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General Enzymatic Properties of Human Histidine Acid Phosphatase-Phytase

Jaie Soon Cho

Department of Animal Sciences and Environment, College of Animal Bioscience & Technology, Konkuk University

ABSTRACT

The glycosylated human MINPP (multiple inositol polyphosphate phosphatase), which was recombinantly over-expressed by using
industrial host, Pichia pastoris, showed the phytase activity against phytate (InsPs) and the enzyme activity of the unglycosylated

counterpart was decreased to 30%. The optimal phytase activity occurred at pH 7.4. The

human MINPP showed high substrate

specificity for InsPs with little activity on other organic phosphate conjugates such as para-nitrophenylphosphate (pNPP), ATP, and
ribose-1-phosphate (R-1-P). The phosphatase activity against 2,3-bisphosphoglycerate (2,3-BPG) by human MINPP was increased to

1.2-fold in the presence of stimulator,

1 mM 2-phosphoglycolate (2-PG) but the phytase activity against InsPs was not affected by

addition of 1 mM 2-PG. The phosphatase activity against 2,3-BPG by human MINPP was not increased in the presence of 2 mM

Mg” or 100mM CI .
(Key words : MINPP, Pichia pastoris, Phytase, Phosphatase)

I. M =

I &1 El Q] [Phytate (Inositol hexakisphosphate); InsPg]S &
WA om AEd AR YRR o]8HE = (cereals),
T+ (legumes), A5 (il seeds)2} &2 G2 =AUl
A= 58 <o) AFF e ot} (Cosgrove, 1966). I]El
gleole  sletxs EAA 6719 F71¢14F (inorganic
phosphate) Zt7]7} 1 $4191 O] %=A]E (inositol) L]l <

ol| 2~H| 2 (phosphodiester) Z2%2.2 dZAHE 7|40z |
$ o HE APERA AR FEO JFsHo
B F0% FEol (Ca¥, Mg, Zn™, CuZ*, Fe') 2 %o
B2 b @A, ofn|itel] Agtete] 159 o] 8AdE
Asels U Q1A (anti-nutritional factor) = Z-8-3lT}
A =, At

971 22 F215E (monogastric
animals)&°] ©]23F IS 7} Hajate] r)ole
FrelAlA o8 g 7] wiitel Eixol E3he t’]—v‘OHE]
gEeQle] a5t shde] AmEo] F-od 43} (eutrophi-
cationyS= Yo AFFoz FH 22 A< (phosphorus

pollutant) ©. 2 %= 2}-8-3+0} (Haefner 5, 2005).
y}o]E|o] = (phytase; EC 3.1.3.8 or 3.1.3.26)%= I|ElEfS]

0

e

oBEYH 7S fFEAIE Thraslass S
/Nde2 A histidine acid phosphatase A gl &3l F
TR &4 5, 3330l 45 Aspergillus sp.} M+ 45 E.
coliol Al -ef= U]/‘gg phytase5°] 4 2kgsl=o] 5&
A GeHoboll = Tl =] e Als HIMHE o] &
ato] Q1o d9lRl IRl AlojE F3k Q19 o] && TX
vl 9 Wil o] 8F i B e Asks 3
e E‘jé}oq THAoRE FEY A Sl 7149
]:Loﬂ‘—- 0]7}.0:101:3]_ tﬂ /\] }_ o];oﬂ/q
= Izt ]ﬂ] @ﬂﬂﬂ = el Zé/] —6/\01%% l
goll Al AAA HaFHARGARA o8 T
*}%%%7]‘ 431 AT} (Haefner &, 2005; Lei®} Porres,

O

JX‘L‘

a4, AZF(human), F (rat), A3F (mouse), T (chicken)
I 2& FEANAXE histidine acid phosphatase A E 2]
MINPP (multiple inositol polyphosphate phosphatase) &.4~2]

FAAZE BaE o]#E (Chi 5, 1999), & HAGEE
(transcrlptlon-level)ﬂ/ﬂ o5 frxizte] wdo] A=ZAE
(chondrocytes)2] -3} (differentiation) ¥}l ot} =
B A Vedgel S EAAIY (Hidaka -5,
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= 2006). E- Aol A= e 739
A FRAARGeR HEE vl
Q1ZF F2l phytase$] MINPP &4:9] 2
g warojr),

1. A =g oIzt

AZF MINPP & 2=9] 1 opm]nedt 317] 317 4831
A F9lE FZHshs §HAE X3S cDNA (Caffrey 5,
1999)Z  PCR (polymerase chain reaction)@ 3343t %
pGEM T-vector (Promega)°ll 293}l E. coli TOP 10F
o HAXEs}] positive colonyES AT AEE
21 QIZF MINPP &4 A cDNAZE Pichia pastoris =&
HWE]Ql pPICZa (Invitrogen)2] MCS (multiple cloning site)$]
EcoR 1, Kpn 1 sitedl] Qs HFH SR Pichia pastoris
oMol Az QIZF MINPP &4 Wd WEE 753190t
(Cho 5 2006). =3+ <] @ds ggHoz THA
= A8 a=F52) Pichia pastoris X33 Al2=H) (Invitrogen)
= I gEel C-Ed (terminal)dll 67119
histidine #7]7} fusion® AZ3 A3+ 3 MINPP &4 9
W3 9 Ni*"_ sepharose resin (Amersham Bioscience)S ©]
43t X3l A2 0ulE 129 (affinity chromatography)ol] 2]
gk 7 omAe] £ AA g5 ofdd Jlsd AT

(Cho &, 2006)°l °Jal|A] =2 =] St

o

HIds

b
=]

2. YA E M=g 20zt MINPP 49|
o EX(western blot) &4

AAE Az 91zt MINPP EAE NuPAGE 4~12%
Bis-Tris gel (Invitrogen) S ©]-&-3}e] whild A7|gF5S 2
Algk % PVDF (polyvinylidene  difluoride) ~membrane
(Invitrogen)dll A71& F3l] EF (blotys TEJTE 1
blot= 3% BSA (bovine serum albumin)’} $H-¥ TTBS
[Tween 20 Tris-Buffered Saline; 0.05% Tween 20, 10 mM
Tris-HCl (pH 7.5), 150mM NaCl] &9lo2 A7k Fob
blocking®}3l % ¥, C-terminal His-tag antibody (Invitrogen,
dilution 1:1000)% E-3 (probe)dlal 4ColAl 1A]7F E<H
horse-radish peroxidase”} coupled®! anti-mouse IgG (Cell
Signaling, dilution 1:7000)%= wj %3+ & blotikell AAE |
23 QIZF MINPP 420 EAo{¥-&  ECL (enhanced
chemiluminescence) A]2~%] (Amersham Biosciences)S ©|&
skl 71 instructionol] 7]%E Wl Fake] HF ISt

ek

3. HME M=g
(Deglycosylation)

212t MINPP &Z4-9 EEEtxE|

AAE Az 1k MINPP &40 H-71d 337] (sugar
moiety)2] A= FR7] 7RSI a4 endoglycosidase
Hr(New England Biolabs)E ©|-83}o] o] 7|&d AT+
W (Cho 5, 2008)°l] <] a4 =3 =] e

[N
A

ol
ol

4. 2

am

A AL

o

J

oA 544 54 714 (substrates) = ARE-SH
71214:}+8}3H= (organic  phophate  conjugates)?]  Phytate
dodecasodium  salt (Na-InsPs), 2,3-bisphosphoglycerate (2,3-BPG),
para-nitrophenylphosphate (pNPP), ATP, ribose-1-phosphate
(R-1-P) ¥ 3}84 A= A(chemical stimulator)3! 2-phos-
phoglycolate (2-PG)= =57 SigmaZH-E L=k L=k
phytate pentamagnesium salt (Mg-InsPs)= Torres “5(2005)<]
71&d el esto]l AlxHArk. A MINPP S
ot 7142 1 mM2] InsPeE ©]-83F phytase &4} o}
2 712145} 3HE (organic phosphate conjugates)E<! 1 mM2]
2,3-BPG, pNPP, ATP, R-1-PE5S 7|2 = 3o] 7l Hajg
D791k (P)] Foll AT AHA EABHZAL of =
BNt BHF S4RAS AF 2E & 370
ol 50mM Tris-Cl(pH 7.4) ¢=8&qox ZSAHs At
(Cho &, 2008). olu] &AZTATE] 1US 7|l disto
AN EZANA BT umole] F7IkE fElA7]E
o Zagh gie] o Aottt L3 phytase G40
ol tigk HA pH HH= 2t thE pH 589 [50
mM glycine-HCI (pH 3), 50 mM sodium acetate (pH 4-5), 50
mM Bis-Tris-HCl (pH 6-7), 50 mM Tris-HCI (pH 7.4-8.5)]]1
A EA4sa, T3 40l 2 mM Mg, 100mM Cl)
2 chemical stimulator@! 2-phosphoglycolate (2-PG)&] *7}
of & 714 1mM9| InsPe} 2,3-BPGoll tgh MINPP %
2o WstE S48kl

—_

e,

m. 21t =

p=

17t -8 MINPP & 47} methylotrophic yeastQ! Pichia
pastorisO| X AdFH o2 A3 AHHT dHE A=
3 MINPP &A% 239 C-Zth(terminal)oll 671<2] 3]~
E]d (histidine) <717} 83 (fusion)l T2 & Ni**-sepharose
columns ©]-8-38}] X34 A2 rlE 129 (affinity chromato-
graphy)= A 3% SDS-PAGEA Ol L AAH ai7}t
79 o] 22l EAFFQl 54kDaol| HlSke] tha BRI
o] & 70kDa®] 3} (glycosylation)Z 1%t  smeardt
diffusion Feje] TlAZ WFHE Q)31 (Cho 5, 2008), L
A3} C-terminal His-tag antibodyS AF8-3F western blotol]
o FelHE Hl (Fig 1), ol dukz o= ot
WAS FHAANZRS 7IHeR aRFT%l Pichia pastoris
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Fig. 1. SDS-PAGE (A) and western blot analysis (B) of
the purified recombinant human MINPP (predicted
mass, 70kDa) expressed in Pichia pastoris
using anti-His (c-term) antibody (Invitrogen). In
(A), Lane M: pre-stained standard (Invitrogen);
lane 1: deglycosylated MINPP; lane 2:Endo
Hr (Mr=70kDa); lane 3:intact glycosylated MINPP
In(B), The positions of molecular-mass markers
(marked in kDa) are also indicated.

oA TA
2000).

AAD Q17 MINPP &49 7|12 MgInsPeoll thah
phytase BAEAAS FAMeE A F3}(glycosylated)
intact3+ MINPP &4~9] 7% 4.9 mU/mgol$, 37171
3| &2 (endoglycosidase) & ©]-& 0}03] intactd &49] T
7] (sugar moiety)E  A|AT B3} (deglycosylated)
MINPP 5 4¢] %‘3%nﬁhg_§.%%§*|w%4 =
284 A4S JeERAY (Fig. 2). °l o] d Aol A
Pichia pastoris oA A2 AxF AR e
s el 93} (glycosylated)¥ phytase S°] L B9

Ut 54220 dielt) (Cregg 5,

specific activity (mU/mg)

Endo- Endo+

2. Phytase activity of human MINPP before and
after endoglycosidase treatment. Data was
expressed as the mean+ SE from three experi-
ments.

“Endo ” means intact human MINPP before endo-
glycosidase treatment and “Endo™ means human
MINPP after endoglycosidase treatment.

Fig.

5 r

specific activity(mU/mg)

pH

pH profile of phytase activity by human MINPP
using the following buffers: 50 mM glycine-HCI
(pH 3), 50 MM sodium acetate (pH 4-5), 50 mM
Bis-Tris-HCI (pH 6-7), and 50 mM Tris-HCI (pH
7.4-8.5). Data was shown as the meantSE
from three experiments.

3} (deglycosylated)® RAXET} G488 FoFAA(thermos-
tability) 7|11 2 &4 %—’—.‘E S+ (kinetic stability)Q] =
s 7P A3t AR (Hant Lei, 1999: Kim &,
2006; Rasmus 5, 2006).

Fig. 394 <17} MINPP &4 9

Fig. 3.

713 Mg-InsPgol] TH3F

—-179-



Cho ; Properties of Human Phytase

A pH BAFAo] ZAEJ=H, MINPP G40 FX
He1e] pH 74004 magA o] 7P Hdt) o= o)A
TATNA G oAt A E 5 MINPP §429F
o] 1 EAAQ 49, REH 489559 (conserved
active site motif), “RHGXRXP”E A|Yil U= histidine
acid phosphatase Z|€e] tii-+t wAlE el phytase”}
pH 4.5-6.09] °FHHSlelA HA 5484 BAd A
= thEH ot} (Lei®t Porres 2003). A X|F7kA] o F
i 7159 phytate w3 ©]&& TS % A A
FAIE A= ARSIl HAY aASHS Hole
E. coliv} Aspergillus sp. ¢t 22 WAE-2 phytase®]
A ul F7tell oJE o] FoMAIRY, HE T R ofd
2 HefollA ALato] FHA o] aAgAdS Kol phytase
7} AAZ phytatee] A W Ealo)ged o FElshohe
Fo] AAH7 = =4l (Haefner 5, 2005), histidine
acid phosphatase AlQ¥= Y2 Bacillus sp.olA F-21¥ B-
propeller A4 9] phytase 52 T4 % FZ2Ad H o
Al H4 pH 84245 HERATH (Choi &, 2001; Kim &,
1998).

AAE Q17 MINPP & 49 InsPeE 2233 thYst 7]
Q14F8}3HE (organic phosphate conjugates)ol] gt 7] & o]
A (substrate specificities) S FAFF A¥}i= A F7HA] B
APAF Ao A et 752 histidine acid phosphatase
ALl vAEoA FellSk phytase B4} Hlws] Zuw) AF
33 o2 A3E Btk (Fig. 4). ¢4 MINPP F4+= t}
£ "AE phytase?} vFH7FA 2 phytate 7]12S G3H 0
2 7R3l sk9edl, NaInsPeoll thal @A o] Mg-
InsPeell HI3 1.64] ] E9kek SFARE Mg-InsPeol Sk 7t
Fusl Addbe AE7HA AgE B mAAEAA frefE
phytaseo] A3}tz Ao x] AFHQd AT FHA
phytate®] 7]HA=Z FE AME-3H Na-lnsPe/} T4 3184 9
griell &% in vitro 7ol EAsk= 7H3A 714 Q1d et
o, Mg-InsP¢i= phytate2] in vivo A3A U A4 71
AjtatAl EAlshE AA7IEAR 1A E= AHollA (Torres
5, 2005) L F8/do] rhEofok gt W3k MINPP &
2% histidine acid phosphatase Al99] B2 w|AJE phytase
#A7} acid phosphatase®] THIEZ|Q1 7]Z<l, pNPPO} 7]
ATP] tjste] &2 0% F7IRle FeAl7Ie BaE
71450l d-& Kol Z = (Casey?} Walsh, 2003; Wyss
5, 1999) thx2 o2 olE 71d 2 R-1-PEYEEH F7)90&
fre|Al7le o] ulg- sokth g, 7]E 5ol S
] MINPP &/~7} 7]¥2] histidine acid phosphatase A< 2
Ul AL phytase®t T2 FEd EAL vz 7)E 23-
BPGol| tigh 7Fall s olth. A7k oj| mAE
#lo] phytase®™ 712 23-BPGEY-E F7]& FEA7]=
Abdel marg wb glrh 21ZF MINPP &4 7] 23-

3
il
&

BPGel w3 EAFALS 9.04mUmglE ZAEHA=d
(Fig. 4), old <d7elA ®ig 1 g4h84d 749.05

mU/mg )2 A2l U8}t (Cho &, 2008). ©]+= Fig. 4l

12 ¢

N
o
T

specific activity(mU/mg)

o =~ N W M 00 O N © ©
T

Fig. 4. Substrate specificities of human MINPP in the

absence or presence of reagents. Data was
expressed as the mean* SE from three experi-
ments.
A: Na-InsPs, B: Mg-InsPs, C: Mg-InsPs in the
presence of 1 mM 2-PG, D: 2,3-BPG, E: 2,3-BPG
in the presence of 1 mM 2-PG, F: 2,3-BPG in
the presence of 2mM Mg®, G: 2,3-BPG in the
presence of 100mM Cl , H: ATP, I. pNPP, I
R-1-P

/] AAE phytate 7121 Mg-InsPs 2 Na-InsPs2] &A%
4 (ZF 49 mU/mg®t 7.9 mU/mg) ¥t} 1.1-1.8¥ %kt A

2et4 07 23-BPGE F71Q1AsetE e dFow AT
oA A 2o Akae] ikt ge] whos)

rot

F G2 e8] 224} (allosteric effector) ] B}
Z2~21 21X+ BPGM (2,3-BPG synthase/2-phosphatase)
axol 7kl oA L poolo] =HEM, 53] E
colid| A A 23 ZHE A7F BPGM &4 9] in vitro’doll A
714 2,3-BPGS] phosphatase &4AEAHS FHAHI A
chemical stimulator$! 1mM 2-phosphoglycolate (2-PG)2] =
Zhell oA @AEHAl 1 aagAe] TUtEE ZoR B
DE AT (Garel 5, 1994). wEbA B AollA Q17
MINPP &4 T3t 2-PG 7}l 714 23-BPG9} Mg-
InsPeoll U3 phosphatase &Agde] WslE st Ay}
2,3-BPGe] 4t 1 madidol 129) Sk aakE B
AA T, Mg-InsPs2] 735- 2-PG H7}ol| WE F3}S HolX

FavhilAel & 24l (hemoglobin)@] 7]%5S Z=4&}
9
I=2l]

ot

ATt (Fig. 4). §H H (chicken)®] MINPPI A= AJest
A FERNE Hold Y 49 25mM Mg oL

H7MAel 714 InsPeoll W3k phytase &4 EAJo] 282 &
7FalA A 7F (Maenz} Classen, 1998), ¢13F MINPP &4-9}F
T ooprnat A gl Askeba SA4o] 7 AR F(rat)
o] MINPP &4E A% FEE99 1-3mMe] Mg o]
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2=4717F 712 InsPsll th3l phytase G4 o5&
S 71X A QT (Craxton 5, 1997). °]& EU& <l
MINPP £4:9] 7|4 2,3-BPGel| thgh Ae]4 sx=r9ll
mM Mg™" ©]& Z7}A] phosphatase &4l W3S %
Abs) 2 Ank Mg™ o] H7METE HolA| ek} (Fig.
4). T3k rat MINPP &9 713 InsPeol thsh &AgHd
5S4 1 aankge] st atel] o= (Al T,
1993) 2421 100mM Cl- o]9] 717} 713 2,3-BPG9|
gk QIZF MINPP Ao WA= Js AR A
Cl™ o]29] H7laa= HolX &9t} (Fig. 4).

AEx o= A3F Fl MINPP &4F FAHSNA F
el veeEel #8248 AUl 22 histidine acid
phosphatase AlE2] 7]1& WAE &l phytase®l= Jolgh
71AEoIdE Zh ApHslE aAEAS A e A
o= Ak weba] 1zE frEf MINPP E4E A4
o= giFALtete] QI SstelA ARET] S vl
A He F 9 o]&E JNHES fIg HIMAIEAY] o] &
Soe] u#E = vk w3 IR gl A7k
MINPP f-71#be] 3ot HRE Edz HT 7)5Hd435
(functional genomics)} AJE7 B3} (bioinformatics)e] &
o wE wWEEQ HAA ddEHe= FHAAHAR
(transcriptome) 2 WHAFFEX] (EST; Expressed Sequence
Tag)e] #40] 7l&al| X WHA] (Tuggle 5, 2007) ©}&71A|
THEA 2 HA Fe] MINPP E40] F3z F24
AE F FRAAEgeR O 542 HEAA 1 g4
2 s S8 vk siAqrel MINPP ®47F JRIER]
LAEAES 7H BoR WEXIohd, 1 aaE e
$HA1e] WA phytase®A Q1 FAAS 3 M AHALR A
TP EA o] gt W e TE
2 MINPP &7} whdEE
e o] JHE A-gafzlskd =
JA O R o]gah= Wikte] aed 4 ok

S} r}i off

V. 2

Ok
=

>

W48 =20 Pichia pastoriso| A A2 W E G}t
F Q178 MINPP (multiple inositol polyphosphate phos-
phatase) &4 7] FEEQI (InsPe)ol] gk TholH|o]=
a2a84s Jedigla @98t 1 gagAdo] 30% 7t
2FEATE 1 549 71F InsPeoll Wik HA pH 42
/491 pH 7430t 715l SHeA 1ZF MINPP
para-nitrophenylphosphate (pNPP), ATP, ribose-1-
phosphate (R-1-P)2} 32 +7]14F8}8H= (organic phosphate
conjugates)] &3S w9 w2 O, 71 InsPeE &
Aoz Fafstalar 53] 5484 A=AR] (chemical
stimulator)] 1 mM 2-phosphoglycolate 2-PG)2] 7}l u}
£ 7|4 2,3-bisphosphoglycerate (2,3-BPG)°ll 3t G434
o] 2-PGE H7lelA| eFsw Bt 12v) F7HEAAIRE 7]
A InsPeoll thet aagAols IS FH &) T3

BAT

2 mM Mg °]&3} 100mM Cl ©]&¢] 7= MINPP
a0l 714 23-BPGY| tidt aAhgge A g F

Al

10.
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