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(P m AR A A R 22 5, ALY PRSI A TR RUT ISR %, P st 210095)

 OE: ppkl SERGIDINE KGR M L 0T 2 KBRS, HERE R SR RO BB R P fE))
3855 . Pseudomonas putida GM6 &\ EBPR AF4 il PEVS Ve 1 73 BESRAF M —HRELATER P BEJTIRRRE, SRR AT W
ith 2% TR LN (K JE R (ppkl 1 ppk2). JBId PCR MERCRBEHMR L DNA Ty 84331 T ppkl KHAZT, H5Em s
%) pBBRMCS-5 #uf4 b, iyt T 41 joki pMEPE-PPK, 7EAfil) ik pRK2013 F#5H) ~, ilid =2k 445F% pMEPE-PPK #%
BRSUARFE GM6 h, KM TRE P putida GM6-PPK1. GM6-PPK1 & P fit IR MA Bk GM6 FIxf Bk GM6-P5
T 54%, ERAENBFEHREREAT — . B gl EBPR T¥, KM GM6-PPK1 7FRE/IF AR IR 4 1F T
SRALITE B o T AU IR P ARy, T HURAER P OIREISOR PHA (6 B JSUA A Bk AT 2508

KRR SRALEAIRRTE: ZIRER . 2 BN, S TR
FESES: S154.39

AT AEAE, T (RLIRT 91 SR NV P 75
P P R, FEUKE. SRS R,
25 TTARMPAE P AT AR R 1 7™ EE )5 . H T
s EPIBR P 1.Z (enhanced biological phosphorus
removal, EBPR) J& KI5 /K ACBE) 5 FH IR KEBR P
Jrgte EBPR AL I Sk PRI S A IS AT 4
45 (phosphorus accumulating organisms, PAOs)
TERESAT N o il 2 R WEIR 5h (polyphosphate, polyP)
1) [) B SR AR SR R S E IR (polyhydroxyalkanoate, PHA ),
TR T 20 i PHA ZE4E polyP, MITIAT B {4
SR P, BV IRAERGIERIER P H P, %
T2 PSS AR TSR0 B 0 AR I A A I R
Bl oL £h 4% A2k polyP 1A E| “HE &L P” I
. WA, EBPR RGP SRBEAN R I 7 A R
U A BT R R AR NG polyP 5 PHA 2[RI il
Bl (0 B Ak BB AR 1 BRI, — Ak, K
LR EAYARN polyP KT i 5 i il 3L 7] 4
e ZIRBER LN (PPKD 12 RBER EE N (PPXO
WO, Hrp PPK AL — A0 S RO ATPHIE) P AR
VIES

OFEETH: ZEHPHLRH AARITE 78 .
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MR P: ATP + poly(P,.))— poly(P,) +
ADP,

ppkl J& polyP & R OCEERL DN, FLRIA RS
REESEW PAOs 2 P Ae I M)uRgS, ATy m 3 B
RN PHA &M,

TR ANE (Pseudomonas putida GM6) JE A<
LR N EBPR AP0 PRV et B 3R A — Bk
R P MY, RS AT A D 2 IR B
PR SEIN (ppkl 0 ppk2) o ATWEFUESE ppkl &
— PRSI A ) F IR S R R DR, IX AN JE DAV
H A IEAL polyP & BUHIRE 1, 1 BEE X EREE
A R, T PPK AT 2 SRR IR £ £k i)
YEH, AWtE T ppkl 9wt 1) 22 SE MR Sh I o Ak
KiEPEmEAIE PRSI i i 1 e Ak P
TR

OIAETH: BT AA VR 2.
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Table | —Bacterial strains and plasmids used in this study
P, putida GM6 R R W 22 3CHR[7]

E. coli DH5a. AlacU169 (980 lacZ AM15) PN i

E. coli pRK2013 Km", HlBhEhk PN i
P, putida GM6-P5 PBBRIMCS-5, Gm" ENTIS
P, putida GM6-PPK 1 ppkl TBACE L ERE AW

pMD 18-T Amp" ESOM

pBBRIMCS-5 Gm' PN g
PMEPE-PPK ppkl BRI JFURE, Gm' AHFIT

11,20 BRI 2 — PRI 9 D) B . DNA
Marker. T4 DNA 44%M§. La-Taq DNA & W5
i) TaKaRa ZA7]; DNA SR BIOR 7 & A £
S A A REIRERE A . S I A SORI Hh iE
JERR D BARAT TR A 7] 58 . PCR XA AL S 4
MJ PT200, L35 wih P ok B f9 I e R A i
UV-PC2401 #4MA] WIEZDGIEHARIL.

1.1.3 B3 LB #5#5P, vG w5l &
BEK: AR 0.3 g BIAMR 0.1 g, BRI 0.01 g,
CH;COONa 0.15 g. NaCl 0.05 g. K,HPO, 0.05 g.
MgS0,2H,0 0.15 g. NH,C10.18 g. H,0 1000 ml.
114 PUERKMEHKE AT 55% (Amp),
100 mg/L; Sk#IMemk (Cefazolin), 50 mg/L; PRKK#
% (Gm), 30 mg/L.

1.2 REAHZE

12,1 e JFORL DNA [ Chg 24 fil
PO A DNA 4G CRrdhytieit). Bk
Ak Y SCHR[914#: 4 - DNA [ [l 2 I ik 77 &
Ui, LW P ORI E B2 SRR 1]
BT . PHA &0l 22 SCR[12]3 7

1.2.2  ppkl WACKIEFHKKE  P.putida GM6
AR ppkl FERP 4K 2220 bps (GenBank
Accession No. DQ133537), ] OMIGA #4443 H1i%
FEN _EFWEA LI ppkl L3 100bp A2 ¢ H 1 5

TR, PrLUEREL S B8 FAE N 2350 bps 74
w514, 28 pBBRIMCS-5 JFikil*'% v )
PL R NG S MRV A 05, ST SR ppkl-F:
TTGGTACCCCCTGACCGCTTTTAAACGT —<(( %I
& A Kpnt- 1T i £ > Ml ppkl-R :
GTTCTAGATAACGCGC  GGTCAGGATC — ( Xl
LA Xbal- 1 f78). LL-GM6- & DNA AHHR,
HHT PCR ¥4, §184fF: 94°C 5 min; 94°C 1 min.
60°C 1 min, 72°C 2.5 min, 30 ME¥H; 72°C 10 min.
JiUkL pBBRIMCS-5 5484 B4 sl Kpnl. Xbal L
Y], 4 T4 DNA BEHMHER)S, %% N\ E. coli DH5a
RZASAM M, PRIV, D =R A p
1A E. coli DH50 pMEPE-PPK . [A] i pBBRIMCS-5
Tk N E. coli DHSa 7, AR BHEXS IR .

K =268y, ¥ KA E.coli DH5a pMEPE-
PPK EX E. coli DH50 pBBRIMCS-5. GM6 Hl E. coli
pRK2013 Z3 il NN AP AE 2211 LB WA R 770k
HE IR A K, % 1:2:1 MOARR L AR D LR
&, RIEET YN LB AP EERT R 36 h, Mkt
YA TP (Amp. Gm F1 Cefazolin) ik
BHA T
1.2.3—  JFokifese ke — (1) — - BEH
pBBRIMCS-5 F1 pMEPE-PPK JFURE [ Ak 3 32 B bk
SR T A Gm $itkm) LB M YG Brgrtkr,
2 4 WERE AR T 5 Gm HitENE Gm
PUPER) LB Al YG PR, WS BORLAR 1k -

(2) ¥4 pBBRIMCS-5 #1 pMEPE-PPK it
RE R0 B A R IR R R 2 2 S A PUE ) LB 557
SEER, STHEKEE 3 W, U ODgonm i
0.1 #ENT Gm Pk & ok K & sk 48 3
K, W JTORLRR E Tk
1.2.4 ZARKWEWAMER P A # GM6 KEH
pBBRIMCS-5 HI pMEPE-PPK J5tk [ 5 Ak 3 A 14 bk
2 LB KGR AR 2 BUW G 4 i LA — e 4R
PR & A R K T, AL ODgoonm Y94 0.1,
T 28°C UFsEEESR, BB BIREORE, L AR
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KA BUR 35 P IR B M ARES Do B A 22 SR IR
ALK A 4% IC Y R A T g

1.2.5 Ml EBPR LT AN B AR INR bk
% LB BifAEE eSS, KWK 3 ), WEREE
FENBEAT 250 ml A R K I R, A5 B A I 4 1)
ODgoonm THIEF] 2.5 JiAi, 28°C REASFLES IR 2.5h,
BN 28°C THIRFEIR, WARTRE 4 he BOBFREL, I
SRR, B 50% HARENBIN SRR, B L
FAR YR P DB Mg . pBBRIMCS-5 J& /Mgl
PR AE R ST s 2 Ok, KT B B R 3h
T ppkl FERTERE T TR, EE T W LIfE GM6
Hh Rk ATk pMEPE--PPK, JFURL [ H4) 2t B 28 W,

1o
. A e \
vl 1\
ppkl A [ pogRIMCS:5 |
] | !
Kpnl-5-Xbal- X 1] l Kpnl-5-Xbal ~
— ——

l it
(Rl e
| pMEPE-PPK |

\7ka .r'fl
. ‘y
h o,

1 ELHRHKL pMEPE-PPK RIMIIE SR RE

Fig. 1 Construction strategy of the recombinant plasmid

M 1 2 3

2400 4700

2400

a b

(a.  M: A-Hindlll marker, 1:ppkl §3%FBt; b, M: A-HindIIl
marker, 1: T4 )5k pMEPE-PPK Kpn | 5 Xba 1 XU B B,

BAEIA . L EIRYIE R 2350 IR IBOREDN 52 IR
P E RN LRA S AT ORI PHA 155
2 HR5HM

2.1 ppkl BURIEFRABFIERRIIRS
2.1. 1 ppkl FIEFORIIIKIE T TAELS ppkl HEW
fE P. putida GM6 HSLHLRALIRIE, TATRHA] T 5k

2.1.2 GRfbRIE ppkl TREBE M
B EAK pMEPE-PPK %4 % P putida GM6 1,
E5A 3 P ER R (Amp. Gm Fl Cefazolin)

STiBURSS

LA ES TN TRERE, 4N
GM6-PPK 1. K H [FIF: 177 o 848 pBBRIMCS-5
R3] GM6 HHE RN AT 4 GM6-P5. I
IAE TR, M Kpnl. Xbal XY, TEHERIEK
RHLIKAFEIZ) 2400 bps F1 4700 bps P A B (A
2, HAMSHRMEME, 2WFEHmlLE
GenBank R KN ppkl FERFH5¢ 4

2.2 &I pMEPE-PPK %2 E 43258

AR SR SEbR P SEG T VR AN AR 2R

T LLREAT ORI AR E Ik 5256 A 2 GM6-PPK {EAGE
FREE IR R E . R 3 W, & LB AR 4
RIG 3 MERAn 54 Gm fJc Gm 19 LB b, 4l
KOS AT IR BT YG Pk, &4 Gm
PPN 3 A K (B 3a). & YG B 3RIAEA 4
Ya s A T84 Gm FIL Gm (1 LB b, ki
LRY) 20%; TRAT T & H Gm 1) YG P b, 41
WHARA ALK (B 3b). ¥ LB BEHEMEELIH
IK VR e NG R KAEAR 3 G MR IR AT T LB
M YG &4 Gm ML Gm (KFH E, K4 LB
TR EORIEA A R R, T YG BigRdt BREAAE
K (B 30). UiBARIAEETE LB Birdkrhiiae
(W ORI AR E LR T YG BegRdE, BT DUE &
LB &4 5T P A Bk K AT sk K08
PR AR RE SRR P RE )R A I A2

2400 4700
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2.3.2 GM6-PPK1 EK K% P e ARk LAY
;Zﬁ OD()OOnm y‘j 01 H,:J%Z«fll/lx/ﬁ“l—‘ GM6 PS ,—rﬁﬁu
Pk GM6 {56 R KB SR rh AR KA S LA B, Bl
BRI A RE K P TRARY) OD (EIEWHE N, Kk s
6 h WIHREE KN EKE, OD H4h 0.68, (LG
B LB§mB_Gmr ' O LBg{iom+Gmr
16 1 6 YG5W6G-Gmr 0 YGEHOre+Gmr 4
T= 12
1 \ 1
=N I L >
55 % . =
- | . :
0 _&\ \\ e 0
GM6-8R16-P5 GM6-8RkslpPK 1
PO ok
2.3 B|UKETREH GM6-PPKI £ KKK P L
AE - G(ﬁ‘mPB Gmrn YG%Jﬁ?+Gmr
2.3.1 BB G OENE RGOk 12 om \ Gmr
%f GM6-PPK1 Y GM6-P5 % P 15 dt4T geth, nJ L AU - (a:LB f
= %% 5 i - FH{AA\ ggf %
A S U %% 21 R ik T R 2 SR R kL) 2= e (T 4D, E S i\\\\ %
GM6-PPK1 H A7 7 W B 11 2 SR W R &6 ks , 1My z 6 ‘5 % % B3 Gv
D :
GMG6-PS 1) % S B 51 IR HI RS 5, ) ppkl 3 e \ % e
ISR T polyP HIEr . & §
0 0 &ﬁ&\ -& =
OMo-RRisps NPk
¢ ﬁﬁ%@ﬁ%ﬁk
8§ MLBGnr CILB+Gmr
7t HYGGmr OYG+Gnr (a: LB 1648 4 VMG b YG 648 4 Gt o &
A PRBORAEAR 3 HEO
A 5+ 3 GM6-P5 5 GM6-PPKI FRfiia E1E R CHR v 40
E a1 Fig.3 Plasmid stability test of GM5-P5 and GM6-PPK1
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Fig. 4 Optical microscope graphs of GM6-P5 and GM6-PPK1
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Fig. 4 Optical microscope graphs of GM6-P5 and GM6-PPK1
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Fig. 5 Growth of strains and their phosphorus removals in synthetic wastewater
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Fig. 6  Growth, phosphate removal and PHA synthesis ability of strains under aerobic and anaerobic conditions
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Enhancement of Phosphorus Removal by Overexpression

of Polyphosphate Kinase 1

in Pseudomonas Putida GM6

LIBo, LIU Wei-dong, LIU Juan,

ZHAO Xiao-li,

GAO Ya-ying, CAO Hui, CUI Zhong-li
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Abstract:

The Polyphosphate kinase responsible for poly-phosphate (polyP) synthesis is encoded by ppkl, the phosphate accumulating

capacity of PAOs has a positive correlation with its ppkl gene expression level. Pseudomonas putida GM6 is an efficient phosphate accumulating

strain isolated from EBPR system in the activated sludge aerobic pond, and ppk! was cloned and characterized from GM6 previously. ppkl gene and

its promoter were amplified from the genomic DNA of GM6 by PCR. Recombinant plasmids pMEPE-PPK was constructed by ligating ppkl gene and

its promoter into broad host vector pPBBRMCS-5. With the help of plasmid pRK2013, pMEPE-PPK was transferred into the strain GM6 to construct

GMo6-PPK 1. The polyphosphate removal ability of GM6-PPK1 was increased by 54-% compared with strain GM6 and its growth was also enhanced.

In order to stimulate the SBR technique, the strains were grown under anaerobic and aerobic conditions. Results showed that GM6-ppkl1 has stronger

phosphate absorption ability in aerobic condition and it releases more phosphate and syntheses more PHA in anaerobic condition.
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