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Selection of the Auxin, Siderophore, and Cellulase-Producing PGPR,
Bacillus licheniformis K11 and Its Plant Growth Promoting Mechanisms
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Auxin-producing antagonistic bacterium K11, which can inhibit Phytophtora capsici, was isolated
from a local red-pepper field soil in Gyeong-buk. In order to check for additional PGPR (plant
growth promoting rhizobacterium) functions of the strain K11, we confirmed siderophore and
cellulase productions by CAS (chrome azurol S) blue agar and CMC plate with congo red,
respectively. The strain K11 was identified as Bacillus licheniformis with 98% similarity on 16s
rDNA comparison and Biolog analyses. B. licheniformis K11 promoted mung bean adventitious
root induction and enhanced root growth of mung bean (160%), pea (150%) and Chinese cabbage
(130%). Also, B. licheniformis K11 was able to effectively suppress (63%) P. capsici causing red-
pepper blight in the pot in vivo test. Therefore, we could select a triple-functional PGPR which has
auxin, siderophore, and cellulase producing ability for effective crops production in organic farming.
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o EYRAE Sole AEudAd &5 Ui d3ke
o AEAAFEZ] B 2F Fol| Adste BFES sk
AHIE "t} AEAAZE 45 F AWPEYL ZAE9 o}
31, MeE3, FHelt 5 Aezhgel st Zdes 4y
At AMAAE Ao Gibberella fijikurohs o104
FZ5lo]| vlAEo] Alels AERZTEAR ol 883t
o 3F3 AlElFe] shtoltt. AZele olftolx A4 niger,” F
moniliforme® SAME AHHAAL Aikel= Aoz deix
t} 2 9Jo= cytokinest Hl5g AZREE FIEES A3
= AEE ALY 53] axin HEE 4T HE3ERo
Z B AEAGREA ] shE AEY] AEAA, Wl
71¢] st 7N3t Foll #et. 19309 Thianmanns Link
7} Rhizobium®] &}3}e] awxino] 4% 2 4 Uvhe A& By
3t o) 3 Azospirillum sp.,' Azotobacter sp.,'V Bacillus sp.,'?
Methylobacterium sp.,"”'? Paenibacillus sp.,'>*® Pseudomonas
sp? ol awxing A4 & 7 e PAER AL Ut
FH 2ol A 5285 sk AAEES tiiEel 4
Z-9o] WA (thizosphere community)Xll AF3le FAAER 4]
o] A3 A I WA B S A 75
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259 ¥e 2 A B3RS 28] auxin A
AgaTE Eels] At A T wyRg Vg st
Aok BAEAY AW BN AT EF 122 Nutrient
agarg °|g3l FY F9 745 E3 vEld 45
L-Tryptophan 0.1% #7}8+ King’s B(Proteose peptone No. 3
2%, KHPO, 0.15%, MgSO, - TH,O 0.15%, glycerol 1.5%,
pH 7.2) broth¥lA]ell FHFstL 30°Col Al 37 wjgst &
10,000 rpmellA 1087 AR &l B widded 1m!
o] SalkowskiA] €K(35% HCIO, 50mi°l 0.5M FeCl; + 6H,0
ImiE £3l) 2miE A7 3087 ¥H-3A1Z1 & spectro-
photometers ©]-8-8} 535 nmollA] Zg3l] S Y-S &
&t

T3 auxin AAHIo] BRIE #FE UIYOE Potato dextrose
agar(PDAWIR| oA 1F-Avg o) WAHAR] Phyrophthora capsici
gpgo s whg-A) A (pairing plate culture) testS ©]-8-3le] A
s AP & PDAMIAY] FE0lE 6mmE s 7]
2 ZF3 95 3om Hold ol & A HEFI 5Y
ZH g = YA 17 A JAARE S5 SR
% 25 g TS FA e #5E Aok

20949 @52 siderophorest cellulase AJ4Hd FAL A
a2 A S 55 siderophorest cellulase A
2R RIS s Zzhe] ARl ARSIt Siderophore
A2Hl vlX|:= CAS(chrome azurol S)°] F+E CAS blue
agardll 2} FFE-S toothpicking 3} 30°ColA] 47y vjek &
orange halo zone®] FAFFE Felsion? cellulase A4t
T2 Nutrient agar®] 1% carboxylmetyl-cellulose(CMCYE &
3 CMC agardll 7} A% @58 toothpicking 3t 2UZH
30°Coll A Wl 9 Congo red platetd 022 cellulase®] A§4t
< ERlsiint.

a8 A, At EFTH F8E& 98t Bergey's
manual of systematic bacteriology®] Al@EFEA A 2] 4
AP 7IEoE e 2 A3l AL F Biologht®] 4
Al2="](Micorolog™ System 4.0)0.2 4831910} E3F Solgent
Co., Ltd. Korea®l] ©]® 3} primer 8F(5-AGT TGA TCC
CTC AG-3"%} 1492R(5-ACC TTG TTA CGA CTT-3)% ¢j
&, Mdg3e] 165 (DNAZ PCR 5% & ZZ9 sequences
NCBFI| 55€ d71Xg= vlasly 54 A F A7)
APAFAE v R HF 88t 2 AR AMEE uiA]
ZA3} 41 HPHL Bergey’s manual of systematic bacteriology®”
#2315t

tio

Auxin A0 JEUH . Awxindd2HEF9] bioassay
£ awxinFd] FLAE F shR] U2 Flojghs AL o)%
st SR o FAEUL F, 55ESS 4
&L= olfw AsmT FAE 03% sodium hypochlorite
Solol] 387 A &% F 52E FEE) AL, FAEY
FE5ke] 28°C, 5000 lux FU3ke] AEuFAeA 5~797 ul
F F A 18] AAEZ A 349 Golt T FE
UE JEioM 2L T FFEE IR 28F o] F
FHERE APYE AASL AP CoE shiEe] 3em ol
£ dgi3 ZE Hdsle] Auds] vlsd 50wk 2a
THT SmZF AR vialel] 2 PRES vialol ¥ 2447
it} §He FES FRTE dAFER B3l Y9 F
g Az A dEzHoR (U7t L2 AR 36U F
o Aol 1mm o)de] AZFE AF3att.

TLCE o435 3279 BR. B. licheniformis K11¢] auxin
Abde] AERlE 9)5le] L-tryptophan 0.1%0] H7F8 King’s
B Hxjel] Mg HESIE 30°CelA 347 Awhulek 3 9
AlRejsle] As5de 348k phophoric acid® A5H] pH
E pH 2.82 ZABLT ethyl actetate® 23] 2 F 37°CoA
4 w53 olg 2GA SAAER 519 siliga gel 60 Fyy
£ ©]&3} thin layer chromotographyE 43 ¥ Ehrlich
reagent?E H5-sle] HARES-S AJEIAT) ojn) Hyjdoe s
£ ethyl acetate®} 1-prophanol : ammonia : water(6:3 : )&
1:182 3 28 ARg-siddrh

SAF A P EY 7 EF, B5F, W38 AFE:
A ZA}L B licheniformis K112] 218 A% #2058 2AB]
3l sodium hypochlorited]4] 28-7F 2HFAZ] 5 3 HF
TR FASIL 25°C, dEsINA 2447 T Eell A Al
1 &F, 57, wiF S5 Al TAZ o8-8t S
A Ao Egel AT dnkEeR FrkA mAE
AAE AHgshs Wl SAsl 121004 1587 B7E A
E@EHSEs deig)el S A5 10° CFUg=
= JEsa A9 FAE 47 1000 4 gF8tdrt. ol
dxte SAAN daaag HEA B2 4Bl de
AR s, AfTe tzTe FYah 28°C, 1247 F
712 9 2ARI 337 A AR F el F8 ER
Aol WL Aol ds] Az A7 F e FAE &3
Eipie

Pot testg B¥ SANM DA JEPAY 821 A
gE SAAE ARt AeH UAES avFoE Uy
= 458 FAFe] & 5o WEMeR IFE o JIF
HEZ HEBPAETE S QAT 257} o)A o) A= pot
o ZFAWARA P capsicis FFHF3LL, o700 L2144
AR F(10° CFU/gYS B3 Alsle] 28°C, 70% <5
AollA 798X Fr71Hoz dE RIS ¢ BAEE
B we AT post WAEEH A I A
3 potE Hlawak AlE-S FRIsia o, AT AEA
e AP et 25 237t ol4=e AT pot FHA
& Wdos 53] wHgske FRIsiiTt.
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Auxin, Siderophore, & Cellulase A4H] t s HE2AAED

VX% Bacillus licheniformis K119] A 2 2SR g3 25

Table 1. Inhibition of plant pathogenic fungi and auxin productivity
by indigenous antagonistic microorganism

Strains Inhibition rate %)" Auxin production®
against P, capsici (Ab 535 nm)
K4 41£1.39 0.038 £ 0.009
K5 37+£2.1 0.029 + 0.006
K9 12+£0.9 0.038 +0.008
K11 75+2.8 0.049 £ 0.01
KHI1 48+1.3 0.042 + 0.009
KH3 76+2.5 0.015+0.004
KH4 21+1.4 0.019 £ 0.005
IAA?Y ND? 0.104 £ 0.001
King’s B broth? ND 0.008  0.001

DInhibition rate (%) = {1 — mycelium growth of treament (mm)/mycelium
growth control (mm)} x100

IMeasured by Salkowski test.

MAA: indole-3-acetic acid (1 pg/m/)

“King’s broth: treatment of medium

ND: Not determined

9STD: Standard deviation

Fig. 1. Growth inhibition of P capsici by auxin-producing
antagonistic bacterium. L: Phyrophthora capsici, R: Strain K11.
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T GAEE3 A5S o] &3] Salkowski testVE 24l AY
S HEE AT K4, K9, Kil, KH1 #FA =& 24

s A eg Bl & F UUTHTable 1). ©lF #F&
o2 P capsicel HEE AdFeS ZAKE] g8 285994

PSS A, SAAM0] & F 79 Kl
2 75%, KH1Z 48%¢] A31-&-2 LEPNATHTable 1, Fig. 1).
Z8]3 CAS agard} CMC agars 3] AE8WIA Age] =
Zptolg 2Alek= siderophore?t A EHAA ZlFe] AlEE A
FAE Bollshs 3174 cellulase AR 2RISE A3 K11F
oMt siderophores} cellulase?] AARS &9 & 4 YTH
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Fig. 2 Production of the siderophore and cellulase by strain K11 in
selection medium. A: CAS(chrome azurol S) blue agar, B: Congo-red
staining of Nutrient agar plates containing CMC.
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Fig. 3. Phylogenetic trees estimated from 16s rDNA comparison
and Biolog analyses of the stain K11.

s, st 73eist dar)zke 2 Hel siderophore ©]2]o) dHAY
A3 28 AFEE S AAsle RoR A= A A

9] 4. Auxin, siderophore ZZE]5L cellulse A4S 71
s 45 KIS 88 8] 2290E HAAEk] Je
st Ayt o A e =Z #EE Biologhhe 54
A" Microlog™ 4.0)0.2 A3} Bacillus licheniformis©l
97%9] 6232 VERIRITE 3 ZEH 165 tDNA sequence
£ GenBank database®ll 55 HEE tlF2Z BLAST search
(http://www.nebinlm.nih.gov)t A=}, B. licheniformis BOH108
(AY947531) 2 B. licheniformis strain HDMO02(DQ167473)2)
16s tRNA geneol 2} 98%, 99% 5AE WERHATH(date
not shown). ©|2jgt AFE vlFoZ Mubd auxin, siderophore
a3 cellulase B % A8 FH Z23dFF Kl
Bacillus licheniformis K112 & FA3AGEFig 3).
Bacillus sp== 2213t 873014 endospores Ao = &3}
o FHe 7 e Aoz d=A Ak B S0
A% FF% Bacillus sp.2] 543¢1 endosporeZ ©]-§3l] #7)
7k Bgo] 7hsd A B 28 A F o8 /R=E AR
o 47 $-82 + AL Ao AlEHUL

Auxin A F52] AESH 1. ALFF B, licheniformis
Ki1E 57E273N S AR A3K(Table 2), B. licheniformis
K119] ool 10m/2 A2 SFoxe Bz 42 5=
550 Bom, AlAFE 1AAS 0.1 mg! E AEg A= o=
K1l wialS H7E Al 1AA Hrh ¥350] 15% Z7ketdrh.
Wb AehgS B. licheniformis K11 in vitro testigt o}u)
2} bioassayE FIXE BEUZE EXT F e awxing A
AREE IR ATk o] ZFAIAAE L 459 7o)
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Table 2. The effect of auxin produced from B. licheniformis K11
with Mung bean adventitious root induction method

Table 3. The effect of auxin-producing B. licheniformis K11 on root
growth of various plants

Treatment Number of roots Control (mg)?  Test(mg)®  Test/Control (%)
Control (none treatment)” 20029 Mung bean root 752+ 11.5Y 1222+18.7 160
IAA (indole acetic acid)” 40=03 Pea root 9331124 145.2+25.1 150
K11 culture broth® 55+0.8 Chinese cabbage root  13.1 £ 1.5 18.1+3.8 130

"Control (none treatment): stabilized water

JIAA: indole-3-acetic acid (1 pg/m/)

K11 culture broth: B. licheniformis K11 were grown for 72 h at 30°C
in King’s broth (0.1% L-tryptophan)

YSTD: Standard deviation

*Each value is the mean of 25 replicates.

Fig. 4. TLC analysis of crude auxin of B. licheniformis K11 on the
silica gel plate. 1: IAA, 2,3: crude auxin of B. licheniformis K11.
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S o] g3t HFOE jn vivodolA awxinFe] 54U 4
o MFEAGT wols IIstet F-83H ©182 itk

B. licheniformis K110] A2kshs $A1%2] sletd EA. B.
licheniformis K118] £ 2438 A &eistz] 94ste] B

licheniformis K112] W%} A5HE o)l83te] 244 41 A5
2 z)3k] A% idole acetic aicdIAA)} 7 siliga gel %3
oA loading3tal ©]E Ehrdich reagent®S 53t LA
& AW AR, B. licheniformis K112] Z3A] £41 ® TAA
oA purpleS VFERNS] indole BEEAS &1 & 5 U
thFig. 4). olm 1AAS] R, & 0.75%2H, B. licheniformis
K112 ZFA £A& (0728, Psewodomonas sp. 2 Bacillus
sp7/t AAeRe SA1F B9 B R, 3ol 070753 A3+
A} st TR webA B. licheniformis K119) SA41 A&
TLC AME Bl & 4 UYL, B. licheniformis K117k
= 2212 indole SFLEZ R, @] 1AAS} FLHAE 4%
29k 2 zQolrt glomF JAA 32 ol fARE EHE 4
Hojxth, A% HPLCE 53 &, FAlsl 7224 + B
licheniformis K117} Akl 84159 7#2& 21 Zlolth

B. licheniformis K119] SA15 A4td] A% 24T 33
% 80l =% % wEE AR B licheniformis K119l

UControl: stabilized water

est: Inoculation of B. licheniformis K11 (10° CFU/g) in soil
9STD: Standard deviation

*Each value is the mean of 30 replicates.

©)

Fig. 5. Effect on growth and root elongation of the plants in soil
inoculated B. licheniformis K11. A: Mung bean, B: Pea, C: Chinese
cabbage, L: control; R: Test.

o3t 218 AAEAL AR A3, B. licheniformis K11 85
HE3 BF K U7l vlEl oF 160%, S5 150%,
3= 130%2 E& A 218 VEIITKTable 3, Fig. 5).
B. licheniformis K112] HEH EdolN ASE 5= f|9te
2 Az g wye] A @ wze] HAHASS 39 2
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Fig. 6. In vivo antifungal acitivity against P capsici in soil
inoculated B. licheniformis KI11. A: Control, B: Pathogen, C:
Pathogen vs B. licheniformis K11.

g 4= e, B licheniformis K112] B 2052
Vandana 529 P fluorescens®l| €3le] =5 Bg]9] Zojg 4l
ol o8l B STl 151.5% FVHEIThe Hare) )
A2 FRY 5F AT F3%0] 4] ik

B. licheniformis K119] oA A2jo] wjFAgo) w])x|=
S A A3, AT BIRA] B, licheniformis K11
< A3l viFelA] Bale] o] FrHEE RISt + 5
o] HE AAE olgsle] uiFe] Ha] A7) 110% BT F
ZFEATRe B dou, B licheniformis K11 T2 7
vlajA] o] He] AAde] 130% S7F Ho A8 A 31
ol w9 ERom, Wdwe] WAL Adds] ofgf vl F
Al o A BEle] S-S FXATEA RS AAS
o Hele] mhE W2 B Al o8] GYR i) 2
@S the WRIEl] A §48 Y Y IS Ae= A
xdps)=

SRABE T PAES sl ZE gl 21 Ho
T BB Zlo] A7) ARE T8 B. licheniformis K11
Al EellM o8] 4559 o5zl & gl A% § 7}
EASS EFXske AEAAEE AEYAARY o) 7t
Soitka Azhdct.

B. licheniformis K112] 33 94 g EY U s
FAL -S4 A A-ITE B lickeniformis KIS A2
T tig BAEEG pordelld 3 A, 63%9] =
A5 eI (Fig. 6), ol 3 529 Bacillus spoA
YeERT 48%9] Asls Bt 130 AT A4 Jeldth ol B
licheniformis K11°] in viro AZoNA Zeld FAAFA
siderophore®} cellulase ©]9]o] zFA SFPEAL] A&
2 7 e Adeltt. 23BE AF7A] 1" AEESE
N ABEAFR B. licheniformis K11& RJAEH| 82 AzlA]
of &3t EFHEE Aol A9} § 2Ee] Matet

SAFE QU3 5] ASEFoZ FIN/E o=
7l o) Fd B8 & F US Ao= AlE "o}

off rir

P

2
=

g AJENI HE Ao 8T 2HE FAl
Hehllls s f7159-8 RAEAAE st ZEA
o el AAA] BEFOENE SAMM 4558 FelEl
t} L % awxin, siderophore, 222 A4 cellulaseE &
Aol AiFehe Kl @58 Addsisien, Add Kl 45
el R s test ¥ Biologhte] 8 A1 (Microlog™
4.0y} 16s IDNA 3548 A At Bacillus licheniformis
2 FA= e, ol& Bacillus licheniformis K112 H™H3}5
th. B. licheniformis K112 21589] A1+ Phytophthora
capsiciell T3t in virro 4ol 63%S] AdeS BASH, in
vivo pot testllME FHod WAlFS veRNATh E3F B
licheniformis K112] ¥]¢A-E 10 ml/iE AT SFE2AAY
oflA AlE9l TAAQ0.] mg/hE Tt W8] 15% TVHES &
Q& & AUk B ujF, 4T SFE ddeE B
licheniformis K119Y 9J8t A& 5L ZARE 23} =55,
& 2o wiEe] el ASE 22 160, 150, 130% 5714
Act. 47 AF AFAEE vF] £ o e AEEAE
B. licheniformis K11 Z4ZAol] #stAY AgHet v EA
A2 AAsPE BRG] Ae] Al 3 S A
Aol &g FEAS] FR07 S 203 gor =
71l 9] S &9E & 7 AS Fo)EE 18 UL 1|
AEAAZ 7P 7Fs40] dee B0 & 5 AUt

Key words: PGPR(plant growth promoting rhizobacterium),

Auxin, AEXA), siderophore, -F4R8] &4
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