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TEE . NRIEZ R RENEEE N (ppk) TETS K AE IR Y DIEE. R Red MR R ST, LA pKD4 BTk AR , it R
P sMNEE DNA F B K SMEZRE DNA B Bl 35 ib 3 A AT 5 A pKD46 1R FF B ATCC25922 B /L #ITR k. R EA
B E. coli /ppk™ Kan™. ¥ pCP20 P A KGFTE E. coli/ppk ™ Kan™ LITHBR-RHIRAF R HriE LA | i@ o it M E 2 101 5 14
BAIE, M TS A FZPUPER ppk FEPR R TRERIRR E. coli/ppk ™ Kan ™. Hudss TR TR WR RN B A= 20 T ik 0 A R ek IR LU B
FERRIET T/ 7 W X 2 R DR A8/ 48005 3 2 A S BRI RE. 5 R WIR T Red FAL R SE, 1830 JOIR MBS , UINFS 2 T KA AT
T ppk ZERIGRETRRE E. coli /ppk ™~ Kan ™. wBRJG A9 T2 B RIET A2 U B MR AR OB IR BOR 22 57 (B2 4 h B AU TR kA
KT EFAE AP BR 8 h G ted I TR A AR A 118 T 37 A U TR Ak, SR BT ppk 32 A TR R ) A 46 BRBEVR 2/ B B R 10 N, AR 1A AR
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Function of Polyphosphate Kinase Gene in Biological Phosphate Removal During

the Wastewater Treatment Process
NAN Ya-ping, ZHOU Guo-biao, YUAN Lin-jiang
(School of Environmental and Municipal Engineering, Xi’an University of Architecture & Technology, Xi’an 710055, China)

Abstract: This study aimed to identify the function of polyphosphate kinase gene (ppk) in phosphorus removal. With the Red system,
the target DNA with the homologous short arms was amplified in the plasmid pKD4. Then the target DNA was transformed into E. coli
ATCC25922 which already had the suicide plasmid pKD46 by electroporation. The plasmid pCP20 was transformed into the
recombinant strains to delete the kanamycin resistance gene. With the screening by negative resistance, together with verification using
positive and negative primers, the construction of ppk gene deletion strain E. coli/ppk”™ Kan™ was confirmed. The growth
characteristics of both the wild-type strain and the mutant strain were determined, and the phosphate accumulating characteristics were
compared when cultured in the phosphate luxuriant medium after induced in the phosphate lacking medium. Also the phosphate
accumulating characteristics of the two strains were compared after cultured in the anaerobic and aerobic alternating conditions for 5
times. The results showed that the ppk deletion strain E. coli/ppk ™ Kan™ was successfully constructed. There was no growth difference
between the mutant strain and the wild-type strain. But in the first 4 hours of log phase, the mutant strain grew faster than the wild-type
strain. And 8h later, when both strains were in stationary phase, the mutant strain grew slower than the wild type, indicating that ppk
affected the growth of the bacteria. Cultured in the phosphate lacking medium and the phosphate luxuriant medium, the mutant strain’s
ability of phosphate accumulating didn’t decrease in spite of having no ppk gene. After 5 times induction, the amounts of phosphorus in
both strains were about 1% -2% . The phosphate amounts in the cells did not increase with increasing inducing times. Polyphosphate or
PHB was detected neither at anaerobic phase nor at the aerobic phase. It indicated that the deletion of ppk did not affect the phosphorus
removal in wastewater treatment process, and the ppk gene did not show the function of phosphorus removal.

Key words ; biological phosphate removal in waste water; E coli. ; scarless gene deletion; polyphosphate kinase ( PPK) ; phosphate

removal characteristics
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1 HRETE

1.1k
L1.1 JFORCFIGE#E

pKD4, pKD46, pCP20, ¥ AE I B8 #k K I A1 B4
ATCC25922 , FURig 46 FH 76 - #ikk DHS .

1.1.2  FET HA &R

B O B O & 2K B & DL200Marker
DL500Marker #4014 [ 5 AE 9N 7] s L-BThifps . 2%
HaR., FIRE R A LigE T HEw il
R 5 Hr A
1.1.3 st

KIGFFTH ppk JE R B F 3s 97 2 8 3R B b
Fekt LB WA FE 5L | SOB B g Kk | SOC 535 H: A
TSS K.

AR RN E 5 R R AT G R 0k . LB 85
FRBL BB TR 2, ) JOK S RN ,0.5 g- L1 5 i
EH WM, 5 g-L7'; NH,Cl, 0.2 g-L™"; MgSO,, 0.4
g-L™";FeS0, -7H,0,0.002 g-L~";CaCl,,0.08 g-L™";
NaCl,5 g-L~";KH, PO, , L5 I T B F 1 5
1.1.4 5|9

S ET S A LR 1.

1.2 Jiik
1.2.1  KIGHFTE ppk BLPR B e TR B0k 2

(1) ERIBE RPN DNA F B
gt

WITHFRJEEA 5 F-Kan, R-Kan, H 5’
%t 50 bp [RIWVE (RIZFR 53 ) J 7 rsbR H AR B ppk
WA %) SiE i TR 2. DL pKD4 SR S AR A, B 4
FRIRE RO SN DNA F B, e B
T k.

®1 ZBETASIMES

Table 1  Primers used in this study

519 JF515'-3" P/
F-Kan ATGGGTCAGGAAAAGCTATACATCGAAAAAGAGCTCAGTTGGTTATCGTTGCGATTGTGTAGGCTGGAG RS
R-Kan TTATTCAGGTTGTTCGAGTGATTTGATGTAGTCGTAAATCGCCAACTGCGTAACGGCTGACATGGGAATTAG AR S a
purn-F CCCAGGAACACGCTATTTATCC [12]
ppx-R CATCTACCACACGGGCTATGAC [12]

p-F TCTGCGTTACTGCCTTGATGAT [12]

p-R TAATCAATATTGCGCGTCATCC [12]

(2) FRERIERE A S RIBATF I ppk FE ) TCIR

45 K FF B ATCC25922 Ha, 5% Ak J8k 52 285 41
. FH bio-red HLFEAX, FE pKD46 i KL HL 5% 4k
ARIGAFE ATCC25922, il A 1 mL SOC 1A 5 77
e 30CIRGEFE 2.5 h, LR RA THE N T H
(60 mg-L~") 1Y BEARE FR IR AR KT 5% 15 h.

il 45 2 B R IAATFE E. coli/pKDa6! . ¥4 4h
JREEPEHE DNA R B fb e & AHh. Bk fh 4%
2 HL ik v 25 wF, HL B 200 Q. HLE M50 1.8

2.0, 2.3 kV; FAETEE A 1 mL SOC R FR3E, K 5%
2.5 h 5 A T RIPEE (25 mg- L") BYEFR I

Bk ERE SR 15 he PRBCRR ISR T LB KE R 5t
,30°C 3% 5 h J5 , THEE 42°CH46Z2553% 10 h. [6]
BPRE R — RV e T A AN H &R (60 mg-L™)
(E SRR AR L, 30°C b A0 5%, HRIGRB U8 7 % R
MER M EAERMAREETEEZ R ALK
TETE , BI o 8 B V&, R ic i E. coli/ppk
Kan ™. 2332k HIE W 514 purn-F/ppx-R F1 2 [1] 5]
Yy p-F/p-R Xt B VEH 240 7 #EA 79 18 I 0%, 86 2 4
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J8 DNA R BORBRA A KBTI AR 4 .

¥ pCP20 J5i k7 HL 75 b A2 3 E. coli/ppk -
Kan*, LLH B < A0 5 R Pk 3L, 5% 5 07 2 H
pKD46 % T R &M & A R & E (25
mg-L™") | B EEEHEX (60 mg-L™") M AR
LB BB A0 vk , PkECREAS 7E LB AR AR K
MAESARIPBHER AN T8RO
% BRICH E. coli/ppk ™ Kan ™. R ZESY) pumn-
F/ppx-R #l p-F/p-R 43| #£47 PCR ¥ 34 IF 00 )5, 56
WER AT 0 ppk FE R B R TR R AR E. coli/ppk ™
Kan ~ & 5 2 2],
1.2.2 TR A B TR AR A KRR LU

3 S B LT I ok R A 00 T o ) B R 4
T LB 55353 37°Cid w595 16 h )5, Lh 1% 250
TFE A JEEE T A DA ) G e A i A R A T, R
100 mL LB #5355 ,37°C . 170 remin "' 553% 32 h,
S I P AOG 2 B, FL AP B AR KRB I 25 572
[l A, Y (RS S 75 A SR R
1.2.3 TR PR AT A 7 DR AR BRI BB L3R

(1) AR PR REFNET A TR B R A B 15 5/
BRI AL EBRBEPERE LA

KRR FRIE 2 AR 1 R SR L s o, 115
A KH, PO, 5, 455 i il i 1 77 Bk de X Wk 808 5
mg- L~ BB R R AR E N 15 mg L.

BBk R A KRR A E i, ki
BF R AR S T o R i b g% 6 h RGN E
BERTFRIL TR FE , E Ih I TR A 2 (AN 1V T
T R, R o I L B A B R

5[13}.

(2) AR BR R AN A= 70 T8 Wk IR S8/ 4 S 38 B 2%
T I BRBEPE R LR

KRG TR 2, REBRRE N 5 mg- L™ RS
726 h, 6000 r-min~" B0 VR, A A B 5
B AR R SR 6 h, A S IR, BRREE IR AT BIHE DR AR
SRR FE W o A A S i e IR
PRAEAR FVAF R 43 W 54T PHB Y 6 Fl S5 ey e
@[13].

2 ER5HMm

2.1 EFRIPERPUEILHEMSMNE H Y DNA F B
i gt

K 31 % F-Kan/R-Kan ¥ 34, ¥k 15 3 2
1600 bpt B 4547, 45 UL 1, K B 5 1l A 45
FHAF.

DL200M AMEDNA AMIEDNA

bp

E1 $MEEH DNA B PCR ¥ 15
Fig. 1 PCR amplification of the target gene

2200 Fy 4 Uk A U BeK BE A1 613 bp, BLAST
2 R BERT S0bp L ANJS S0bp B3 Ay [R] U5
A, thlE sy R RIBEE R PR R 7 B, R W
FHCE Z PR BSME H % DNA R Bt @ mi 2.
2.2 JEEFRREAN S RIAFFR ppk 5 0 TCIR bR

SN DNA HL A AR 25 SRR WY, A0Y L-B 7 4r 4
WEESA 15 mmol -L™" | LA 1.8 kV B 155 T H
W, FHRE RS, EARE S N EHEREN TR L
AAERKME S RIREE R AR EA K R AF, 1A
WAL & 8 A R AT DNA.

X KM AT B 3k LA P B 8 A i e B, 5 it B
B H RFEA ppk LWFR purn FER, NER ppx FEH
DL 5190, 1 191 %55 51 4 purn-F/ppx-R 43
NBETTFE purn FEPRIUFN ppx FePH X 38, [ a8 2 519
p-F/p-R BIHTE ppk FEH R 43 51 2R HIE J2 ) %
SE 5 W), XoF B 21 R AR R A R B AR AT TR K PCR 5
E, 25 e 2.

FH I 2 AT, R HIE ) 282 519 purn-F/ppx-R,
FEHEIE E. coli/ppk ~ Kan ™ [ 47 £ 2000bp
[E2(a) ], 5HUAEE AL, )7 500 F B
2012 bp. KM% EGY) p-F/p-R, B A= BRI AR
P S R /N1 200 bp[ B 2(b) T, 5 4
ST, T4 B R Y1 AT ] 20, 22 I 58 UE M
BLAST x5, R KB FF R H A E. coli /ppk”
Kan " B A1, #ME DNA B % & A KT 5 2 A
2.

pCP20 Ji ki B % Ak ik A E. coli/ppk ™ Kan*
MRS , PRI AL 8 35 BR T A A K i e e 4t
PESEAA A K B T8 75, B R B 5 B B4 T R AR
3R IE B2 ) %5 32 514 purn-F/ppx-R 1 F/R 5|
YT Y% PCR BAIF, &5 1 Al 3.
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(a) AL K IE 1) PCREE

(b) "B 2 J00 {5 b AT 41 1 Bk 2 1) PCRBGEIF

2 EHAEMKIEKE PCREIE

Fig. 2 Verification of recombinant strain by PCR

DL500 M T AR Bk

LA Bk

bp

700

500

B3 IFREHKIEE PCR ¥ 18IGIE

Fig. 3 Verification of mutant strain by PCR

& 3 AT, R purn-F/ppx-R 3714 554 29 K
600bp , 5 101 1 45 2 A0 AF, 2000 )7 3 0iF v B K B
635bp. MR 01 %858 519 p-F/p-R RV 3 1 A
Bt , 2 BLAST Hexf, R B ppk LR BK TR E.
coli/ppk ~ Kan ™~ FZE ).

2.3 TR B RROREE AR A B R AR K B HL AR

PIRRBAAE LB KRk b AR K BE L UL IR 4.

2.000
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1.200
1.000
0.800 |-
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0.400 -
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i fal/h
E4 IEERMFEREKREREELR

Fig. 4 Comparison of growth curves between mutant

HZHE (Dsoo)

—a— Tk
—o— BRI

and wild-type strains

HIPE 4 AT, PR TR A R AR TR B BB 22 5
FEIROIAG , PIRR AR AL T s AR RORAS L8 h R R K
TR, Ik B HE IR, 16 h I TR O B (B AR A B

1.5 ZEATIEASTRIG . E2 | A oA K, B A
UG AR A K012, 2 h B RO BE (B 0. 198, 1fif
TARB MR A 0.402;8 h 1, A T8 B O 2 B (6 R
—FEE 1.3 24, 8 h et AR E W, TR Mtk
BEPAE R AE K S 3. Sk e g LRI, W
PRIRRAESE A A 1 ] 1 PN 8 A T 1l 2 ol
I, 78 LB 35555 13535 mlbR ppk B4R L IFASE
KIGFF R A A A, X S B UL 9 A= it T s ). {H
B OB T AR TR A T B A AU B bR 17 11 H B
A RI R T TR PR
2.4 TOREEAARRET A R B R AE BB S S R AR
SE B e

HAT, 73 B & 5 s A W, A W58 R A BR
B B BRI SRR OB ek o g R B
BRI AR W R, 5 B TR AR B i 5
S A T IR RRAE Z5d 6 h BBk SR 7E &
Bigf R BRBEPERE , 45 SR LA 5.

0.800 15.00

P 14.00

A 4 13.0
0600 TR I Og _
g —— WA T bk 200 2,
S o400 | —o— gk TREE | 1.0 2
B —o— BB BB {1000 B
= h 9.00 §

0200 | 1 g00

? 7.00

O L L L L L L L L 1 1 L 6,0(}

0 4 8§ 12 16 20 24 28 32 36 40 44 48

Hi)/h

B 5 SREHES/ ERHEFEDITEEKM
BF A BB ARBR BRI RE LL 3L
Fig. 5 Comparison of phosphate accumulating characteristics
between mutant and wild-type strains cultured in the phosphate

luxuriant medium after induction in the phosphate lacking medium
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FrIE PR IEAR 5. B B TR Rk
KT H7 A BB AR 24 h A B E W, TR Ak
PR DL T B, A K TR A A R, TR
W EEDN 2 25 R R PO, 5 AR LT W
IR R BRI TR AR AR X T A
FRIARBRBERE RIS, A3 8 1S PR B T R, vk
TR BB R A A R, 2 R B R R
(PSS T IR T R IE He R a3, R IcH Rt
F ppk PRI FZ M TR B RRBR BRI B 4L

S BT BB AR S BIAE LB KSR | Bk
FE SRR B W SR TR I S i, 45 2R L3k 2.

2 2 AIAITCIS R A il = 2 i i 5 e
BRI R R AR | TR DR R A TR R R A AR
ARAE R — R E Y SRR K. SRR S 5%
T BLBEE T B B IR, LV VB AR AT
AN TR DA B R B (R 25 S TR A B R K R ) Ak

F2 IREMMTFLEBEKRERNEPNEESHELR %
Table 2 Comparison of intercellular phosphate amount

of mutant and wild-type strains in log phase/%

[iL7S LB 5573k B WA
TR RR 1.23 1.32 1.21
WA R R R 1.27 1.25 1.27

YERIFI B . ST o w0 45 5. ppk SR FEAS
S D ARTE BRI T/ & RS IR D BR kAR
2.5 AR A BB IR A/ B AR T
(BRI B L

Ubukata %5 A — IR 00 T BB I 2R
AR R R A 4 WAL WG SIGR. ASE
KT 5 KRR/ A (A/0) AT I xR —A~
JAIAR RS B T IE. R R R AT 15 T
WA SR 2L, 45 3L 3.
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