239270

' =l o T -, = s{ =t L 1 ar
wulmd phytase HpmaniiFlunissanlizenlalasladageainnuidnnizsedus
W9A phytic acid (myo-inositol -1,2,3,4,5,6-hexakisphosphate; IP) WIBNADIBS phytate
milFnaniusiluana phytic acid hiugvleaman 1 D 5 ngu uar 419 inorganic
ar el a a L d‘ 1]
phosphates tlaqtiulaiimsviaulssl phytase smanaslusmsdndnszmizieeg 1
1 ci [ 1 o o £ .3 n; o ]
gnauarld vlusruutesamsazlifieulsd phytase Mnlidadnszimzideanansatiug
sapweaned@ Aana1g inorganic phosphates nlsarnnistiasdotiaulad phytase 1114l
- =y Ea v = =2 = ar ) 2 c‘d’ i @ r_-i Y
nsatuuinlfatnaditlss@ninm anaEdeneuwihitléninisulaauulasnsaezd
Tu Glutamine AWMU 27 weueulb] phytase QNI Aspergillus fumigatus lu
nenazilutiim@y  AosuvAtia - site-directed mutagenesis WudINIARZAlY Glutamine
pauvidedl 27 TannudrAtysiananssnaeuaulnl AnuswazsiaAT pH Avnzausanis
maursseulad uay anuuanuaesiaduans  aanmsuFaueuasunsaasiiiy
(amino acid sequence alignment) T8uaulms] phytase aniles A. fumigatus MU A.
niger TR170 phytase (PhyA 170) Wudnsnasiilu Glutamine UM 27 984 phytase
NI A. fumigatus AN NTABATY Glutamine AWMU 50 F8a8ulTl phytase
z q o o =y a
NNETB A. niger TR170 uazsleninisainlaseaisanassanutinsasasulsd phytase
NTRIN A. niger TR170 (PhyA170) lasandalaseaireanuiifsaaenlad phytase ann
11891 A. niger NRRL 313571 2.5 A iflusuwuy wudansaesiity Glutamine Anuviad 50
[ o . . L3 4 L - ° H A‘ & e
aglutifiony active site 2eueulni  aAnmANAAyTRINIRasiiuAMIIE J99
nsulasuulainsaeziity Glutamine AuMai 50 fasmaiia site-directed mutagenesis
nudldsaunaneynatiagnuasmihidaenduueillsfiviediaunmlszunns 66 kDa lufias
Pichia pastoris  uarwudnlisAunaemnatindaaipnaimnisnusianuiauLazan1ay
Autiunsa-waludaandnlfdumeadullsiiudausn Tushiunana Q50A Q501 Q50N
Q50P Q50T Q50V Az Q50S HArgoumgil uaz pH Tmsnzanlunsinmui 50 aeen
- o o o > - \ .
IATEA Uas 5.5 mMuaay wieudullshiuaadn ualdsiunats Q50G uaz Q50L aziiAn
r . o . :
pH Mmmnzanlunsinauetn 4.5 Taslisfiunate QS0P 3N specific activity §an9n
=l - o . A Y oA A ' o .
lsiunanaiingu) uasgendlshiusudndou 2 v uay §1A1 K, V,, w8z K, 83091

=i : - o ar ] e i i :’: = v
Tlsudainn waneliiiudrlusfiunane Q50P Hdnsamsslfisefiandnlusaunamn ws



233270

fanuaieslunadutuduamsa  phytic acid vYesndlsiiuduin  waraannisaiag
ULLIANABINIFAUAUTTWINAUAINSA phytic acid AU wulmd phytase wuda TusAunans
QS0L fisinsunuiidatnsaeziity Glutamine #ae Leucine Fafivyjdraitenandntusiiu
Faimn uﬁz@eﬂuﬁ'umﬂaﬁ'ﬁmmmumﬁuﬁ’mmmulﬁnﬁﬁué’uamsﬂ phytic acid luaosit
nsnaziity Proline ultlshunane QsoP  deiivajdnennalndidsauar lifidauden iy
nsaeziity Glutamine uTsiudain Feazdanasunausanissuiuduamsn phytic acid
Haendn uazanAl k,, reashlsiunats Qs0P ﬁ@mﬁiﬂsﬁué’mﬁu anaiflunaainnsi
nsmaziilunanlunaisalfjisen loun R85 uaz D362 weelilsiunany QS0P dlsvezving
sewinsazmenesndiautasmieamadhmnelasndlsiudadmn inlitnslamldes
mjreamathmnglE§andnTsusadn é’q&umnmmﬁ"wﬂﬂﬂaﬁwmﬂm'}mm‘;ﬂ'lﬁ'h
nsmasily Glutamine # 50 1wl phytase aNFeM A, niger TR170 (PhyA170)
wraziianudrAnlunisdadiunisdrteduamss phytic acid Lﬁ@LéQﬂﬁﬁ?‘ﬂ’!ﬂﬂ?ﬁﬂﬂ’]ﬂ

o P 1 ' = - ar o : 2 s
wusuinaanastmyeaingailundaingiaanain active site 1ateulasd



239270

Phytases catalyze the hydrolysis of the phosphate moieties from phytic acid. .
Phytases are used as feed additive for simple-stomached animals, such as swine
and poultry. Addition of this phytase to feed substantially improved phosphorus
utilization reduced excretion of phosphorus in the feces. . Previous studies showed
that site-directed mutagenesis of Q27 (Q50 in A. niger TR170 phytase) of
Aspergillus  fumigatus phytase had a significant effect on specific activity, pH
activity profile and substrate specificity. Amino acid sequence alignment of A.
fumigatus phytase and A. niger TR170 phytase (PhyA 170) showed that Q50 is
strictly conserved. By using the crystal structure of A. niger NRRL 3135 phytase at
2.5A resolution as the template structure, the model structure of A. niger TR170
phytase (PhyA170) was built and found Q50 in the area of active site. In this study
we used site-directed mutagenesis to analyze the function of Q50 of PhyA170. Q50
was substituted to nine amino acids; Q50A, Q50G, Q501, Q50L, Q50N, Q50P , Q50T,
Q50V, and Q50S. All mutants can be expressed as 66 kDa recombinant proteins in
Pichia pastoris and the catalytic activity of nine mutant proteins were investigated.
We found that Q50A, Q501, Q50N, Q50P , Q50T, Q50V, and Q50S mutants as well
as the wild-type have optimal temperature and pH for phytase activity at 50°c and
pH 5.5, respectively. Q50G, and QS50L mutants have relatively the same optimal
temperature as other mutants but their optimum pH is 4.5. Q50P mutant has the
highest specific activity compared to other mutants and higher than the wild-type
phytase at 50°C, pH 5.5. All of nine mutants still contain broad pH stability and
thermostability especially Q50P mutant which has higher broad pH stability and
thermostabily than that of wild type. Q50P mutant showed higher K, V.. and k_,
than the wild-type suggested that the rate of catalytic reaction of Q50P mutant is
higher than that of wild-type but the stability of Q50P mutant structure in complex
with  phytic acid is less than the wild-type. The model of phytic acid-phytase

complex showed that substitution of Q50 by Leucine caused interfere of enzyme-
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substrate binding by the longer sidechain of Leucine and substitution of Q50 by
Proline which has relatively the same side chain as Glutamine has lower effect in
enzyme-substrate binding. Q50P mutant has higher k_, than in wild-type enzyme
may caused by the less distance between catalytic residues (R85, D362) of Q50P
and oxygen atom of target phosphate than in wild-type. The resuits suggested that
Q50 facilitates the hydrolysis of phosphodiester bond to liberate the phosphate

group as a product from the active site of A. niger TR170 phytase (PhyA170).





