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KT SERBE VSRR P phnF ZRMITR
E g #£T4a" 3 4§ REE

(FERZER DAY EEFRARMERT AT TREFRERE £8  200032)

W W KBEFTES phe BUT SR (PN AETEX, TRFHHE PCRIH.TA
RS HE KRBT RKBEFE phn BRUT 9 panE. phaF Hl phnG EE T 0, I FHT T F
PWE, #T PLREERE S, BT phnF 8 TnphoA’-9 B TIH A SLAF Mk W19, H 53
R KB ES AP BTG HBHEH, THA pE R paaGC FRASRAEEHMEEN
phnF Rk 37k TWo7, NI JLEREETE AEPn e b, i phnF BEE M B E S
i, FERMA R 2 #ebb T PhoF & 5, BB a, 7 B BB ERH G775 REZED, PhnF
BHY phn WY T DNA FEHEHHE, THERREERRREHTF,

XHiE KERFW, phaF XH, BESES
FHIEE Q936

ERHERERNLETR, U R A AN AFERTERENEHL. HFRF
JLRARM R B RRREHFH AR SR, E o mlmmERu iR, BB
{ Phophonate esters, Bl Pn) 5 B BR &R ( Phosphate esters) #5170, E5MXETFLL CPENRET
BEEE CO-P&, X —BRES Pn W RIEERE, HHEEREM CCRP, Po T
RAFZIMBR EFS%, BN AME. BEHRERE, AEER PnE BRI ERZ
4, Bl B2 BE B % 12 ( Phosphonatase pathway) #1 C-P 24 BB iR 12 (C-P lyase pathway),
H 2B B E T (Pho regulon) f1B#1,

KT @ f AR R CP Wi T MM . BT HRRAGENTEST
CP BB ELER, MEZRRNWAREEELREEN T FTEVEN TR, &£
SREAFE TR Po BRAAK 14 T 2R pnC-P WHEFE RO B HE, FiltfT T
ST RE S, S FRIEEMIEREE, XBE—TH phnC LR BEITRIBHF
AU 1, 2 PHO W7 F 947 Pho BR WAL R R, X 14 MEEMIIEE, @Esf
REETHFREEMARABEMNABREE T —BiEL. BITHS CP REEE
£ (C-P lyase complex) . B EBRBRF% 12 R4 . B EREE, HE+ phnF 1 phnO EH I HE
EREE. ANEARAKF LA, PhoF 5 FadR.GntR 1 HutC %W & 0 A F R, €17
TREFE T W HE- 5 A -BE (Helix-turn-helix motil) "R IFFEOIFE. 3 TEEEHE
phaF TERMBRERRR P AYFF, 3 300 T R R EETT .

EFFEAPEMNFRERESFHAE.
* BRREE,
% B #7:1997-07-02, & A £ 1998-03-06.
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1 MRy &

11 WRAER

ERPFHGAE MR LE 1. HFBREFEES BL2I(DE3) N E T7 RNA
BOMEEN A EER, 8| pl.D55 & F oriRgey (R6ky DNA replication origin), X B
HEE « EHBFE. FR pBW120 S FRBTE I ED phn RATER.

#1 AWEERRY

Table 1 Bacterial strains and plasmids

Strains and plasmids Description Sources

E. coli K-12 strains

XL1-Blue supE44hsdR17rec Al end Al gyr A4 BLW"
thi rel Al lac "F'[ pro AB" lac"Tnl0(tet") ]
BL21 DE3 F'omp Tramg BLW
w4 DE3( fac )X74, phn{EcoB) BLW
w7 DE3( fac }X74 DphoA532 D{ phnC-P} BLW
wid A(DMIul) D1 pir(wt)
WY DPhoAS32 D( mef proP phnC-P)1:TnS BLW
seq1/132(Kan) uid A(DMIul} I pir (wt)
W11 DE3{ lac )DphoA phnE15:: TnphoA’-9 BLW
W12 DE3{ lac)DphoA phnG35:: TnpheA’-9 BLW
JW13 DE3{ lac)DphoA phnF23.: TnphoA’-9 BLW
Jw17 Kan® JWO( pir * )/ phaE1: TnphoA’-9 This study
w18 Kan® JWO( pir* ) phnG:: TnphoA’-9 This study
w19 Kan® JW9( pir ™ )/ pha F1 I TnphoA' -9 This study
W67 DE3(fac )D( phoA, phaF) This study
Plasmids
pBW120 Amp, phnC-P in pUC18 BLW
pLD55 Ampl{ + Yori lacZ( 7 }of pBluescriptl I{SK " ) BLW
pGEM-T Amp", pGEM-5zf( + ) cut with EcoR V, add 3'-T to both ends Promega
pET-28-b Kan®, T7 lac promoter, His-tag sequence Novagen
pQX1 Amp*, phnE in pGEM-T This study
pQX2 Amp*, phnG in pGEM-T This study
pQX3 Amp®, phaF in pGEM-T "This study
pQX4 Amg, phaE in pLD55 This study
pQX5 Ampt, phnG in pWXL This study
pQX6 Amp*, phnE-8D sequence-phnG in pLD55 This study
pQX7 Kan®, phnF in pET-28-b This study
pPWX1 Amp?, SD sequence BLW

* BLW:Barry .. Wannet's lab
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1.2 B3 bR

KB B EEETHIESR E4 K LB.SOB.SOC fil M63.MOPS #E# ML F
HE, WEHERHER, BEEREFMARER EFHBE(Amp) 100ug/ml. £
B £ (Km)50pg/ml, FI3F K (Te)25pg/ml. BT Fi R B8 . Tag DNA B 5 5§. T4 DNA HE#
B8.TA RERMAR TSR FIAR &, ¥ E Promega k¥ 235 # ¥ Sangon AT
BERAA. pET BEERE LB RALEHNABEE Novagen 28],
1.3 DNA X PCR HR

DNA 5. B 58 HEl Xgal REABEUARE FHEE, B3 Rowt#
77, AT B RE 1.70V, AR 25uFD, HFH 2000, MITASSEEER + F i DNA
R B, A QIAGEN & 7 & F {15 7 e Sl 32 55 5 A B PO 340 B RO o e o [ETC I B AR A 9
DNA FBL“ERyGBE k= E", PCR REMH RN,

94C, 3mirr—"94+C , Imin—+501C , 30s—=72TC, lmin—>727C, 10min—=4C
X 24

1.4 P1ES

Hi Pl BBRAHE, ARSI ERE S SR —EREEEF A HK Plkc B
5, ER%H 10min /58T LBCG 5 M+, 355 6~ 8h, A Tris- MEHE W Sml,
ACHE 4~6h S PL B3, B CHCL A B W&k 2 0, RET 4C. BEHA
0. 1ml 3% HA SR E EF T MC B (10mmol/L MgCly, Smmol/L CaCly), 5% h IR HE
BB S, TR EN 20min /5 IA 2.5mmol/L EDTA ¥, I 77 26 % 4 B R 5%
E[B]o
1.5 R RIERBE >~ Bt

B Novagen 2> B WA B, ¥ E HW EFE M AR pET28b 5I AT REEEH
BL21, BEEUAEE TR LB K WA FED, 37CRBIERLE, % 1% ¥
BHEER, BHEIhEL. %4 ODEAN 0.6 i, A IPTG E 1mmol/L, FHEEERE 3
3h, WA, € 100ml BERBLCEEFHFEET 4ml HE M Binding buffer, i F ¥ B
A, BOR EEW. A 0.45umol/L 3ET IS EAE, B hE/ A 10 EREERR, B
10 44 Binding buffer #1 6 {54 Washing buffer ¥4%, B 5 H 6 54 Eluting buffer
P ES, KM, 10% SDS-PAGE s vkl %My ek,
1.6 EESEEHHR

pLDS5 REMERBERET pir ZEEMF EEFARE, BREEHE, WTH AEY
# DNA BREB. HESCIRATRUY, A8 %L F5# DNA H BB A T oriRgeuy~ tet AR
B bla ZRWMFR TR pir EEE IWI3, £ LB A EEHE LEEIEESEE.
Pk HH A YK S LB AR LR RS 2 R, B A U R SURIE SR E TSS(Tetracycline-
sensitive-selective) & it B A T, H A HWIF TN EFXEBENEBEE, VEABRERA
HH, REEENEE.
1.7 RRFEREEE

EREE-MOPS B E PR AE Rk ERBHE, WR KB EFEREN
JLRMREEHERE, £ 37CRBIE D, EFMEEEAN ODgfE, FEEKIAE.
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& B FERT, W) L AEPn( e-aminoethylphosphonate) 7 F BB R,
1.8 BREEHERE

¥ric B B & M 36ul DNA. 5ul Klenow buffer, 1ul Klenow fragment. 3ul 5mmol/L
dXTP(X: [RIFICH BRI H 3 M TR ) Sell«*P]-dATP & dCTP, IR & /5 F 30T,
KCAE 15min, 70 2p] Smmol/L ANTP 4E2E4E H] Smin, BV EFE LK, EIW DNA, B 2R 7
i DNA K B SR [ R AE 25°C R 25min f7 PR B, kA9 BT R R DNA MIEA
BAFRR/DTIFHE. BKBERLT XJCRE, Bk 2% T,

2 # B

2.1 PCR #¥ phnE. phnF 0 phnG HFE
BEEAEWREEMNY BHE5 T PL~P6 6 BREREBSY, ZFPWT.,

P1:5"-CGAGAGCTCCATATGCAAACCATCACC-3 P4.5 -CGACTCGAGTCATGCGTTGTCTCC 3’
P2:5 -CGAACTAGTTATCAGATAAAGTGCTTAG-3 P5:5 -CGACATATGCACTTGTCTACACATCC-3
P3;5'-CGACTGCAGCCATATGCACGCAGATACC-3 P65 -CGAGGATCCGGTATCTGCGTGCAT-3

P1~-P6 5|49 5 %0 5 49 914 Spel., Sacl. Pstl, Xhol, Ndel #l BamHI, pBW120 1§
4 PCR R W AR,

BLP1 AT P2 54 ¥ H 848bp A9 DNA F BL, 5 phnE 2K ;P3 il P4 3 8445
F4Y 464bp DNA B, N phnG ZEF; L PS5 #0 P6 B4 318 & 7 748bp DNA H B, %
phnF HEF, PCR = BIKEELRWE 1 Fm.

2.2 PCR =4/ TA RIERFSIME

B Tag Plus T W& EEMEILAY PCR I, Fl B EIMERER S HE dA BH phnE.
phnF 1 phnG EE F B, S B¥E1715 pGEM-T #iifk &, # X HTHE X11-Blue, 3
#E B H DNA A 5 BH pGEM-T,

JpiEfn PCR I RRRT 245, THUEET B L s i Bt iy 7 9 5 EME K F 5] — 3, W Bid
EAREEFTT FAME. 45N 5 4
phnE3 A phnF fl 4 4 phnG EREH
g BE 1 A2 PP IERM T E, 4
F4r & & pQX1 (pGEM-phnE ). pQX2
(pGEM- phn G) Al pQX3(pGEM- phnF),
2.3 HrP1¥5#® phnE. phaF %0
phnG BB AR W #

T HP AR ALK B AT B B PL ke RRHE
ZEAS MR JW11.JW12 F1 JW13, 35753
R . FRREE A A5 S Mel BREH) JWO
BHR, A Mel-M63 TR E NS Fo 1 pog 47 W58 phnE. phnF A1 phnG EE B
RIS FXFMBROWE (B 5e 1 PCR products of phnE, phnF and phnG gene
TnphoA'-9 WH aph), IFHE LB T LI 1 jhnE, using P1 and P2; 2. phnF, using PS and P6;
a4 WEBBRIE 1 ¥, T8 5 JW17, 3. phnG, using P3 and P4; 4. 1kb ladder,
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W18 W19, BN B A HHE phnE. phnF F phnG B FH 15 B T (TnphoA’-9) A 52
! %
2.4 pQX6 HHgRHET

F Spel-Sacl XWEGY] pQX1 BB phnE F Bt 584K pLDSS5 %8, B R pQX4( phnE/
pLD55), pQX2 % Ndel-Xhol XEE Y] phnG, A &HF SD FF & Fk pWX1, B
PQXS(SD- phn G/pWX1), HH pQXS A Pstl-Xhol BEH], P M) SD-phnG K BH £ 3|
pQX4 b, BB A, phnF 2% BB pQX6(pLDSS/ phnE-SD- phnG). pQX4.pQXS5 Ml
pQX6 E#{LEIE L TW7, HARFE,

BT % 8 A1 PCR K ZE1EH, pQX6 My s IE 4,
2.5 pnF EELBREARETHHNORRET

W phnF BRE TR pQX6 ¥tk IW13(pir ~ )l bk, BEIN K EHNEA T HBER LN 5
bF. SARFAERE LB R, AR —ENETE, BANFRESRTEA TSS K 7
B, DRBLMAET. A5KRE A REE, S0 AR BB, To. Amp 1 Km
B, 24 pQX6 5 JW13 R kB A5 phaF £ERRTE b JW67, ZEHALE
mE 2 B

ori Rpe,  plasmid
CArrying mutant

phnF gene

Chromosome{ wild type) phnF*
1. Belect integrants of non-pir host

l 2. Select plasmid-free segregants as Tet ones

.
A.Wild type recombinant PhnF

B2 phnF 2REHRMAHBREH
Fig.2 phaF clean deletion in chromosome of E. codi (JW13)

2.6 JLHREEEMNERNHE
e IW4(EF4EA), W13 #1 JW19( phnF:: TnphoA'-9), L& JTW67(A phnF)4rBITE
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% 0. 1mmol/L Pi f Glucose-MOPS 4% b RIZRFE 3% 24h, SRS HEF & R R BEIR 09 MR 1
Fe R, F— R P (A] (R RR ERE, W2 B ODggofB. ME 3 Frmiy R MR T 0L, B T 5 3
AR RN P M Pi g9 R AR B 25, X3 F AEPo R AN B EAR . 55 4R
M, TWI3 il JW19 By RS, E RIS REIATMEML. 5 HFEERE IWL3 MH, JW67 JL
FraizR TR A AEPn B98B .

EIY — — 3.0 SR 3.0 —

2.5 A — 2.5 B - 2.5 = —
EZ.U* . 52.0' - EZ.U— -
%%1.5— . %§1.5- . 8§1.s— i

1.0F -1 1.0 — 1.0

0.5¢ f ] 0.5¢ e B .

0.0 ;dfu e O T 20 25 30 35 0051 1'5/ 30725 3035

t/h

t/h t/h

B3 TW4.JWI3.JWI10 F1 JW67 B AR 755 A R Bl 7R 3k £ it
Fig.3 Growth of JW4,JW13, JW19 and JW67 on different Pi sources
A High Pi:0.4% glucose-MOPS medium with 0. 0125meaol/L Pi plus 0. Smmol/L Pi;
B:Low Pi:0.4% glucose-MOPS medium with 0.0125mmol/L Pi;
C:AEPn:0.4% glucose-MOPS medium with 0.0125mmol/L. Pi plus 0. Smmol/L AEPn;
O IW4 @ JWI3 7 JWIS W JwWe7

2.7 phn¥ BEMRRERE~HEIHML S 5 3
pQX3 dt # phaF H H £ Ndel

BamH1 8815 #6 A pET-28b #1&, B3| #  «ba

HAFH pQX7, HETFTEREBERF

BL21(DE3), #idf IPTG H S, WIZE RS .2

HEFBAMEQEY, o BIE 30kDa, '

Bl % PhoF & H(WE 4), 42.7—
M bR 5 S B A oAl R fE iR, B 3

BEANHEY. BFAA phnF pET-28b 310 oo

+F# HisTag FF % Novagen ¥ # FE I

B, At SR EAENER. didEw

PhnoF (AP B ikcal, EE % L2 —

Z0, A 5 B B4 PhoF &M%

2.8 PhoF EB S phn BY\-F DNA K EX Fig. 4  Expression of PhnF protein (10% SDS-
B E{ERN PAGE)

Hq BamHI ;-1:%_ pBW120 ;PE}{] pkn ﬁ%g}){ 1. Protein marker; 2. pQ¥X7 in BL21 (DE3), induced by
%DNA H&ﬁ] HII: %%%Fﬂa Msol ﬂ IPTG; 3. pQX7 in BL21 (DE3), not induced; 4:pET-28b
y IR [=] S
P in BL21 (DE3), induced by IPTG

Sau3Al @ 1H 1k, BT 8 F Bt 397 500bp LT,
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R E X F BR)E, 2 55 % AN PhoF EEEYAER . M GEL-Retardation 4387
LS RETLLE Y, PhaF B B phn T DNA 8BS 5E RS ik B i 49 2585 75 B 5
(i 6), WHEF & S{ERBEE.

1 2 3 4

1 2 3 4 5
kDa
e — 974
SR —66.2
— —42.7 -
s 31,0
—14.0
B S #i{Léh PhoF R
Fig.5 Purification of PhnF protein ]
1~ 4. Defferent loading quantity of purified PhnF protein; E 6 PhnFEHY phn BRNTHHEEIER
5. Provein marker Fig. 6 Interaction hetween PhnF protein
lane 1:20pg; lane 2:15u8; and the entire phn operon
lane 3:10ug; lane 4. 5pg 1.Free DNA;?2 and 3. Without competition;
4. With competition
3 3 i

A XHH PLEESWET KB E phnF # TophoA'-9 A REHE TW19, FIESHH
FIREAMBRT KB REROE phaF 2 KRS EN IW6e7, LK EREM, PhoF &
HXF Pr BACH FTRER BB E FRMER, £ IWI13 1 JWI19 Pl FREA T HETL
ST EMIhRE, i - RBRERE MAESHRES, BiEthiExets, HRILERE
REREF A AEPn, IXfER phaF P4 LG IHH RS HEMIE 4L T — KR,

MBERCIERE B AR E, PmF EH S phn BRUFHH DNA HBHESEH,
T EAR LS &AL E MR R . X 8 5 A R E -5 A - 0B e 45 4 75 X B 4 B Y
AIREThEE RIS . REFIEIRE phaF BEF=WIE AEPn B4 T Y Fl WA L 78 vpr 45
EEHEBER HEBRAR ML LHMAS . I\ phn BATHTREBHRTLUE
W, B G H#E phn BIFHEH 17 4 ORF FFE, M phnA. phaB F1 phnO 555 IUE A I
FEFEHUTFHRR, FHHAEFRTRN phn BHAFEH 14 PEEAS, 18 phaF
phnO FRBEHEBRTESN . WAL RV E Y, phaF W ERBE 4R A AEPn BF 44670
1, TR ST E ¢, T EAE iRt 54 DNA FAIM & ER,

BXERS phnF BE AR THEW R EEREET phnE Ml phaG HEHH
WIEEE, KB phnE N phnG EFE ) TnPhoA’-9 B A S, XA AFH LW
RPEANEE R phn BRIFHSHWIINEE, FB, BT phnF F phnO EEEFF] G L
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R TheE b 86 o] SE 4 AR, B, S SCRI B BB R & AT phn O BRI RERI BT 42
e,

KBAFE phn A THAFEDETREGREZEHFEDRBHYB LR, HA¥
R ENEREEEEEE. A TFPoEERRMTEG4E, UERESHE Po WHE
FAAMA AT RN S, FAEXFEUTFRERKBXTE. BRKETE phn BUAT
b, RE B AR Po ERRIE, M RAR M E R RE Po BER R AMEYHRES
E:FH?O
B i FELEALF Barry L Wanner BB AAFA L RA T H A AR R LH, Hub
&ﬁ}o

£ F X W
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Studies on phnF in the Phosphonate Utilization Pathway of Escherichia coli

Xia Qi Jiang Weihong Liu Yang Zhao Guoping
( Laboratory of Molecular Regulation for Microbial Secondary Metabolism ,
Shanghai Institute of Plant Physiology, The Chinese Academy of Science, Shanghai 200032)

Abstract The phn operon is responsible for phosphonate utilization of E. coli. phnE, phnF and
phnG genes were cloned by PCR and TA cloning method, and their nucleotide sequences have been
determined. By P1 phage transduction, the mutant of phnF:: TnphoA’-9(JW19) was constructed.
The phnF clean deletion in JW67 chromosome was also constructed by allele replacement of phnE
and phnG sequences. According to their growth on AEPn-MOPS medium, TophoA’-9 only has a
mild effect on Pn utilization of JW19 while JW67 nearly lost the ability to use Pn as P source. PhoF
protein was overexpressed and purified by affinity chromatography. The purified PhnF protein was
used to interact with the entire phn operon. Gel reatardation experiment showed an obvious change
on the pattern of gel bands. Thus we learned that PhnF protein is probably a regulatory protein,
which acts through hinding to DNA.

Key words  Escherichia coli, phnF gene, phosphonate
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