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Abstract A gene appA encoding a novel phytase was firstly cloned from Hafnia alvet by PCR and sequenced. The gene was
consisted of 1335 bp encoding 444 amino acids. The calculated molecular weight of the mature APPA was about 45.2 kD. The
gene appA was expressed in E. coli BI21 DE3 . Recombinant APPA was purified and its enzymatic properties were
determined. The optimum pH for the enzyme was 4.5 and the optimum temperature was 60°C . The pH stability of r-APPA is
good the relative phytase activity was above 80% after treated in buffers of pH2.0 ~ 10.0. The specific activity of r-APPA is
356.7 U/mg and the K,, value was 0.49 mmol/L and V,,, of 238 U/mg. The enzyme showed resistance to pepsin and trypsin

treatment.
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2-4
H . alvei
appA
1
1.1
H. alvet
FEscherichia coli JM109  BIL21 BE3
pET-22b +
1.2
IPTG X-gal
Sigma Taq
TaKaRa
Amersham Pharmacia
pGEM-T Easy Promega
1.3
1.3.1
RHGXRXP  HDTN FI RI
1 H. alvei DNA° FI  RI
PCR 94 C
Smin 94°C 30s 48°C 30s 72°C lmin 30
72 C 10min pGEM-T
GenBank
Obesumbacterium
proteus phyA ° OPS-F
OP-R
QSP  HSP OPS-F  QSP
OP-R  HSP
PCR 94 C 5 min 94°C
30s 45°C 30s 72°C 1min 30 72C
10min

1
Table 1 Primers used in experiment

Prime name Prime sequence
FI 5'-GTKSTKAWWKTGAGYCGCCA-3'
RI 5'-TWKGCMAKRTTRGTATCATG-3'
OPS-F 5'-ATGACAATTTCWCTRTTYACVCA-3’
OP-R 5"-TTATTGGCACTCNACYAGYTCRTT-3’
Qsp 5'-GTTTGCGTCATTTTGGTAGGCG-3’
HSP 5"-CAAACCATCGTCAGCGCAATCAA-3'

pNdel 5'-CCCATATGACAATTTCTCTGTTTACACACAGTCCAAC-3’
HaH 5'- ATAAGCTTTTATTGGCACTCCACCAGTTCGTTTTGTTTCGCC -3

1.3.2
dtu. dk/services/SignalP
DNAStar

SignalP http //www. cbs.

CLUSTALX
1.3.3
pNdel  HaH
Nde I Hindlll
pET-22b  +
pET-22b + -appA
appA
100p2g/mL LB 37°C
1% 37°C
Immol/L.  IPTG 3h

pET-22b + -

0Dy 0.6
~0.8

1.3.4 60%
~80% -
pH8.0  HiTrap Q XL
20mmol/I. Tris-HCl pH8.0
0.6mol/L. NaCl 20mmol/L. Tris-HCI
pH8.0 0.5 mL. 0~ 100% 10CV
2ml/min
1.3.5
1 pH pH
pH 2.0~ 8.5
pH pH2.0~3.5 0.1mol/L
- pH4.0~5.5  0.1mol/LL -
pH6.0 ~ 6.5  0.1mol/L Tris-
pH7.0~8.5  0.lmol/L Tris- 37°C
pH 37C
lh  37°C pH4.5 -
pH pH

2 pH4.5  0.1mol/L
- 30°C ~ 70C
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2.1
H. alve DNA FI. RI
891bp
GenBank 0.
phyA

proteus
94 %
95%
OP-R 1
QSp HSP
OP-R  HSP
appA
SignalP  http //www. cbs.

phyA
OPS-F 891 bp

OPS-F  (QSP

1335 bp 444
dtu. dk/
services/SignalP 33

45.2kD 7.0
N-X-S/T  appA
phyA 6
95.9% 17

O . proteus
94.5%

2.2 appA E. coli

appA pET-22b +
pET-22b + -appA
SDS-PAGE

45 kD

1019
@ gwntews | MIISLFTHSPTRLLKCHPLAFIAASULTTASYASETEPSGYQLEKVVILSREGVRAPTIC
Hafver | MTISLFTHSPTRLLKRMPLAFIAASULTTASYASETEPSGYOLERVVIL SREGVRAPTION
1 27
@ woiors TQTMRDVIPNARPERPVELGYI TPRGEHLYSLMGG TROKFQOL FILSKERCPTADVEY
Habvei Tqmmmwgwpmc&'zTPRcEm_vsr.MGc?mqmqr_GILs;tcpm\nv‘:v
28 87
Oprofens  TADVDORTRETGEAFLAGLAPECHL STHHOGKOADPL FEP VR AGVCTVEETOVO0AVE
Habver FADYDORTRKTGEAFLAGL APECHL S THHOQDKQADPLFEP VK AGVCTVEETOVO0AVE
88
Oprotens  QQAGP L*\'QH‘ﬂiPALALnSSVL\FPKSWOQQHSADQICIQWSKLSI:ﬂZﬂK
H.abver QQAGHPTHRLNIHTRPAL AL MSSVLNFPESTTCOQISAD TCDEAGANPSKLS TRDIGNE
148 207
Oprotens  VALDGAVGLSSTLAET e HSZQDWNALLTLHNAQFDLMSRTPYIA
H.adver VAIDGAVGLSSTLAEIﬂ ﬂﬁ jIHSEQDWALLTu-L\'AQFDL‘.ISRTPYIA
267
O prozens m\mpu.@nvsmssj ELSAD}\LIE;I:GMI.-WIAGt&E PGQP
Plafeei KHNGTPLLOTIVSAINS ELSADNK TLFACHD T TANTAGUMECHSWELPCOP
268 327
O prors DNTPPGGALVFERWS I\I[-\“I'VSV'Q!'_\[‘I'QTLAQLK\'QTPLTLDKPAGSVALKIiDDQ
Hafved DNTPPGGALVFERWSDNAGKETVSTQMYQTLAQLRVQTPLTLDEPAGS VALK FRCODQ
328 387
[ prateies TAEGYCPLDTFTRLAKQNELVECD
Hafved TAEGYCPLDTFTRLAKQNELVECQ
388 411
1
Fig. 1 Amino acid sequence alignment of APPA from

H. alvei and PHYA from O. proteus
The deduced signal peptide sequences were boxed. The conserved motif
relating with the catalytic center were underlined which were the basis of
primer design. The different amino acid residues between the two enzymes
showed in gray background. The number indicated the amino acids of

mature protein.

9.65U/mL
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2 appA E. coli A
B

Fig. 2 SDS-PAGE analysis of expression and
purified sample of r-APPA
A. 1 supematant of E. coli BL21 with recombinant plasmid pET-22b
+ -appA 2 supernatant of E. coli BI21with plasmid pET-22b +
3 supernatant of E. coli BL21with recombinant plasmid pET-22b + -
appA without IPTG. B. 1 purified r-APPA.

HiTrap Q XL pH8.0

2
241.3U/mg 356.7U/mg

© ERFEMEMTRFATIRZRED htto:

1.48

'/ journals. im. ac. cn



Chinese Journal of Biotechnology

1020
2 E.coli
Table 2 The result of purification of r-APPA expressed in E . coli
St Total Total Specific Purification
P activity/ U protein/mg activity/ U/mg fold
Crude extract 3282 13.6 241.3 1
NH,; ,S0, precipitation 905 2.81 322.1 1.33
HiTrap Q XL 535 1.5 356.7 1.48
2.3
2.3.1 pH pH pH
4.5 pH3.0~5.0 809%
pH6.5 1.5
pH pH 1h
pH2.0  10.0
80% 3
1201
% 100+
£ sof
g 60r
2 40t
=
2 201
0 .
0 R
1201

=
e
Z sof
g 60
S
o 40+
< 20}
0 L L L L 1 L 1 1 1 1 1 1
0 12 3 45 6 7 8 910 11 12
pH
3 r-APPA pH a  pH b

Fig.3 The optimal pH a and pH stability b of r-APPA
2.3.2
60°C
90% 60C
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25% 4

50°C
30min
38%

30min
30% 70°C

30min

120
100+
80F
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201

Relative activity/%

025 35 45 55 65 75
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201
0

Relative activity/%
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t/min
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Fig.4 The optimal temperature a and

thermal stability b of r-APPA
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2.3.3
Fe* SDS  Zn®**
SDS

3 r-APPA
Table 3 Effect of various chemicals and metal ions
on the activity of r-APPA

2007 Vol.23 No.6

Various chemicals and metal ions Immol/L.  Relative phytase activity/ %

K* 94.8
Mg+ 98.3
Ca2* 99.9
Zn?* 39.8
Cr+ 75.2
Cu?* 76.5
Mn?* 94.8
Fe3 + 5
EDTA 100
SDS 0
2.3.4 K., Vi
356.7U/mg Km
0.499mmol/L. V.. 238U/mg
2.3.5
60min
2% 43%
5
=
&
2
t/min
5 -APPA

Fig.5 Effect of trysin and pepsin treatment
on activity of r-APPA
The residue phytase activities were determined after typsin and pepsin
treatment for 60 min at 37°C. .
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A322 G383 1
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APPA 1303
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’ APPA 3
A155 A288 A345 ~ PHYA
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10

E . coli Citrobacter freundii

C. braakii H.

alvei 1
70°C 30min 25%
E. coli 70°C 30min
15% C. bradkii 70°C 10min
7.5% C. freundii 70°C

4min 2

E. coli C. freundii  C. braakii

C. braakii Smin
50% C. freundi

0 H. alvei 60min

43% C. freundii  C. braakii

E. coli
E. coli 60min
H. alver

H. alvei

40%
72% 11 12
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