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Expression pgq Gene Cluster and Its Effects on Mineral Phosphate Solubilization and Plant Promotion in
Escherichia coli DH5a

JIAO Zi-wei', ZHANG Xiang—feng', NUER Maimaiti', REN Yan-li', WU Er-en', GUO Yan-bin*

(1.College of Chemistry and Biological Sciences, Yili Normal University, Yining 835000, China; 2.College of Resources and Environmental
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Abstract: In this study, in order to increase the ability of phosphate solubilization of Escherichia coli DH5a, pqq gene cluster from Rahnella
aqautilis HX2 was transformed into E. coli DH5a to create DH5a(pgq ). Mechanisms of E. coli DH5a and DH5a(pgq ) phosphate solubilization
were analyzed by using solubilzing phospate on plate, molybdenum—-blue method, HPLC, and greenhouse experiment. Compared with E. coli
DH5a, strain DH5a(pgq ) showed stronger mineral phosphate solubilizing ability, more gluconic acid production. Maize plant height, shoot
fresh weight, plant fresh weight, shoot dry weight, plant dry weight, total phosphorus and soil solubling—P of DH5a.(pgq ) treatment were
significantly (P<0.05 ) improved by 5.2%, 30.0%, 32.5%, 18.5%, 7.7%, 30.8%, and 24.0% respectively, compared with DH5a treatment. It
was shown that pqgq gene cluster from R. agautilis HX2 strain showed activity in E. coli DH5a. This method may modify the other plant growth
promoting rhizobacteria on phosphate solubilization trait.

Keywords:pqq gene cluster; strain DH5a(pgq ); mineral phosphate; organic acid; phosphate solubilization and promotion
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(pyrroloquinoline quinone, PQQ) Al R #72 1) 2 22 [
BAE B 40 Ao 18] i #F 5 ( Enterobacter intermedium 60—
2G)™ 4 % K1 J& (Gluconobacter oxydans )™ F1H7 &[G
1)@ (Rahnella aquatilis HX2 )%, A5 o2 T 41 B A% 98
VB ITEC T (Salmonella typ himurium ) . K FH (E. coli)
S5 A BB L2 11 (apo—enzyme ) AN G BPQQ! ™,
15 PQQ XS KIBH ERULHAT AL 51 1, PQQ 2k
YA R I 4~T ASHSE KL (pggA BCDEFG ) 3: A
B AE—Y N TN Enterobacter intermedium 60-2G
Klebsiela pneumoniaeNCTC418 .Rahnella aquatilis HX2
o PQQ A5 B A PR 3E H Y 6 Ak DR A G AR TR
(pqqA \paqB .pqqC .paqD pqqk Fl pgqF)*5 KA
RURTE HX2 J&— RO R A6 4 ¥ B AR £E BT Bk L Guo
SECIR I LI i TS 1 AZEAE pqq FERFR KA T
REG AL PQQ M AETEaRE, LARME T 5 F pgq B
B pCHIS UL o ASSCl AL R FHV-A s o HERLL
@k HPLC 2 = Hefh 208 55, A h s A
R. aquatilis HX2 TEEEH Y pqq FEHFE A DH5a(pqq)
TR R T WA AR 25 R 23 A L B DHSa(pgq ) T 77 BRI
fR A TR A HLBE, S — 2D AR pag BEIA Rk
1 E. coli DHS0w Je oAt 21 T m] A A A8 49) e A= T2 Pk
PRALH AR IR .

| HREHE

L1 A ER R ERE
1.1.1 e Ak ook

E. coli DH50™, 2 & A R. aquanilis HX2 B B H
(1) pgq He PSR TR pCH15™, 45 (52 B ik A0 ok 4
fIERLZ 1,
1.1.2 s 7 2

FE BRI 5T T i R £ A 1 15 R (NBRIP ),
HIERE 10 g, BERR =45 (Cay (PO,),)5 g, 7S K S AL A

(MgCl, - 6H,0)5 g, LK B REE (MgS0,-7H,0)0.25 g,
SAALB(KCO0.2 g, iR 22 ((NH,),S04)0.1 g, ZE 1 7K
1 000 mL,pH 7.0,

NBRIP [E{AREFE3E . 7 NBRIP AR 35 35 o
ABiilig 16~18 g+ L, HAB R /A

Luria—Bertani (LB) & {4 3% 73 5 « 85 11 ik 10 g,
P BRI 5 ¢, EALEN(NaCl)10 g, 748 7K 1 000 mL,
pH 7.0,

LB [ {AR: R 5L . 7 LB MRS R 3 in A B iR
16~18 g+ L, Hofth s A48

TeiIe R 1 Hoagland B FEH: AIRES(Ca(NO;), )
945 mg - L7, i BR A (KNO5)607 mg - L™, - 7K A R BE
(MgSO,-7H,0)493 mg- L, ZEh W 2.5 mL-L' (£ 7k
B R W 2% (FeS0,» TH,0)2.78 g, £ 1k 14 £ R — 4
(EDTA)3.73 g, 787K 500 mL,pH 5.5).
1.2 REHE
1.2.1 DH5a(pqq ) EREAIEL

Fe &4 HX2 Wk P pgg KL% Y BORL pCHIS,
K A FEE AL R TR, S AR EZ 3 E. coli DH5au
Ui, B A E A DU E (Te )20 pg-mL™ /) LB
PREESREE [, 37 CHE %, i BE 3145 DHSa(pqq ) TRFE
A VKFERAE
1.2.2 0 T-A e A

¥ E. coli DHSat \DHSa(pgq ) BERNIEALSG , LL0.1%
FER R B T84 5 mL LB WA RS 35 5L 00iR4
71,37 °C . 170 remin™ #2314 A% 108 CFU-mL™ 195
B TCRERAE TR K R 4C R (B AR=5 mm) LT
NBRIP [ {455 57 - fl g, 43500 10 L 45 18
FRALBRAY B S TR A b, KT ¥ E. coli
DH5a . DH5a(pgq )R BE ) Fir A AR AE 37 CHAL R+
FEHPREFR 7 d, SR 5 ORI AR A 3 A v i B, ) et
B, MAIEL 3K,

& | KIPT AEMR R R

Table 1 Bacterial strains and plasmids used in experiment

BTk Strains/fFik7 Plasmids

$FE Characteristics

Sk Reference

AR Strains
KIFFE Escherichia coli

DH5a F-recAl endA1 hsdR17 supE44 thi-1 gyrA96 relA1A(argE-lacZYA )169®80lazAAM15

JFik7 Plasmids

CP465 Te',pLAFR-5 containing pgq genes,cosmid
pCHI15 Gm', Te',pRK415G containing approximately 8.0 kb BamHI

Hanahan™

Guo et al.™

Guo et al.™®

fragment including pgqq genes from cosmid CP465

Note : Gm" and Tc" indicate resistance to gentamicin and tetracycline, respectively.
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1.2.3 A0 it .pH Kl

# E. coli DH5a . DH5a(pqq ) &AL, 43 ) il ik
108 CFU-mL™" B R, L 0.1%3F3:A0 3] 100 mL
NBRIP 5535 B, 37 °C 170 remin™ $28%, TG
PRRAE AT AL BRRE S T55 1.3.5.7 d 40 B 1
mL F# B F L 12 000 remin™ 4 °CE.0> 5 min, 8§
IO A =20 COKFR TP ORAARRI . Vil S e T
S B AL AR E R 3 IR
PRPRAE TR e A A BERAE S 56 1.3.5.7 d 3 Il 2
mL AR, BREFRMW L, 12 000 remin™ 4 CE L 5
min, BCETEWR, IR F I RO 10 mL YRS 58
BB S, S BT pH AN pH B, I 10 S0, i
TPEAE T . BAFEMER 3 K.
1.2.4 HHLERKI

B )7 EAE S BOCHR16JHPLC 2546 10 20 581 7 A
LR B BLfl A% T80, E. coli DHSa . DH5a(pgq )4
BT NBRIP 5553 , 76 37 °C 170 remin™ FgEATHE
B BEE 5 do IWEEASFE FR IR 1 mL A, 12 000
remin” 4 CE.0 5 min, B FIEWH, 1T 0.22 wm ffL
U U8 , ORAF—20 COKFE & . R I A HHIR |
FEEERR LR JRIIIR NER 5 FIrA MLER (i 4l )VE K
PRRE AR S A THAE 33 43 BT (o OB 15 wa—
ters 2998, {43+ : Agilent Zorbax SB—C18 250 mmx4.6
mm,5 pm), iENHA 0.5% iR A — 8% (pH 2.81) , i
FEEE 20 wL, 33 0.4 mL-min™, 5 F 214 nm &b
i UV (IR, 220 Bs o R 4, 15 i v 179 45 i
AHERM &, B ER 3 K.
1.2.5 FEBERCRIR % 5000

B4 E. coli DH5a .DH5a(pgq )53 5 LA 0.1%17 5 Fh
AT LB AR IR I = M ,37 €170 -
min™ #3548 h, 13RI APE TR ; CK XTI
LB AR F 5 Mol o R 1Y Hoagland 37 -
B RS A L3 2 mm P05 B B K, #ER
180 mm x 160 mm FA% A SRME AL , B 25 B IR A 4
FIRE L LR 1.5 kg(Rb: =11, W/W ), BECRT A1
I B SIREA 7.5 ¢ BEIRAES . &AL BRI 100

mlL J% 20 mL BE4f 5 IR Hoagland 37, W T
KA A T5% ORI 30 s, IF FHICH K oh 3
U TN K B ISR LA E A T HEZF 2~3 d, P — B0
HEZFRI 532 B0 3 h, BRI 3 KiFP 7, 47558 10
mlL JCR K s SR 58 RE LB, B4 9 W, 2 M)
SEREBEICIRUK o H T (DT, BRAE R 1Ak, oK AR
42 d JE g, I E oKk g, ARIBUEE B (B
SIAIAR), SR FHBUEH B OGO B L i AR R B 35 1
NaHCO, ¥4 1186 B IO BE LI 5E 4 A 3wl %
g
1.2.6 Fdasb B34

ARSI AP B R s , A5 o Aok T EX-
CEL # {4 .SPSS #f4:(Version 11.5,USA ) i 47 % 4 kb
K T3 7518

2 HERESMH

2.1 BB pH BRI M1

T pgq FEAFER DHSa(pgq ) TR ™ A2 BT
B EA N 19.8 mm, [ E. coli DH5a (1) 12.3 mm, &
WP A LRGN T 7.5 mm, P9 2 W AETE B 21
2554 (P<0.05) (5% 2). t4h, DHSa . DH5a(pqq ) RETE
NBRIP 353556 FIEFRAT 3 d, A &0 vk FE 2 kg,
pH BRI 1555 3 d J5 , A OBk ik B2 & pH {EL
TR (B 1) e iR (R 2) ,DH5a(pqq)
G 7 A 35 1 A R R J3E L g 416.96 mg - L™, 72 E.
coli DHSa j* £ A R4 R J32 (106.46 mg - L) 94 %
747 ,DH5a(pqq ) GRS pH (E NS WY 6.15 [ 3]
3.62 {XF DH5o RARFT™ A pH (A (4.74) . PIGEPE
PR R B pH (EZ MR B R
Fo A pgq FEHER DHSa(pqq )0 BT Y e
PIRTE ;L
22 RIS

DH5a(pgq) .E. coli DH5a 7E NBRIP Hifi 32, st
PO ™ 2 Rz , BV A5 00 R A B F 2 (1 2) . DHS5«
(pqq) E. coli DH5c 3853551177 A= B A HLER N 8.67 .
0.69 g L7 AbFE ] 5t 3 4k 22 5 (18] 3) . DHSa(pgq) |

R 2 FRLETERERHEER pH BMEUBHRE

Table 2 Phosphate—solubilizing halo diameter, pH and soluble—P concentration of NBRIP in different treatments

B Mk Strains VAR H 4% Phosphate solubilizing halo diameter/mm B RBEHE Soluble—P concentration/mg+ 1! pH &
DH5a 12.3+0.03 b 106.46+4.98 b 4.74+0.03 a
DH5a(pqq) 19.8+0.04 a 416.96+8.71 a 3.62+0.03 b

T B N B AR ME LR ZE ARl RN B 22 5% (P<0.05) . Rl

Note: Data was mean + standard error values, different letters indicate significant difference( P<0.05 ). The same below.
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E. coli DH5 o Kb3R 431 AT A5 B FR vk B 43 331 o A PR
B BEFY) 99.3% 88.4% ., ZERFHH T A pgqg FEHFR
J& , DH5a(pgq ) A ALER AT I 3G I, DLy 4 4 B 1R
2.3 BRBHREMRHIFMmMA T

DH5a(pgq )b FRXF F KA i ZEEFF Al M fif 2
ETE MK TE 20 53 L LBOW IR ) B
FE A BIRE T 5.2% 30.0% 32.5% 18.5% 7.7% .
30.8%F1 24.0% (K 3); IO HAEZL T8 Ak T8 |
S - HEE A S LB KSR A B 22

500 ¢ 16.5

ol ;IH o 1
- 400 \- — e '55'5
'1350 e s
g } T F e— I S O
= 300; B £} lasm
o | s 44 =
2007 S T 4=
Hs0f ! < 135
e 100§ P .- P

0T A 25

0: ..... i = 1 . 1
0 1 3 5 7
Fegemtil/d

~-DH50 A &0k & -~ DH5a pH {H
-#-DHS5a(pgq ERBHE i~ DHSa(pgq) pH A

B 1 AEAETHEFE pH ER AV EN
Figure 1 Changes on pH and soluble—P of NBRIP

in different treatments
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5o BRI, 284 E. coli DHS o 2R B () KA 5
ZEfefE M PREEER ZE TR MM T E e AL
Bl Ll ook B3 77 2 03 S| I T 33.2% | 62.8% .64.0%
48.1% 58.9% 23.1% F1 24.8% , I+ B B EMLE R,
DH5a(pqq) AbFRS LB H5 37 A0 U fe dF T AR AE K,
FE KRR R RO AEARGE TR R T E AR T
St - HEA WA T RN . SR, E. coli DH5a 4b
PR BB IR LA H, Rl T R R K . A
pqq FEHFER) DHSa(pgq )AL BRI 4 584 2085 & &,
SR T AEYT B IR, AR T FORI A

101 a
| a 3
9|‘ ImESEar i gluconic acid | T
- 8" El BB HLR total organic acid |
= 7k
o0 |
B O
K S5r
«é% 1
4+
= |
& 3}
ol | - |
DH5« DH5a(pqq)

(L3
ANNF/ING S REFR IR A5 AR FRIN 22 5 9. 25 (P<0.05 )
Different lowercase letters indicate significant difference
(P<0.05) between different treatments
3 AREAE T EFEREERN SRR E
Figure 3 Concentration of gluconic acid and total organic acid for

NBRIP in different teatments
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Figure 2 Chromatogram of organic acids produced by DH5a(pgq ) and DH5« strains in NBRIP

R3 FRLENEXRKS EE 26 AUBNRERR

Table 3 Effect of different treatments on plant height, weight, total P and soluble—P

fif 5 Fresh weight/g-plant™

3 Dry weight/g-plant™ oG R AR Soluble-P

Fikk Strains  #f7E Plant height/cm

2% Shoot AE M Plant 2% Shoot HEEE Plant Total P/% concentration/mg- kg™
DH5a 36.2+1.31b 2.58+0.42h 2.92+0.50c 0.56+0.04¢ 0.69+0.05¢ 0.10+0.01c 3.85+0.24¢
DHSa(pgq) 57.0£2.51a 9.02:0.49a 10.7620.45a 1.28£0.06a 181:005a  0.17+001a 6.35:0.41a
LB ;333 54.2+0.86a 6.94+1.23a 8.12+1.61b 1.08+0.09h 1.68+0.07b 0.13+0.01b 5.12+0.30b
—46 — http://www.aed.org.cn
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3 g

VA B DTV A B W 1) 2 AL s 8 A A o
GRS A B AL SR 7 LR A LR L I HLAERE pH (E
BN %, SRR I TS R B A A T
M BEHLIE b S RIEARDC , TR BERUE YWIRE - A L
TR AN A HHINR I R ATIRIR (B IR OR TR (B IH
FRAFT1024, Goldstein™ g H , H A M B4 F AL i %
B IR 2 2 2 [ B T 0 ™ S i R R VS A 1) — > F2 2
YEFIBL . BRitZ A0, HETE A T4 B4 22 FGEH
PER TR0 pgq BEPRIE A BE T A MEVA MERE ™
ARG, 8 HX2 Wtk pgg BERFE A E. coli
DH5a, 480 DH5a(pgq ) itk , BE 304 35 22 A LR
Fenl e LU #ia R 3, 5 E. coli DH5a A EL , A
VBRI E M E S R AR WA B R AV AR B AR
J1o #E—BRAE T 78 DHSa(pgq ) AT pgq FREIN R
ik, HEATEYE, AT RE - S 30 POOQ 7748, J0E 1 40
FEAA PN 1) 3 2 G 20 ( glucose dehydrogenase, GDH ),
P B3 VR FRAESE 1 A BEIR A SN , Insd 1 XA
JRWERIHEET T, 448, PQQ FI GDH Xt DHSa(pgq)
BRI B I HLILA i T — P IRAWEIE

O A AH ¢ L 18 % 0% B8 A0 Serratia marcescens |
Pseudomonas fluorescens A1 Bacillus spp. Y576 XHHE#) 4L
AR AR DHSa(pgq ) EARAL BRAY T K 5
DHSo Xof HRAL BRAR LU , 4 = R AR 4 e A L 3847 S Y
B, R R XTI, S T R
TN DHSa(pgq ) T K BE 731 3 4 BE TR
{5 22 R VA Wl A2 U IA PE A, S ERELRR S AR
R EORAE R ARG, S — 2D AR T HA ™ B AL
FLRAR AN EAR B ERCR

Rodriguez Z5 W58 T A pgg FEH 1 Burk—
holderia cepacia 1S—16 FI{E 5. il 1 J& (Pseudomonas
sp ) WA TR PR RE S S5 40 Jo B TR 6 V5 Al 2 1Y, i X Wl
(S . ASCRIUFAL T IEAE R. aquatilis HX2
MeA 1 pgg FERFE S A E. coli DHS«, 3E E. coli
DH5a Jf 201k , k45 DHSa(pgq ) Wtk (LB A
TR A TR A DG BB, 2 1 AR A A= 1T AL
AR, A SR Y J 123 0y Je S s HAt A W i A= T
PATEBEIRIZ A TR R AR T 5

4 #ig

Wi A pgq FHFER) DHSa(pgq ) E R BT
He B BB B R. agawtilis 1) pgq FENFEE T
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e W v S A D R TR, U e L SBERE , 8n
A RO S e ALK ORI A, fE Bk T
FARIER
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