The Korean Journal of Microbiology, Vol. 38, No. 4. December 2002, p. 318-321

Copyright <2002, The Microbiological Socien of Korea

Enterobacter aerogenes 2| phoA X} Promoter= 0|
ol MSHEHAoAM e

o=
¢l
—

ol= |

Q';"Eé . _J‘l!g;é_l . g_ll-ﬂ%iz . Olgl_—§2 . ?:!glJ:'_ll . goxéll . E}ZJBZ . 17::'0615;’_: . OI§E4 . Oljlg*u_}
HHRHCHE! D HIO| 29[ MIE| (Bo-Med  RRC). 2KIO1RfBICHEH AH=o|okstn)
EolHP[RHE, SRR BAMSRE

EF 59 Ql A& oA —‘_ETO]_Z:! L2 2 ¥ s= WE & F23817] 9 A Enterobacter areogenes®] phoA -3 2}
2] promoter”} £ pEAAPE FZ3)}4 ). PEAAPE pET-22b(+)& Bg/lI9} Xbal 2.2 A hs}e] T7 promoters} lac
operatorE A 4 3}3L pho box7} LEE phod promoterS

o] g o2 Wl E 3

AFISE] 231t pEAAP 7} < A2 B oA =
ZAVSYILRA} Bacillus subtillis var. amyloliquefaciens (KCTC 8913P)2] phytase % 2}¢] Bsa-
phy1 & EU % pEAPHY 14 T531 o). CK-PHY 1 (pEAPHY1-S 9] & Escherichia coli IM109)=

<l A& 7

M 41 kD2] Bsa-Phyl $83g o) =3 CK-PHYIL phytate® §U 3 QA 02 A8 i) =] o Al

phytateZ E3j3te] £ & HAs1glo)

Key words (] Bacillus subtilis var. amyloliquefaciens, Enterobacter aerogenes, expression vector, phoA promoter,

phosphate-limitation, phytase

*l(phosphorus)> A E-2] Ao vhgroz sl ojoksl
(macronutrien()© T}, EFS E453F olako] dh4-]o] 9l onf )l
= Aol 83 4 ol 7R84 Qlake =) vib|Eluk3),
uheba], Azl el Al Aul 2] o] 49 R)olabo] EoH) g 727
Hog geiste] AEe] Ars Zskar ok s Wby
= 7HEA Q1ARe] 80% o)k EOk Wl Zher, 2Hn)Ey) 3 %
o] ol2-3} Agsle] B84 1Ak 5 = L] Alo|
AREE A Qle T Q8RR HAETHT). ek Kok
= A71EA QISR ek Exjsld] ofF 50% oS 2b
A= AL v S} AZo] A§al

S} inositol phosphate (soil
} ISR BORS hR-
1

phytate)o|t}. o]} phytatels -

el B ' Tl 2l
8 SRHEE o] B v Ee] o5 Halvt v5d
Aow gk HAA] B84 A3gEe] Halo] sl
715 Aol #edsk= pymoloquinoline  quinone  (PQQ)

synthase (6), acidic phoaphatase (8)$} phytase (4) 5ol sk £
A4 77} o]0l ek,

Mt 7FA Qle] H-5gt BhAol 2

E O o]
&3 £

&7 2lelA] Egrel

Mo A AAZA two-component signal transduction system.©-
& PhoR (sensor kinase)?} PhoB (transcription activator)® AJU]
a6 Ut o] FE-e Ik W ERisks) vy S AR A 914k 43
oA Fge
PhoBel] 2ja)] &

*To whom correspondence should be addressed.
Tel: 042-520-5781. Fax: 042-520-5785
E-mail: ksleewmail.pcu.ac kr

318

(pho) regulon®]2} 3HCH(1). PhoBY= pho regulonol] 43} 54 =}
o] promoter -1 = pho boxell Akl A Gisla)
U pho regulonell &8h= %12k % alkaline phosphatase &=
PhoBell ofsfl 91 A4A] 1 Wido] 150wl o) 4} Z7}s)= Ao
BRSO

W AollA ol A9 #1701 Bkl Ba4d 2lge e
A HAE o R WA Eoke] JhEA 918 ZA)
7= Agre] o w ol Ag so] Sojy o whEE= w
HHELS FE61 710 Bastaa) si) 2 aleue)s 7bE B
B QIS Bl FAAE wldte] Eok U Baa olzle)
e 7R A S ole Aow s

Mz % g

Enterobacter aerogenes2| phodA promoter (Ea-phoAP)2)
s

Enterobacter aerogenes TFO 12010 (ATCC 15038)Z25E] min-
Mu phage= ©]-8-3} in vivo molecular cloning HHH-S %3 3+
W3k phod A} CAT assayE S8 2% promoter $-9]9]
AviMd 4uE gasignh £ areogenes phod2] J71ALR
HE] APF primer (5-CGGGATCCAGATCTTGTGAC-CAGT-3',
BamH12} Bglll 2F9)2} APR primer (SCCCAAGC-TTTCTAGA-
TAATTTCAC-3'. Hindlll®} Xbal 4SHE FA8HATH PCRS
PCR primix (Bioneer, Changwon, Korea)oll APF9} APR primer
T A W0mgt A A7Vl FFHO R E areogenes®] phod

promoter”t 3EZHE subcloning plasmid$] pSH33 10ngS- 3 7}3}



Vol. 38, No. 4

St} PCR HF-& 94°CollA 5 87F 1 3] Ag)s}ar, 94°C 30 %,
40°C 13, 72°C 12 30 3] ¥HE3E & 720Col| A 587 &4
A=

ol A &4 50|15 We YE (pEAAP) &

pET-22b(+) (Novagen)& Bglll®} Xbalo.2 ATstS T7
promoter®} lac operators A|AHSIATE. PCRE 2R3 Eg-phodP
E BgllI®} Xpalo 2 HH393l ©o]58 ligationdle] pEAAPS
TE31th. APF9} APR primerE ©|-83} pEAAPS] d7]1AY
< 243kt @71 A4-E wiA TIce] AE GG
A 71(CEQ2000, Beckman)s -85} =351t}

Phytase & X}2] cloning

Bacillus subtilis var. amyloliquefaciens (KCTC 8913P)9] phy-
tase A}l A7IMEZHE coding region cloningd} LA}
Phy-1 primer (SGGAATTCCATATGAATCATTCAAAAACACTT-
3, EcoRIZ Ndel 4Y))9} Phy-4 primer (5-GCGAGCTCGTTA-
TTTTCCGCTTCTGTCGG-3', Sacl# stop codon ¥£3HE A%kt
ATk PCR primix (Bioneer, Changwon, Korea)oll 10mg/le] %
=2 Zb79] primerE H7FSa 7)) B
amyloliquefaciens®]  phytase 19 A (phy1)E  pBluescript
SK(#)°ll cloning@t pl114-5 (phy12] promoter’>E] stop codon®]
E5EO] A) 10ngS template® H7}st4 k. PCR WH-e-&
94°C, 4 87t A3 F 94°C 30 &, 50°C 18, 72°C 1 &
30 3] wHESdaL 72°Col A 5 B3 FASATE PCR AHE
EcoRI% Sacl®2 He3le] pBluscript SK(+)° 44918} pBsa-
PHY1E 7533t}

subtilis  var.

o
=3
&
=

Phytase REXIE T8t pEAPHY1Q] 75 & Bsa-PhylQ|
g

pEAAP} pBsa-PHY 1S Ndel# Sacl©.2 H¢hslo] pEAAP
HEI S} Bsa-phyl DNAE 7}Z} E2]8lth o|5S ligationdte]
pEAPHY 1S T-53}31 o5 IM1099] & 2A-E811T}. Bsa-phyl
o] o] 9l AT ANA FrEEA Felsls] 5t
pEAPHY1¢] FAZEE IM109 7F(CK-PHY 1)E LB-amp Hl
Aol A 18 AIZE wigt & 100 we] AFEE $A3K] ampicillin
€ Glu-MOPS LP (0.1 mM Pi) ¥l =|(5)ell HE&taAc}t. 4=
5,6, 12 % 24 A7k NEE FAEIL 229 vpr|= o
A& FE39TE 12% SDS-PAGE gelol] Eafe] thilzls =
3] Bsa-Phyl9] 2 oA ZALSIIT)

::'io‘l'_o,

o

H

o |

Phytate E3lls =A}

Phytate®] #3152 2ASIaLAE CK-PHYI, pll14-58 =
DHSo, pEAAPE A IMI1099F B subtilis var. amyloi-
quefaciens (KCTC 8913P) 79 ©Y colonyZS Glu-MOPS Hj}
Aol 15% Novel agar (Difco, Detroit, USA) %718} autoclave
¥ ¥ 05% phytic acid-dodecasodium salt (Sigma, St. Louis,
USAYE H7lste] whe Al <)ol HFsliTh. 37°cel A 1 Y3t

9l A3 87 W WE 73 319

E. areogenes®| phoA promoter (Ea-phoAP)7} £ pEAAP
g4

pSH332.ZH-E] APFS} APR primers ©]&3 PCRS B3l £
areogenes®] phoA promoter (Ea-phoAP)YS > &3= 134 bpY
PCR A& BR3SITE Ea-phodPAl= pho box® <l EE 5
CTGTCATTTTTTTGTCAC-3'9} -10 F-9(5-TAAAGT-3'y7} 3§}
=o] Aty Ea-phoAPZ BgllS} Xpal® 2 Athst] pET-22b(+)
o Adstd pEAAPE TFH3IATE 1 AV|IMES FRIg A3
+ Fig. 19} 230t} pEAAPT pET-22(+)2] multicloning site-S-
BF AU o T7 promoter$} lac operatorE Ea-phod PE
A8t Aoz < AR A PhoB7F F-2hElo] WA} Al
2 4 4 pho box7} promoterd S FJEE WHE Zolu} wk
2FA, pEAAP ZEMEI= 1 Algt S04 H/d2 <] PhoB-
PhoR two-component transcriptional signal system®] ZE3le=
hostollA] W&o =9 4= It} w3k pET-22b(+)HEl 2] E4)9]
N-terminal %91 pelB signal peptide®} C-terminal 2] 6xHis-tag

7} FAE= fugion proteing WEAIZ S Q)

PEAAPE O| &8} Bsa-Phy12| &8l U phytateo| 254

B. subtilis var. ampyloliquefaciens (KCTC 8913P)2] phytase
gene®| coding region Phy-13} Phy-4 primerE ©]83}e] PCR
<+ B3] 18 $ pBluescript SK(+)°ll cloningdt pBsa-PHY1
= T3t Cloning® Bsa-phyl2- start codon$] ATGS} stop
codon?] TAAE AUl O™ start codongl ATGE] 5'%:0)
CATE 718l Ndel siteE A|UA T A2 Ndel?} SaclO-2
deste] pEAAPY] AFydsle] Wd WEIQ] pEAPHY 1S 728
T UATE mE}A, pEAPHY 1S pelB signal peptide®} 6xHis
tag7b AT )94 phytase$! Bsa-PhylS &E 4 Qo)
pEAPHY 1S E. coli strainq] JM1099] 4tJstd CK-PHY1S 3+
Hakeith IM109% Glu-MOPS ®iA]oll 2 mM¢] phosphate (HP)

Bglill pho box -10
AGATCT TGTGACCAGTAAGGATGCTGTCATTT T TT TG TCACACCACT TTTATAAAGTCTCCCTCGTTTTGTITTT

Xbal rbs
TAAGTATTTTTACATGGAGACGACAAAGTGAAATTATCTAGAAATAATTTTGTTTAACTTTAAGAAGGAGATATA

Ndel
CATATGAAATACCTGCTGCCGACCGCTBCTGCTGETCTECTGCTCCTCGCTGCCCAGCCEECEATGECCATGEAT
MetLysTyrLeuLeuProThrAlaAlaAlaGlyLeuleuleuleuAlaAlaGlnProAlaMetAlaMetAsp
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Fig. 1. pEAAP cloning/expression region. Italic letters indicate the
promoter of Enterobacter aerogenes phoA gene. The pho box and -10
regions are indicated by underline and italic letter. Restriction enzyme
sites and ribosomal binding site are indicated by underline. The pelB
leader is indicated by shaded amino acid sequences. His-tag region is
indicated by the shaded nucleotide sequences.
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Fig. 2. SDS-PAGE analysis of Bsa-Phyl protein expression under 0. 1
mM phosphate media in CK-PHY1 strain. Protein maker is indicated
by M. Proteins were extracted at the indicated time (hour) after
inoculation. LB indicates the proteins which are extracted from the cell
growing in LB media. Bsa-Phy! protein (41 kDa) is indicated by
double arrow.
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Fig. 3. Phytate degrading ability of CK-PHY1 and KCTC 8913P.
Degradation of phytate is detected as a clear zone. Strains are indicated
by the name of transferring plasmid. p!114-5, pBluescript SK(+)
containing promoter and coding region of phytasel gene of KCTC
8913P; pEAAP, pET-22b(+) containing promoter of phod gene of
Enterobacter aerogenes; pEAPHY 1. pEAAP ligating Bsa-phy| gene
(contains only coding region): KCTC 8913P. Bacillus subtilis var.
amvloliguefaciens.
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ABSTRACT : Construction of the Phosphate-Limitation Inducible Expression Vector Containing the
phoA Promoter of Enterobacter aerogenes
Hwa-Hyoung Chang', Byung-Hoon Kho?, Shin-Young Park’ Sung-Ho Lee’, Sung-Jin
Kim?, You-Jung Lim%, Gabjin Han’?, Young-Ho Kim’, Young-Keun Lee‘, and Ki-sung
Lee*'** ('Bio-Med RRC, “Department of Biology & Medicinal Science, PaiChai University,
Daejon 302-735, Korea, *Eco-Bio-Med Co. Ltd., Daejon 302-120, Korea, “Radiation Appli-
cation Division, Korea Atomic Energy Research Institute, Yusung P.O. Box 105, Daejon 305-
600, Korea)

To induce recombinant protein under phosphate restricted conditions such as soil, we have constructed the

expression vector (pEAAP) with phoAd gene promoter of Enterobacter aerogenes. To construct the pEAAP,
deletion of the T7 promoter and lac operator from pET-22b(+) by Bglll-Xhol digestion and addition of the phoA
gene promoter (containing the pio box) were performed. To test pEAAP as an expression vector controled by
phosphate limitation, pPEAPHY1 was constructed with the phytate gene ( Bsa-phyl) of Bacillus subtillis var.
amyloliquefaciens (KCTC 8913P). Under the phosphate-limitation condition, CK-PHY1 ( Escherichia coli
JM109 was transformed with pEAPHY1) expressed the 41 kD Bsa-Phyl. Also CK-PHY1 formed the clear

zone in solid medium containing phytate as a sole phosphate source.





