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Abstract: Phytases are hydrolytic enzymes that catalyze the
sequential hydrolysis of phytic acid (myo-inositol-1,2,3,4,5,6-
hexakisphosphate) to myo-inositols with lower numbers of
phosphate groups. Two types of phytases have been identified
which initiate hydrolysis of the phytic acid at either the 3- or
6- position of the inositol ring. In the present investigation, a
mathematical model was proposed and computed to estimate
maximum enzyme reaction rate constants which fit the
experimental data obtained by other authors. Although the
data points were scattered to some extent, good agreement
was found between the model and the experiment data. It
appears that the maximum rate constants of removal of the
first, second, and third phosphate groups were not equal.
Also there was neither a steady trend upward or downward
in the rate constants with the stepwise hydrolysis reactions.
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Phytase<= phytic acid (myo-inositol-1,2,3,4,5,6-hexakisphosphate,
IP6)°ll ] Sli= 67 QIAF 15 (phosphate groups)2] 3]
& 7IAE) = 71528 540]0) [1-4]. Phytic acid”} Na,
Zn, Mg, Ca, Fe?} 72 99| FE= /& 1 ©|= phytate
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23l 321, Fig. 1] phytic acid®] %%} phytic acid”’}
phytaseo]l 3} TA o2 H3Eo) WdE F U myo-
inositol 9] TF241-2 UEMITE [5]. B4 phytate= 212+
& 57 Foll & 1%-5% (wiw) THEe] e oz g
A Qlt} [3,4]. Phytases 215, AL, 181 555 I3
Sh= ofe] Mol sl 71AE1Y, #A pH % 7k
13l B4 5ol AR Aol Aow duzitt 23] @AV
2157 6-phytase (EC 3.1.3.26)2} H]AE 7-2) 3-phytase
(EC 3.1.3.8)2] 5 %5 phytases”} o] A= Ae=d, 2424
inositol ring?] 6 T== 31 Ax]el] Gl QKiIgde] Ealt A
AR 7 01F A1 7R3N (sequential hydrolysis)
HFH © 2 jnositol penta-(IPs), inositol tetra-(IPs), ~12] 1L
inositol tri-phosphate (IP3) 522 QAF (phosphate)©]
&) (75l WEbA= free myo-inositol 7HA) H= AOE
ez Slvk [1,3,5].

Fig. 1 Chemical structures of phytic acid (a) and myo-inositol (b).

A Z-52) 6-phytaset= Hote] WoLSHEAA phytase”t A
S5 7 o)e] Ag0% Qlo] §EHo} Ho| F A H,

EA)o WA= myo-inositol > &S] AJARIARI Ao
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Table 1. Characteristics of various phytases obtained from plants, microorganisms and animal tissues

Origin M; (kDa) Optimum pH  Optimum Temperature (C) Product Reference

Phytase from rye 67 6 45 1Ps, IP4, IPs 1
from lily pollen - - - 1Ps, IP4, IP3 3]
from maize 76 4.8 55 - (71
from spelt 68 6.0 45 IPs, IP4, IP; [8]

Phytase from Bacillus - - - IPs, IP4, IPs [5]
from Aspergillus - 6.0 - 1Ps, IP4, IP3, 1Py, IP; [11]
from Escherichia 39-47 4.5 - IPs, 1Py, IP3, IP,, 1P, [11]
from Sporotrichum 456 5.0 60 - [14]

Multiple inositol polyphosphate
phosphatase from rat liver ) ) IPs, 1Py, IP3 [17]

oA Slvt [5). o]v] 2=, KB, Y, canola seed, ~18] 3L
T 5 oY 5 ASkEo] ol HA A ERE phytases
of tiste] & Fdo] warso} vk [1,2,4,6-10]. T
3-phytases= Aspergillus niger % Bacillus amyloliquefaciens
o} 2 v AE [11-14)25E] dolxm o] F45d tist
ST ofw] BT [15,16]. ARRS XTI HA
U 53 2 G EES 2871 Ylo] phytase”} 917]
HZoll phytatee]] £o] Sl 918 o] &8 &= ¢it} [8,13).
whebA G FAelA] 37k Q1 AtEe H7AA Fo
oF &t} [12]. U2 F2.3 2L phytateol] £o] Q= ¢lo)
oledt FEES AfelA EalEA o Fow ujdEy)
el Lol shdot ez S S0t 3 Eajsof
HgekstE g 4 oAl "ok [12,13]. 184 phytase S
Aol AHEstA 7 MATE 1R Qe A & & Ea
7o St gt e FEERNE WEEE Q1 wiE
FE 50% Y= £ s AoE guA Qg [12].
wRebA Ak 2009 A B A EE ol okl Hol, 3
& ofe] W k50| phytaseo]] Y& 71XA H3)
of. @A =9 BASF 5 SAlelAE v AES o] g3)o]
o] E4E ik AL 3l (AET: Natuphos™)3kal 910,
olu] 10\ Aol Atz H7HAIZA US$ 59 o)4ke] AlAo]
FAdwo] v [12].

& [1,3,58,11]¢0 g8k o8] thE £579) phytase S
A18310] phytic acid2H-E 713 Ho] A== S
o] 5 B A0l dist A - AR A B Hle
o], Table 10 A&, v]AE 2 FE5 phytase 5ol thst
S b BAEES Qoklgit) o] AAaNkeES &
O3HAIE A9 consecutive reactions®] FENE Jojut
U} [1.5,8,11]. & IPs25E] IPs7} A E 11, ThA] 1Ps7} IR
e, B Uor b HF MAHEE 17| s 57 At
Al Ao d#Rlc)[1,5,8]. 18} phytase o wa}
e 1 o7 ReliElo] HEA =2 1Py, o myo-inositol
E = A% QA (3,111

Aesh vk} go) AlgjA 0w Wt o) s gs =i
ML - FQ8k o] FHARMEol thet 4rekd wely) ek
How ARt 4 ol Wk A Ate AR} ol 3
oFF7IA] B A Qigkct wheba] B o) BAL [ptE
IPs, [Py, [Py WA 0 & AU} Zhashe ANE &

== =) A~ o A o] =]
=] AN HSE AT 5 Qe whe Sle e,

2 Wle] SRS HpgAE A5 E Aee] o)
W B ARA0R b shed ol

11, 544H8-0 £33 w g

714 At A Asle] JEE FAIE T s i |
2HEE4 5= Michaelis-Menten (MM)2]1 0% 2F A = 4=
%]\D]'. 2 %’_;E‘q]}‘ili‘ sodium phytate (CsHeNa2024Ps, phyth
acid dodecasodium salt)E 7] &= AREsle] ozl A3
Ak [1,8]% ARE3IgLoM, o] A0 BT A 21E
Table 2¢] 18] Qokslgich ofefjo] 48k4) Hdlofl A 1pe,
IP5, IP45-8] FARS 27 UEFNDS] Fu= et

Table 2. Kinetic constants and reaction conditions

Source Km (W) ke (S'l) Temperature and pH Reference
rye phytase 300 358 35C, 6.0 1
spelt phytase 400 368 35C, 6.0 [8]

X TP (FAFE = 924)7} BalEE G4 ¥R (MM)S

o A (HE GER F ok

d|1P6]
dt

[71P6)
Tom +11P6]) 1

= Vim,6(

714 [IP6]= 1Pe2] 5% (gL)ol, Kme= Michaelis
constant (gL™), Vm, 6+ 549 EA U 55 (Z Vm6 =
kear * E) 9+ BT HP-3E A (gL', T80 1=
HRS-A1ZE (hr)olth. A8 A} [1,3,5,8]°1 281 phytased]
o)t §4HF-2 consecutive reactions &% VER}Y] wE-
of 1Ps7} E3HHA FHFE 1Ps (A= 800)7F A=A,
oloJx] FAlel| IPsZPE] 1Py (A = 676)7F A4 (01w
A EAE = Ym, 5)EH P2 [Ps 552 Al7bel tish
eSS o2 A (2)F Hekd 3l

dlIP5] 800
dt 924
676

800

[1P6] -
W

IP5
Km +[IP5] ) )

Vin,6(

Vim,5(

F-30]] oJahH 1Peol] thet Kmak (Table 2)& LelA] 9A
TP 9} [Py T AR TR 712l tidt Km A E 7R o2
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Fig. 2 Effects of maximum reaction rate constants on the degradation kinetics of sodivm phytate by phytase. (A) ¥m,6 =0.75, Ym,5 = 0.3,
Vmd4 =0.1,B) Vm,6=Vm5=Vm4=0.75, (C) Vm,6 = 0.75, Vm,5 = 1.5, Vmn,4 = 3.0.

HE]R] ok} H50] B ATl oE 2t tid Km
A = A4 ko] A=

SERE1P7F 1P E S o] HuS SRS} Vi 4
oJH 1Py “§=2] Aol whE WS- ohs 2] 3)2% v
W £ Qo of7]A] 1P, 9] EAIERS 5520128

dlIP4] _ 676 ups]
g~ sop Vol Km, + [IP5)] )
552 [7P4]
o6 " Tt [1P4] ) &)

SHH o] §4 ZhRalNts-2 HE A EC] 1P A
[1,3,58]00 1P:8] A S5 o2 A @2 7Hds)
e = itk &

dlIP3] _ 552

i e A

[7P4]
Km +[IP4]

) 4)

Folxl 27128 A (1)-(4)9] vlEE4E £,
A APt vago g HuukeSE Argks 9
A~ o]q_

T T

.83 9 n

2.1. HYNhSEE A4gho] A& T N X &= JF

HuNESE AT Vi G401 71dde] 34 a8l a4
ool AP o= nleitt. B3l 2Jsha A&7 phytase
WY oV} Aspergillus niger, Escherichia coli & M3%
72 phytased] 74 W& =3HolA B o phytic acidoll
H|&1] phosphate group®] 77} A o] Q= 7| AAGE
o] W32 YuAl dojvh= Ao=w d8A vk [1,3,11]
HEEE ek AAAIZ S W IP6EFE dojR|=
2] 7-2] degradation kineticsE Fig. 2 YERASI ).
3ol 9JshA rye phytase®] 73-% 1(1,2,3,4,5,6)Ps Z5-E
A= 1P 1(1,2,3,4,5)Ps, 1P 1(2,3,4,5)Ps 0] 913

F3L [1], lily phytase2] 73-9-03= IPst= 1(1,2,3,4,6)Ps, IPs=
1(1,2,3,4)P4 T3 1(1,2,3,6)Ps, 18] 3 IP3 3= I(1,2,3)P5 2

s F 3]

Fig. 2014 & 5= J=A] kg $% 44o] Vm,6 >
Vm,5>Vm,42) 735- (case A) WFS Z719) IPs$} 1P, %) 54
o] &S & = Qlt} olgk F4& Wl T8
5] ST Balig Rt A7) wiZe|t Lily pollen
O zXE W9 phytase 8- F WHA], Al WA phosphate”}
oA We &t Ak @418] Folxirka Bl 31815
1L, Bacillus phytase®l] thalois W58t A3, < phytic acid
X} lower myo-inositol phosphates®]] thet E3lE 527} =
olAth= Ao] AL [5]. ey olefdt ¥ AT
B o] opd AAgAQl A7} o]t} $hA vite] A
L = Vm,6 < Vm,5 < Vm4 (case O)5 B S EQ
1Ps$} 1P,2] 32 vlv|ste] v w=A] 1P 7 8-S
& 4= Qlot. HuRESELE Adrgte] BT 28 W, 5 V6 =
Vm,5=Vm,4%) 73-F (case B) oMYA ESQ IPsS} 1P4=
oR7t SAE| T 1Py 9 WAE ¥l wEAl dojuhal SleE
& = ok, weEbA] AAA EA4RRE) Y HeEE
&gkl Aol met A WgkEE AE o 5 o

2.2. AA| 443 AY A} 4813 Rdile] vln
B Aol A= (spelt W rye)S WolA]A ABAJE phytase
£ ARl QojRl ABAAEE ARESIIT [1,8]. Spelt
phytase S AHE381] Ho]x sodium phytate 2} myo-inositol
phosphates F7HAIE2] XA sE2ws} 6L Fig. 29
case B "¢ -FARSHA] et Qlck 4 RESE7] (0-1 )
ofl= 1P,8} 1P: 8] A2 FAE & Qo ER Vm,5=0,
Vm, 4~ 0% £ 1P 229} IPsAY SRl B 45 vm 6
Z A% & A} o] go] 0.75 gL'hr' 2 Gojit ojoi
1P, 2} 1P; 2] A1 sis) sdel] = gk sensitivity
analysis S E3J0] AXKSIA L, BAZ HE FARES Vm,5
7} 1.0, Vim, 4= 0.25 gL 'hr ' ]It} Fig. 3% $78H9 2dld]
2Jsto] dojl AFE Azt A A8 SHE vl
¥ 1golt}.

= e AY F3EA rye phytaseE AFHESE] doizl
sodium phytate 2} myo-inositol phosphates <=2 ZHA1H
TR d§lE 48H 29t vlwsle] Fig. 400 vERig]
t}. o] 7= Fig. 29 case A "¢ FARBH VFERKL Q&
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S &4 AT Vm6=12, Ym,5=0.8, Vm4=0.1 gL hr"
A o AEH dte} o] A o] & BhE gt

Fig. 39} Fig. 4ol & 5= 9150] 4 (1)-4)9) 73t w2l
< A AEANE v A 2 A Far 317wl o)
FANHRE H8 Al consecutive reactions 2 Edto] o]Fo]
A2 Qg ER1 B AT FHUMNESESE A3k spelt
phytase®] 4% Vm 65 71505 & o] Vi, 5 1.334] 12
I Vm,4+= 0.334] ©]31 2, rye phytase®] 73-% Vim,5+=
0.664H “12] 3L Vim, 4% 0084 ©|3It}. oA &40 FFe
wepA] BERE ofue} Hh- ©AE R T o] Akrgke] AbthA
A7 MR 48] 2pol7t A7) o vl u)7] 93l
© F7F A7 Bttt g4 BTN AR
Jolsh zbzte] 71d 3} o] §49] 718 g8k 9] dEo
zpol7b QLI whebA] 712l thdt specificity 2] 2lo]7F oS
o Qlvka A7) 9ko 2 o] e vl vlelx|A) Hd
o] g} ofe] TRA0F Aolgt 1M ES docking MNAA
TAlEE AT B REAoR 7 ol e
A& AoFE AtzET),
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Symbols: IPs (o), IPs (@), IP4( A ), and IP5 ().

Fig. 3 Comparison of the mathematical model and the experimental
data obtained with spelt phytase at pH 6.0 and 35°C. The values of
Vm,6, Vm,5 and Vm,4 were 0.75, 1.0 and 0.25 gL'lhr’l,respectively.
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Fig. 4. Comparison of the mathematical model with the experimental
data obtained with rye phytase at pH 6.0 and 35°C. The values of
Vm,6, Vm,5 and Vm,4 were 1.2, 0.8 and 0.1 gL'lhr'l,respectively.
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