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Abstract

Phytase(myo-inositol hexakisphosphate phosphohydrolase ; EC 3.1.3.8) was purified from the mucosa of rat intes-
tinal. The molecular weight of the enzyme was determined to be 160kDa by Sephacryl $-200 gel filtration. Analysis
of the purified enzyme on SDS-polyacrylamide gel electrophoresis(SDS-PAGE) showed that it was composed of two
different subunits and the molecular weight of its subunit was found to be 70kDa and 90kDa respectively, indicating
that this enzyme is hetrodimer. The enzyme activities were activated in the presence of MgClo, but inhibited by ZnCl,
MnCl, and EDTA.

The substrates tested, phytase showed the highest affinity for the enzyme at the physiological pH. The Km value
for phytic acid(inositol-hexakisphosphate) was 0.31 mM at pH 7.4. Rat intestinal mucosa phytase seems to play
an important in the metabolism of inositol.
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Fe -

3} @4¢ 711 BEA phosphatase(alkaline phospha-
tasel} acid phosphatase) ¢ 5 EAA A d3rxe =
o] glrk19,

Bitar®} Reinhold(1972)?E phytase$} alkaline phospha-
tasee B EAZ RAYAY, WillamsS(1985)'72
29 A%oA AA§ alkaline phosphatase= phytasest
CaATPase¥AE EFST Uvhs Hix lew, Yangs
(1994)& 87 234 AT phytaset alkaline phos-
phatase84& E3tsln glovt B4 FHe M2 dari
51__7_5]01 )QJ‘E}_H—IG)‘

28 A3}7]8d 31014 phytic acid®3l 71 7& FE3
A 87 2% F=olA phytaseE £ - FAT F
EolA, B4 BEA, Km@ ¥ 3% ol &% 59 phy-
taseo] @ 5A& FALEIY g

Mz 9 e

1. =2

AY %EB& Spragae-Dawleydl 3 #HE ATl
250~300g3% ¥ 97X 93 71 ARSE F @F A
Asle 2%e AHse Ak A4 94(0.9% Nach
Z AWE 39 AN¥E ¥ 988 FHoE 4% Hv 24
& Fste 4gd ARSI

Phytic acid(dodecasodium salt)= SigmaAt AF(U.S.
A), p-nitrophenyl phosphate= Wako Pure ChemicalAb
A& (Japan), A goat IgG fraction of anti-rabbit IgG anti-
serume CappelAl #A|E(US.A), Peroxiaase-anti-Peroxi-
dase(PAP) complex ZymedA A& (U.S.A), DE-52, Se-
phadex G-200, Sepharose CL-6B%<& Pharmacia-LKBA
A% (Sweden), Bio-Gel HTS} SDS-PAGEZAE Bio-Rad
A AF(USA)E AHESIG 1 9 & AFo) AE &
E Aoke Sigmatl, WakoAte]l 55 Al%E AHE-3gith

2. Phytase2| 22| - M|

2E YL 4T AAHE WAAFAANAN Yang®
(1991)09] Wil Q43 a3t Zo] A

&% A% 30g2 Potter-Elvehjen &3 #3}7]& ]34
1mM phenylmethylsulfonyl fluoride(PMSF)$ 0.5mM
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&3

MgCLE #48 10mM Tris-HCI(pH 7.4) &5§4< 20
% (wv)ddez &4 Hg #48 F 10,000Xgel
A 2087 94 223 439¢ BA 105,000XgA
6027 94 Hejdte] AAEYS shfdoz $AH
o] 284 n-Butanol& 2% A7t HF FE& 30%
(v/v)& TET 4CA o 2A T £4E AUAA
Zt}, 233 ¢ F o] £4& 10,000XgolA 2083 &
AR st 449 4EAT AFsto 0.5mM MgClLE
343 10mM Tris-HCI(pH 7.4) TM#Z 8402 33
of 2A BAL @tk 1 ol ethanol (—20T) H2E
33 T TM@3 8902 BNE & F 2ELAS ol
g 22 BAE AA FAREH.

1) DE-52 column chromatography

Z2E29¢ TM$S8902 wg HFAAE DE-52
column (2.5X20cm)22 AAFAcE F3E d¥AS
0~0.5M NaCl FETHE ©1434 30nt/h £E2 &
2 NZA 2 ¥ phytase@Ao] YERE 0.12M NaCl &
g TMESEd o BAF F FE

2) Sephadex G-200 column chromatography

TM$Eglo g HYAAE Sephadex G-200 column
(2.5X100cm) & ©&3te] dlds §2(20m/h) 3
o.

3) Bio-Gel HT column chromatography

Bio-Gel HT column (1.25X4cm)e] §3€ ©¥d$
0~0.2M (NH,).50, FETHE |43t phyatseB/°]
Uehd 0.06M (NH,).SO. 28 ¢ TM#Z &40 THE
¥ FZ%9c

4) Sepharose CL-6B column chromatography

%29 ¥38¢ Sepharose CL-6B column (2X100cm)
¢ o] g3le 20mi/he] % SE2 A A3 HFHL
2 RA3H

384 g B3 Y oy I

fh 84 24 Yang$(1991)09] & &3S
t}. Phyatse®4 £3& 9% g 1o 2A(AF ¥
)& 50 mM Tris-HCI(pH 7.4), 2mM sodium phytate,
3mM MgCLs+ E4d 200p8 3713k 37C, 30¥3t &
2171 ¥ 50p8¢) 30% (w/v) perchloril acid® W&
A&A g 123 ¢ o ANE 71U §8xE



%) 2% 37 phytased] 54 R ¥4 PiXE T4 o9 9%

2339 H”. Alkaline phosphatase®X 3T vh7}1A]
2 Yang®$(1091)9) Wyeg 3dqch 18z Ax
84 1UE 189 1umol? F7|14ke HAse A9
%oz FosArh

thi el FAL Lowry5(1951)P9 HHdl wa &
Aalgon & i d 2= BSA(bovine serum albumin)
& AHgEte 540nmol A FREE SHE BEHFIS
g3t A%E gl

4. pHOIEN

Phytase¥Aoll ] pHY 9% €7) 98l pH 4~7
& sodium acetate, pH 7~9.5¢ Tris-HCl, pH 9~12%
CAPs-NaOH $#3 £94& AHg-38to] pH ¥iste) @ &
BH=E ZHsY

5. 2% 0|22} EDTAS] A&

InCl,, CaCl;, MnCl,, MgCl, %9 27} &% ol&#
EDTAY FE& H3AA AA fdd 42 Hristed 4
9l 39 A4 B4 20 wel 84 g4z WstE
ZA& At

6. Kmit

Phytic acid, inositol-5-phosphate, ATP(adenosine tri-
phosphate), glucose-6-phosphate B PB-Glycerophosphate
5% 713R 3 o] 71AES 8 HXE F/MAAA
pH 7.4914 &2 844 2H391, o] & Lineweaver-
Burk plot3te} A&

7. BN &Y

Phytase®] subunit ¥A% 2% Laemmli(1970)'
g $A¥ SDS-polyacrylamide geld 71954 (SDS-
PAGE) 2.2 A3tk AAE phytase o 10pgel 3%
e fa £ 0.0625M Tris-HCI buffer(pH 6.8), 2
% SDS(w/v), 5% 2-mecaptoethanol(v/v), 10% glyce-
rol(w/v), 0.002% bromophenol blue(w/v) A% 20ul &
7bka 100T EFBIA 1083 7HgEte] didg Hy
A} o] Az9t #F Al EAE (standard marker pro-
tein) & 4% polyacrylamide stacking gel, 7% polyacryla-
mide running gel2 T4 vertical slab geloll 3t

stacking gelol& 20mA, running gell= 25mA®l AHF
HYE FFHAL o i AHEE FF84L 0.192M gly-
cine& ¥3 0.025M Tris buffer(pH 8.3)°]™ stacking
gel, running gel9} tank buffere 0.1% SDS(w/v)& X
&g Aol EF @A EE myosin(200kDa), B-ga-
lactosidase(116.3kDa), phosphorylase b(92.5kDa), bo-
vine serum albumin(66.2kDa), ovalbumin(45kDa)&
AHg-3tgith

A719F FolE silver staining? B4 % (Meril .,
1981)°¢ A EF vude] ojF Agld Hlasto
subunit®] ¥Al#E ZA AT

Polyacrylamide gel® 7195 (PAGE)& &4 899 SDS,
2-mecaptoethanol 18] 100C 3% & Ao ¢
Bgo] MAHA FEE A HA7|YF S 3L silver stai-
ning®} €4 P& AA viide ¢ AEIUS

8. PhytaseE&H HZ - E2|

Phytase 8% A% FAF 4% phytase SDS-
PAGES ¥ T} 90kDa EATA7HS Hagers} Burgess
(1980)*" 0.2 gelollA] $%3}9] Freund's complete
adjuvants} E¥si] E7jd] FA @9siitt. 30d ¥ o
Al FA} Agststa 139 Foll B4E sFHst DE-52
column chromatography& ©| 43} 1gGute At
(Sano%, 1989)%%.

9. Immunoblotting®

A dgses 248 98 Sano5(1989)% 9 W
#d] we} immunoblottinge A3t 7% polyacryla-
mide gel?l SDS-PAGEE ©#A& H71FFH ¥ Semi-
dry blotting system (sortoblotII : Sortorius, FR.G) £ ©]
43 nitro cellulose®e) T HAMAIZITH(Towbin
%, 1979)%. o] @ 100mAS} AF AUS 1A% 7HF
FF3Ack 1 S nitro cellulose™-2 0.8% NaCl, 0.02
% KCl, 0.02% KH.PO,, 0.115% Na,HPO.E ¥#¥
PBS(phosphate-buffered saline) 8402 HHE& & F 3
% BSAE 4% PBSEo 2 2417 HEgith 181 ¢
T phytase3 8% (40008 349, 3% BSAEHI L
a5k Ae)gtt 2 gl goat anti-rabbit [gG(400%
HAel) & 40%, 11231 PAP(peroxidase-anti-peroxidase,
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F9A - £3

4008] MM FEZ FA] 408 AT F Tween-
PBSE49(0.1% Tween 208 F7% PBSEY)oE 3
H AAg 223 nitro cellulose™ DABEROE 10
ZolA 587 G F 30% H.0, 10u8S £ 0.1
M Tris-HCl(pH 7.4)2 uhg-& W3A 8o 548 13
gtk Nitro cellulose®ol] 0|38 EF @l &A L 10% ace-
tic acid-45% methanol& #-#3 0.1% Amido Black® 2
g A

Zn 3 nE
1. Phytasee| S % Exj&

79 23718 &% AT F9 phytased Yangs
(1991)W¢} wWioz A} HEH OS2 Sepharose

s ik

f
|
|

Fig. 1. Electrophoretic analyses of phytase purified from

rat intestinal mucosa. Lane 1 : Polyacrylamide
gel electrophoresis(PAGE) of purified phytase ;
Lane 2 : Immunoblotting with rabbit anti-90kDa
subunit antiserum as a probe was carried out
after PAGE. Protein was silver-stained.

122/ 333 YA

CL-6B 24 AZvfeagxog A oag A7 vd @
WA Y 24 FY& AU €=9 HAL polyacry-
amided 719 FH(PAGE) 2.2, T4 HNERFUES] & &
A% &3L SDS-PAGES} Sephacryl §-200 2 3
oz A9

A" aie] PAGEZFE ©Y W=E Jeht 73
e £29e A #7F YA (Fig. 1, Lane: 1).
49 4% alkaline phosphatase’} 444 & wte} F7Y
9 isozymeo| Z7] L@FThE BTt glof & FFof
Mz o] MY phytase®] EAFE Sephacryl 5-200 2
A7 whgog 23 A3 160kDaol o, Ao it
&9 ¥ 34 phyatsed] HEFUE TS FAR]
913 SDS-PAGEZ AN Az EA#o] 70kDadt 90
kDa?l F74e] W=7t detton (Fig 2, Lane : 1), 282
phytase3¥4-& ©]83}9 immunoblotting’§ &2 #F 4%
oo A B9 ¢k A, HERUE 7Y L £
AFE AR 29 (Fig 13 2, Lane: 2) Y& Aa]

(kDa)
| g
4« 70 > v

M 2

M1

Fig. 2. Determination of subunit molecular weight of

purified rat intestinal mucosa phytase by SDS-
polyacrylamide gel electrophoresis(SDS-PAGE) in
7% gel(Lane 1), and immunoblotting with rab-
bit anti-90kDa subunit antiserum(Lane 2) as a
probe was carried out after SDS-PAGE. Proteins
were silver-stained. Marker proteins were as fol-
lows : myosin(200kDa), B-galactosidase(116.3
kDa), phosphorylase b(92.5kDa), bovine serum
albumin(66.2kDa), ovalbumin(42kDa).



83 2% H7 phytases] 54 L B4 MAE B4 oL 9%

vpelste) olg} B AME 59 AN B ngE
o 387 24 9 phytaser EAFo] & FrH9 My
FUEZ F49¥ hetrodimerd g & 4 U (Fig. 2).

2. pH&E T}

Phytases] &40 vX= pHY 4¥E #F37] 93to
pH 4~1274A¢] H4lo] 23X &4 84E SH3}A=
A7) 839 245 A3 pHENAA pH 7.5¢04 H19
84e deplidth 28y F F Fobr] 39 A
T pH 5~82 FHASA Yehhe AHHZ v Fo] dAE
pHYS = S48 ge 222 FPEH(Fig 3). fobl
39 A9 AAv] ¥FEG phytic acido] #F Kmitol
259 gobA 1A o] drgs Huwel 99 4
B2 A frop7] BFY A%l EAske 549 BF phy-
tase®/do] ofF vlghdo] e Aog At

0.3 r -

0.26

0.2

015 |

Phytase Activity(U/mi}

—e—suckling
—&—aduit

Fig. 3. Effect of pH on enzyme activities of phytase
from adult and suckling rats. The activities of
the purified enzyme preparation on phytic acid
was determined at various pH values. The buf-
fers used were sodium acetate (pH 4~6), Tris-
HCl (pH 7~9.5), and CAPs-NaOH (pH 9~
12).

3. Kmg}
Phytic acid& X% o8 714 Q43§HE] g phy-
tase®] Km@t# Vmardt& ZAE 232 Table 19 Yk

ol 813 &% M9 phytaset phytic acidel oig
Km3ko] 0.31mME 7P ¥t 1 o] 9] AA33HE|
W& Kmak e ofs- Eqkeh mebd 85 &% dodA 3
Y E4% phytic acid® 7132 &= phytased S &
F7b A2, At d87HA inositoldtFERE 712 g}
& Jehllz = AMNEA phytic acidE 9%3o2
g@olatgl 3le inositolE FEdE Ao2 FAHHE ol%
2o A#%z2 IHFEY &% HY phytaset inositol ™
Al 283 98e ste 24Y TFeAe] &

Table 1. Km values for various substrates on rat intes-
tinal mucosa phytase. Enzyme activity of the
purified phytase preparation was measured at
pH 7.4, about the optimal pH for phytase ac-
tivity, and Km values were determined from

Lineweaver-Burk plots.

Substrate Km(mM) Vmax
Phytic acid 031 5

IPs 0.77 4.5

ATP 2.2 2.5
Glucose-6-phosphate 6.7 2
B-Glycerophosphate 2.86 0.5

4. 2% 0|2 ¥ EDTA| 2[5t gt

Phytase$} alkaline phosphatase §9¢ ©<Ql4t3le] &4
Se BASS Zn** 2 EDTAY o8 40| 7asw,
Li*, Na*, K* 59 17} o2 &a 84 93 74
%t 218} 118)1l alkaline phosphataset metalloe-
nzymeo)2hs Bz} Qloh™20720 B AN 27} &
o] 9 EDTA¥E ¥sle] wWE phytase 849 W&
ZAG 43} CaCl,Y] A9 ¥5Y 7l @ 84 &
el dahe dig 110% xS A FRE Tk
VEhtA] kAT MgChLe $58 $7HA13d e 54
842 Frkete smMAlA 170% 2 84¢ F7HAh
MnCL$% ZnCLe B$< &9 F7d met 54 848
243 ZAAF . 53 InCLe 0.5mM o139 FEAA
o) FaA A 2L AMIEAT 2% 10% F =
gAe gob Udck(Fig 4). o8 4¥ Zi+ alkaline
phosphatase™ 1mM ZnCLZEA dolide 84 o] &
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FaA -

A3 Ag gohe B2 vjFo] Mo} phytased] 712
phytic acid®] #29l Zn?* 9} chelatest2 8] 32 &4
ojunl EAshe o2 o] . EDTAE MnCl,

180
y
160
140
120} .
R
=
= 100 4
°
«
$ vt
5 ]
[
4
60
40 +
—e— MgCl,
20 b —a— CaCl,
—a— ZnCl,
—»— MnC}
0 : 2
0.2 0.5 1 3

Concentration{mM)

Fig. 4. Effects of metal ions on rat intestinal mucosa
phytase. The activity of phytase was determined
under the standard assay condition except that
various concentrations of metal ions were added.

Relative activity(%)

0
0 025 05 475

EDTA(MM)

Fig. 5. Effect of EDTA on rat intestinal mucosa phytase.
In the presence of various concentrations of
EDTA, phytase activity was determined. The as-
say mixture did not contain MgCl,, and the acti-
vity was given as relative values to the activity
in the absence of EDTA.
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8} ZnCLY H$9 BIAE 54 84S AASAAT,
0.5mM~10mM EDTA &4 A% 40% 4= & &
do] A=A (Fig. 5).

olg} o] B Ao phytase@Ae] A2H pHAA
YA g Jelle 23 (Fig. 3)9 Km3 24 23 o
742 QIAESHE FolM phytic acidol dd 7HE ¥& A
38 g Jehle 59 27 (Table 1)EL E/HEFEY &
A% Eol3phosphatase?] AE]d G& syt F{ol
@o] ¥ o] 9l& phytic acid® inositol# F-7]402
7} 23 8= phyiaseZ-4U& 3 Fadch a8

Mgt & A9 27t 34 ©]2EL phytaseBH L A3t
t BAZ AdHeg B 48 2 FAY Hd A143)
T #4389 2A Ao EAE A 27t 2% o] ¥
F718& A7HEHA GRS FIE ool Ft.

2 ot

Phytase(myo-inositol hexakisphosphate phosphohydro-
lase s EC 3.1.3.8)% 37 4% Ao zRy el - FA
33k

o] AAE EAE Sephacryl S-200 gel filtration'3 .2
2 Z23% EAFL 160kDa0lL, £ U o] Bh9 ME
FUEE SDS-polyacrylamide geld7]%4%5H(SDS-PAGE)
o2 AR A MBHYE F2e EAF0| 70kDast
90kDa2 2 T4¥ hetrodimer(o)Fo|FA) UL & 5 3
Aot 2L MgCl, A1 3tollMe 8d @40 F7ksht
ZnCl,, MnCl, R EDTAEA dollAe Ha E40] A
At

713 Fol4d# pHYENR S ZA S 27 phytaser A
<l pHE S ol A 713 phytic acid(inositol-hexakispho-
sphate) ol thd &2 F38-& B H{} Phytic acidell H¥
Km3ke pH 7.494 0.31 mMelth w&ts 3R 4%
9 phytasec T2 inositold] tAHAIlAN Fad 92
e Aoz HZ4dE.
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