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Isolation and identification of a phosphate solubilizing bacterium
Leuconostoc mesenteroides and its ability to dissolve phosphorus

GUO Yuan LIYun-Ya JIANG Wei LUO Quan GUAN Zheng-Bing
CAIl Yu-Jie LIAO Xiang-Ru"

(Key Laboratory of Industrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi, Jiangsu 214122, China)

Abstract: [Background] Many microorganisms from plant rhizosphere soil have phosphate
solubilizing ability, while phosphate solubilizing Leuconostoc mesenteroides have not been reported.
[Objective] To isolate and identify efficient phosphate solubilizing bacteria from navel orange
rhizosphere soil and investigate the application in phosphorus release. [Methods] Transparent circle
assay was used to preliminarily screen the phosphate solubilizing bacteria. After secondary
screening, soluble-P in the culture medium was determined by molybdate blue colorimetric method.
Different parameters were determined to explore the phosphate solubilizing mechanism of one strain.
The phosphate solubilizing mechanism of the strain was explored by measuring the content of
low-molecular-weight organic acids in the fermentation broth, the enzyme activity of phosphatase
and its pH value. [Results] Nine phosphate solubilizing strains out of 23 candidates were obtained
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after two step selection. Based on 16S rRNA gene sequence analysis and physiological and
biochemical chanterization, a strain was obtained and named Leuconostoc mesenteroides G7. The
optimal phosphate solubilizing conditions of the strain G7 were as follows: the initial pH was 6.0, the
carbon source was glucose, and the nitrogen source was ammonium sulfate. G7 produced a mass of
organic acids, and its acid phosphatase activity was higher than that of alkaline phosphatase.
[Conclusion] Carbon source, nitrogen source and initial pH can influence the phosphate solubilizing
ability of the strain G7. The phosphate solubilizing ability of G7 is mainly due to its large number of
low-molecule organic acids produced during fermentation. The mechanism of phosphate solubilizing

ability need to be researched thoroughly.

Keywords: Phosphate solubilizing bacteria, Phosphate solubilizing ability, Identification of bacteria,

Phosphorus source, Leuconostoc mesenteroides
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Figure 1 Typical transparent circle of G4 (A) and G7 (B)

*1 TREFREBR=STRPOERBEER
Table 1 The transparent circle diameter of different
strains on Ca;(PQO,), agar medium

Strains  Diameter of transparent circle (cm)  Standard error
Gl 1.26 0.094 5
G2 0.82 0.1721
G3 1.13 0.141 7
G4 151 0.155 2
G5 0.73 0.1209
G6 0.89 0.060 3
G7 1.14 0.0755
G8 0.79 0.1411
G9 0.69 0.0850
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Figure 2 Phosphate solubilization of the 9 strains
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*2 FREEYIE 16S rRNA EEFFIE) BLAST R4 R
Table 2 BLAST search results for the 16S rRNA gene sequence of different phosphate-solubilizing bacteria

Strains Genus Max score  Total score Query cover (%) E value Identity (%) Accession No.
G1 Bacillus sp. 2 606 2 606 100 0 100 KX783554.1
G2 Pseudomonas sp. 2543 17 757 100 0 99 CP023048.1
G3 Bacillus sp. 2615 2615 99 0 100 KF933674.1
G4 Pseudomonas sp. 2 555 2 555 100 0 100 KY524298.1
G5 Pseudomonas sp. 2 555 2 555 100 0 100 KU977136.1
G6 Bacillus sp. 2617 2617 100 0 100 KF936171.1
G7 Leuconostoc sp. 2534 2534 100 0 100 LC119126.1
G8 Bacillus sp. 2248 2248 100 0 100 KY773579.1
G9 Serratia sp. 2534 2534 100 0 100 KF737363.1
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Table 3 Physiological and biochemical experiments of G7

Experimental items Experimental results

Experimental items

Experimental results

B2 PRI, +
Gram stain

37 °C A K505 v
37 °C Growth

2 °C AE R v
Growth at 2 °C

IBEPESLES -
Movement

FE S S0 -
Catalase test test

HEE S -
Hydrogen peroxide test

HH R A S B -
Gelatin liquefaction test

AR -
Litmus milk test

H R S50 +
Decomposition arginine test

FRAERR A TS0 +
Using citric acid test

LK AR ki
Esculin hydrolysis test

IR AR LS5 +

Dextran production test

R TR
Glucose production acid
st
Production gas
HERE
Sucrose
bk
Fructose
R
Mannose
A

Xylose
HEEm
Mannitol
Sk
Galactose
B

Lactose

Az 2k
Maltose
[SIEA(=EA
Arabic candy
T

Trehalose

4L

Note: +: Positive; —: Negative.
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Figure 3  Ability to dissolve five different phosphorus sources of G7

TE: A: G7 X =ASHMEREDL: B: G7 XIBRRREEAY/MEI; C: G7 WBERRERMIMMEIELL; D: G7 XMERESH/HH; E:
G7 XF URBRNE IS 1 L.

Note: A: Solubilization of calcium phosphate by G7; B: Solubilization of aluminum phosphate by G7; C: Solubilization of iron phosphate by
G7; D: Solubilization of calcium phytate by G7; E: Solubilization of lecithin by G7.
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Figure 4 Growth dynamics of G7 in different phosphorus
sources
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Figure 5 The effect of different culture initial pH on G7 phosphate-solubilizing quantity (A) and final pH value (B)
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Figure 6 The effect of different culture initial pH on G7
biomass
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Figure 7 The effect of different culture carbon (A) and nitrogen (B) sources on G7 phosphate-solubilizing quantity
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Figure 8 The effect of different culture carbon and
nitrogen sources on G7 biomass

x4 GT RAERPANERENESR
Table 4 Organic acids concentration in G7 fermentation
broth (mg/L)

HHLEE Fermentation time (d)

Organic acids 1 3 5 7
@E& . 51.78 68.53 68.24 69.65
Tartaric acid
qﬂﬁ&_ . 91.37 139.40 245.19 185.99
Formic acid
$%M . 46.24 50.79 52.31 56.99
Malic acid
LI 191524 4103.72 4275.08 4837.73
Lactate
Z‘M_ . 1988.31 210440 2158.60 2347.74
Acetic acid
*ﬁ%ﬁﬂ . 81.89 140.76 159.57 186.37
Citric acid
T%@ . 0 36.55 54.61 61.84
Succinic acid
HOM 1.06 111 115 1.30
Fumaric acid
WE& L. 33.74 29.47 32.44 31.16
Propionic acid
Tm L. 63.54 63.56 69.42 64.75
Butyric acid

180 - .
—a— Acid phosphatase

160 L —e— Alkaline phosphatase
140 [
120 [
100 [

Enzyme activity (pmol/{g-h))

1 {d)

9 G7 kB & hiiERAsEEEE R

Figure 9 Phosphatase activity in G7 fermentation broth
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Antoun ZPORFSE & BRLERITRRBR TSR 207 54%
(MR BRI E W) AT R RE )7 Mehta 25PH I g
R PR - S5 F0 N A 4028 43 25 3 1A i i g 0 ) 28 1
RIS . B C T HAT MRWERE J1 i I ] R BR T
RIAASHRGE , AL MR H i B AR bR g
i 1 3] — ok A e ) 0 i IR B B BRI . g
16S rRNA JE 41 0 AR BRA AL S50, %E5E GT7
J& T i RS0 B SR R T, O i 44 o 1 BRI R B
W G7. G7 WA ki afif, £5 71
PR AP BT, AR R YIRS TR
23 [A]

TR IR | IR T A5,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2140

TEY I8

Microbiol. China

CEARIT T ATt e PRI I i AN AR 2, IR
AWFFE T it E i AR KRB R pH AR
PRI BERE ) BOAR PR A Szt i i o R 5
WE BB GT MBI . B Al pH A8 fhix
SO RIEAR, AMURESHIE GT MR Ak 51t
AR T i G7 MfRBERE ). TERFIE GT XA
VR ot & PR [RIBE R & VR pH BRI KSR
HATR], HJE G7 XIASRIBRIR A S BE S EIAH 22 AR A,
FRURIZANN GT fRBERE TS pH IFRRARA e 4
AN ST GT fEBERE S AR S R T EE IR A
52,

H T HE hisms i R 2 R 4t
ZHE, (R REZHEEE N A Y fRwGe ) £ 2
e T H A HUBRANBE )1 . IR 23 F 5 2T 85
iR R BL, T#E) B1 AYHERE 15 H
SRR SRR R 3¢ 45 R P B R A
SIMEEERRIE XA O R PR FG TR PO4LT Y FEBEHL I
AT TISE, S0 H R I LR S i B
A2, T H SRR ERAEXT PO417 AYfR MRt
H—ERI . Narsian Z5PLE BT A K i sk
A ) B SR ML e 3 7 A R R A AL IR AN
WRERTIRA . AS SO0 1 0 22 & e Hh /N A L
1% MR EEIENGEE T % GT7 (0fRBERE )1, GT TERBE
AR KA HUER, (ISR i e
FREREF IS AR AN R, PRI GT IIfEwERE
N EBRERFH AN RSB VIRRER . 2R,
2T G7 e IR EW LR R ER, T2k
— 9T . B R FRCE DB W9 iR T
LEG AR DI AR VA TR BIIRTE
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