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Characterization and Cloning of a Phytase from Escherichia coli WC’7. Choi, Won-Chan, Byung-chul
Oh, Hyung-Kwoun Kim, Sun-Chul Kang!, and Tae-Kwang Oh*. Microbial Genomics Laboratory, Korea
Research Institute of Bioscience and Biotechnology, P O. Box115, Yusong, Taejon 305-600, Korea, 'Department
of Biotechnology, Taegu University, Kyungsan 713-714, Korea — Phytase from Escherichia coli WC7 was purified
from cell extracts and its molecular mass was estimated to be 45 kDa by SDS-PAGE. Its optimum temperature and
pH for phytate hydrolysis was 60°C and pH 5.0, respectively. The enzyme was stable up to 60°C and over broad pH
range (pH 2-12). The enzyme had higher affinity for sodium phytate than p-nitrophenylphosphate (pNPP). That is,
the apparent Km value for sodium phytate and pNPP were 0.15 £ 0.02 mM and 2.82 £ 0.05 mM, respectively. The
gene encoding the phytase was cloned in E. coli XL1-Blue. Sequence analysis showed an open reading frame of
1241 bp encoding a signal peptide (22 aa) and a mature enzyme (410 aa). WC7 phytase was expressed up to 17.5 U/
ml in the transformed E. coli XL.1-Blue/pUEP, which was 23-fold higher than the activity from wild strain.
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AZr kA sk ohe- AFE 01 mbE 1.5% agarS st
PSM ¥} X](0.5% calcium phytate, 0.5% NH4NO;, 0.05%
MgSO47H,0, 0.05% KCl, 0.001% FeSO4-7H,0, 0.01%
MnSO44H,0p1 =2sle] 37°ColA] 247 wiekal & =)z}
& 2 FHlel FHEgte] A71e TFF phytase B
Zhe #2112k Agsisin. 13k AEE dFES 10ml
°] pSMelR|)] AF3ld 37°Ce] Ale} wjFrlolA 24417}
wieFat okl S WA FelEta Asdd oAE Eelg
¥, %99 phytase® =}, TAE 25TFA=I8E(20 kHz,
10%) A-R=lste] AEIES AATE 4542 phytase
S SA5 ol B2 FFE FHF el
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Phytase2| £2| % MK

Escherichia coli WCT T2 phytase A} wllX]e] HI wl
Z](2.5% heart infusion broth, 0.5% glucose, 0.5% yeast
extract, pH 5.5, 16 Liter)ell AE3} 37°Col|A 24A|7F
St A' wieksiaet. kS 10,000 x gl A 1027 €
Al Begted 7S F3sl3 50mM sodium acetate(pH
5.0) eHslel] dElsle ZgutE Helaiict. 94 228t
of g AZAE 20-70%(wiv) FAEEE S Y3t
of TS 3)3ioict. 34t wh gl 1.5 M| Bt
S EHS A7FS}3 Phenyl Sepharose(Amersham Pharmacia
Biotech Inc., USA) Z¥ Z=n|lE =g £asigict. 3
AR Ee] ST (1.5-0 M)yE 53 8% phytase &
A HE GuiAlS Dol 20mM Tris-HCI(pH 8.0) £
ol DEAE Sepharose(Amersham Pharmacia Biotech Inc.,
USAYE z2wulEae)s)E $3)35)9dc}. NaCl %7+ (0-
0.5 My2 7}ste] 859 phytase EA4F-F DAL Ro}
20mM sodium acetate(pH 5.5) $HElol F43 & CM
Sepharose(Amersham Pharmacia Biotech Inc, USA) Z ¥
Fzale IS s3It phytase BT HES &
o} 5U% Fd oA Resource S(Amersham Pharmacia
Biotech Inc., USA) Z 33} Mono S HR5/5 (Amersham
Pharmacia Biotech Inc., USA) AHES EFAZoEZN &
43} phytase AL Hel33ic}.
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Phytase®] #A4J-& Kim[6]}5-2] B S o] &3l F7]¢19]
& FAssC. 4AVEE A 100 ple] gl
400 p1o] 71488 2mM sodium phytate in 0.1 M sodium
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°Col|lA 3087F ¥RSAIZL F 820 nmellMe] FREE A
slAch. 840 1 units 1E $<kel]l 1 umole®] phosphate
E WEAIE EAkeE Aofslgdr}. Acid phosphatase®]
842 p-nitrophenylphosphate 8- (25 umol pNPP, 0.25
M glycine/HC)E ©]-8-3t] 410 nmel| A SA3IAcH2,4].

whid %= Bradford BPH[11% )83} Bio-RadAt
2] protein assay kitE AFESle] 595 nmelHe] FR=E
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8), Tris €52 (pH 7-9), borate 45 (pH 9-10) ¥ sodium
bicarbonate 452 (pH 10-12)5 ARg-aled A1,
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BAE fel g3 SDS-PAGES Sastar, A Ake] wt
W28 PVDF(ployvinylidene difluoride) membrane®l] %
Z1 %, Applied Biosystems model 476A protein/peptide
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E. coli phytase f-4x-& -3t DNA ©3#E PCRE
o] g-3led ZE8l9v}. Forward primerZ Pre-EcoRI (5'
agggaaticacctgttcecctttgtg3'ys ARS8} 3L, reverse primer
2 Cter-BamHI (5'agtggatccttacaaactgeacgecggtatgeg3 'S
ALE-3lgl e o5& E coli pH 2.5 acid phosphatase
A ZHappA, GeneBank Accession number 145283)
7S B2 A=

PCR 4F-$-& E coli WC7 chromosomal DNA 50 ng
< template® AFESISIAL, primers 247 20 pmolE A
31510 TaKaRaAke] Taq polymerase(TaKaRa Co., Japan)
£ ARgslslet 94°CellAl 582 DNAS WAAR F, 94
°Coll A 137k, 40°ColA 18-7F, 72°CoA 3821e] 2|2
303] WHEsled 53§, 72°CelM 7R3t FHEET sl
ol PCRAME-S pUC19 HEol| =8l3le] 2293 ¥,
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Table 1. Biological characteristics of strain WC7

Characteristic Result
ONPG (B-galactosidase) +
ADH (arginine dehydrolase) -

LDC (lysine decarboxylase)

ODC (ornithine decarboxylase)

CIT (citrate utilizaton) -
H>S production —
Urease production -
TDA (tryptophan deaminase) -
IND (indole production) +
VP reaction -
GEI (gelatin liquefaction) -

Acid from glucose

+

mannitol

tnositol
sorbitol
rhamnose

SucCrose

+ o+ o+ o+

melibiose

amygdalin
arabinose +
Oxidase -

Catalase +

Table 2. Purification summary of phytase from E. coli WC7
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Wl #5F WCT7 23547 o) 1 catalase SRR
S vEllen, 9711 M= e ¢ ek
2] A33bH EA-S Bergey's Manual of Determinative
Bacteriologyell wWebr ARy A3}, Escherichia coli TF
o] EA3 dx)stgdek(Table 1). o123t A3y E449)
AAZHE FF WCIE E coliz FAsIGorn], e
TFE E. coli WCT2 33150}

E. coli WC7 phytase?| £2| ¥ XX

E. coli WC7% intracellular phytase activityS 292
37°CelA 1224)7) Fot wieksl 1.7 Blei®) FAIRNE phytase
24 BeE A 1A 2595 Aelsled 39,100 unit
o] ZEANS ZABLL YA w2 SMKIEE F33
71(20-70%), Phenyl-Sepharose, DEAE-Sepharose, CM-Sepha-
rose, Resource S 1231 Mono S HRS/5 H¥ ZZRn}E T3
I]E AX 48 WCT phytaseS- | 8k3tH(Table 2).

AR T FEL 330%™ TR SAo vs] of
1,200 B]EAdo] F7hel AR (642 Ume)ys Lk
SDS-PAGEZ EsiM AAY WCT phytasel= HAleko] 45
kDa A8 47 = eHFig. 1). WC7 phytase T
el Exgke Greiner[4] S°] E.I3 E coli 52
phytase(42 kDa)®} Kim[6] Fol B3} Bacillus $32
phytase(44 kDa)®l EAlska} A48l ot Aspergillus
terrus phytase(214 kDa)[18], 4. ficuum phytase(85-100 kDa)
[3] ¥ 4. niger phytase(200 kDa)[13] phytase®}= 2 =}
o] & Hoie}.

E40| AbrFQl 43

HagA el ujX)= pHe| °d&FE 7 =d A3 Fig. 2 (B)
o} o}, B 8t w2 W] pH 7XHpH 2-pH 12)]
M= ok, pH 5.000A M T8-S veldisie
pH 7.0 o]ide] 26l MEe BAaA o] giglem ol=lgt
HE AL E coli phytase[4]$+ 4. niger phytase PhyA
(131} FAkslae}. =3 G490 FHAL%= Fig. 2(A)NIA
o} 7ol 60°CAT}. FA7EA] HI1%l phytase®] #HH 2=+
Enterobacter sp.4[19]7} 50-60°C, Bacillus subtilis(natto)
N-77[14]¢] 60°C, 28]3L fungal phytase[18}7} 58°C%ict.

Step Total protein (mg) Total activity (U)  Specific activity (U/mg) Purification (fold) Recovery (%)
Cell extract 77200 39100 0.51 1 100
(NH),SO4 precip 37200 32000 0.86 1.7 82
Phenyl Sepharose 15000 27700 1.85 3.6 71
DEAE Sepharose 2270 25400 11 11.2 65
CM Sepharose 166 23600 142 280 60
Resource S 87 15500 178 350 40
Mono S HR 5/5 19 12200 642 1260 31
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Fig. 1. SDS-polyacrylamide gel electrophoresis of the purified
phytase from E.coli WC7.

Lane 1, molecular weight standard including bovine serum albumin
(81 kDa), ovalbumin (47 kDa), carbonic anhydrase (32.7 kDa), soy-
bean trypsin inhibitor (30.2 kDa), and lysozyme (24 kDa); lane 2,
Phenyl Sepharose CL4B; lane 3, DEAE-Sepharose CL-6B; lane 4,
CM Sepharose CL-6B; lane 5, Resource S; lane 6, Mono S HR 5/5.

A AAESE 55°C7HA] 3k et 60°CellA FA 3t
234 4T Byeh 60°CM 9 AL oF 30%
2 Jepten, o] X3 Aspergillus 2] phytase]

7399} frAksladei3,13,18].

Phytase £4~9] Na-phytate”| &l W& K., 7> Line-
weaver-Burk plots 3] 0.15+0.02 mMZ AAle] =gl
Il acid phosphatase®] 7]Z <l pNPPe| ©H3F Km Z-
2.82+0.05 mMZ et tHunpublished data). ©]= E.
coli acid phosphatasesl]A H31% pNPPol| th&t Km %t
(2.77 mM)#} FrARBFAEH 15].

NH -2t MEZEY

A" phytase®] NH-E% ofr|xAl 2715 A3 4
e Table 200 Hepligieh. 48 13719] ofw] Ak 7
Zo] % E coli pH 2.5 acid phosphatase[15]2] 73}
AX|3}$1 E. coli phytase P2[4, 12]9F= o}u]:=wdrtol|A]
A ofu)xAlkel Sero] AlaSE upex gigieh. e,
Aspergillus sp.2] phytase[16]12] A Al E4EAS
Bgov oppjddgelr @ AolE Hgow
Bacillus sp2] DSI11 phytase[7]9}= A3 & ZAxgdc)

FUXe 22 ¥ U

WC7 phytase®] N5t 137] eofw|XxAlo] E coli pH
2.5 acid phosphatase®} U|3}517] wjFoll WC7 phytase
Azt FE2Y HHS Y E coli pH 2.5 acid
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Fig. 2. Effects of pH and temperature on phytase activity (@) and stability (A ). The enzyme was assayed at various pHs and tem-
peratures. For the pH stability, the enzyme was preincubated at various pH buffers for 12 h at 4°C and for the thermal stability,
the enzyme was preincubated at various temperatures for 10 min, and the remaining activity was measured at 37, pH 5.0.

BSe C

500 bp

Sa B

pUEP

Fig. 3. Restriction map of pUEP containing E. coli WC7 acid phytase gene in pUC19. The shaded line (EcoRl/BamHI) represents
the 1.7 kb PCR-product for WC7 acid phytase.
B, BamHI; C, Clal; E, EcoRI; S, Sall; Sa, Sacl; Sc, Scal.
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Table 3. Comparision of N-terminal amino acid sequences of E. coli WC7 phytase with other phytases.

Origin N-terminal Amino Acid Sequences
This study Ser-Glu-Pro-Glu-Leu-Lys-Leu-Glu-Ser-Val-Val
E. coli pH 2.5 acid phosphatase Ser-Glu-Pro-Glu-Leu-Lys-Leu-Glu-Ser-Val-Val
E. coli phytase Ser-Glu-Pro-Glu-Leu-Lys-Leu-Glu-Ala-Val-Val
DS11 phytase Ser-Asp-Pro-Tyr-His-Phe-Thr-Val-Asn-Ala-Ala-X-Glu
A. ficuum phytase Pro-Ala-Ser-Arg-X-Gin-Ser-Ser-Cys-Asp-Thr-Val
Pre-EcoRI

GAATTCACGCTGTTCCCCTTTGTCATGCCGTCAAGCG TGAGTCOGATC TOCAGCCTGACGT TG TGGGACAGTACT TCCAGTCAGCTGACG 90
CTGAGCATTATGTTGGTAATCGTGCTGATATTI TTGCCCATTGTGTTGC ICTACACTC TCTGGAGCTACTACAMATG TGGGGGCGCATG 180
ACAACAGAAACTCTCCGCCGTAACGAAAACGAGTTGTACTAAGGAGCAGARACAATGTGGTATTTACTTTGG TICGTCGGCATITTGTTG 270
ATGTGTTCGCTCTCCACCCTTGTGTIGG TATGGCTGGACCCGCGTCTGAAAAGTTAACGAACG TAGGCCTGATGCGGCGCATTAGCATOG 360
CATCAGGCAATCAATAATGTCAGATATG AAAAGCGGAAACATATCGATGAAAGCGATCTTAATCCCATITTTATCTCTTCTGATTCCGTT 450

M KATLIPFLSLLTIPL 15
AACCCOGCAATCTGCATTCGCTCAGAGTGAGCCGGAGCTGAAGCTGGAAAGTGTGGTGATTGTCAGTCGTCATGGTGTGCGTGCTCCAAC 540
TPQSAFAQSEPELEKLESYVIVSRHEGVYVRATPT 4
CAAGGCCACGCAACTGATGCAGGATGTCACCCCAGACGCATGGCCAACCTRGCCGGTAARACTGGGTTGGCTGACACCGOGCGGTGATGA 630
KATQLMQDVTPDAWPTVW¥WPYVYKLGVWLTPRGGE 75
GCTAATCGCCTATCTCGGACATTACCAACGCCAGOGTCTGGTAGCCGACGGATTGCTGGCGAAAAAGGGCTGCCCGCAGTCTGGTCAGGT 720
LT AYLGHYQRQRLVYADGLLAEKEKGCPQSGQV 105
CGCGATTATTGCTGATGTCGACGAGOGTACCCGTAAAACAGGCGAAGCCTTCGCCGCCOGGCTGGCACCTGACTGTGCAATAACCGTACA 810
AT TADVDERTREKTGEAFAAGLAPDCATITVH 135
TACCCAGGCAGATACGTCCAGTCCCGATCCGTTATI TAATCCTCTAAAAACTGGCGTTTIGCCAACTGGATAACGCGAACGTGACTGACGS 900
TQADTSSPDPLFNPLEKTGYCQLDNANVYTDA 16
GATCCTCAGCAGGGCAGGAGGGTCAATTGCTGACTTTACCGGGCATCGGCAAACGGCGTTTCGCGAACTGGAACGGGTGCTTAATTTTCC 990
1 LSRAGGSIADFTGHRQTAFRELETRVYLNFP 19
GCAATCAAACTTGTGCCTTAAACG TGAGAAACAGGACGAAAGCTGTTCATTAACGCAGGCATTACCATCGGAACTCAAGGTGAGCGCCGA 1080
Q SNLCLKXKREEKQDESCSLTQALPSELEKTVYSAD 22
CAATGTCTCATTAACCGGTGCGGTAAGCCTCGCATCAATGCTGACGGAGATATT TCTCCTGCAACAAGCACAGGGAATGCCGGAGCCGGG 1170
NVSLTGAVSLASMLTETLFLLQQAQGMPETPG 25
GTGGGGAAGGATCACCGATTCACACCAGTGGAACACCTTGCTAAGTTTGCATAACGCGCAATT TTATTTGCTACAACGCACGCCAGAGGT 1260
¥ GRI1TDSHQWNTLLSLHNAQFYLLGQRTPEV 28
TGCCCGCAGCOBCGCCACCCCGTTATTAGATTTGATCAAGACAGCGTTGACGCCCCATCCACCGCAARAACAGGCGTATGE TGTGACATT 1350
ARSRATPLLDLIEKTALTPHPPQEKQAYGVTL 315
ACCCACTTCAGTGCTGTTTATCGCCGGACACGATACTAATCTGGCAAATCTCGECGGCGCACTGGAGCTCAACTGGACGCTTCOCGGTCA 1440
PTSVLFITAGHD|TNLANLGGALELNTVWTLPGGQ 345
GOCGGATAACACGCCGCCAGGTGGTGAACTGGTGTTTGAACGCTGGOGTCRGCTAAGCGATAACAGCCAGTGGATTCAGGTTTCGCTGGT 1530
PDNTPPGGELVFERTW¥RRLSDNSQW¥IQVSLV 375
CTTCCAGACTTTACAGCAGATGCGTGATARAACGOCGCTGTCATTAAATACGCCGCCCGGAGAGGTGAAACTGACCCTGGCAGGATETGA 1620
FQTLQQURDEKTPLSLNTPPGEYKLTLAGECHE 405
AGAGOGAMTGCGCAGEGCATG TG TTCG TTGECAGG TTTTACGCAAKTCGTG AATGAAGCACECATACCOGCG TGCAGTTIGATECAT 1710
ERNAQGMCSLAGFTQTIVNEARTIPACSTL®» 432

Fig. 4. Nucleotide sequence of the WC7 acid phytase gene and its deduced amino acid sequence. The underlined arrow sequences
are the primers used to amplify WC7 phytase gene. The N-terminal amino acid of purified WC7 phytase are underlined. The
putative conserved regions related to the enzymatic activity sites are boxed.

phosphatase F-31A} M9-E& THE primerd AZ3FA L. 24 917 kb =279 FFHHE A HAH. E coli
E3] forward primers= pH 2.5 acid phosphatase F-3%1A} WC7 phytase 312k 947149 248 €8 puCl9 9
9] Ze2weE Z3AF7] M 400 bp F919] DNA  Elo] F249sleielwe) F2d HelE pUEPE B%) Ast
AMEE AR Azt o] F o83l PCRE $3Yte EAAEE HA3SIch(Fig. 3). AVERAEE 2% F
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G719 ZAS 918l pBluescript SK(+) #Elol] subcloning
F sequencing 3} DNASTAR program(DNASTAR, Inc.,
USA)S 2 - EXMalge), 2 A3 1241 bpY coding region
2] ORFZE I} 4327)9] ojn|xAk2 2 o] Foizl B
A}ek 44,716 Dao] =8 Zelsldc}(Fig. 4). E. coli
WC7 phytase F-417ke] oAb Age] AFAE ALY
Azt A" Yl pH 2.5 acid phosphatase 4R}l E.
coli appA genes} UX|319 o™ E coli appA2 geneZ}=
95% A+5AS B9l Bacillus sp. DS11 phytase genedle=
11%2] A4S Hodoh7]. =3 dl¥-29] acid phosphatase
[2] EAEQ] active siteB}l 4= RHGXRXP motif’}
NH,- &l &3l C-EEel HD motif’} S48k
2lelA] histidine acid phosphatase A9 &AYE Fals)

Al FHdot.

g, pH 2.5 acid phosphatasex ©]u] 22} Zo| B3
HRARE B4e) v]EAd 9 pH A SHeA 2 AR
7 o] 8 A= BT3lal a5t MY walofe] S
W31 Estm, pET Al282 o8-8 IEHA] inclusion
bodyZ =] B4 He] FAHC] Uit & A7l
A& WC7 phytase A28 73 pUEPE ©|83le E
coli XL1-Blueoll X phytaseZ ‘T3 A|ZS o &9 At
2ol 17.5 UmIEA LUd59 23w A5 Hdo) oA
WC7 phytase -+42}2] coding region ¥4t ol 2} T2 %
EIF-7HA] Ax2F AEe 24 =Hdr) dEelztar A7t
Het gdeird B d7E5 F3 AA ol8vFsAel &
WC7 phytase®] 83 o] 7153 =Ho™ =2 WC7
phytase®] ALSA7MA] A2 NS 7T 4 S A
o} kgl

[=) oF
pi =

Eoko 2 HE phytate £3l%50] FHolt phytaseE AJAbs}
= 7S 2] FA3 BH Escherichia coliz EHE Y
3, E coli WCTE 93lgct. o] #5571 A=
phytaseS ammonium sulfate %%, Phenyl-Sepharose, DEAE-
Sepharose, CM-Sepharose, Resoure S, Mono S A% =
f__u}gla“;qz o3t BR)RAZ 2aatod 2411]5 1,250
v, 8 30%= AAISIEIT 640 Univmge] ¥]EAS 4%
o}, =3t A H phytase= SDS-PAGES]A] Tx}% 45
kDagl = subunitZ o] Feixl DAFAYE IS
E. coli WCT phytase®] A pH:= 50, 33 25+ 60°C
Ao, pH 2.0-127F4] A3, Gl e 60°C
ol el A FAZ B FAaE He 27] FA] 20% &
ke Jepligioh Phytase®] N-E&k ofv|icAl M2
Ser-Glu-Pro-Glu-Leu-Lys-Leu-Glu-Ser-Val-Vale]$l .2 o)==
E. coli ¥212] pH 2.5 acid phosphatase®} o} 2 #A}
A& B3

E. coli WC7 phytase®] 325 #xslr] 9s) E
coli acid phosphatase®] DNA sequence® HW}EHS.Z 3}
primer5S ©|43k] PCR F24& F3ysigion F31
PCR fragmentZ- pUCI19 e F24 3l DNA 47]
Mg AR 2 A3} 1.2 kbp] WC7 phytase
HAH2] ORFZ Helshon] 43749] ofu)cAke 2 ol o]
A BARE 44,716 Dad] WPRAS Hl & 4 9ot o
HE2] acid phosphatase EAE2] active sitelal F3 T
= active site motifd]l RHGXRXP7} N-terminal &l £
ARz =

pUEPE o|83led E. coli XL1-BlueellA phytased "
FAHE o o] AAteke] 17.5 UmlEA U752 23
o S Abem, Hae) w9 pH P Sl
A Fe A ol87FeAlE o) ARAM Bawe
AL ANT + A& Zolet Brss

ZAtel o

B ATE HP)ey AR|PRes $98 o
Fase) diels] oo b =ik
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