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W OE. R TEELHELNANE Pseudomonas sp. GZIR-8 W pgqE 1 GDH K 8 175 8% 7 0 09 D) 68 . 1% Wt 5% 38 iod
7] 5 T 2H B AR 43 3 3K 45 pggE R GDH e [H 1 ik 2k 98 28 f& ApqqE Rl AGDH . 5 JH H 76 vk AR 459 B AT 09 B4k 14 4k
ApqqECpagE) Fl AGDH (GDH) s MEVE T o HLBE 35 352 3 (PKO) 8 PEAG I 25 58 0% . 5 B 28 B Ak (WD M HE , ApggE
M AGDH RNREF= A W Bl L ApqgECpqgE) 1 AGDH (GDH) GE % 7 A2 5 W Bl s B I 1 BR-4H 15 108 €0 28 W 1 o A )
ZER R, WT, ApggE ., ApqqE (pggE) . AGDH , AGDH (GDH) 7= A= W 45 2 W i & 43 5 5 1 939. 000 mg/L,
1 279.000 mg/L.1 999. 000 mg/L..439. 000 mg/L.2 314. 000 mg/L, 5 WT 7= i 4 ik s A5 1 ApggE A%
1. 524% . ApqqECpqqED ¥4I 1. 03 £ . AGDH A 4. 42 %, AGDH(GDHD 3 Jin 1. 19 % ; B F2 M 8.0 )5 LiE /R pH
EER SR, WT,ApgqE . ApqqE(pqqE) \AGDH ., AGDH(GDH) ) pH 43 %125 4. 08.4. 34.4.03.,4.71,4.00,5 WT
1 pH #H I . ApggE LTt 1. 06 %, ApgqE (pqqE) AR 0. 27 %, AGDH - F} 1. 15 f%, AGDH (GDH) [# A% 1. 02 1§,
WKW : pggE M GDH JEH B A BEGE 1. b ApqgE Hl AGDH 8 WT M BERE 1 T K HIF R 58 2 e VA B
BEJT 1M ApqqE(pqqE) Ml AGDH(GDH) A} LI 52 3| WT (¥ B8 77, $5 8 -£ W E 41T Pseudomonas sp. GZJR-8
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Identification of Phosphate Solubilizing-related Genes in

Endophytic Strains Isolated from Hylomecon japonica

LI Xin, ZHANG Lei, HU Jingjiang”
(College of Life Sciences, Northwest A&.F University, Yangling, Shaanxi 712100, China)

Abstract: In order to identify the function of pggE and GDH genes of Pseudomonas sp. GZJR-8 isolated
from Hylomecon japonica in the case of dissolved phosphorus, we knocked out pgqE and GDH genes by
the homologous recombination technology, marked as ApgqE and AGDH , and we constructed the comple-
mentary strain by electro transformation, marked as ApqqE (pqqE) and AGDH (GDH). The results of
qualitative analysis with insoluble inorganic phosphorus medium (PKO) showed that ApqqE and AGDH
could not produce dissolved phosphorus ring, ApqqE (pgqE) and AGDH (GDH) could produce dissolved
phosphorus ring, compared with the wild type strain (WT). The total amount of available phosphorus
produced by WT, ApqqE, ApgqE(pgqE), AGDH and AGDH(GDH) was 1 939. 000 mg/L, 1 279. 000
mg/L, 1 999. 000 mg/L, 439. 000 mg/L and 2 314. 000 mg/L, respectively. Compared with WT, ApgqE
decreased by 1. 52 times, ApqqE (pqqE) increased by 1. 03 times, AGDH decreased by 4. 42 times, and
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AGDH(GDH) increased by 1. 19 times. The pH of the supernatant after centrifugation of the culture me-
dium showed that the pH of WT, ApqqE. ApqaE(pqqE), AGDH and AGDH(GDH) was 4. 08, 4.34, 4.
03, 4.71 and 4. 00, respectively. Compared with WT, ApqqFE increased by 1. 06 times, ApgqE(pqqE) de-
creased by 0. 27 times, AGDH increased by 1. 15 times, AGDH(GDH) decreased by 1. 02 times. The re-
search showed that pgqE and GDH genes had the ability to dissolve phosphorus, in which ApqgqE #l

AGDH were lower than WT, but they did not completely lose it, while the complementary strains could

restore the ability. The Pseudomonas sp. GZJR-8 isolated from H ylomecon japonica could dissolve phos-

phorus through the acid-producing mechanism. It had potential application value in agricultural produc-

tion.

Key words: phosphorus solubilizing capacity; pqqE; GDH; promoting growth
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BE GRS AR ) 41 200 AR G BORE IR 202 s AT IR
Tt A ) 11 45 b A ZURIES B PN ) 40 e 200 i ]
B R UE S RGN E A B S
A P PR AR % [ Ak AE Ak R v ST R
HEM AR, WP EHEYWLENLKT A
(N REICE HEBILEA L35 . F 75 05k
HARNEBERR TR IE S A e A Y e R . 19
42K 20 42 %), Staltrom F1 Sachett & B 1 HE A
B W Lk W5 TARTE VR 2 K AHAR R I . Sa-
chett M+ 38k HY 50 Bk 7 B 1 L 05 3 26 14 Bk it
A B+ gerh AR T ES A B T 8RR A R
R B E A RN ATz BN RE S
Tl B ) [ i v it A i AT 1 1) R DL R i
N AN PR A A 7 O TR ¥R AR R IVEA
XA G 2SR s RO PR B A+
9 P B Bl A ORI A — A A s AR L W e R
Wya] LAGE 3553 0 A AL TR R 5 A A 498 v o 1
P Rl R 00 O i E TR S AR AT P oT
R, 100 ZAFEK, W55 A B A 4k 418 T KR
B E Y I B A E

A= Wy T LA 2o G 0 1 T 2 A
(GDH) 4% I i LA e il 12 Tl oK 75 ff% — S X Vs M 1
PLBE ol & A ALBE Y . B9 R BB B B (Pseud-
omonas sp. ) ¥ B K A 5 H 2 Wb 0 A B IR A
XUV Zi M B GDH 25, [t GDH B3
T LI PR M g s R TR (PQQ) 22 5 7 A A A A TR
R BE T ANV R T ML 2 1 18 mT 8 A A 1 1) 1
AR WA B— AR, PQQ J&—Fh BB 1K i
25tk & . 2 GDH i # N 7, PQQ
pqqABCDEF $: 9\ F 9 5% & B, %Y ¥ 2w &
1q9A . paaB. pqqC. pqqD. pagE Hl pggF 6 4~ F[H
TEN N TR A pggE X PQQ B AW 45 WL 5%
HE, PQQ HZMAMEE, bz — R ek

5 T ) R A i PR R B A N 7 DL R A KA
S DX TS M EYEs N e
A — SR DG IE L AH 2 25 A W 450 4 L N AR 20 T Y
R0 IR % SUUE S 1=

AR LN A 1 #EA & RAwEEE )
) AP B A A i IL A A A . K B R AR A
W Pseudomonas sp. GZJR-8 ¥ #5 AH 5¢ 2 [N #E 17 7t
B S IB0RD AT P Wl %) S M e S 6 A ) ) L ol 1
(R BEVE ML, LA Sy dF — 20 A 58 LT IR 2 R 1Y
73 AL S A 2 R S

L MRS ik

L1 # #
1.1.1 SW#E L (Hylomecon japonica)
T 2012 4F 6 F1 R A BRVE A Z2 08 K 1L X Ak
WA HE Pseudomonas sp. GZJR-8 438 T3 & L
HIZEE . KA (Escherichia coli Tgl,Si,) . 3%
& pK18mobSacB.# /& pPBBRIMCS-2 .5 # % (Cm.,
2y 20 pg/mL) . KB A K (Km, & ¥k 50
pg/mL) B i A SE G % AR A .
1.1.2 #HEE [BRIHEH.10 g/l NaCl+ 10
g/LERMR+ 5 g/L BEREHEIRY + 15 ¢/L Bills.
PKO 3 4 & .10 g/L # &M+ 2.0 g/L Ca,
(PO, + 0.5 g/LL (NH,),SO,+ 0.2 g/L NaCl+
0.2 g/L KCI+ 0.03 g/L. MgSO,  7TH, O+ 0. 034
g/L MnSO, « H,O+ 0. 005 g/L FeSO, » 7TH, O+
0.5 g/L BEREFT+ 20 g/L Bfg; pH 6.80~7. 00,
NBRIPU ' 3 22 &, 10 g/L #i& s+ 5 g/L
Ca, (PO,), + 5 g/L MgCl, « 6H,O+ 0. 25 g/L
MgSO, « 7H,O + 0. 2 g/LL KCl + 0. 1 g/L
(NH,),S0,;pH 6. 75,
1.1.3 FEKXFFMMIE EcoR 1.BamH I,Hind
11, Xba 1 BR 4 N D)8 I 3K 7 TaKaRa 24 75 T,
DNA i #: iy 3% T New England Biolab(NEB) /A
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7] ; Taqg DNA B4, Trans2K® Plus DNA Marker
W K Tt a2 A AR WA R Al R/ 12 4 B0
& DNA B [l i3k 77 & 0 3K T KR 4= 9 Bl 4%

AL ERAH
1.1.4 S5|#ES AR PFHSIPWE L.

paqE-F1 K pqqE 3 I i 5 B b m 97 3% 51 9
paqE-R1 K pggE F& M Ui b B & 97 4 51 915
paqE-F2 3y pgqE FE N T iF 7 B 1E ] 37 3% 5] 975
paqE-R2 2 pgqE J K T iiF B B S ] 97 8 51 975
GDH-F1 24 GDH %A E{if i BOiE m 47 3 51 95
GDH-R1 2 GDH %K F i b Be s 47 35 5195
GDH-F2 2 GDH K T i b Be iE m 97 35 51 905
GDH-R2 2 GDH %K F i b Be s 47 35 51 905
paqE-F K pggE F N IE 1 ¥ 3 5] 5 pagE-R K
pqqE FE K 1a 97 #9519 s GDH-F  GDH %[5 1E
3514 GDH-R & GDH 3N 15§ 345149 .
.2 77 &

1.2.1 pqqE 1 GDH SRR RETEME"
pqqE 1 GDH B &R v Bk b @i bR sl 9
(pqqE-F1/pqqE-R1, pqqE-F2/pqqE-R2, GDH-F1/
GDH-R1. GDH-F2/GDH-R2), # 17 PCR ¥ 3,
PCR 3 25 £ .95 CHIZENE 5 min, 94 CAEE 30 s,
58 ‘CiB k 305,72 CHEMH 3 min, 4T 35 B1IFIF,
Ja 72 CHEff 8 min, FHEZE PCR ¥ ETFilEH
BHESE R Y HES R B (pggE 1 542 bp; GDH
1 545 bp) M #k & pK18mobSacB J& . ¥ H- Bt Hl 4% &
B AL B E. coli Tgl, fix 4 3115 H 4 5 kL
pK18mobsacB-pgqE il pK18mobsacB-GDH , ¥ &

HBEAFR K E. coli Sio 095 Pseudomonas sp.
GZIR-8 ¥ JMN T Jy W i AT 452 6 R NE« 1 58 B A4
W E. coli Si21 5% K ®E Pseudomonas sp. GZJR-8
R 7+ 3CEARF 1 mL)IEA) .4 000 r/min B> 3
min, 4 B 1A BT B FLUOR & B 2 09 LB Wik 2
i AR TR, TR 2 p L AR SR LB SF AR b, T 37
CprEiEse 2 d 5 2T E &5 A 800 pL Hifif H
ANEPAERD LB Ry g3 iR A1 W 100 pL W 4
7E5% Cm #l Km % LB 3 #EFHie £, 30 CH5 M
£2 3 1k PCR B iF i 16 20 28 4 BH Mk v B L 8 20 58 #
BB BH P v B TR L B 3R SR R E A Cm AT 120
FEWERY LB P Al b, 55 Uk % kAR I IR 40 Y BH
PETLRE KRR LK 0 BB VR 2 N S A Cm
M Km i LB AR FRIZ .30 CH 3, ik RETE Cm
W AR AR Km R LA KM (e &%
2 pK18mobSacB FKL I 5k . 435I FH 519 paqE-
F1/pqqE-R2 fl GDH-F1/GDH-R2 # 17 PCR %
HE, 0 e 15 B B R 8K Sy i 4 R ApggE Rl
AGDH 347 H il R 77

1.2.2 REEFEEAZE
GZIR-8 A #E b, 43 Bl i I 51 ¥ paqE-F/pqgE-R F1
GDH-F/GDH-R " ## pgqE(1 152 bp) il GDH(2 418
bp) 3L . PCR ¥ #8444 .95 CWiAS#: 5 min, 94 C
AP 30 5,58 CiEk 30,72 CHEf 3 min, 3k 34T
PR, 5 72 CHEAR 8 min, ¥ ¥ MY
pgqE 1 GDH KT 1% B B5 R B2 ri K 43 285 1A 5
Hind 111/ Xba 1 F 37 C WGV 2 /& pBBRIMCS-2
M pqgE 5 GDH B F B, alifb nl o 16 C i 4%

LI Pseudomonas sp.

x1 FHARETASY

Table 1

The primers used in this study

5| ¥ 4 F Primer name

19 ¥ Sequence(5'—>3")

B il ¥4 N P i Restriction endonuclease

pagE-F1 CCGGAATTCAAGACGGCGGTATCGAAGC EcoR
paqE-R1 GAGTAGCCACAGCGGCAAGC

pqqE-F2 GCTTGCCGCTGTGGCTACTCGAAGAAGCCGAACATGCCAC

pqqE-R2 CGCGGATCC TCGAACACTTGCCAAAACTTATGAA BamH [
GDH-F1 CCGGAATTCACTACACCCGCGCCACCAA EcoR |
GDH-R1 CATGATCAGCAGCAAGACCC

GDH-F2 GGGTCTTGCTGCTGATCATGACCAAGCAGGGTGACTATGTGATG

GDH-R2 CGCGGATCC AGAACATCGGTTGGCCCTG BamH [
pqqE-F CCCAAGCTTGTGCTGAGCACTGGATCACC Hind Il
pqqE-R CTAGTCTAGATCAGCCTTTTGCAATGAGC Xba |

GDH-F CCCAAGCTTATGAGCACTGATGGTGCCTCA Hind Il
GDH-R CTAGTCTAGATTAATCCGGCAGTTTGAACG Xba |
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e R B RR I K AR A5 0 EE 2 T R GE O R A Ak
T B R R 1 S AR A N L B O IR IS U A A
A Cm Ml Km () LB V4 |,30 Cad K77, P
BT R R AT B 7 PCR ORI XSS V) 561 . 0 ik 15 5]
F H b B8 BR 23 00 A 44 0 ApgqE (pqgE) Fl AGDH
(GDH) 1 #: 47 H I - A7
1.2.3 BN H WT.ApgE.AGDH,
ApqqE(pqqE) . AGDH (GDH) ¥ #: 3] & 4 Cm #l
Km 9 5 mL LB X% Pt % 8535 . 24 ODgo =1. 0 B
WS BEAAR, H 0.85% NaCl ¥ 2~3 K5 H 0. 85%
NaCl £ 3% , % ODy = 1. 0, 10 L BB W TE 1
WMz & 0.2% Ca, (PO, By PKO #z I-,30 C %5
FRWLEE 47 T R RE A% 4 i 15 FR B2 b () Ca, (PO,
R A L0 5 9 R gt 2 72 3 WY T 7 A i L A )
AT R

BUIA i B2 -4H U8 5 €0 2 B 1 AR D A% T O
BERE ) TERRYEIEL T o 85 a0 i BH R B LA 4
MR W 255 R i v ) ol TR S N A B BH R 4 IR
TR I8 A7 7 B ol 5 TR T e A Bl 00 1) 38 Ji
W-AREE Y . TEAH WA f K IR K 660 nm 4b i
FE WO

2H,PO, + 24 (NH,), *+ MoO, + 21H,S0, -2
(NH,); + 12MoO, +24H,0+21(NH,), SO,

2(NH,); » 12Mo0, +3H,SO, +8C; H; O; > 2
(MoO, + 4Mo0y,), « H,PO, (4Hi%)

B WT. ApqgE. AGDH., ApqqE(pgqE) .
AGDH (GDH) %45 %4 Cm Al Km % 5 mL LB &

11 12

M. Trans2K" Plus DNA Marker; A. ApqqE 528 ik . 1~22. LI [ BT 7% B 44 0 B A PCR 7 4% ; CK .
LB 2E BB A5 H PCR 973 s B. AGDH 2878 R fifi % . CK ™.

J i MR PCR § 4 ;CK .

13

b B #5224 ODg, = 1. 0 B, Ui 45 B 4K
0.85% NaCl ¥ 2~3 % J5 H 0. 85% NaCl &%,
4% ODyoo =1. 0. W B 20 pL A 255 F2 5 20 mL
NBRIP 532 #: 4,30 'C.150 r/min §55% 5 d, £
FE BB 30 L AG I AT MR L AR B 3 A
A, e a0 A L Y pH A R (]9 UE
Hinwee ) .

2 RS0

2.1 pqqE %1 GDH 5% R 75 1%

HE LA R 5 HMESE R (CKPO M, 1~3
SUKE YR /N S S LI pagE B Gk
R GEAS R L), A~ 22 5 KB Y3 S5 R
BAAEZE R (CK™ ) — 8 i B 1, B T %, 5 PH 1 45 21
(CK IO M, 1~5.7~12 3% 11 A3k P88 H K/~
AHAE B 2 DR GD H %2 DR Bk 2% 28 728 TR b 2 1 20
6 5 UK AR Y1 HAR KN 5
2.2 RTEEMEREGR

H & 2 ml A, SRS R (CKODO M, 1~11 5
VRGBS 3G R /INAE AR R 458 A GDH LR H AR
¥ AGDH W, H 4N W ¥k AGDH (GDH) ¥4 3 i 3 5
12~19 53k 5 58 5 B PE S5 3 (CKS ) R/ 4
) 2% B pggE 3K H 4k ApggE W, B 4B
B ApqqE (pagEDH @RI .

2.3 EMRNERKNBBEESN

VR R T SR B A T WA L B R R 0 R S U

(A, 78 PKO Ml b= A= s i, O FL B R 7 b

14

19 20 21 22 CK' CK~

15 16 17 18

Ll pK18mobSacB-pgqE
L pK18mobSacB-GDH H iz PCR 473 ;

1~12. DUASTR] 55 % 1 AR BEf PCR 43

Bl 1

PCR B2 AR & ApgqE Fl AGDH

M. Trans2K® Plus DNA Marker; A. Screening mutants of ApggE:1—22. Use different single coliform bacteria as the template of PCR;

CK™. Use pK18mobSacB-pgqE as the template of PCR; CK~. Use wild type strain as the template of PCR; B. Screening mutants of
AGDH :CK™"., Use pK18mobSacB-GDH as the template of PCR; 1—12. Use different single coliform bacteria as the template of PCR

Fig. 1

PCR verification of mutant ApgqE and AGDH
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CK,CK 12 13 14 15 16 17 18 19

M. Trans2K" Plus DNA Marker; CKi . Ll pBBRIMCS-2-GDH Jy#i#i PCR ¥ 38% ; 1~11. LIS [G] 85 7% 1 R o #iA PCR ¥4 s CKS . LU
PBBRIMCS-2-pqqE Jytsif PCR ¥4 s CK™. LARAEAR ApgqE AT PCR 473§ 312~19. LUA [R] 558 9% 1 A Oy B PCR 9738
Kl 2 PCR SR T ANR R ApaqECpqqE) Fl AGDH(GDH)

M. Trans2K" Plus DNA Marker; CKi". Use pBBRIMCS-2-GDH as the template of PCRl; 1—11. Use different single coliform bacteria as
the template of PCR; CK; . Use pBBRIMCS-2-pqgE as the template of PCR; CK™. Use mutants ApgqE as the template of PCR;
12—19. Use different single coliform bacteria as the template of PCR
Fig. 2 PCR verification of complementary ApgqE(pqqE) and AGDH(GDH)

WT. BRI ApagE. pqE FEW RAZEKE M ; AGDH. GDH
I R TR IR BB s ApaqE(paqE). paqE PN B 5
AGDH(GDH). GDH F:IH T 4w bk
B3 PKO i b i w el i e/

WT. Wild type strain; ApqqE. pqqE gene mutant strain; AGDH.
GDH gene mutant strain; ApqqE(pqqE). pgqE gene complementary
strain; AGDH(GDH). GDH gene complementary strain

Fig. 3 Solution circle of inorganic phosphate on PKO
i REBCOR . Wi 3 "I, ApggE . AGDH AN ig ™
BB WT ., ApqqE (pgqE) 1 AGDH (GDH) ]
DLy A= W i L s Jerh ApaqE (paqED 7= A 1) 1 Wik 18] L
WT WK — 26, Jil Fil R B A 58 42, il AGDH (GDH)
AE A% 7 A5 W] S 1 i 5 L A ] BT A o 42
2.4 TEERNEKA BB

MR RN A A S N R Bt
AR T ELAA SR BB B . gk 2 R
A5 R oR. 5 WT 04 S0uk - & A L, 587428 #i
PpaqE FEH 5 . RAZNK ApgqE WA RBE = R
L5245 B8 ¥ . B AN AR ApqqE (paqE) AT 3L
W= s IGm 1. 03 A5, B iR €48 8 GDH B
J5 AR AGDH ()4 508k 7™ i FEAIR 4. 42 £ 816

CK. RIZW M IR WT. 88 R AR 10 55 320 ApqgE. £
paqE F: 5838 R R B85 385 ApaqE(pqgE) . 4% pagE FEW
T ANRR T SR s AGDH. 8 GDH 3 X 58 78 {1k 14 85 32 95
AGDH(GDH). #: GDH H:[F TR 1 bR 19 55 57 90
B4 B A AR R E R B R BV T R A

CK. Un-inoculated culture medium as a negative control;

WT. Inoculated wild type strain culture medium; ApggE. Inoculated
pqqE gene mutant strain culture medium; ApggE(pgqE). Inoculated
pqqE gene complementary strain culture medium; AGDH. Inoculated
GDH gene mutant strain culture medium; AGDH(GDH). Inoculated

GDH gene complementary strain culture medium

Fig. 4 Phosphate solubilization of endophytic strains
in NBRIP broths
*2 BFER RTE BHEROBIBRER
Table 2 Phosphate solubilization of endophytic
strains in NBRIP broths

W ¥ Endophytic strain ODgs0 KH,PO,/(mg/L) pH

WT 0. 390 1 939.000 4.08
ApqqE 0. 258 1279. 000 4,34
ApqqE(pgqE) 0.402 1 999. 000 4.03
AGDH 0.090 439. 000 4.71
AGDH(GDH) 0. 465 2 314.000 4. 00

P CK, HANE ¥R AGDH (GDH) (4 3 7= 1k 34
L1 £ BE TR E . R BV pHL AR B
5 WT AR LG, 25 5848 1 B A3 20wk 7 B R B e 5



8 ] %

Jo s 25 < 5 A PN A A T TS WO O [ i 1505

FEWA) pH B Th . FRN R BR 9 55 IR I pH(E T R
Wi W13 1> 5 TR 2 55 i WA O L OF B GDH SE IR 1
VA7 TR AR OC B A T 5 A TR I R PR B O™ AR
TIRITEY

31w

P AE W) R W K — H O TR AT LA
Wi ik ™ SO B R &k (CaPs) M 2B 90, X 5 ik 2B 4 i B
H X FfBE T FR M B 5T B R £ /£ (mineral phos-
phatesolubilizing, MPS) . e\ A= 7= b, A= 9 {
TEMBEERR TEAMNT FOTR. IEARKMNT,
A R WAL T 0 R e e 2 2 BR o Rl A 7 i
— RO BES . FERKHFR L, =02
{14 b 3t 3 s T R B L pH S T 7.0, Bl
Y R Z BB IR B LA T A RS AR AR
{EL 2 AR W R 5 RE A T 3 ik 11 W98 DT 2% 3k 4 5 )
15 ZR G0 R A0 ML A A RE WIS R L BT LOKE AN BT i
A 0T W R SR e Ak Sy mD VA I ) HL PO, Bl
HPO,* W 22N J2 42 SR AG B A2 28 R 48 1 A
A%, ok AR gT B MPS MR 2% I B A
B > & AN BR 2620 A B 2 GDH Al 1 PQQ A
B AN 85 1 1) 40 S5 W98 TR e 1 Ay 48 2 9 AR R WAL )
R T 5 T B T e AT AT — A 2 5 T i
fE 1. WIIN KA CE. coli) R g 7= A i A il &
F1L AN BE P 4 PQQ AT il 5 57 3 BR BT ( Dei -
nococcus radiodurans) W& M V& s I R 19 356 B 7%
et K FFw RN AE T DL s 3 8 3 - i 2B )
FEH T R IR R XA S R R B R T
MPS fE 31, 5256 378 & B AE /K 55 A8 W 0 B4
A — LA Rhizobacterium , e W6 B T 42 1F Al
Py 000 48 FN 2R 2 O B S R A B A — S8R )
U Tk J AN RE 7 A= Tk s v ORI B 1) T R 7 AR 2 A ) T
FEEE T T A ROCR T, MPS 41 B 3 i
JoT S 18] 7 A 1 A AL 5 TR R I 3 ) Bl 3A 5 vh ok U A
CaP, Jir LA £ 11 ) %9 95 130 08 (pqqEGDH) 76 1- 3
0T B IR AR S B I R P B R T AR
.l EFE MPS 4i B b i 1 %086 R4 i PQQ.,

SE WK

[1] STROBE GA. Endophytes as sources of bioactive products
[J]. Microbes and Infection, 2003,5(6): 535-544.

[2] RODRIGUEZ H, FRAGA R. Phosphate solubilizing bacteria

and theirrole in plant growth promotion[ J]. Biotechnology

VR SR T LK 20 D R T R AR AR —
FEE A R AL IR R, 5CE T Tl Ak 0 2R W
Ao 0 s R

AHESE 25 FHAE W 45 & £ rh 4y B 1 Pseudo-
monas sp. GZIR-8, #2550 UF % w HL A ¥ W a5 2 - il
1o 5 A G SCHER AR AT Y 51 L X, 831 55 5 0 AH O
H) 2 DR pggE M GDH . A WF 58 F) JH W) 96 & 20
FEAR B FRAFIX 2 A PR B 2 28 28 4, PKO S 56
P T 2 A 1) S A R 9 A A R E RIS TR R 22 1] Y 22
St MR B T 2R X 2 A LR AT AT — A EB 2
5 TR 122 TR R 1) T A5 SR 5 TR 245 R — 305 o 0
PR R SR A R BN B pogE R 1% R bR
(VA B e ) B B A R T R R B BRI R S Ak
VEWERE ) s midE GDH BN 5 A M fE 71 3% T % 2
A5 PR ) RS T AR 2 B K O IS W e

Fo 8 PKO 5256 F1E & 5256 45 51 . A58
(1) 5 52 50 90F B, ¥ W g ) s, U 3% 32 W pH
AR 0 32 TR R 3 5 ) IR A AR S I 5 (2) AR
i pqqE M1 GDH R 5, =74k AGDH 1) ¥ W% fig
VRN ApqqE B3 T B MM GDH 3L & 75
TR AR LR BT M A 2 = A PKO
T LE R AR ApggE Fl AGDH 77 Az 0] Vs 1 B
R FE N B 7™ AR 5 Wi B, T R R L A ] I Y
AN DLIA B 77 A v ol Bl 00 R o o S 0 A U
SR BECORE L TR A Wi T 2R AT ARG I 3 i e ML
R B 77 5k 7 i ol P R B A AR (3) L AD TR B
ApqqE(pqqE) Fl AGDH (GDH) (/)47 R4 B 7 1 24 5
THHF AR BB B L 3X 02 KO R pBBRIMCS-2 1Y 5 45
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