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971%4 494 A E AAE L) $8te §ATSE /1A 44 QA SR AT S AEY 2 EY
2 g RE R syl LeldFe] 1583 A S A EZ A, Pseudomonas fluorescens RAF152. 4 5 41}
P. fluorescens RAF15%= 5-2H8-2] AWl -FF o) ¥} Botrytis cinerea$} %7 2 -8¥) I Rhizoctonia solani®] A& 4
A 5 U 44 A4k Cay(PO,), 25 E] 7184 QAR A A 817 918 A 2] 2 vl F27 -2 glucose
1.5%;, urea 0.005%, MgCl,-6H,0 0.3%, MgSO,-7H,0 0.01%, CaCl,*2H,0 0.01%, NaCl 0.05%, |y e x 30°C
2 27| pH7.00 9129, A2 A %59 F, 863 mgLe] 7H8-4 alAte] A H G B84 A4 7143
= #1714 A ol 2] 3k vl ofel o] pH 729} DA 8 BA 7} s} P fluorescens RAF15:= 10-35°C, 1-4% 4 %

= 9 pH 20-11.02] P NM = 7}-8-4

apatiteol] A Z}-2} 971-1121 mg/L, 791-908 mg/L ¥ 844 mg/L 2] 71-8-A4

A4S A E 4 A ¥ FFL= CaHPO,, Cay (PO, W hydroxy-

O
AAHS

A48 5{ch. 21} FePO, W AIPO,

9 A% 4449 7184 A4 $E+: 4 18mg/L, 5 mg/Lel st
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Aol SHAAM B &l thF FHF e B84 o
e THESINE e EY AR gl 11 EX] @3
AT vAENIS Y A88E EiA BtmA] Ags|ojof & F
8% AAla g 4 ok

AFNA 252 WHalE WA e 3isksoke] oAl
of ejEsta e, AHA o F slEhsekdl] tis) ulido] e Y
A UAES] £d 5 B Ao ArEal o) web B
AFAE] SEoke gAE 4= ' AESE wA Jle )
TS A3l FEL AP ES £E8 1 BAE FHsln
Ab she w¥E BaL 3Uvks, 7). 53], AEHAA Al bis)
FAT B9 7HAE nAEY E7t Bl o]Foixa SlEd),
Bacillus spp.2} Pseudomonas spp. 5°) 733+ &g &AL 7}
At 2ol Biso] JUTks, 9).

£ AToAE Tt AEH YA Al oigk 3T &
7 AL 9o, BAle| BRA] Bl 4E8o] §4:3817] o
B84 FEHE OF =Y Qe 7 QAkEe JHEsiAZ
F e AlTs 2Esld BEFeF 2 AEREEAY V)58
E5 7L SlE 1A HAE AlA e f1% Z1xAR
£ TEsA} STh dAA 02 3] & Kidle vAE
= 2EE &, B84 Qi 713 AR H S HESINT
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XSS 71N 284 A/ JIBE MTe Ha|l W SH
E8A Qi 7HE3E A2 dEHow B84 <k 7hest

A E-S 5=t AMS-53 9= Pikovskaya B RI(PVK HiA])

£ ©]8-3t plate assay methodZ 22)3YTH10). A Do 7}



224 Ki-Hyun Park and Hong-Joo Son

T A EY 2 FAE 29 EYS AIEE AFslen, &
HE EFAE d8AS dAHCE 343 &, dFNRS PVK
agar plateo] E25}a] 3e°colM 793 wigsigth F2Y F9
o AAdE FHEe] Aol & EEUES B84 A 7HE3
Agez 12 A3 AHTTES 42 1% NaClo] &
¥ PVK brothell FE3l 30°C, 200 rpm, 5%+ A A=)
Fatat. daldelol 8t FAE AAT vF FFA g
4 QY FEE F% it ATl 958 #FE IF
= d &4 sME E-849 ke 78S s aFE
22t AT FREEE 7H B84 4k HeEl g A
a7l Yot il AEH YA A Borrytis cinerea,
Rhizoctonia  solani, Fusarium  oxysporum, Phxthium ultimum,
Alternaria porri& YO 2 PDA plate?ll 4] Th]uljokS 2lA]5}e
4 & ASAAUE AAS e BFE ARBTE FF AW
At

E84 it 7HE-3) mAE 2ol AMS-E PVK HlR|Y] 24L&
glucose 1%, (NH,),S0, 0.05%, NaCl 0.02%, KCl 0.02%, MgSO, -
7H,0 0.01%, MnSO, * TH,0 0.05%, FeSO, - TH,0 0.05 % 2
yeast extract 0.05% (pH 7.0)°]9lom, B84 Qiow
Cay(POy, 0.5%F H7F3ITH10). 71 wiA] Al AL&-H
A% NBRIY HjR)[glucose 1%, (NH,),SO, 0.05%, NaCl 0.02
%, MgSO, + TH,0 0.01%, KCl 0.02%, MnSO, - TH,0 0.05%, FeSO, -
7H,0 0.05%, pH 7.0](11), NBRIP 1l A [glucose 1%, (NH,),SO,
0.01%, MgSO, * TH,0 0.025%, MgCl, - 6H,0 0.5%, pH 71(11) X
Son HjA[glucose 1%, NH,NO, 0.1%, MgSO, - 7TH,0 0.02%,
CaCl, - 2H,0 0.06%, pH 7.0](12)°]1em, 44 qilgo=
Cay(PO,), 0.5%% 27+ A7I3I5ch.

AJTFFE T3] Astd] Feieh, Migd 54 2 Al
4 EXE Biochemical tests for identification of medical bacteria
3yl F3td AESYGe, 29 ZAFAE Cowan and Steel's
Manual for the identification of medical bacteria (14) &
Bergey's manual of determinative bacteriology (15)% ZZ3}o]
743tk BAlel API 20NE kit (bioMerieux, France)E -3}
o 54 A%E HAATH

7184 Qi ditg Bt 2 H=H HE

APFF B84 A4 7850l 98 vx|
7] 98l 7k gadd, 249 2 §U)0)L9] 254 BE,
e, 7] pH 59l W 74 ASE, 7MA4 it 75
2 ¥R 9] HF pHE S3IAon, 5HE AFo| gle § 200
rpmoll A} 597t 3 A Fuf ot

fr
B
a
o
e
S

=Y M SRYE JIEMAM MME HE

7HA QARE AT 5 e BEA Qake] WE FALE)E
7] A8t 2% B84 4HCaHPO,, Ca,(PO,),, FePO,, AIPO,,
hydoxyapatite)°] 232 A =2 Hrld X dFFF
€ FF3tA 30°C, 200 rpmoll A 5UTF w3 &, JHEAD Q1A
9] Tx 2 WYk HF pHE S35}
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v A2t IN HCIS 1 : 19] HIgE 3o e wek
A &ro] ZHE B84 QAakE 7HE-EHAZ) & spectrophotometerS
o8-8l 660 nmol| X9 FHEE A3 A AKFTE ZA)
BATH16). WFY &o] 74 Uate] FEE 17418 X g, 208
ARG FAE AAS wiF A5 gydes
vanadomolybdophosphoric acid colorimetric method (17)2 ZA}
dPor, TFE FEHA %L 7 NG gRTE ARSl
A9 A7E RAGTE ZE AP 33 diEo s dARigle
o, Uehd 2 A75-& o]59] Hitgkolth

a3 % 0F

XD SE I E8Y Qi JiEs M7 B2l Y £

e BYAGY = H 2 $HEY 27 EGoENH
Ca,(PO,),”t &2 PVK plate oA ZA 1 cm o)ike] 1
s Ak 42 355 223 F, PVK brotholl 4 200 mg/L
ool 7HEA QIR Adske 24 TFE ARSI o]
FE& e 30°CelA 79 B AR ABIEA 4F A8
WA el tig g 95 ARG 2y, FFE] Al
TZodS 2= Botrytis cinerea®} Z712$HE e
Rhizoctonia solani®] TAF AL A& 4 U= RAFISE F
F APTFE HAsAT RAFISY] B84 it 785 2 &
A5 Fig. 194 Be A7 2t} B 755 B84 Q4 7t
57 FTTE T VHHoEN uAE HE 2 AR
o T FFEEA A & JHEHe] F Aoz wn
o A3dF9 E73F Ax1E ¥l A= Table 13 21}
2 TFc 2T $540] e TRV T2 A, Hl
¥ R A AYslstE AWt 548 Cowan and Steel's Manual
for the identification of medical bacteria (14) 2 Bergey's
manual of determinative bacteriology (15)0l &3l HAEZF A3},
Pseudomonas 4o X3E 7teAe] 714 Esko) £33, API
20NE kit (bioMerieux, France)E ©]-8-3}] 4A17t Hg-A17) &
A% AH, Pseudomonas fluorescens®t 99.7% A A
& Ao vttt oA AYTFF RAFISE Pseudomonas
fluorescens RAF152 HH3}H T},

7184 Qi ditg st XX =H

B84 4t 7HeE nAEe] FF wet A wixe e
AR d2iA Ut} WA B 759 wlgS 93 71Rujx S
AR 3l E3 RaE 2 7kA] HjR|E ol&3le] B
A QA 7S WA 2AsIg e, 1 AdE Table 2914 B
€ A3 Zth NBRIP HiAlA 7% $53F B84 A4t 718
ol vebsteu 74 A5 73 wtth. NBRIY #jAl, Son
HiR) ® 73 2ol ARRE PVK HiR|OAE Be FA4) S-S
BAFEov Jjdes 884 A4t 7ML wott Ayl
ARECE W] TR wiA] 25 78 QA AN Ee) g 2o
AlZFeRoll A wi el o] pH7F 71 WEskth PVK 3 NBRIY Hf%)
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Fig. 1. Biochemical parameters showing biological activities of isolate RAF15. Clear zone indicates solubilization of insoluble phosphate around
colony of isolate RAF15 on agar plate containing 0.5% Ca,(PO,), (left). Antifungal activity of isolate RAF 15 against phytopathogenic Botrytis

cinerea (middle) and Rhizoctonia solani (right).

Table 1. Taxonomical characteristics of isolated strain RAF15

Contents Characteristics
Morphologicat characteristics
Cell shape Rod
Gram stain : -
Spore formation -
Motility +
Cultural characteristics
Colony shape Circular, undulate, convex
Colony surface Smooth
Colony color White
Biochemical characteristics
Growth in air +
Growth anaerobicaily -
Acid from glucose -
Oxidase +
Catalase +
O/F test Oxidation
Yellow pigmentation -
Arginine dihydrolase -
Nitrate reduction +
Indole production -
Urease -
B-Glucosidase +
B-Galactosidase +
Gelatin hydrolysis -
Assimilation : +

glucose, arabinose, mannose, mannitol,
gluconate, N-acetyl-glucosamine, malate

Assimilation : -
maltose, caprate, adipate, citrate

o] B, 47 Wi 2 F 7HEA AAke] A o] AE|
AlZEI o, ool BlE|Ele #A] AETE FIFIALE o] RAe
AgE 7HEA Qlite] AT AR o)&u a1, oo wet
oA K=} Z7F A2 FFHY 2ol & o] A4S A
Fol dadt Aog gutdn:. & AdfdAe AYE wAT 7t
84 QA AAdEe) 78 473 NBRIP BjAE Y1EHIXE A
gafo] o]F9] A& AP

gago] 7HA At AT PAE 9Ee AR 9%
o Z1% €44 198 F718td 30°C, 200 rpmoilA] 597 B
%3 ZI= Table 39014 B wiol 2T} Glucose, galactose,
mannitol 25| 747} 632, 416, 99 mg/Le] 7HEAg Qlgbo] AJA
2™, lactose, sucrose, maltose, sorbitol 52 ZHE|E 7184
Ql4to] AE AJbE|R] G, T 7S QAF A A
< AR AR Yeigton, 7R84 A AL 8iXY pH
Aol WA o] e Ao FHHYY gitFos B8
4 3te] 71843 Qe g ABEE ol WIEC] AJAkgH
Z}E f7lbel 2% widee] pH vt FUJLE B yEo]
ATh17). Wepx] ko g B dF7} A3 frlite 257
ol g Aol FHueleot & Aoz @ddEy. /M3 it
Ao AR glucosed] TEE ARG 2, glucosed] BE F
7toll whet 7HeA3 A4k ARFHE F7181] 1.5%1A] 785 mg/
L] 71843 Qlite] AR, 11 ol FRoME 4R}
Aot pHE 4.142 FHE FASAHFg. 2). FRTF0] §ie
Pantoea agglomerans R-42% 3% glucose2 58 750 mg/Le] 7}
£ e APE F e AeE HaH Jrk(12). TEA
B AgdTr) 71" o8 AoAM P agglomerans R-428BT} 9

Table 2. Soluble phosphate production and cell growth in different media for the selection of a basic medium

Soluble P (mg/L) Growth (A,) Final pH
Medium Culwre time (day)
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
PVK 151 349 343 202 99 0854 1454 1541 1943 1953 45 43 47 54 5.6
NBRIP 169 309 424 491 598 0319 0375 0467 0.643 0.657 4.6 4.3 42 4.1 4.1
NBRIY 123 258 224 16 8 0426 1.045 1555 2243 2.658 49 43 53 6.9 6.3
Son m 277 316 333 324 0916 1.165 152 1.038 0.835 4.7 44 43 43 44
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Table 3. Effect of different carbon sources on Ca,(PO,), solubilization
by Pseudomonas fluorescens RAF15

Carbon source Soluble P

(1%) (mg/L) Growth (A,) Final pH
None 0 0.023 7.0
Glucose 632 0.631 4.1
Fructose 5 0.674 6.0
Galactose 416 0.327 44
Lactose 0 0.027 6.9
Sucrose 0 0.06 6.8
Maltose 0 0.029 6.8
Sorbitol 0 0.035 6.9
Mannitol 99 0518 54
Glycerol 8 0.917 59

Table 4. Effect of different nitrogen sources on Ca,(PO,), solubiliza-
tion by Pseudomonas fluorescens RAF15

Soluble P

Nitrogen source Growth

0.01%) Mmgl)  (Ag Final pH
None 381 0.165 4.5
(NH,),S0, 802 0.627 42
NHA4CI 808 0.771 42
NH,NO, 802 0.935 4.1
KNO, 794 0.479 42
NaNO, 770 0.572 42
Urea 804 1.016 4.1
Beef extract 469 0.259 4.5
Casamino acid 730 0413 42
Cormn steep liquor 438 0.229 45
Polypeptone 534 0.319 45
Tryptone 516 0.308 45
Yeast extract 602 0.363 44

3 Ao w HdEn)

Aol 7h8A Qi ATl nXe G AR 3}
o 4% 2AYE 001%% H7¥stA 30°C, 200 mpmollA] 5U3TE
4Rt AT Table 4004 B ule} 2t} 57) Aad0] {71
Ao 2L 7184 it AT H oA ASEE YeRIA
o, Aol Hrpt 78 QA Aol Al AL ohy
Aotk 7] AU ET YA R 5% 7] AholA] TH
AEEIE e AL Eold Anyr}. 71 &8 /M43 QA A
A5 FA ASES Uehd uwreaE HFH 408 AT &,
HATEE ZARE A% 0.005%7HAE 714 A4k BAe) F
7¥tE o 1 oo wRAME duteidl Asty] Al3tEle
0.04% o’ FZoNA 7HEA Akl A ALEA] gttt
(10-14 mg/L). 28} T4 ASEE uread] 5 Z719)] ulg) v)
gHor Skl 05%04 H ASE RAFHAHA,, =
5.7). =g 0.04% o)l F=oA Higd e} pHE 8.1-8.8 B
£ JERIRAL, o]Fe] B84 Q14ke] 7HEEE AR dle
2 FAH(Fg. 3). 9, P agglomerans R-42E ammonium B
%} nitrate GollA 78 QAAF Ao 93P, nitrite Bl A
© 7HA ke A AR Y ReE delA dtki2).
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Fig. 2. Effect of glucose concentrations on Ca,(PO,), solubilization

by Pseudomonas fluorescens RAF15. O, cell growth; @, soluble phos-
phate; A | final pH.
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Fig. 3. Effect of urea concentrations on Ca,(PO,), solubilization by
Pseudomonas fluorescens RAF15. O, cell growth; @, soluble phosphate;
A, final pH.

7188 A 23891 MgCl, - 6H,0 2 MgSO, - TH,09] 7%, 2t}
03% R 001%94 784 A3t AAgEe] 718 ¥3haH, KCl
2 7 it A G mIXIA] LUTHAE BAA). 7]
£ uiAe] XA ket 7714 W) AN AR 2,
0.01% CaCl, - 2H,0 & 0.05% NaCle] 7}8-4 Q4+ AAHS F
IR Bl A A,

P. fluorescens RAF159] HZ H|ge: & 27] pHE ZAISH
A= Table 5914 B AR 2o} vl 59 3, 30°ColA 7}
w7 A BT E UeRIe Y 1025°ce] A,
HIFAZHE 12-14974A] Q4] w9 =& 7184 it AT
(705-933 mg/L)= YERUTh weps B gFe d4F 720l
10°C oJ3l2 fAIEE AR 53] ok9ld] H8r7ts & A
o2 AAAT 40°ColME 7HEA QT A 2 FAH A8
YRR ittt Sk, B 35 Z7) pH 2.0-11.09 FGolA
7HEA) QARE A4 (701863 myLyE 4 UKo, pH 1200 ME
7HEA QS A AR @skth 10-35°C 2 pH 3.0-11.0
5 e 87 HYdA 84 Q3R AAY < Qe AReE
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Table 5. Effect of temperature and initial pH on Ca,(PO,), solubilization by Pseudomonas fluorescens RAF15

Temperature (°C) Time (day)® Soluble P (mg/L) Growth (A Initial pH Time (day)* Soluble P (mg/L) Growth (A,)
10 14 705 0.972 2 5 701 0.731
15 14 896 0.977 3 5 813 0.759
20 12 905 0.998 4 5 830 0.825
25 12 933 1.091 5 5 832 0.787
30 5 858 0.982 55 5 834 0.787
35 5 321 0.638 6 5 846 0.748
40 5 0 0.011 6.5 5 849 0.776
7 5 863 0.975
7.5 5 849 0.743
8 5 846 0.737
9 5 843 0.754
10 5 833 0.737
11 5 821 0.708
12 5 0 0.313
“indicates maximal soluble P production and cell growth.
P agglomerans R427+ S#A TH12). 281} P agglomerans R- e
42= 3719 87 W0l 69-215 mg/le] 7HEA QAR KA 6009
& 4 Yooz B Hygise] 38 7hede] o & des 500 1
e}, olde] Aike B APTFI} 712 geidl 284 3w
A4k 7HE3) mAERTE AR A 887 W7 b, G879 : 00 |
N2 HFAL ALY, 2
olgelr HE B4 W HESE A% A AlA 2 ) 5™
Y2712 glucose 1.5%, urea 0.005%, MgCl, - 6H,0 0.3%, MgSO, - 1009
7H,0 0.01%, CaCl, - 2H,0 0.01%, NaCl 0.05%, Bl 30°C 01
2 %7] pH 7.0°1t}. , . :

A &y

7T A=A JAAE BEFRS 2E] YR T ASE
Waligto gy 2+ AW A AES goln, EY vAE] A
& Ak 2R dEiA Avh19). HE B &l tiF
o8 ZA5lo] AE IR FNE 2she 4% FEl s
AREE FHuRE ol&3le] FA AF= Fg. 404 BHe
vlel 20k B #5e Hlwd £ 559 KO (1-4%) 2 NaCl
(1-3%) N X = Z+z}; 489-610 mg/L H 224-588 mg/Le] 7F&-A <l
e AARY § AT, 1% CaCl, - 2H,09) FEIME oF

0 1 2 3 4 5 6
Salt concentration (%)

Fig. 4. Soluble phosphate production by Pseudomonas fluorescens
RAF15 in the medium containing high concentration of salts. O, KCl;
@ ,NaCl; A, CaCl, - 2H,0.

100 mg/L.8] 7H8A QI4he AAE = AATH ks B 75
A FFo| REgtd =) Bl FE3] L 71 Aol
I AT

Table 6. Changes in soluble phosphate and final pH mediated by Pseudomonas fluorescens RAF15 in optimal culture media containing various

insoluble phosphates

Phosphate source Concentration (%) Soluble P (mg/L.) FinalpH Phosphate source  Concentration (%)  Soluble P (mg/L) Final pH

Ca,y(PO,), 0.5 861 42 CaHPO, 0.5 971 40

1.0 908 4.2 1.0 1038 4.0

1.5 888 42 1.5 1121 4.0

2.0 880 4.3 2.0 1091 4.1

3.0 791 43 3.0 996 4.1

AIPO, 0.5 5 31 Hydroxyapatite 1.0 844 4.1

FePO, 05 18 3.0




228 Ki-Hyun Park and Hong-Joo Son

=24 QU ERYE 718 M MME

21E B84 ikl Fiol mE 74 Qi ASE A}
8l7] $18k CaHPO,, Cay(PO,),, FePO,, AIPO, ¥ hydroxyapatite
£ 27 053.0%% H7FE HAuj Aol wldgt A3 Table
694 ¥ nie} Zr} CaHPO,, Ca(PO,), 2 hydroxyapatite2]
AL, H7b Fxo whel 971-1121 mg/L, 791908 mg/. 2 844
mg/L. 7R Q1ske] A o, viokle] HE pHE 4.0-4.3
Bl ATk 22 FePO, B AIPO,S] 739, HiYkl o) HF
pH7F 247} 3.0, 3101900 AE 7R84 Qi) wEE 47
18 mg/L, 5 mg/L R}, Penicillium radicume CaHPO,, FePO,,
AIPOZHE 22} 176, 10, 0mg/L 7H8-4 AAHE A43319 (20),
Rahnella aquatilise= hydroxyapatiteZFE] 230 mg/L.9] 7F&-A3 <1
2k AR a B uEY Qohel). wek B g o)sR
AR e B84 7SS VA S ¢ S ATk
SHH, calcium phosphate®l] activedt] ZH&-8h= PIHEELS iron
YE+= aluminum phosphate®] 7H&-Fo] mj-¢ 23 Ho 7 AP
A Ao (22), B = FARE d4E e

LAt o

o] =& B AfaA] Shedud)el st o
FHEReH, ojd] ZAF=HUTh

=

o
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ABSTRACT : Isolation and Characterization of Insoluble Phosphate-Solubilizing Bacteria with
Antifungal Activity
Ki-Hyun Park' and Hong-Joo Son'?* (‘Department of Biotechnology, Miryang National
University, Miryang 627-706, Korea, School of Applied Life Science and Joint Research Cen-
ter of Pusan National University-Fraunhofer Institute, Pusan National University, Miryang 627-
706, Korea)

To develop multifunctional microbial inoculant, an insoluble phosphate-solubilizing bacterium with antifungal
activity was isolated from plant rhizospheric soil. On the basis of its morphological, cultural and physiological
characteristics and Biolog analysis, this bacterium was identified as Pseudomonas fluorescens RAF15. P. flu-
orescens RAF15 showed antifungal activities against phytopathogenic fungi Botrytis cinerea and Rhizoctonia
solani. The optimal medium composition and cultural conditions for the solubilization of insoluble phosphate by
P. fluorescens RAF15 were 1.5% of glucose, 0.005% of urea, 0.3% MgCl,-6H,0, 0.01% of MgSO,-7H,0,
0.01% of CaCl,-2H,0, and 0.05% of NaCl along with initial pH 7.0 at 30°C. The soluble phosphate production
under optimum condition was 863 mg/L after 5 days of cultivation. The solubilization of insoluble phosphates
was associated with a drop in the pH of the culture medium. P. fluorescens RAF15 showed resistance against
different environmental stresses like 10-35°C temperature, 1-4% salt concentration and pH 2-11 range. The
strain produced soluble phosphate to the culture broth with the concentrations of 971-1121 mg/L. against
CaHPO,, 791-908 mg/L against Ca,(PO,),, and 844 mg/L against hydroxyapatite, respectively. However, the
strain produced soluble phosphate to the culture broth with the concentrations of 15 mg/L against FePO,, and 5
mg/L. against AIPO,, respeetively.



