA S S AFELR gzl
L-tryptophan®] #H7la3= 02% H7F Al o S 2
IAA A7) Hjelom, 0.4% o = A7t ul
oAM= 23] 1AAS] AAo] A=At B3t ]+t
of &gt AEAEFIaIAE A8 flske] 7 A ul
2 pot AME T3 ST AAHI dEd AW
S 4343 A3}, A enclensis Yangsong-12] vl 5
Al S A izl Hle) w2l B
Zolof|A] oF 1.5u]¢] BEAFaIE B, FFT
Ao M= iz Hlal frejdo|et FAOA °F 1.9
Hj o] B g s Bt

= I
M, o

rl

References

Barea JM, Navarro E, Montoya E. 1976. Production of plant
growth regulators by rhizosphere phosphate solubilizing
bacteria. J Appl Bacteriol 40:129-134.

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

Ezaki T, Hashimoto Y, Yabuuchi E. 1989. Fluorometric
deoxyribonucleic acid-deoxyribonucleic acid hybridization
in micro-dilution wells as an alternative to membrane
filter hybridization in which radioisotopes are used to
determine genetic relatedness among bacterial strains. Int
J System Bacteriol 39:224-229.

Emmert EAB and Handelsman J. 1999. Biocontrol of plant
disease: A gram-positive perspective. FEMS Microbiol
Lett 171:1-9.

Glick BR, Patten CC, Holguin G, Penrose DM. 1999.
Biochemical and genetic mechani sms used by plant
growth promoting bacteria, Imperial College Press,
London

Glick BR. 1995. The enhancement of plant growth by free-
living bacteria, Can J Microbiol 41:680-685.

Jung YP, Kyung KC, Jang KY, Yoon MH. 2011. Isolation and
characterization of plant growth promoting rhizobacteria



ol R 2HE 223 drthrobacter enclensis Yangsong-12] 2 E4d&x83 18

from waste mushroom bed from Agaricus bisporus. Kor J
Soil Sci Ferti 44: 866-871.

Jung HK, Kim JR, Woo SM, Kim SD. 2006. An auxin
producing plant growth promo ting rhizobacterium
Bacillus subtilis AHIS which has siderophore-producing
biocontrol activity. Kor J Microbiol Biotechnol 34:94-100.

Kim TS, Ko MJ, Lee SW, Han JH, Park K, Park JW. 2011.
Antifungal and proteolytic activity and auxin formation of
bacterial strains isolated from Highland Forest Soils of
Halla Mountain. Kor J Pesti Sci 15:495-501.

Kwon HD and Song HG. 2014. Interactions between indole-
3-acetic acid producing Acinetobacter sp. SWS5 and
growth of tomato plant. Kor J Microbiol 50:302-307.

Lee EY and Hong SH. 2013. Assessment of the changes in
the microbial community in alkaline soils using biolog
ecoplate and DGGE. Kor Soc Biotechnol Bioeng J 28:
275-281.

Loon LC wvan. 2007. Plant responses to plant growth
promoting rhizobacteria. Eur J Plant Pathol. 119:243-254

Lee KH, Madhaiyan M, Kim CW, Lee HS, Poonguzhali S,
Sa TM. 2004. Isolation and characterization of IAA
producing methylotrophic bacteria from phyllosphere of
rice cultivars. Kor J Soil Sci Fert 37:235-244

Leonid NT, Lee MJ, Lee MK, Park H, Yoon JH. 2000.
Production of auxins and auxin-like compounds by ginseng
growth-promoting  bacterium  Pseudomonas  fluorescens

KGPP 207. Agri Chem Biotechnol. 43:264-268.

Lee CJ, Lee HH, Yoon MH. 2015. Plant growth promotion
effect of auxin producing bacteria isolated from soil of
Oyster mushroom farmhouse. J Mushrooms. 13:1-7.

Mehdipour Moghaddam MJ, Emtiazi G, Salehi Z. 2012.
Enhanced auxin production by Azospirillum pure cultures
from plant root exudates. J Agri Sci Tech. 14:985-994.

Ouzari H, Khsairi A, Raddadi N, Hassen A, Zarrouk M,
Daffonchio D, Boudabous A. 2008. Diversity of auxin-
producing bacteria associated to Pseudomonas savastanoi -
induced olive knots. J Basic Microbiol 48:370-377.

Park KS, Kim KJ, Shin YJ, Kim S, Cha JS. 2008. High
concentration of sodium chloride increases on survival of
non-pathogenic Erwinia carotovora subsp. carotovora 9-3
during drying and storage. Kor J Pesti Sci 12: 368-374.

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

Spaepen S and Vanderleyden J. 2010. Auxin and plant-
microbe ineractioncs. Cold Spring Harb. Perspect. Biol.
doi: 10.1101/cshperspect.a001438.

So JH, Kim DJ, Shin JH, Yu CB, Rhee IK. 2009. Isolation
and characterization of Bacillus cereus A-139 producing
auxin from ease coast sand dunes. Kor J Environ Agri 28:
447-452.



