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2] &% 2 ¥ (phytohormone)& A A 317 B-4-4 AAL 7HE-315 o] Sl A F-& S Belste] e A4
< 2AST EnLE A ote] A 43l AAEA S5AL 2AGC 2 o] 750 JEYA v 2N S5
& A A 8 3A} 8k} ¥ FF9 Bacillus sp. PS28} RFO41& 3718 F £5-9) 500 mg/L B4 QAL ¢
80% o] 71-4-34A] 3l onf, A E o] TR YA R o) M o8] F}A] A B2 2B L QYA sl ). o] & EY) 2 &}
E Aote] AA&A AP st A3t PS2¢) RFO410] A 43 A§ 79 wols Eul 5 5 F 9] a9} 27]9)
Aol A& 2o ulsle] 242} 26.85) 34.8% W 4559} 36.5% 7} 7 8bgl et o) A= Be) F3-Q Bacillus
sp. PS22} RFO419] Q1AL 71-8-315-3 A B3 2 B.o] QA 5o] EulE Hjoke] wtols] o] 2P A &S F
8= 243 Aty 9 5 low, AEeA n| 2249 71 F bl sks Aelsx € 4 Qg
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TAAAN Eejg A EAES A8 Ao} AL
S7WZ 4 glom, olgfgt v AE-L UubA o E PGPB (plant
growth promoting bacteria) == F379] AR St}Eo] o3}
yield increasing bacteria (YIR)Z}L 3Th8). A& A3 A4
5712 913 A&7 PGPBY dHAL o} 53] ATEA &
< Aoy, AR B8 Y 7158 o]2L PGPRY}F o
2 AEAAER Z2ES NG = glen, B84 g o
& FEREL 2e0] o8 F U=E I Aolrkie).

A9 A5 FA TS WX AEFZEE O T indole-3-
acetic acid (IAA), indole-3-butyric acid (IBA), gibberellin ~12]3
zeatin & THFSE o] EA)3c). PGPRE ©]2i3t AEZ R
< AH Y 5 dom, 1 715 ABAIES Atste} B,
aea AXE B3l 2 W 80 tid vk Hola, AEA
W2 F950] auxin poolol A auxin®] $4E ZRsk= J3ke
FHITIL LAHA k14, 21). APy 28] Bgsled &
8% JTE AXEIL AT EQ 2o daw s &

oz d3A Slrk. Qo] B ol S8 4o R EA)3lx)
R3he olfis Y ol EF Ul dole A, 4FnE, 7
& 5 st AEATL GA o8-8 + gl B84 FuE
A o) F457] wjEo]th0). o1FA EF Ul Q4ke: A%o)
olg3tA FIL FHHE EAE A s B84 At
7He3keol S RS Bl FEd] B84 Qake 7Me
FAE 4 ok A5 Al FHAA EnE Ve, &
& olE 383l PAE HIgE o)83Ithd AAF, @AHo =
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olzigt 549 PGPBE 53l Uehie okt Mgy 24
o] 83k &7 2 FPol tigh Blo] FUtstn o ol
Tkt AEo] A=EHI Qith17). 213y dA) o] &1
HBEAAE PSS 4ol IR K3 a9 59
AEo] e it mEtA ofedt ZAES 358 ¢
T 22 AFHAQ) JF o)
T 2o BAS At 24890 A% &1 71
Yehfl= thofst PGPBE 37 Aoz &9 A
FAAF)E W Ee] Rt} Eg B EAEA|T A8
NA F&3HA 220lA] K3lal e B84 IS 71833l
FEIQAe] FEHZ 8T 5 de EAS AW BEY vHES
9] 58L& o] Bo] A7Eo] Ak, 10, 11).

B dye AEAAEN ZEATY A4S B s o)
EH FAE 9 skl ErfEe AR vXe f-8uAEe)
FES AR AEARY £05ES AFHOEN nAENE
o st Ag3E A% V2AEE FEstaa) At )
B3)50] 953 FFS TEOERY Beske] Bk &A1}
© OEs B84 kel tigk 7hesled 4 AEsEEe
A& ARl AA) BEnlE ASte] A&z ot 9
S vRAEA] Gotr7] 93t A5 Y3
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S E¢eoziE Bt of A& 9T HISE 343,
NA-calcium phosphate [Nutrient Broth (NB, Oxoid) 8 g, agar
15 g per 1 liter dH,0, calcium phosphate 5 g] HZal =] 100
ul A =ty 30°Cell A 4 B Mg - 5 F9ol £
e sk TAE B84 AN 7HeEsol e TFE
ZA7stan1), 2 FolX diHes £yt 2 #FE A8
o 259 9@ #F-E FEIHH

E84 olite] 7i85Hs &

BETF PS29} RFOALIS thdo g B84 Q] 7838w
S ZAMERIT 28 755 NB ¥R PES H 2443 FF
A gzt F, MR EEE(0D,, ) 1°0] HEE BAs,
0.5% 2874 ?AKticalctum phosphate 5= aluminum phosphate)
o] X3 NB ¥A] 40 mlo] G@ATFF Hejdd 04 mS HE
3] 200 rpmO. 2 30°CA 6U7F vIYBIATE. Wi T 24A13F
o2 wjgA o2 NE fEd e o WEes 24
sttt 28 7571 AEE NB-P ujA] wldd | mg 94
£2](10,000xg, 4°C, 10 min)3} BL 45H 1 mlo] vanado-
molybdophosphoric acid §F&-8-H(solution A: ammonium molybdate
25 g, dH,0 300 ml, solution B: ammonium metavanadate 1.25 g,
dH,0 300 ml; solution A, BE 412 & HF #I7} 1,000
mle] HEF SF5E A7D 1 mie E5ste] Lol 3087t
HEA1ZI H, 470 nmol A EFEE ESF Q3L potassium
phosphate monobasicS A-8-3t] L2 phosphate EFFHE ©)

|3t AU, 5, 13).

Phosphatase #49| &3

2 TFE 40 ml NB WjA o) 244352k v gt mj S
NB-CaP H{A|l| 10%%] &3t 5, 24X3F 7HH 22 phosphatase
g4E S35ttt vl A5 | mkE 25 mM$] p-nitrophenyl
phosphate (pNP) 1 ml¥} modified universal buffer (pH 5.5, 6.0,
6.5, 10.5) 4 miE 27 3t 37°CelA 1AZFERE vESAIZ]
H, 05 M CaCl, 1 mi#} 05 M NaOH 1 mlS 718k whgol
£ 045um 359 AR=o 2 AAG thE, 410 nmolA Y] &
AT E Z2A3HHT, 22).

22l72Fe 55

B84 daks TR F e EY HAE F B3R
Nx ) B84 QA 7HE8sol % T2 PS29F RFO419]
BRI XS gelsrl 918 Fejgty 54 B,
16S IDNAE $Z3l] @VIME 43S Ao ¢ 2
H A4 aFE FvEEA 9t E4392H, PCR
primer= universal primer 27F; 5-AGAGITTGATCMTGGCTC
AG-3'%} 1492R; 5-TACGGYTACCTTGITACGACTT-3'& A&
3193, sequencing AI= Mega 3.19] BLAST program?]
Jukes-Cantor 292 283+ Neighbour-joining ®'Hol| whe} 2HAd
3ttt
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AESEEe WME =AM

ANEF 2L AT ZAE 918 A3 WiAIE brain heart
broth [BHB; peptone 27.5 g, D(+) glucose 2.0g, NaCl 5.0¢g,
Na,HPO, 2.5 g per 1 liter dH,0]2-Z, BHB "{A] 100 ml°l,
NB Hjzollx Aujekst Belgae] wjgd (0Dl 1°] HES
1A 04 mE AE3 130 pmeZE 30°ColA 33 Xy
&3 g, AEFTEES SHIAC BA3 AESEELS 1AA,
IBA, giberrelin, zeatin 12|71l zeatin-ribose®]™, HPLCE ©]-83}
of EAEG BAUE O 2o 3d7 ARG Als
100 ml& YAIEE](5,000xg, 4°C, 30 min) & ¥, FTAE IF
319tk 1AA, IBA 18]1 gibberellin®] 438 918l 345 73
Sollo] pHE 252, zeatin¥} zeatin-riboseS £43317] 98 45
o) pHE 7.00.F BAF F, 15 mlo) ethylacetateS H7}5}a
extraction shaker (Recipro shaker RS-1, JEIO TECH, Korea)ol|
A 300 pm.E 1087 Aste] 3HH FE3} ethylacetated
< 3. S48 45 m19] ethylacetateE A7) 5 ml
2] methanololl %% F 045um F=9] Ao F Aasie F
AAgER AFEFHETE 42 HPLC (Waters, Breeze Model,
USA)Z Luna 5y Cl8 250x4.6 mm column (Phenomenex,
USA)S o]-83}4r} Flow rates 1 mlminZ [AAS} IBAE 35
% methanol in 1% acetic acid, gibberellin® 30% methanol (0.1
M H,POZ °183}%) pHE 300 EA), zeatind} zeatin-ribose
£ 70% methanols ©)5A+0 2 31].e.n, Z+z} 280, 208 L8]l
265 nm<] IFNA Bas1gTh(12, 21).

E0LE Mote] MEET AY

AEs 2R YA5S Kol B84 it 7H8sksel ¢
%3 FF9) PS29t RFO41E e 2 ErtE Aok &3]
AYS TFZANA FA3TE WA SFHFel FE3] A &
o] AAFFE HlojAY Y3 B T, 1% sodium hypo-
chloric acid® FETF ZH50l 1087 £53 EnfE A SH A
2, FRIEENGE)E Y vlolAd £ el
F= BHB HjRlolA 72A17F B2t woket H, AAEE](5000xg,
4°C, 50 min)3} 0.1 M MgSO, buffer2 F ¥ A& thE Fn)
735} hemocytometerS: ©}-8-3}] Al wjdA o) FejdF )
A7} 1X10° cells/mlo] =2 BASAT

12+ A& P29t RFO419) 93 ErtE Aot AAFZ
7FsAE goliy] st SRS A¥E, EdE PS2, RFO41
AHZE AYFE, 281 AolQIE PS2, RFO41 AF HFTLE 2
Paipon, 231 AL BHFTE o s EGr] A4%
R A4S JPsIAH. ELL AH8I 121°C, 208 ¢ B
Bk Z}2+e] plastic poto] 50 g¥ W H, EEA Qi B=
7} 05%7F SEF A7k 24 1591 AF8E S8t
EntE Rote] MAEAN APL uiplicateE HHFEH A0,
replicate B EFLE Aot Jig= 9NE AIAL, 2442 T
154179 B22(3,000 lux)olA 94 FE2d Ay 154ES
A7t s ot BEe] oA e HRFTHFS
Z2Asgon, ztzte] ZAgA A% £A= Swdent's rtestE
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284 24 7183153 phytohormone X450l WEE
PS29} RFO419) FE|8a 22418 dotr 7] $15te] NB Hj Aol A
HjoFgt FAE o a3 QAEE 9, A HeE B
3 A}, a7 FAdoln, 7HFY FElE 2 A EREH
YRZ ol 7] Ysle] 16S IDNAE ZF, A G7IM8s &
A% A7} PS2 (GenBank accession no. EF213021)9} RFO41
(GenBank accession no. EF213022)°] X5 Bacillus subtilis
(GenBank accession no. AY364963)2} ZHZ} 99.633) 99.75%<]
ANE FAHIE vERH.

golzFo| Qi 712 8Hs U phosphatase &4

B84 Qike 1A= AREER Q1 M8 sS 33 A,
tricalcium phosphate2 714 % L W) RFO41 7571 HF &
T2AZY A 492.5 mg/Le) Qlak 7188158 Ve QAT (Fig. 1A),
7)30] aluminum phosphateS3-2 W, RFO41 157} 4843 A
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Fig. 1. Solubilization of insoluble tricalcium phosphate (A) and
aluminum phosphate (B) by Bacillus sp. PS2 (4 )and RFO41 (Il ).

ZAANT Bacillus sp2) EFRE A £31 281

Ho) 3958 mglL, PS2 TFE 3813 mgLo Q¥ 7HEEHe S
e 2ck(Fig. 1B).

Bacillus sp. PS28} RFO412] phosphatase 842 27] pHS]
wsle] we} 245140t F FF 25 phosphatase B4 S50
AHeE pufferd] pH7F 65U Wl PS2E 2.18, RFO412 270
umol pNP/mI/hE THE pH Z7dl Hlsle 7P ¥ 44 U
ER SATHFig. 2).

AlSME ZXEE YMs

BaA olileslso] $4%8 F IFE e R HEsE
2o] XSS AT, PS29F RFO41 7 TF E5F 1AA,
IBA, gibberellin, zeatin 12]3l zeatin-riboseS AR LH,
RFO412) AE3 2% MAd%o) PS2HT}H O] 9531 THTable 1).

E0IE Mote| UEEX MY

2o ot 7eslsd 4EE2E QAT g 48 4
€l Bacillus sp. PS29+ RFO412 D22 EwtE X ote] o}
2 AFEA 7PsAe ATE S1% EvkE Rote] AE 4

z

Phosphatase activity
(umol pNP/ml/hr)
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Fig. 2. Phosphatase activity in liquid culture of Bacillus sp. PS2 (A)
and RFO41 (B) (symbol: 4 ,pH5.5; W, 6.0; @,6.5; A&, 10.5).

Table 1. Production of phytohormones by Bacillus sp. PS2 ( ll ) and RFO41 ( @ ) in the supernatant of bacterial cultures after 4 days of incubation

Production of phytohormone (ug/mg protein)®

Strain .
IAA IBA Gibberellin Zeatin Zeatin-ribose
PS2 213.8+11.2 172.3£109 12401 11.0+0.2 6.910.1
RFO41 199.3£9.3 542.3%£13.5 3.0+0.2 19.610.1 21.1+0.2

*The values represent the MeantStandard Deviation for triplicate samples.
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Fig. 3. Lengths and dry weight of germinated tomato seedlings
treated with Bacillus sp. PS2 and RFO41 together without phosphate
(A) or with phospbate (B) in axenic conditions (open bar, total length
of tomato seedling; @, dry weight). Data were analyzed by Student's
t-test (n=3).
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Fig. 4. Root and shoot lengths of germinated tomato seedlings treated
with Bacillus sp. PS2 and RFO41 together with phosphate in pot soil
(open bar, root; closed bar, shoot). Data were analyzed by Student's t-
test (n=3)

N oo

¥ 2 27444 JFsthFg. 3). PSYT FEE AETe
F5 H7b iz vl F Holet nzxFFel #2 913
12.6% Z7}3tEthFig. 3A). Z22l1l tricalcium phosphate$} PS2
7} 7 Aed AdF F Aole} ARFH Frhed
tricalcium phosphate 87} W75} vlw3te) 47 16.28} 20.9%
2 JERGO M, tricalcium phosphate$t RFO410] Zo) HEH 4
- tricalcium phosphate 87} HETRT 2117 19.8%9)
% Zo] 2 AZxFHo) 4% FEP<0.003) 22 F7HEHIASG
(Fig. 3B).
Zt FFE B84 Qito] Aeld Bl HEd AGLES

of
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a3 Az}, BP9} S719) doje iRl Hlsl ps2E J&
& AP Fo| 2687 34.8%, 12|3L RFO41 2] APT0| 45.5
o} 36.5% 2 242 felatAl S8k AekP<0.012)7} kst
TH(Fig. 4).

n &

BAYRER S| Ye EFATFE s 95 584 <
o] FMgaksol $4a TFE Al 16S DNAY A &
7WE BAAS T FF 5 Bacillus subtilis?t £ Al &
AMe JeERgET, B AR 58S 134T DNA-DNA
hybridization 28°] ¥R 3T} Bacillus sp. PS2% RFO41E
tricalcium phosphate®} aluminum phosphate”t ¥ NB =]
ol wjekstEA feE Qabe] AAES FAIS 9 PS2%t
RFO41 F5E A7 B84 AAHS00 mg/L)>ZHE] 80% ©]
21400 mg/Lye) QS 7HEEAIFT. o] 23 Murphy S(18)
o) Bacillus sp.& o2 P37 ik 7H8EHE0] 17.3-225
mglLQ) AT Blwatge W, P29} RFO419) 2 718-8Fs<)
o) osiths RS & 4 Qloh EF B84 ke 783}
= phosphatase BAE £33 2n), T TF 2F 4 AH-
2 g3de] pHrt 659 W T pH 44| HIgl 7P w2
2¢ e QthFig. 2). F TFE pH 1050 4%3] =
o %9 phosphatase Z43S JEMISUTEH  Xanthomonas
maltophilia R859) alkaline pH #9141} 0.72~2.15 umol pNP/
mbh(7) 2o} oF 5 v o) & Rolth O Bacillus PS2%
RFO410] AH37} €714 EWlA BF 84S #48 5 12
o, 3 AA ZAEA] A HHERS] F3E A AHEE A
32 W1 ASAE A8 Al FHA £t e
A% & itk B ) Be AAATS A 3= PGPB T
o) 912} FHg3lsol $58 FFVE EAR Aol FFHAT
A3 9) AR 23 7)3E o187 X 7HES) HiRE
o] 1 7% pH $EFo] B EYoirM] anE A 7
37] ojE g Aolth. Zey B 47 #F vk it M dke
o] Ta Y& pH 'H$olA phosphatase &40l 9% RFO41
FZ7) AA 2okl Ag"Tw B84 Q4te] 7Hegel o
A2 ER0] g Aol wErh

BgA 92 7M88150] 948 Bacillus strain PS29} RFO41
& Yoz AR EE YL ARG T oF BF 9
7 B35 28g AFstgen], RFO41 #5771 PS29 HIs) B2
ko] B35 28-S WA o ZIE Cohen 56) A7l
A B3E e, & uypophan 21237 1AA AR 712
tryptophan®] 717} BIPs (bacterial IAA producers)®l] 213t IAA
o} Yo Aol o & A F U=E vk e FE
Ho2 AXIAD, tryptophan AEZF 1AA AFA 717 o)<}
HEo] TR AAAAME JEZER] YL & S-S
ZAV3E Karadeniz 5(12)] G479} YT A7E vehdth of
Eo) Bz EE YA 05ugmld] 1AAE 9T Kiebsiella
preumoniae 2 0367 0.02 pg/mi¢] gibberellin®} zeatinS /3
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Proteus mirabilis (12)9} P12 32 W, IAAZ A3 giberrellin,
zeatin®] 52 A SHJ oV, HESEEY TS ¢
ofEL7) flall Aol A3 FFo] AeEE Ao BT =
7] WEol FLY WF 2202} Shefek dFo] wiF 94 2
F2 0 S et S4EHe HESEEY YHSE UE A
° & 5 QUrk. =3k g s eiesto] obd FA| W

Nt

—_—

i =
HET2ZEY JIEHT SAs f8] e 2PE HES2E
o Aes BF FARoF & Bart qlvt

B84 Qi 7MEEen AESEEe QNS Ve

Bacillus strain PS29} RFO41& IO 2 ErtE Xoke] A=
s A o B S JPsA). Tz A¥AA Bacillus
strain PS29} RFO41 T7¢] Agof o]t o} EnjE HEo] 3
Zol & FAS] W3l= phosphates 2] 31A] Qs A &
zto]7} §IARNE, tricalcium phosphateZ X 2]3F 7o) H 2] &
g #F A8l 93l do} EniE Qo] ¥zh= RFO41 TFS
AZANZ 22090 F/5 APTRY 2117 19.8%2] F Zo)
2 FA S7HE RAtKFg. 3). SFFS X2 APl
killed PS29] B$-ole AxFHe] 2717} pS29} RFO419] A}
o} FARHA Yebd=d], ol killed PS20 EA5H= Q=2
o] EntE Rote] QA F7HA7 Ao g9t ¢ @
78 EYA tricalcium phosphate® H713 Z719] WolilgS
A3 A3, ol EvlE BFo] Heo} 7] Hol= Uy
7 vlwste] ps2E AE§ ARPTo] 2687 34.8%, 1L
RFO41 *2] Aol 4559 36.5% T2 27181900 ™, RFO41
o] PS2XETH EnlE HE] BAFZTO] U EAUThHFg. 4).
A= Acidithiobacillus sp7} rock phosphate’} 288 EF
X Fo NRFFS x| sl 8.68% S7MIRTRE B
324yl BIste] RFO41 57} o & ALEX 895 e
Wrhs 218 Yepdioh

ARAEZ Ad4Fig. 3, HE vlwEH EvtE 22 4R
of QoA B84 Qi) Hte It M3 ES AR e
aFe T4 A4 et 2719 Zo] AR FFAA IF
2 oAt AL & S Ak 13 Bl £88 A¥ e
Tz A 47 Ade) njud o gol ErfE BF
o] ¥l g £7]¢] Zo] F74go] o #3UT) PGPBY} Ageh=
AEFT2E0] A gof i 2Fe] whE-2 M) TH A BAH
€ 1AA, BAY] &} sl mE& A& 229 1gkdel 9l
th dE 5o WYE 1AAY F=o 7 TI7E V|ELdd,
1AAS] <fo] S71EE Hejo) 2] ZHo|Ae] F7lsh, ¥
o disted A&AR] o5& vepdthe 27yt Baud vl itk
(14). ol& #59 APHd AT a0 759 57
o Fxol we} 242 bEA vehe A0 HolH, o]t 4
EAAER 23 vAEe] ZFojol § 2o T AE| A%t
o Y& 5= oo} sha, FA, HelEnEo] tig sk
4 ol Holuel He Aoz Hug vl & A3, 259 &
< ARE JEPth § A8 g ga5Es AEERH A
AEE e BulEe) tigk vjAE] ANEE-S V|FAER o]
|8 EviEcle] A3 9 OE Zd nAETS FEolA

ZAATE Bacillus sp2) EVIE A X 283

A5 gololghs Ba23)9}h 2o} EEliF] PS2¢F RFO41
L AE-0QE, vAEPAES] BN TEHA BHE U
eEpdy Fde & ok

EvlE Roto] ol AEZ A A7 484 24 A&
B Bacillus sp. PS29+ RFO41& ErLE #ote] dolel A=A
o 3k Ay} Aol FHEHIU o] Ae B vAE
Hjokal o) A AE B3 BErfEe] AAEFZ a3E RIS V)
Z2| Ri1@4)9} AR Atz FeldT<l PS2¢F RFO419 9%
B84 o4t 7183l en AETaE AT, 1 B kst
Ay B2 Zgo 7% AeE AlgEh B3 7 g5
£ AA Edol L3198 w A& A ZA =] B A
o7 Bzt nAER g R &8 4 e rheAol EAlgth
o Aast ¢ gloh 2y Faad A AR B UolX
A ol @2 AA| FAEA FAF wl¢ 2, w3 B
of ZAeh= e 5 ok 810 Qs RedETo
EulE Rokl gt dasEd S/ 5 e A7 A
ZAA T A BT 2Eo] B U] ZHE9] el of
W3k JFe vXEX|, BT HLo| FEY AE Wl
w3 J&L XX Ug tE @A77t FehEofof
g Aot} Z8] DGGE (denaturing gradient gel electro-
phoresis)9} 22 EAMIEEARI HPH(19)E o83t ESF) &
£3 4749 RedFrt B WA dehvt B2 AATS
)&, Z4zke] A8 A&EH o= eIl =vtel dig
77} dasit)

HAl &

o] AT FEXEAY 20073 AFFH | eNLAA R )
HAFUTH
EnEs
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ABSTRACT : Growth Promotion of Tomato Seedlings by Applicaion of Bacillus sp. Isolated from

Rhizosphere

Kang-Hyeong Lee and Hong-Gyu Song* (Division of Life Sciences, and Research Institute of
Life Sciences, Kangwon National University, Chuncheon 200-701, Korea)

Two bacterial strains isolated from soil (Bacillus subtilis strains: PS2 and RFO41) were evaluated to determine
their promoting effect on the growth of tomato seedling under axenic and pot conditions. The production of phy-
tohormone, such as indole-3-acetic acid, indole-3-butyric acid, gibberellin and zeatin by these two strains was
investigated as possible mechanisms for plant growth stimulation. Both PS2 and RFO41 were shown to produce
various phytohormones, and. the production of phytohormones was stimulated by the addition of peptone-rich
brain heart broth medium. In addition, these bacteria exhibited high levels of phosphatase activity, which ranged
from 2.18 to 2.7 UM p-nitrophenol/ml/hr. PS2 and RFO41 were applied to the pot test for growth of tomato seed
with phosphate. Root and shoot lengths of germinated tomato after 15 days were 45.5% and 36.5% longer than
that of control in RFO41 treated samples, respectively. Bacillus sp. PS2 and RFO41 may have a potential for

biofertilizer in the agriculture.



