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Plant growth promotion effect of Klebsiella michiganensis
Jopap-1 isolated from button mushroom bed

Ye-Seul Kim and Min-Ho Yoon*

Department of Bio-Environmental Chemistry, College of Agriculture and Lifesciences, Chungnam National University, Daejeon 305764 , Korea.

ABSTRACT: An auxin-producing bacterium, Klebsiella michiganensis Jopap-1, was isolated from a button mushroom bed in
Buyeo-Gun, Chungcheongnam-Do. The strain Jopap-1 was classified as a novel strain of K. michiganensis based on a
chemotaxonomic and phylogenetic analysis. The isolated K. michiganensis Jopap-1 was confirmed to produce indole-3-acetic
acid (IAA), which is one of auxin hormones by TLC and HPLC analyses. The maximum concentration of IAA (96.05 mg L) was
detected in the culture broth incubated in R2A medium containing 0.1% L-tryptophan for 48 h at 35°C by HPLC quantity
analysis. A negative relationship between IAA production and pH variation was estimated to show that the increase of IAA caused
acidic pH in the culture. The effect of the supplement on L-tryptophan (precursor of IAA) production was observed to be highest
at 0.1% concentration, but was significantly lowered above a concentration of 0.2%. To investigate the growth-promoting effects
on the crops, the culture broth of E. michiganensis Jopap-1 was infected to water cultures and seed pots of mung bean and
lettuce. Consequently, the adventitious root induction and root growth of mung bean and lettuce were observed to be 2.1 and
1.8 times higher than those of the control.
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A, WS o)8 A&l Fskel Al ol
t} (Spaepen and Vanderleyden, 2010).
og PAE F awxing sk PIANERE Acineto-

bacter <, Bacillus <, Chryseo bacterium, Entero bacter,

B

Flavobacterium, Hafnia %, Jantinobacterium, Klebsiella
25 Lysinibacillus <5, Microbacterium <, Pseudomonas
2, Rhizobium <, Serratia %, Streptomyces & %
Xanthomonas < 5°] ¢## <t} (Denvender and
David, 1984; Glick et al., 1999; Jung et al., 2006; Kim
et al., 2011; Kwon and Song, 2014; Lee et al, 2004;
Leonid et al., 2000; Mehdipour et al., 2012; Ravikumar
et al., 2004).
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Auxin A2l E2E 98] SHEE Folat 44
A FEol AuErte] ool wiA] 1 g AF AT A
At B 1¢& 278 I (0.85% NaCl) 99
mLol| 843t} e vid7]oA 170 rppmOZ 3087 71
FAIZL & SdAA sA HaEs olgs 7 XA
auxin A§/3<F 28 wiAQl 0.1% L-tryptophan©] 71
R2A A wjA]ol] =@sle] 35°ColA w3k, A
iAoM) ==5-2] ® colonyS auxin 7]EH]A]ol tooth-
picking 3+ & Salkowski A]2F(35% perchloric acid 50
mL, 0.5 M FeCly)& F4HAA 97 colony e i
TG B #FES awin A TR 13 AEEIGIT
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Auxin MMTFo| Mt

e 12} #529] auxin A2HIS ER18H] S8 E2
2] Hjkel S R2A broth HiA| (pH 7.0)ll 1% HA HE
F 35°C, 170 rpmollA] 24417k o)A Aujek, Hujoro s
e wj kgt wjokelS 4°C, 4000 rpm, 15% 7+ AAlEg
st Bl g FedS §4To} Aok vl 35} Salkowski
AloFS 1 (v/v)«l
7

FYEE 3
o, EFEAL Sigmarle] 1AAES 10, 30 50 70, 100

mgL ™ F%E methanolo] H7F & 535 nmollA 3=
S8 ETFAS ST, Tk, Adare] wigk=d

3} auxin A4HsS HlaLak7] f18ked 35°CollA] 24417 Hl
FetaA wjg7IZbel W ] A, IAAS] AFAIY
L-tryptophan?] HZ4 5%, IAA A4 2 FHF pHE =4
=

TLCE 0]“9-0}04 Al #FE9] auxin TS HA
A7) S8l g AedS FAPeE pH 2.87H4] A3
s} A1Z1 3, 2819] cold ethyl acetatei B3 F=5t).

o W23 343 ether 52 Evaporator 3|2
o] dEd & dojzl 74/‘}— methanol 2 mLel|
LC #4< SI3h Al 5E ARESRIth. TLC A7H-&-
= 1-propanol : NH,OH : H,0 (6:3:1) EgAH& A&
shH, WAAlke 2529 100 mL, & Y94 150 mL, p-
dimethylamino benzaldehyde 0.7 g& 833t Ehrlich 2]

kS ARESIATHLim ef al., 1995).
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Agilent(USA) AF2] 1260 Infinity system®] UV detector
E o]&3t 285 nmollA 433, Columne Luna
5U C18 (250 x 4.60 mm), mobile Phases= MeOH (HPLC
grade)S 81l AR, 18]35 0.6% acetic acidS vl B2
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AT}, flow rate= 1 mL/min®] it}
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7} =ERERMZ N ()
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7U7F W T A 18510] A R 3499 Hoprt
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PSS 4 cm H712 25H Oﬂﬁ]ﬁi =2 Aosisict.
I2]3 Salkowski testollA] auxin AAHFo] =A UERS
w7 MFEE 50 pL, BdSH{T 5 mLONY &5
A HFEFF = 1:100) 28|22 NPK Folo] H7e
X370 gl 2447k wit} HHt SR
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wellsg ©]-83AthH(Ezaki er al., 1989). =gk 16S rRNA
7ML siA B AT S f1ske] 16S rRNAS] 7
BEe] 454S DDBI/EMBL/GenBank database®]
Blast programs ©]&3ste] EAetlem, 7t f7]4 L

Fig. 1. Isolation of auxin-producing strains from button
mushroom bed using Salkowski-R2A broth.
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Fig. 2. Phylogenetic trees of the strain Jopap-1 estimated from 16S rRNA gene sequence.
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Fig. 3. TLC analysis of IAA produced from the selected
strains. Concentration of IAA standard: 50, 100, 1000 mg L™

A71MEE AAslo] BLAST Z2a#S o83 =d 2
ol ejAste] AlssH HAXE AESZF A3, Jopap-1
& Klebsiella michiganensis$t 99.93%2] 4542 e}
WO 2A Klebsiella michiganensisZ 573 = A tH(Fig. 2).

Auxin S22 &0l ¥ H¥its H

2] ¥ Klebsiella michiganensis Jopap-12] auxin A§7J
S 39l5l7] 98] TLCSF HPLCE A5t 5% )
el TLCS HPLC A¥= IAAE ZF=dE H|wst
Atk L A3} Jopap-1914 FEE EZ-2 TLCANA
IAAS} FU g RFXIR] 0.759F YA 24 TAAA auxin
E2YS 39l & 4 ST (Fig. 3). T3, vt oz
| FZ3F ether B89 Add57F A 1AA T2
AR o= It Ay AN HF AE) Y &
=59 JAA peak’} RT 14% 7.11%9] 7Z+& retention
timeS Ho U 2= SRIFATH(Fig. 4), Klebsiella
michiganensis Jopap-1 @52 F%EE 96.05 mgL &2
EFAIEET ofF W w22 AEE UK Table 1).
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Fig. 4. HPLC chromatogram of IAA extracted from Klebsiella michiganensis Jopap-1. (A) IAA standard 100 mg L™, (B) Jopap-1
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Table 3. Growth effect of lettuce infected with auxin-
producing bacterium in seed pot culture

Table 1. Estimation of IAA produced from Klebsiella
michiganensis Jopap-1 by HPLC analysis
Strain No. RT Area Height IAA
min mAU*s mAU mg mL™
Control - - - -
100ppm 14711 1904170 239.975 100.0
Jopap-1 14.711 1844.399 226.225 96.05
EZ olgste] F4HH pot AMAES B3 el Hl
pole] HELIE HAlsksnt.
7t SOl o8t STUTY Holuy

Table 204 B vfe} 7ho] F HEQ] o] W
71 97h] RbE 1008] 3143k Jopap-1 @5-2] ¥
A b Al B2 e 2570019 eH, H-1 ¥ =
W= YERT. Jopap-19] E2dol= 228 mmz thET
(110 mm)ell BJaf <f 2uje] AgaIE ebiom, H-1
o7 123 mmE IRA=HJTH S, Jopap-1 #72 F
vk geol whrzlo)e] HHghe WMESZ vwdt A3 )
Z7 Hlall Jopgp-12 212%= YERT 2.18171A] =4
Uelton | H-12 112%E YeR} L7 VYehdes
Ao g gl

AgZAE
AXM= Jopap-1 @52 FZ83}
7} %7']] L}E}”O‘q T 3470, d2AolE 244 mm
287 H1 258 22 1770, 22o] 175 mme 3
olglo] F whzgpe} whzZole] Hyghs vwsk A},
T3 el Az} zpol7t Aot izl H]El Jopap-1
2 2.0 74 =A ERE o™, H-1-2 1.3589 7k YRS
Th(Table 2). ol’de] 73} pot A3 AHE F3l
Jopap-1 ¥+ & ¥ ASFHaHE Ui S &l
A=
Ct. Pot A0l 2|5t arFLU MY
35 Pot AEE B3 AHNAME Jopap-13+ H-1 ¥

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

Uprooting No. Uprooting length
Strain
No. Water Pot Water Pot
culture culture culture culture
. mm -

Control 9 14 110 128
100ppm 29 36 239 278
Jopap-1 25 34 228 244
H-1 10 17 123 175

Uprooting of lettuce

Strain No.
Length weight
———————— M ------mm cmommmem @ —omeeee
Control 139 1.36
100ppm 275 4.34
Jopap-1 256 3.50
H-1 142 1.65
o] WzZol= Zhzt 256 mme} 142 mm, FAIE 3.50 ¢
4 1.65 g0 % SIE] T W2olet FAY] Htpks
H| gk A, thz7o) Bls) Jopap-1-> 1.8817FA] =71
Ebton | H-1HLS 1182 YElsdth(Table 3). o142 =
Tk 9 i) Pot Ao A3E 53 Jopap-1
o= =& .‘illi /xg ;(]3_5._31]..'3_ ]/}—F/}_LHOU:] ]AHHJ 1:!_1
HPLC £4& 53 IAA A ZARIME =2 JAA A
Aes UepdS RIS ER Jopap-1 #55 auxin
A3 PGPRe+ o2 F Akaioitt.

HHFZEZ4E Auxin Y4Hs H|W

#Z A Jopap-1€ 0.1% L-tryptophan©] EH+#
R2A broth(pH 7.0) BiA]ol] #j<FslHA auxin A4S
g HA widEdE ARSI Eele] A uiked 1%
2 seed HE T F 35°COIM WL Al @] AFL OF 12

|

AZre) 7] E710 mEetith. ASx7]d= 1AAS]
A Eo] 5 mg L™ o]ake] vre 28 Ao, A

So] Aol miYF 244700l = TAA7F 60 mg L™ o]AFC
w43 S7kekdct. B, wiA] W 1AAS] $E¢ pH
sh= Fo] A4S Bl olde A3 IAA =
Z7F7F wiA] 9] pHE 2Hdsir7]1E A1S] AR SRl
AtH(Fig. 5).

S JIAA S A% AEEE 4# 7 L-tryptophan
o] &+t IAA Al PAl= IS RIsh] flste]
R2A broth(pH 7.0) ®j=]o] L- tryptophan* FER(0,
0.05, 0.1, 0.2, 0.4%)= A7I3t 1AA AAFsS H| w35

!

120 12 -8
. AA(ppm) ==e=0D ==g=pH
o — ' B}
/ e — § e
- 80 08 g
4 o rs°x
2 g [.2
60 06 w
- 3 ('8
< & [
= a0 04 2
/ 8 2
20 02
L1
0 0 Lo

3 6 12 24 48
Time(hr)

Fig. 5. The profile of IAA production and viable cells of
Klebsiella michiganensis Jopap-1 based on incubation time.



223 AdE - 4Ys
120 08 r9
-8
100 — — 07 .
06 afl’
- O+ 6
7 80 s :5
o —IAA(ppm) S s =
E 60 ——&% 04 % r4.c
g = pH 03 ‘65 L3 =
< a0 =
02 82
20 01 F1
0
0 |—m. ‘ : : 0
0 0.05 0.1 0.2 04

Concentration of Tryptophan(%)

Fig. 6. The effect of concentration of L-tryptophan(%) on
IAA production from Klebsiella michiganensis Jopap-1.

th. Fig. 63 o] EEwe 7 H7F wiAlIM = 1AA A
Agko] vrom | 0.1% H7F Al 79 AST IAA §HEFo)
27181907, pHE| A% 7] pH 759914 6.5 $20.
2 o= H|52gk e Bk ey 0.2% ol H
7} Aloll= pHe| WHstE A9 glom, o] Aol TAA
=7t T4 72AEERE FEEel L- tryptophane Hj =] o]
Ae 238 1AAS] A AsES g2l & <+ AT
ool AIg Fall Yol wiAZHE Eﬂ?} auxin
A+ Klebsiella michiganensis Jopap-1 IAA A=
°] 96.05 mg L' ©& th¥ 2 <l PGPR #FE (Jung ef al.,
2006; Ouzari et al., 2008; Jung et al., 2011) =8 =
WA EYo2RY s oE GlAlEd
Ochrobactrum anthropi % (Lee et al., 2015)3} = Y]S5
IAA B35S Bt Eed72 1AARES ¢
3 HA widEAL 0.1% L-tryptophan®] $H+-E R2A
broth WAl Al pH 7.0, Bl 2= 35°Col|A] 48417k vl
& | o, o] ATHE oz} JAAE HUE A=Y
o}, I8 AW} Pot AH S £ =ERE o] 43k ujok
ono] )\lﬂxgz}gﬁ_ §Lo 3} /\16—401]/\1_]_ A—]HL&_T_ =
Jopap-1 7= 2 e ASEHK 2345 Yeplioen,
AAZ auxin 2] B2 0] Z}Ec’ﬂ A AMge o 2
ZEAE JEE B5EE 5~10 mgL' FFolH 53}
7] wjiell Jopap-1°] A= 1AA TEe 2= A& Al
el g AAEIE F2d 5 = PGPR PIAEAI2A

ARg-o] 7lssltta AE Qi)

b

B

FTHAHE ol Y ol A F7tolA FEel
T8 F mAERRE ESS AF st auxin(AA) B85
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