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Phosphate Solubilizing Activity of Pseudomonas sp. CL-1 and
Kluyvera sp. CL-2

Jang-Sik Kwon, Jang-Sun Suh, Hang-Yeon Weon, Wan-Gyu Kim, and Hyung-Jun Noh

National Institute of Agricultural Science and Technology Suin-ro 150, Seodun-dong Kweonseon-gu, Suwon-si 441-707, Korea

From the rhizoplane and rhizosphere of pepper , tomato, lettuce, pasture, and grass, unsoluble inorganic
phosphate solubilizing bacterial strains were isolated using plate base assay on Pikovskaya's medium. Two
strains, CL-1 and CL-2, which produced largest halo on plates (indicative of phosphate solubilization)were
selected for further studies. Based on these biochemical and 16S rRNA analysis strains CL-1, CL-2 were
found to be as species of Pseudomonas sp. and Kluyvera sp., respectively. In broth assay Pseudomonas sp.
CL-1 and Kluyvera sp. CL-2 solubilized insoluble phosphate by 193.4 mg and 493.6 P mg L, respectively
after 3" day inoculation. These effecient phosphate solubilizing bacteria have a potential to be developed as

microbial based fertilizer in future.
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Agrobacterium, Xanthomonas, Flavobacterium,
Brevibacterium, Achromobacter, Pantoea, Aerobacter,
Micrococcus, Serratia, Enterobacter, Alcaligenes,
Erwinia, Escherichia 4 5] 271435 0] d= A

o2 HIEF JrH(Subba-Rao, 1982).
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Pseudomonas sp.
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o o) W ZAEY ARE A sAAtAS
ZAT e QWHEEHFS WEE & A= WA
=%ste] QWHERES ks
WA g dHIEel o wAE NS 3208

#[Ca3(POu4)2]o] X3 ¥ Pikovskaya's medium
(Cas3(PO4)2 5 g, Glucose 10 g, (NH4)2S0s1 05 g, KCl
02 g, MnSOs 001 g, Agar 15 g, Distilled water 1L)
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16S rRNA §32F 9714 Ew4, Feist 2 Ashsts 5
e Edte] =A&tt = DNA extraction kit (Toyobo,

Japan) 2 E# 59 DNAE F=3F & universal primer
ol fD1 (5-AGAGTTTGATCCTGGCTCAG-3)3 rP2
(5-ACGGCTACCTTGTTACGACTT-3) & o] &3}
16S rRNA genes PCR& 33l T Zssith ol 24
Ao}z PCR A= DNA sequencing kit (BigDye
terminator Cycle Sequencing Ready Reacions v3.1:
Applied Biosystem)& AF&3le] WHEA1Z1 &, 3100
Genetic Analyser (Applied Biosystems)® Q7|4 <&
B8t 97149 NCBI server?] BLAST %
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BAE 4371 91814 16S 1RNA gene H71HE2
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2 FE AW dt(Figure 1). CL-1 #3535 I3
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Solubilization of Cas(POs)2 by Kluyvera sp. CL-2

Fig. 1. Solubilization of insoluble phosphate by Pseudomonas sp. CL-1 and Kluyvera sp. CL-2 strain.
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Pseudomonas marginalis (AB021401) ﬂ—zr - 99.0‘99,2% ‘i‘:.4 _?,] %]\

AE Kluyvera sp. CL-2 %%9] 16S rRNA $7]
Mae AgEFdd B4 A= Fig. 334 2ol
Kluyvera intermedia, Kluyvera cochleae, Kluyvera
cryocrescens®t FAB/A 7L =ow, A7IAE FAE

Pseudomonas rhodesiae (AB021410)
Pseudomonas grimontii (AF268029)

Pseudomonas veronii (AB021411)
48

7 ks = 27 975%, 974%, 971%°0|Pew 1 9 ZI:
Pseudomonas meridiana (AJ537602) _7’:94_{_ 97.0%01 TS‘]—Q] %/\]'E—% E_O:] Kluyvera Spi

Pseudomonas fluorescens (D84013) %Xg 75‘]— 93\ ’(;]-
Pseudomonas cedrina (AF064461) }\g s}sh4 Ef*é% Table 13} 7t} Pseudomonas Sp.

_ = g ) “ opx

Pseudomonas orientalis (AF064457) CL-1 ¥#5°= oxidase test X catalase testoﬂ Me Fd
Hk2-S W AT esculind} gelatin, caseine 7}E3] 8¢
| 001 ‘ At} Kluyvera sp. CL-2 o3+ oxidase testol] A+

24, catalase testo] = SEAJHFSS WG, esculin

Fig. 2. Phylogenetic tree of CL-2 based on 16S rRNA sequence

similarity. Branching values determined using 1000 # CM-celluloseE 7l slith 18]2 acetoine
bootstraps. Bar, 1 substitution per 100 nucleotides. NAFAT, Bag oLAS Table 29 7t}
B A o ) B Pseudomonas sp. CL-1#F+ ©4AY92 =24 maltose

veronil, P. rhodesiae, P. marginalis, P. grimonti, P. .
¢} phenyl-acetateE A 2] %+ glucose, arabinose,

orientalis, P. meridiana®} A #A 7} =9kom, 1 & . .
- = mannose, mannitol, N-acetyl-glucosamine, gluconate,
P. veronii7t 7}F =gt 1A E SAIREE= . o

o caprate, adipate, malate, citrate 52 ©]&3}th
Pseudomonas meridiana(99.4%) ¢ 7Y% =43, 1 9 - )
Kluyvera sp. CL-2 v+ caprate, adipate, phenyl-
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Fig. 3. Phylogenetic tree of CL-2 based on 16S rRNA sequence similarity. Branching values determined using 1000 bootstraps. Bar,
1 substitution per 100 nucleotides.
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Table 1. Biochemical characteristics of Pseudomonas sp. CL-1
and Kluyvera CL-2 strains.

Table 2. Carbon assimilation by Pseudomonas sp. CL-1 and
Kluyvera CL-2 strains

Characteristics CL-1 CL-2 Carbon source CL-1 CL-2
Oxidase + - Glucose + +
Catalase + + Arabinose + +
Reduction of nitrates to nitrites - + Mannose + +

Indole production - - Mannitol + +
Arginine dihydrolase + N-Acetyl-Glucosamine + +
-galactosidase - + Maltose - +

Lysine decarboxylase - Gluconate + +
Ornithine decarboxylase - - Caprate + -
Tryptophane deaminase - + Adipate +

Acetoin production + Malate + +

H2S production - - Citrate + +
Anaerobic growth w w Phenyl-Acetate - -

Esculin hydrolysis + +

Urease hydrolysis - - 1 T = o1 0
Gelatin hydrolysis + ) 94X10" cfu ml 9] #4E HATH(Table 4). o]A
Starch hydrolysis - w 7h&shE Qo] WA= A WAl AoldH U=
CM-Cellulose hydrolysis - + ousty, T3 uAEA I FE poold FHA7]|F0l
Casein hydrolysis + - J=2 9v g} (Jenkinson and Ladd, 1981: Ladd et

acetateE A 93t glucose, arabinose, mannose,
mannitol, N-acetyl-glucosamine, maltose, gluconate,
malate, citrate & ©]&3tATh I Qo= AdE 2
a5 TSAMAANA 2 A5tow, 53] Kluyvera sp.
CL-2 #FF 7% NaCl QA% AFo] 753t
=

Mg 3ol M MBS Adkd
Pseudomonas sp. CL-1 ¥ Kluyvera sp. CL-2 #59]
H89 A4 Cas(PO4)29] 7HE-38l8F2 Table 39 ek
Wovkel 2o giE2+e 79 AIA7AE 35~51 (P
mg LHE 79 WHart e, CL-1 o5& 1Y
o 1480, 3l 1934 (P mg L9 <& 7183 3t
ATh 3GA A Q1 TFEEhgo] FUHE Holurt 5¢
Aol 1 el ¥43] stk 18y d5e
3] 52x10" cfu ml’, 5UeE ok 2u) o)A W

Table 3. Phosphate solubilizing activities of CL-1 and CL-2 strains.

al, 1995: Van Veen et al, 1987), 2702 = 714
3tE 9lg mAEAI RGO 2N B IAHEE=
AE AEAHOR sy, o)A uAEo] F40]
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TR A8 B Fe YeElldoh & CL-2 +#
d, 79 AHAA Zh 4828

mg, 493.6 mg, 5024 mg, 513.2 mgl & CL-1 FH

ko2 o] 9 HEstEE SV AF%E UE

Walth o5 #FE #71% 53 £Fate] AH3] A}

go1w Bl 248 Uga 4

U B R k=S

SAORE 7|hE

Solubilization of insoluble Ca3(PO4)2 (P mg L'])

0 1 3 5 7 days
Pseudomonas sp. CL-1 40107 148.0+0.0 1934+1.5 149400 18.5+0.7
Kluyvera sp. CL-2 40107 482.8+109 493.6+4 4 502.4+3.6 5132429
Control 3.5+0.0 45+1.5 35400 3.0+0.7 40+0.7

Table 4. Increase of Pseudomonas sp. CL-1 strain at Pikovskaya's liquid medium culture.

Microbial population(cfu ml™)

0 1 3 5 7 days
CL-1 2.1x10°* 47x10" 52x10" 94x10" 92x10"
Control 0 0 0 0 0
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Kluyvera sp. CL-284FZ A@3 Attt Pseudomonas
sp. CL-173F+ esculin®} gelatin, caseine 7}5%3l 5}
A3, 18]3 glucose, arabinose, mannose, mannitol,
N-acetyl-glucosamine, gluconate, caprate, adipate,
malate, citrate 52 o] 839t} Kluyvera sp. CL-2
T+ esculin® CM-celluloseE 7+3) 3} 3L acetoin
S WA HT. 183 glucose, arabinose, mannose,
mannitol, N-acetyl-glucosamine, maltose, gluconate,
malate, citrate 52 ©]83}th Pikovskaya's medium
NA A LA Car(PONS] € 78
S A3 A3 Pseudomonas sp. CL-13} Kluyvera sp.
CL-2 #F& HTF 14, 3¢l 77 1480, 1934(P
mg L) 9} 482.8 me, 4936 mge] © 7}&3}8S e
i Aok
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