46 1 46 1 139~ 142
2006 2 4 Acta Microbiologica Sinica 4 February 2006
*
100081
Citrobacter freundii pH
4.0~4.5 40°C 37°C K., 0.85nmol/L V..,  0.53IU/ mg min
45kDa N QCAPEGYQLQQVLMM
Q814 A 0001-6209 2006 01-0139-04
! 1.1.2 Tryptone Yeast extract
Oxiod
Sorvall AKTA FPLC
Aamersham pharmacia biotech
Sartorius
23 1.1.3 LB 1%
tryptone 0.5% yeast extract 1% NaCl pH7.0 1.034 x 10°Pa
34 20min LB 8
30°C 220r/min 24h
1.2
A 50mmol/L Tris-HCI pH7.5 40%
1:10 W/V 20min 140001/ min
4-6 15min B
1 2 50mmol/L Tris-HCl 2mmol/L. MgSO, pH7.5 10min
3 120001/ min 10min
8 pH 4.5
e Tmol
U
1.3
1968 1.3.1 60% ~ 80%
5000r/min 10min
-0 A 5kDa
Citrobacter freundii DEAE
0.5mL pH8.0  0.02mol/L Tris-HCI
0 ~ Imol/L NaCl
Iml/min 1mL
1
1.1 1.3.2
1.1.1 Citrobacter freundii Superdex™ HR 10/30 0.5mL
“ 863 " 2003AA214030 “ 973 " 2004CB719606
" Tel 86-10-68975126 Fax 86-10-68975127 E-mail yaobin@ public3. bta. net. cn
1973 - E-mail huiyingluo@ tom. com

2005-05-08 2005-05-18 2005-10-08

© PERZFRMEDHRATIKESHEE http://journals. im ac. cn



140 LUO Hui-ying et al ./ Acta Microbiologica Sinica 2006 46 1
pH8.0 20mmol/L Tris-Cl 0.4ml/min 8 37°C 3min
ImL Imin 3min
Smin 7min 10min 15min 20min 30min
1.3.3
PAGE K,
Vs
pH4.5 0.1mol/L - 37°C
K,
1.4 Vinas
1.4.1 pH  pH PH 145 pH2.0
2.0~10.0 pH Gly-HCl 0. lmg/mL pH8.0  Tiis-HCI
pH7.0~8.5  Trs-HCI pH9.0 ~ 10.0 - 0.1 37°C 120min
37°C 1h 37°C pH4.5 - N
0. Imol/L pH
2
1.4.2 2.1
pH4.5 0.1mol/L - 20C ~
80°C 60°C
70 80T 30min 280nm mg/ml. = 1.45x Ay, — 0.74
1.4.3 X Ay 1
4 0.32IU/mg 13.20IU/mg 41.3
Tmmol/L ~ X8 9.3%  SDS-PAGE 1
phi4.> 1 45kDa
1.4.4 K, Vo
1
Table 1  Purification of phytase from Citrobacter freundii
E ol Volume Protein concentration Total activity Specific activity Recovery
flayme sample /mL / mg/mL /U / TU/mg 1%
Cell extracts 1000 1.01 326.0 0.32 100.0
Anion exchange chromatography 20 2.65 216.0 4.05 66.0
Size chromatography 44 0.10 50.7 11.37 15.5
Gel elution 2.5 0.90 30.4 13.20 9.3
W3 M 1 2 3 4 pH 37°C
A= . H 4.0~4.5 H
62— - - P P
430— - = 15KDa 37°C 1h pH
pH5.0~7.0 90%
2N— e—
2.2.2
00— = — 40°C
144 — 60°C 70°C 4min
&
1 SDS-PAGE 2.2.3
Fig.1 SDS-PAGE analysis of phytase
M. Standard protein molecular weight 1. Cell extracts 2. Phytase after
anion exchange chromatography 3. Phytase after size chromatography 4. EDTA K*
Phytase after gel elution. Mg* Ca’* Cu’* Cf' Fe* Fe'*
2.2 I’ SDS
2.2.1 pH pH

2
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2
Table 2 Effect of various chemicals and metal ions on the activity of phytase
Metal ions and Relative Metal ions and Relative
chemicals activity/ % chemicals activity/ %
CK 100 Cu?* 78.2
K* 98.6 Fe?* 88.8
Mg+ 98.5 Fe** 87.3
In** 18.7 EDTA 100.9
Ca®* 95.6 SDS 0
Crt 88.6
2.2.4
0 ~ 30min
1.01x 101U/ mg min
2.2.5 K, Ve
K, Vo
10min
Ky Vi K, =
0.85nmol/L. V,, =0.531U/ mg min
2.2.6
20min 80% 60min
70% 120min
50% Smin
2.3 N
N
QCAPEGYQLQQVLMM
3
9.3%
60%
99%
N 15
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AY390262 N N
1 40°C
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characterization of fungal phytases  myo-inositol hexaphosphate

Purification and properties of Citrobacter freundii phytase

LUO Hui-ying SHI Peng-jun LI Jiang WANG Ya-ru YAO Bin"
Feed Research Institute  Chinese Academy of Agricultural Sciences  Beijing 100081 China

Abstract Phytase myo-inositol-1 2 3 4 5 6-hexakisphosphate phosphohydrolase EC 3.1.3.26 catalyses the step-
wise hydrolysis of phytic acid myo-inositol hexakisphosphate . Phytases are of great commercial importance due to their
usage as supplement of food and animal feed which can cater to nutrition demands and alleviate environmental problems

has been approved by many countries. Although acid phytases have been extensively studied information regarding the
phytases from Citrobacter is limited. In the work presented = a phytase was separated from Citrobacter freundii . After
steps of electrophoretic homogeneity by successive ammonium sulfate between 60% and 80% saturation precipitation

DEAE-Sepharose ion-exchange chromatography and gel filtration through Superdex HR 10/30 final gel elution resulted in
a 41.3-fold purification and yield of 9.3% . Gel elution is an effective method to purify the protein which contaminated
with a few other proteins. The purified preparations were used in subsequent characterization studies. Based on SDS-
PAGE analysis the molecular weight of the purified phytase was calculated to be approximately 45.0kDa in monomeric
form. The pure enzyme has an optimum pH of 4.0 ~4.5. It was found stable between pH5.0 ~ 7.0 about 90% of the
enzyme activity was retained at 37°C for 60min. The phytase has an optimum temperature of 40°C which was lower than
that of other phytases from Aspergillus or E. coli average 50 ~ 60°C  and was close to the temperature of
gastrointestinal tract in animals 37 ~ 40°C . Thus the enzyme is a promising candidate for animal feed applications.
Activity of the purified phytase was influenced by changing the reaction temperature. Data showed that the enzyme
retained its activity over a long period when stored at 4°C whereas thermal inactivation studies indicated that the enzyme
lost 100% activity after treatment at 60°C. for 4min. The K, values of the phytase for dodecasodium phytate at 37°C was
0.85nmol/L with a V,,. 0.53IU/ mg min . Phytase activity was strongly inhibited by SDS Zn’* and moderately
inhibited by Cu’*  Cr’*  Fe’* and Fe'* . Activity was not significantly affected by EDTA K* Mg*" and Ca’* . The
phytase has excellent resistance to trypsin but not pepsin. The N-terminal amino acids sequence of the phytase protein
was determined as QCAPEGYQLQQVLMM which exhibited about 80% homology to Glucose-1-phosphatases from E .
coli  Shigella flexneri and Salmonella  whereas it did not show apparent sequence similarity with any other phytase
listed in the databases. Initial characterization of the purified enzyme suggested that it is a potential candidate for use as
an animal feed supplement.
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