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# E. [F%] AT H (dcinetobacter indicus) JL-1 B 7T 4 L IE P XM BEEEAL A AL 7T RALA|
R e vT kA, (e fgaspused ReA s, [ B 69] KT Ra0AFE JL-1 AR e sz, [5%]1 KA
AR TA b &0k DT T AR RIS BRR T e AR RCR, R RAESRR, BITARNE L, AR B BUE
k. BAORADEEE S Ak, BN RATE IL-1 E AR REE A2 P AT AT 0 AR A . 2T
4 BV AR B B E R AR A B R B B R 0L, (4R REhAF @ JL-1 AAREBRBRAS RIS A P 1 5%
MR FAE, MRS A8 h X B 51A 118.04 pg/mL., ML Y, JL-1 BT B8 45 LA S mMAE
A, At H BT 08 TEMAOBERZ LB IRY ZANRHER. IR, LR, RS
ZAA AL BB B L R E R 92 R, AAB YT RS ER ST A 118.11 mg/mL; BRPEFEERBeBa &
K& A4 22 901.32 pmol/(L+h), &AL EEERE f 3 4 23 826.02 umol/(L+h). [4#]1 FR3h4TH JL-1
B R AE R BRI AR o 2 BRER A5 UKL B T B — S 69 IE MRAE R, 38 3T 5 b A HULER A B BR Bl AR T M BRAE AL,
FlBT H AR B AL T —23( 508, KRR A RHATE LA TRALA FZRET — 26 FRHESE,
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Research on phosphate solubilization by Acinetobacter indicus JL-1
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Abstract: [Background] Acinetobacter indicus JL-1 can convert the insoluble phosphorus into soluble
phosphate, which can be absorbed by plants, but the mechanism has not been known clearly. [Objective]
Acinetobacter indicus JL-1 was used to study the mechanism of phosphate solubilization primarily.
[Methods] To determine the optimal phosphorus source, the phosphorus solubility of strain JL-1 in
different insoluble phosphorus sources was detected by using Mo-blue colorimetric method, particle-size
distribution, ultrasonic crushing, HPLC detection were used to study the dissolving effect on calcium
phosphate, the storage of phosphorus, and the produced organic acids and phosphatase activity during
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fermentation. [Results] Acinetobacter indicus JL-1 showed the best phosphate-solubilizing ability in the
liquid medium with calcium phosphate, the solubilizing phosphate concentration peaked at 118.04 pg/mL
at 48 h incubation. Strain JL-1 had the dissolving effect on calcium phosphate and could absorb a part of
the released phosphorus. The dissolved phosphorus was released by the combined action of organic acids and
phosphatase. Organic acids contained gluconic acid, propionic acid, acetic acid, lactic acid, etc. and
propionic acid content was up to 118.11 mg/mL; the highest acid phosphatase activity was
22 901.32 pmol/(L-h), and the highest alkaline phosphatase activity was 23 826.02 umol/(L-h).
[Conclusion] Strain JL-1 had the erosion effect on calcium phosphate, the soluble phosphate was released
by the organic acids and phosphatase produced during fermentation, some of the phosphate was absorbed
by strain cells. The results improve the feasibility that Acinetobacter indicus can be used in agricultural
production and provides data reference.

Keywords: Acinetobacter indicus JL-1, Phosphate solubilization, Mechanism of phosphate solubilization,

Organic acid, Phosphatase
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607 Tl 550 R B - W AN S AT T8 (Acinetobacter  indicus)
JL-1 BERRC BTN G2, KFAS ST 1 (14 A A L B
TPRIRGE , ST X VA PR Wl A Vs iR, N
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AP (Acinetobacter indicus) JL-1 2 H 43
TR B AR =

AN TR B R R AR B 72 3 (/L) : (NH4),S04 0.5,
NaCl 0.2, %% 8% 10.0, KC1 0.2, MgS0,-7H,0 0.1,
MnSO44H,0 0.03, EELEK; 0.5, FeSO47H,0 0.03,
BB FRFMARF B . Caz(POg), 5.0, 1d BEMR
¥E 5.0, AlIPO,5.0, FePO,5.0, K,HPO4, pH 7.0,
1x10° Pa K& 20 min.

LB Witk $ 353 (g/L): B 10.0, NaCl 10.0,
NI 5.0, pH7.0 247, 1x10° Pa K 20 min,
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120 r/min 1EIRIE 555 72 h, 12 h B—kAE,
1725 W 0 2 i e s A e v ) e i K pHL AL, L
BHEE Fb ) A e
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(R 12 h HURE, BOMIR R LB 2 0, —hET
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UTATAE IR, SRJEHE: 2 1y K 8 000 r/min 5.0
15 min J5 43 5000 B 2 i, TR BT IR AL 1) B
B (ug)=2 B PR & Y 25 (E (ug/mL) <R A 2
fREPAFR (150 mL).
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il E W IR A5 W AR B R 0L, RN SIFF A JL-1
ik, £ 30 °C fEIRZ 4 LA 120 t/min A5
55535 48 h 5B, F 4 000 r/min 2.0 20 min, &
PLVE, TEUTTEPIA 10 mL A= BRER K 45 T BTk
DI TR 11 15 25 AR R ol BE 78 SO BE 43 A A H
W HR AR, SEOE : YIRPTS % 1.52, &
FRHTH R 1.33, M EEE] 2 min, fEIFAEHE
1 600 r/min"*2%,
1.3.4 AE&EPBHUEERNE

ANBIFFPE TL-1 DEMETE BERR S W AR 55 77 S A
PR S AR R SR A Rk B A R AR A PR L R
FH R OB 3k AT A R AR Y (o
#:°4 Diamonsil Plus C18 (250x4.6 mm, 5 pm); %%
MR 210 nm; AR 25 °C; ZKAH pH 2.5 19
0.02 mol/L Na,HPOu, A HILAH M 4 FHEE , L A5Sh 96%
IKAA+4% A MU 3K 0.5 mL/min; JERER 20 pL.
1.3.5 HEBEREG IR AN E

] B8 A T 5 AR A 5 7 R AR A 1R S R R A 8
FRHAEFR JL-1 Wbk, RN 150/250 mL, $FD
N 1%, 30°C. 120 t/min $R¥%555 3d, 4 12h
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FERNARAR . DA RSB vk B AR A AR il b o it
2, WK 1. LpERIETTFER =0.123 4x-0.015, [4]
HZRE R=0.997 2, WG RE 55 X il 5 B vk B A
0-5 pg/mL (58 Bl NPHAE RGP IR PE G R o

Tt 1% B SO = DABR/INIE 1 L & B VR
TR IR 7 W) 0 EEIR B 1 A IE A7, il
4 umol/(L+h),

(2) Tl 3% 00 S A7

1 mL RESET THRE T, A 4 mL
MUB Z& il (FRPEBERR ] pH 6.5 2% M, Bl
BERRAEH pH 11.0 MZ20iE), FMIA 0.025 mol/L
1 mL FHAH [F] 22 w1 A o) il 22 Iy % R £ (PNPP)
W, 8 E BT IR G I N RARIR S, T 37 °C
KIGEEEFE 1 h, RIEFTHFZEF A 0.5 mol/L
CaCl, % 1 mL F1 0.5 mol/L i NaOH % 4 mL,
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Figure 1 Standard curve of P-nitrophenol
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S Excel 2010, SPSS 19.0 X ¥4 #4745
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PEBEIR, JL-1 B AS R BRI A S R SOR A 22 5,
FOXF 1 3A 4 Bl T IR 1 Vs ik S R 1R 2 pHL I
AL AN 2 B .

HE 2 ATE 1, TERRRE A g JL-1
AKRTE 48 h BV A B A B fe K{H 118.04 pg/mL,
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Figure 2 Phosphate solubilizing effects of different insoluble phosphorus sources by strain JL-1 and the pH changes of

fermentation broth

T A B =AML B: IBRMMUESIAINL; C. Bimkiuishiihz; D. BRI aishihk.
Note: A: Dynamic phosphorylation curve of tricalcium phosphate; B: Dynamic phosphorylation curve of calcium superphosphate;
C: Dynamic phosphorylation curve of iron phosphate; D: Dynamic phosphorylation curve of aluminum phosphate.

JR SR W AR pH BB . TEBEMR A0 IR (A1
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HAth 3 Ml FREE pH (AR S BUR I A PR 1ot
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FARH 7 A=A AR B 2 o DR e ] 40 W R AS Bl
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FRIE R 12 h i, PEIRELIRIK T 586.5 ng
i, WESE 24 h FEEIRIL T 1102.5 pg, 36 h B[
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Figure 3 Changes of phosphorus concentration before
and after ultrasonication
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Table 1 The amount of phosphorus absorbed by the
strain

Time (h) Amount of phosphorus absorbed (ng)

12 586.5+3.91c

24 1 102.5£10.10a

36 771.0+5.05b

48 297.0£7.15d

60 127.5+8.66¢

72 120.0+9.90e

T AREVNG PR 25 57 .35 (P<0.05).
Note: Different lowercase letters represented significant
difference (P<0.05).

T3 T A B, S A Kk FF
FILL B T A, Xt Y 7ok b 2 b, L
FEANAE T 5 M PN () Bl ST BB 3R o
23 AEEIRRZRTH

NSRBI R R AR JL-1 WAk A%
BERSCR, ShilE— 2B RS AR X B R S (I R VE
A 3 SO A SN S A R S R TR R R AR K
/AN, NEL 4 FTR

RIETTIIAR Ds=18.07 um (Dso s&d8 R340
A EGEE] 50%I RN FPRAR(E), D1¢=3.439 um,
Do=42.78 ym. KB 48 h J5 0 kK BRIk &
Ds=14.64 um, D;=1.260 pm, Dgg=37.04 pm. K%
48 h 5 K B P R R AR A M T & T O h B
ARSI, BRI R BRI S, WE T RB)

~
1

——0h

N [O%] b W N
T T T T T

Volume percentage (%)

—_
T
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El4 REERIEREREL
Figure 4 Particle size distribution before and after
fermentation

B JL-1 GERRTE VA Bl R v X Wl R 505 A A2 Tl A
Mo &4 bk 48 h il Ze Al AT — b g i h
28, B 48 h (i & TR RIS R 1 pm () BT 434 T
BT 0 h RRERT, TAZIAFE JL-1 HR
PR EARTE | um A4, Fi At (™ i 11 il 42 S
JEEASCAGIN 3] 1) A ShAT B B4, ZIVREAR AL i) J80RE 53 A1
IR RS2 B A B AR TR

24 ABRPHBHEBEMERESENE

RIBER R, TEASIFFI JL-1 bR R0k
AR R AR R, I A A
R fifk S 18 TE A W AR e A vh 23 WA 45 TN O3 1 i
A DURRIE AN P B A (9 1 2 S i PR A AEAS B
FEER JL-1 FEREAR BT R VR, L R A A
0T X0 AN T T Tl R 5 R 2 Y M Ol R A B s R
A PLER RN & A T A BRI E | s
W3R 2 f13k 3.

1 2 LA, TERSHRES 5 97k A 0 21 32
W2 . N2 . N2 . FLRR . 1R . iR . BRI
iR 7 R AR, LR A& BRI 0 2 5 A T AR
fb. #iEMRR . N, I . 2. FrEmaJrE
(0 h)FAFTE , DOZAEFIF A Bt & A JL-1 TR
WA AR, e AR BERE RAREL T T HL
A, HAPERR . IR . LT KIW% 24 h Bk
KB TR, /09 091, 118.11 1 0.65 mg/mL;
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F 2 WEERESIEFT IR P A BN LR
Table 2 Organic acids in medium with Ca;(POy,),

Fermentation  Gluconic acid Propionic acid Pyruvic acid Lactic acid Acetic acid Citric acid Succinic acid
time (h) (mg/mL) (mg/mL) (pg/mL) (mg/mL) (mg/mL) (mg/mL) (mg/mL)

0 0.524+0.09bc 56.55+0.84c - 0.25+0.06c  0.09+0.03d 0.05+0.02¢ -

12 0.64+0.09b 42.46+1.09d - 0.34£0.08c  0.23+0.05bc ~ 0.07£0.02bc  0.02+0.02d
24 0.91+0.07a 118.11£2.00a - 0.35+0.06c  0.65+0.06a 0.12+0.03bc  0.77+0.08c
36 0.43+0.06d 62.84+2.35b - 0.31+0.04c  0.17+0.05cd  0.12+0.03b 0.75+0.06¢
48 0.57+0.09bc 60.14+1.01b 10.58+0.52b 0.76+0.07b  0.12+0.05d 0.13+0.02b 3.00+0.11b
60 0.60+0.04b 34.97+1.73e 22.84+0.79a 0.80+0.07ab  0.254+0.05bc  0.29+0.06a 4.66+0.36a
72 0.60+0.03b 41.32+1.18d 11.57+0.27b 0.96+0.08a  0.29+0.03b 0.30+0.03a 4.45+£0.47a

T [ASVEE IS ARG FRER R 225 3 (P<0.05); —: ARAGIIF].

Note: Different lowercase letters after the same column of values represented significant difference (P<0.05). —: Not detected.

*3 WBE_HIEREDPENERGENE
Table 3 Organic acids in medium with K,HPO,

Fermentation Gluconic acid  Propionic acid  Pyruvic acid Lactic acid Acetic acid Citric acid Succinic acid
time (h) (mg/mL) (mg/mL) (png/mL) (mg/mL) (mg/mL) (mg/mL) (mg/mL)

0 1.53+0.06a 27.61£0.62de  32.92+2.13c = - 0.2+0.04 -

12 0.59+0.09¢ 18.01+0.71f 26.17+0.82d 0.80+0.11b 1.08+0.09b - 0.28+0.02¢
24 0.81+0.15b 42.66+1.09a 46.02+0.88a 0.97+0.12a 1.40+0.07a - 0.45+0.05a
36 0.724+0.09bc 28.21+0.50d 36.18+0.97b 0.87+0.05ab  1.13+0.09b - 0.314+0.03bc
48 0.68+0.06bc 33.30+1.74b 38.13+0.88b 0.89+0.11ab  1.21+0.09b - 0.40+0.03a
60 0.7340.06bc 31.04+0.69¢ 32.79+1.15¢ 0.88+0.04ab  1.19+0.06b - 0.38+0.06ab
72 0.84+0.05b 26.00+1.08e 44.14+0.98a 0.96+0.03ab  1.22+0.06b - 0.45+0.04a

TE: RSB IS AR NG FRFROR 22 57 35 (P<0.05); —: RAGIE.

Note: Different lowercase letters after the same column of values represented significant difference (P<0.05). —: Not detected.

FEMAE /) 7 R HLER Y, PIRRAE & R rh vk B 2
R, AT LA BT I TL-1 DR AR TR R A5 1)
AR T EEEH, XF 24 h NRE R
. KRR pH (WAL IR BIRARE, MmEL
iR FPEERAY AT 72 h iR B KAE, 43510 0.96
0.30 mg/mL; PN ERER FIBEIARR I A KL FEWI R il A7
1, eblg & B B A, T &I 60 h i)
IR E| LA KA 22.84 ug/mL F1 4.66 mg/mL. 7E#A>
VBRI FE T, 48 h I VAR S Ay, A ALK L
F5c 1o A R T) 52 5 RIS TR —38, - e JBE e R B T R
HWBET 24 h BIGASEKME, TS BEA i TR,
AU HLER INBEHIR T 60 h I A kB i KA, X
B PE R R I E AR, VB B 2 — 1> R
FE, BREMAPRIEEERMBER, REA PR

TERR N SRR 255, FIFE R BN AN [ s
B A PR AR WEAN L TTIR, B iR T B

TEREIR A — PRy SR b B A BERY kAT %
R E] 6 FAHLER, FriEiR SAERRE 0 h B AETE
HIATHERR MR BETE O h dRefm, FHJE A PTREAIG s TR
WHEARR . FLIR . CR RBEIARR MR EEY T 24 h i
KB TR, 2058 42.66 mg/mL . 46.02 pg/mL
0.97 mg/mL . 1.40 mg/mL . 0.45 mg/mL; RS
PR AT, S AATE BV M 8 B AN S A T
JL-1 WK BRRCR ST, BT DATHDO AT i e R
BF, ANSIFFR JL-1 BRRACH 30 K s A LR Y
REJIA P ss , IRBLAE RS AT MR vk BE A B
Ko, TN TR ) e e R BEE SO ME VR P i R R R, EL
R B A LR B RS Pt/
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Figure 5 Changes of acid phosphatase activity in
medium with different phosphorus sources
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medium with different phosphorus sources
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XFF 55 R BR S AN P RURL I R AR 2 | il 2 30
7 EASCIN 7 L e T T i UKL 43 A 1 284k, EOULHE 53
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