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W OE. AR A R P AR SR M 6 B AR AL ) ST AR M MR R 09 AT S, I 3R 3 R IR P ARG A B R A
WL AR ECRARFR LB PRk 1 Ak S ae9 AR TCCC150015, it B A% A AL 16S rDNA A7) BRI
SRR GE BT, T A #0028 (Pantoea dispersa) . VAR R #9887 . R \NaCl & pH Bl ik, #F %
F 3 5#GS T TCCC150015 Ak 7 6 Bvin. L5 R AT . AH B4 H E— a8 R it 0302 B TCCC150015 £ 3L % % 3%49
FRARROR , T WA A3k 25410 mg/L, A IR4LHG 24.42 4. FIRTAF A I, % vA NH, N F= NO; -N £ 31 4F 4 fUR
B, TAEAAE S A A 258.25.24848 mg/L, BF & TYANH, -N #=2 NO;-N £REAH KR TEwseEE, 552
2 3.56 45 .3.43 45 sush, K I, 35 AR A48 NaCl JRE 544 pH sFo#02 H TCCC150015 84 fa 4k /1 3w s dk

2% (P<0.05).
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Screening of Phosphate-solubilizing Strain and Effects of Medium
Components on its Phosphate-solubilizing Ability

LIU Pan, ZHAO Hua, LIN Guangxiu, CHE Liwei

(Key Laboratory of Industrial Fermentation Microbiology , Ministry of Education, College of Biotechnology,
Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: Phosphate-solubilizing bacteria could transform insoluble phosphorus into soluble phosphorus which can be ab-
sorbed by plants and improve the utilization of phosphorus in soil. A strain of efficient phosphate-solubilizing bacterium
(TCCC150015) was isolated from summer maize rhizosphere soil samples. Based on the morphology, physiological and
biochemical properties and phylogenetic analysis of 16S rDNA sequence, strain TCCC150015 was identified as Pantoea
dispersa. The effects of carbon sources, nitrogen sources, NaCl content and pH value on the phosphate-solubilizing ability of
Pantoea dispersa TCCC150015 was investigated. The results showed that TCCC150015 would achieved the highest soluble
phosphorus content of 254.10 mg/L when glucose was supplied as the only carbon source, which was 24.42 times that of the
control group. The soluble phosphate content was 258.25 mg/L and 248.48 mg/L respectively when NHj -N and NOj -N
were used as nitrogen sources individually, which was 3.56 times and 3.43 times the soluble phosphate when provided
with NH; -N and NO; -N together as nitrogen sources. It revealed that the initial pH and initial concentration of NaCl in the
medium has a siginificant effect (P<<0.05) on the capacity of phosphate-solubilization.

Key words: phosphate-solubilizing strain; screening; phosphate-solubilizing
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i gE M), e A B — SR W KA
Py XE LA SR FH 0% 8 G 2 7 A0 S R I WsOR T OB
A, RZ AT, BRI A0 R T 3B U e
J& (Microbacterium) . %5 % 3R A J& (Staphylococcus) .
& B ffg J& (Pseudomonas) . A B FF =
(Acinetobacter) |, B (B S M & (Flavimonas) F1 £
4 I & (Cellulomonas) 2517,

il el T P A Al R — R S e i R A
PLHIAE Z% , MR fe 1145 S0 el v 0 A E T B 1
RIATE B E W o 28 Ak 2 T SO i 1 A K AR
WhER R RAS. BT R BPO REFRIEAORRIE L ARUE
pH S5 R 220 il 81 ) i B T P A s . AREAY
ML FARMRPRE 3, Jr &kl 1 pkigmied, JF
XTHEHAT T iR R BIFAR.

1 ME5AE®

1.1 THXRE

ST AR B LR 281 T B oK
5cem LI - HE.
1.2 IEFEE

To LW S 72 5 (g/L) - F % FE 10, (NHy),SO,
0.5, NaCl 3, MgSO47H,0 0.5, KCI 0.5, FeSO47H,0
0.03, MnSO, 0.03, Cas (PO,), 5, ZHEHS 20, pH 7.0 ~
7.5, 115 CKH# 20 min.

LB }ifedk (g/L) : HEFR 10, FEEER K 5, NaCl
5,508k 20, 2K 1L, pH 7.0, 121 CKH
20 min.

1.3 KIEFHE
13.1 WA B 544t

BT U1 g TR 100 mL LB WAAS:
Fedkerh, B TEIRIEARLL 30 °C . 160 r/min 5535 48 h.

PRI : I 1 mL & 598, TG Rk
FIRBRERERE, B 107,107,107 107 W R BRI 4%
B 100 pL, WA TIOHLIEE SR AR E, BT 30 C
TR ISR SR 5~ 7 d. PRk mire il 5 a0 B
KT — 2 alidl, SEEUEVE KA/ R ESR
SE R TR

FRIR 207 + KA 0 4 B 0 1 R B e A TG
SR R 100 mL/250 mL, B THEEIELL 30
'C . 160 r/min 1537, M5E al i Em o
132 HAHeET

K H A IE o R BT F AR
AMAETESFHAE I T 5 [RIEE 285 S0 b A A 1k
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FRAESCIRINAE , 200 (AR % T ) 12, U
16S rRNA [1{£5F ¥4 (27 F: 5-AGAGTTTGATCC
TGGCTCAG-3' il U1492R : 5-GGTTACCTTGTTAC
GACTT-3") 5| ¥pitt4T PCR §715, I3 My i | ve
B IS, KT AP 810 BLAST B 2 A 7[RI UE
PEI3HT.
1.3.3  323R A 20 % xR A% ) AR 4 ) H R e ) 2
KRR R, SRR /R WIiR pH.
WIhG NaCl JoT & 43 B0 TR AR A B RE 7 1) 5% e 267 50
FE B U R RE 2 3L 100 mL 4302357 250 mL =
A, K, B8P 1 mL B, 30 °C . 160 r/min FEK
Rege, Mg nl iR vEmE S . RINAE 3 AT E, 5

134 TEWEASNE

K BB T L 7k L AN 66 R T 2 W
B T R e AT RS L R R 4 C
4 000 r/min Z.L> 10 min, B E RN SR ZEHER BT
B, I DA R ) 25 8 T /K b2 FL IR E R xd B4, 7
700 nm AL WAE LGRS [ IHR AR S A R v
2R, I3 T s w1 .
135 #IELE

K H SPSS19.0 SEit 4k ANOVA F )% $icdh itk
11224387, H Duncan L 728 O, 45 R0

CEBME + brfEET RoR. UARIFEERRE

Duncan K36 f77E 22 5 % (P<<0.05).

2 HR5WE

2.1 EERRITFIE
Zd T BT AT ARG, MR VA R % o Bl A 1
BEAE , 1 REE % Cay (PO,) » MITEREFIFEIL 82
PR, MR AR B B R IR SR VA P AR () AR VR
BAZ (do) R/ AR, NFRTE S T 4 ARG BERICR LT
(IR TR, 3X 4 RRPERE R AP0 AR (5 1).
*1 BHENGER

Tab.1 Results of phosphorus screening

HMEUME  WEEEEAR d/mm BEVEERE d/mm di ds
78 <0.8 >0.7 <15

1 1.6 0.6 2.7

1 1.6 0.4 4.0

1 1.4 0.6 2.3

1 0.7 0.4 1.8

REWITHAFRV 4 BRAFE BRR AR B OB R
iR dhh, SRS 24 h 5, D RS IR ] e
Wi M4 SPSS NI KK, 4 PRER M DERL
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REXRIRAZE AL (P<0.01) , Bl 4 BRIFIYEL  BESEAMUAIATRRIRER , ANRERIHIN R, B RELL S 1

X REZH ) B AT, BRIAR 2 IR B3
b EERR, Fr e BER AR 2 VE Rk i X bk, i
& TCCC150015 (K 1).
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Fig. 1 Phosphate solubilizing capacity of primarily
screened bacterium

Al PERE T (mg-L7)

2.2 FE#k TCCC150015 E i | B A4EHE

PSR MRS TCCC150015 #HATH ISR
AEL, SR 5 P IR TR V% HE AT T AT 28 ML 52 (1A
2). Hitk TCCC150015 AR ; HE2RE, A
B, AT, FMDEHHRIE , KR 55 358 0] 7=
HWHOER.

—
D3: 10.560 microns

(a) BHTEZ

(b) HHEBS
B2 FE#k TCCC150015 E G SHEERS
Fig. 2 Thalli and colony morphology of TCCC150015

2.3 HEkE TCCC150015 B4 18 4 (L 454
Rk TCCC150015 A= B A=A ARAE I3 2.

F 2 EHE TCCC150015 1B 4 (L 454E

Tab.2 Physiological and biochemical characteristics of

TCCC150015
s A g eI A 4R
AL - K R BRRUK i -
V-P + S P P A i -
I %L2T MR + Gk +
LS - TR +
H,S =4 - FLb -
A - g +
i3] — B -
FrigmA + pH 5~10
RN E R — [EERN 1% ~ 6%

Fitk TCCC150015 Aiz g, A AL SR M:

FAME, AR AR HoS, 2 R 1 2 i 2 PR | RE 6% A
FHAGZTHE | EWE  JERY , N RERFHZLIE S8 —h. 1xXue
FEREE 5 A0 T EA R — B
2.4 16S rDNA W 54>

PLE#K TCCC150015 $#2HUHY DNA st , 71
H 16S tDNA FEHJF41], 152K 2y 1500 bp 19 16S
DNA Fr B, 255 E 3 PR, ¥4 Bg&y s,
W HAK B R 1564bp, H GenBank J7 415 K
KJ91004.1.

15000 bp

5000 bp —

2500 bp —

1000 bp —

250 bp —

3 16S rDNA i PCR ¥ 1E
Fig. 3 PCR analysis of 16S rDNA

A DNAStar K H 7455 GenBank H
Uk A0 kAT AU MR HE X, 4 R R O B
TCCC150015 & [H )5 41 5 43 612 1§ (Pantoea dis-
persa) [FIEPEIR 85% , 5G4 FRA AL SEI | 1 TR Rk
TCCC150015 252 i (Pantoea dispersa) (Kl 4) .
2.5 EFEHEMBSITHEZE TCCC150015 Rk

LA
2.5.1 BRI HHIZATCCCI50015 fEBEEE 1 09 %08

B TR SN B AN ) £ OC R, = A 45 Fil
AR 7y R 240 EL PN A 0 0 ) SOk, SRk
R AR A B Ve A TR AT A b AR (A
5) . 4 DL AR ME — Bk JR B, Sz |
TCCC150015 F I H AR BE ST, Al MEBE S H ik
254.10 mg/L, J&XT 2L 24.42 5. LUSERE Ak U5
I, AT TERE A 217.29 mg/L, XFERAIAY 20.85
. BUATERY BRI, 53 E0Z i TCCC150015 Ff#
WERE T BB BAR, KRR b T i el o S A A b
(1) 25.3% , FLIR R AT e R Ve I SS B B 2%, 43
I TCCC150015 A FHUE A I 75 22 08 ZRp 2 gk
HNAESY. 4 SPSS MR 2K, LI N
ME—BRIERT, 2 H0Z I TCCC150015 (MRS
HoAh2H BA B 51k 22 5 (P<<0.01) , Ui 2445 24
BRVE I 238502 7 TCCC150015 fitiie b R fe .
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Pantoea sp. FSGSA16|/KJ184998.1|
Pantoea dispersa strain SBINI|HM161869.1]
Pantoea dispersa strain REB2|KF03618.1]|

Pantoea dispersa strain R5[JN391535.1|
Pantoea dispersa TCCC150015|KJ910004.1|

Pantoea eucrina strain LMG 2781/EU216736.1|

Pantoea septica strain LMG5345|NR116244.1|

Pantoea gaviniae strain A18/07|GQ367483.1|

[~ Pantoea conspicua strain LMG 24534|EU216737.1|
L Pantoea brenneri strain LMG 5343|EU216735.1|

E 4 BE# TCCC150015 Z& L Bt
Fig. 4 Phylogenetic tree of TCCC150015
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Fig.5 The effect of carbon sources on the phosphate
solubilizing capacity of Pantoea dispersa TCCC
150015

252 FRRMHHIZE TCCCI50015 fR#HL a9
EAL)

R A8 AR AE ) A I B BT A% R 1) E 20T
K. AR IR 25 23 X0 fR B i A U i i i R vk
AT, LA RRY (K 6) : AR X5
Z W TCCC150015 1y fif B 250 R 52 w48 K, LA
(NH4) 2S04 S NaNO; &I i 8CR B i i 1
LI NH,NO; &AL 24510 NH, -N Al NO; -N 435
R VR W, AT PR B Y A 43 i o 25825
248.48 mg/L, &= TLINH, -N F1 NO;-N F:[)/E
HRIESEEEA , B 3.56 £5.3.43 fi5. X5
M B BF 98 B 45 AN ], Scervino 28U SY R BN, 7E
NH; -N EFRH, i i R O IR, i
A, TENOS -N BE Rl b, il R A 5iR ,
AR, Reyes 2R B, A LLHE B HIELL NH] -
N R R E SRR BB AL F NO; -N, s &L i it
25 RS 1IN A TR 40 A AT AR IR, 2 1R AT PR 1) A ol
AL ARSI G A 43 B2 B TCCC150015 4351 LA
(NH4) SO, 1 NaNOs MR, HARBERCR 22 54
WE, AR EUZ E TCCC150015 #EiEd R,
HOM MBI A HLER RIS AME—. Yadav 51V BH, fi

BERFE A B B v, BRI AT IR L AT TR L SRR
KHER. LI NHNO; Ry & AL BRI, 43807
TCCC150015 fiti b R4 25, iX FI B JZ 1 T4 NH,
FINO; SLRIFFAERT g5 5, o HARMLEI A R 42
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Fig. 6 The effect of nitrogen sources on the phosphate
solubilizing capacity of Pantoea dispersa TCCC
150015

501

AR i (mg L)

2.53 A4 NaCl i a3t a#02 8 TCCC150015
FEHERE /1 0 %5 v

PIAMEGZ # TCCC150015 AT B A=Ak SR st
KI, SHGZ# TCCC150015 7ERGFRFE9) 4G NaCl Jfi
WOTECH 7% BHRIHE B PR i B R, o Bz T
TCCC150015 ZEA[RIAFT4G NaCl Jit it 4350 i fak
REJTHEAT THRT. KGR 3 544 TCHL AR 5 o A
Wth NaCl FEBOHZE 1% 3% 5% . 7% , 45580
Kl 7 B,

NaCl Jit & 7 80FE 1% F1 3% B, 43 80z i
TCCC150015 FIfERERE 1A 8225, nIvbERs
T 240.80 mg/L Al 241.40 mg/L, BB
BT EPE. 24 NaCl i/ Bk s in, 43z
A TCCC150015 FfFBERE J) W25 MI%, NaCl i sy
R 7% B, AR S = 70.03 mg/L, BB
Wit NaCl sy 8od mnt, WAk fpae 2 his
KR EA IR NaCl 4350t i iR A1
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Fig. 7 The effect of salt concentration on the phosphate
solubilizing capacity of Pantoea dispersa TCCC
150015

254 An¥s pH x4#0Z2H TCCC150015 M#AF4E 7
EOEAD!

JPHGZH# TCCC150015 FEA[E pH 2544 F Hfi
BERE e B 225 (K 8) . Al PERE T 7E pH
7.0 F1 8.0 ST, 439k 248.59.237.63 mg/L,
MHEZMEA B EEZES, (HEEST pH o~ 5.0,
6.0.9.0 } 10.0 1) 4 MLFRL. Yadav Z'R I, 78
R AR, BEIRIEM pH SRR 2.0 A4 ETH
A 7.0, B4 FRILYIG pH Sk 2.0 B, fRBE T
WA SIRAIR , X R Al TR 8 Ao 1 B R R V7 A X
TEVERORE. HIEIREIAG pH KA UER, AR
B IR ST I ST A B AR 1 43 i 7 A AR A
SR TSR T TS R RE ). ARSI 2 0 4 B0 T
TCCC150015 7EFTEER) 6 4~ pH 244 T, ¥ HA %
U R AAOR | R BT AR LA R () BR TR 52 1
BT SZBRHE .
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Fig. 8 The effect of initial pH on the phosphate solubiliz-
ing capacity of Pantoea dispersa TCCC150015
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