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SUMMARY

Two fungi producing phytase activities were isolated from soil
The fungus secreting highest phytase activity was identified as Aspergille
by morphological and cultural characteristics. Isolated fungus producing
highest phytase activities was tentatively named Aspergillus sp. 5990 and
donated to Korean Collection for Type Cultures (KCTC 8939P).
Extracellular phytases produced by Aspergillus sp. 5990 showed a 5-fold
higher activity in liquid culture when compared with cultures of
Aspergillus ficuurn NRRL 3135. The optimum fermentation conditions were
determined to be 35°C, neutral pH, and 4 days incubation. The phytase
activity was high over 0.1 mM CaCl; in the medium and that was
maximum at the concentration of 0.05% phosphorus in the medium.
Degradation of phytate in rice bran by liquid fermentation with Aspergillus
sp. 5990 was maximized at the concentration of 10% rice bran in the
medium. After 4 days liquid fermentation of rice bran with Aspergillus sp.
5990, total concentration of IP4, IP5 and IP6 was estimated lower than 0.2
mM and the concentration of IP3 was calculated to be 9.1-13.3 mM. The
fermentation efficiency of rice bran by Aspergillus sp. 5990 was not
affected by fermentation temperature and pH. Degradation of phytate in rice
bran by solid fermentation with Aspergillus sp. 5990 was increased with
fermentation time and almost phytate was degraded to the derivatives of
inositol phosphates after 5 days feremntation. Optimum solid fermentation
temperature of rice bran by Aspergillus sp. 5990 was determined to be
25°C and degradation of phytate was decreased with increment of
fermentation temperature. Degradation of phytate in soybean flour by liquid
fermentation with Aspergillus sp. 5990 was maximized at the concentration
of 3% soybean flour in the medium. After 3 days of liquid fermentation by

Aspergillus sp. 5990, almost phytate in soybean flour was degraded to the



derivatives of inositol phosphates. The fermentation efficiency of soybean
flour by Aspergillus sp. 5990 was not affected pH, however, that was
higher fermentation at 40°C than at 30 and 35°C. Degradation of phytate in
soybean flour by solid fermentation with Aspergillus sp. 5990 was
increased with fermentation time and almost phytate was degraded to the
derivatives of inositol phosphates after 2 days fermentation. Optimum solid
fermentation temperature of soybean flour by Aspergillus sp. 5990 was
determined to be 25°C and degradation of phytate was not affected by
mitial pH of the medium.

Extracellular phytases from Aspergillus niger var. awamori were
purified to homogeneity using Q-Sepharose, S-Sepharose and Mono-S
column. Purities of phytase A and B increased 19.7- and 26.5-fold with
approximately 66 and 56.2% yield, respectively. The molecular weights of
phytase A and B were estimated to be 84 and 74 kDa, respectively, by
sodium dodecy! sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and
98 and 330 kDa using Superose 6 gel filtration. The phytase A showed
maximum activity at pH 55 with a second activity peak occurring at pH
2.8 and maximum activity of phytase B showed at pH 3.0. Optimum
temperature of hoth enzymes was 650C. The phytase A was stable up to
heat treatment at 65°C for 30 min and phytase B displayed considerably
higher thermostability than phytase A and commercial phytase. Phytase A
has high activity for sodium phytate and less activities on other
phosphorylated compounds and phytase B displays rather broad substrate
specificity at pH 2.5 but low activity with sodium phytate. The apparent
Michaelis-Menten (Km) constants and substrate turnover numbers (Vmax)
of phytase A were determined to be 1.20 mM and 6,800 sec-1 at pH 2.5
and 037 mM and 2,200 sec-l, respectively, at pH 55. The Km value and
Vmax of phytase B were estimated to be 029 mM and 2,100 sec-],
respectively, at pH 2.5 and 37°C. The residual activities of the phytase A
and B were determined at pH 55 for phytase A and at pH 2.5 for phytase



B at 37°C after deglycosylation. Phytase A activity decreased to 80% of the
original activity by deglycosylation, however, phytase B was not changed
by deglycosylation, which suggested that activity of phytase B was not
affected by glycosylation. Antibody of phytase A recognized only phytase
without cross-reaction with phytase B, which supports the antibody has
high specificity. However, antibody of phytase B reacted with phytase A as
well as phytase A that gives a possibility the phytase A and B have a
structural simility in epitope region of phytase B antibody. Degradation of
phytic acid was highest in the pH range of 4.5-55 in both

The objectives were to isolate thermostable phytase and express
the phytase gene in methylotrophic yeast, Pichia pastoris. Extracellular
phytase produced by Aspergillus sp. 5990 showed a 5-fold higher activity
in hiquid culture when compared with culture of Aspergillus ficcurn NRRL
3135. Further analysis, Aspergillus sp. 5990 was identified as Aspergillus
niger var. awamori. Based on N-terminal sequencing data, mRNA was
isolated and amplified using RT-PCR. The gene (1.4kb) was inserted into
an expression vector pPICS9K with a signal peptide « -factor, under control
of AOXI1 promoter. The resulting plasmid was electrotransformed into two
P. pastoris strains: KM71 and GS115. Expressed and wild type phytase
and commercial phytase from BASF were purified to homogeneity using
two ionic exchange chromatographic steps. SDS-PAGE shows that
wild-type phytase from Aspergillus sp. 5990 was highly glycosylated than
two others while deglycosylated form of three phytase were same as 49
KD. Sequence homology of these phytase was almost same as 99% but
thermostability of phytase from Aspergillus sp. 5990 relatively high than
others. In conclusion, glycosylation plays in a key roll of thermostability of

phytase and its enzymatic characterization.
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19983 Pl= WashingtonF 9] A #2548 Bao] st WashingtonF=of
Uiz el 59% Fstte] 66% 1elil Z4el 3p%rh shEe Bl 9@ §71<l
o2 295 gtk ThEe BHoEREH U S £o]7] Hetd FHel TE
MEGAELS Mg AFH 22 phytaseE H7MEI71E AT JoH, A
SALR | phytase® F7tgezsd Ao FFe 8 AW FE 60% 7tF &

MZ g Ao 23 glvk (BASF Report).

~

A3el zAl osE AR FHFoR A% FAF FAHA F7)¢
e Fgol Pt R 5 W AE B GO Ut RIFHE ZA7
£ Aoz vegt (20) old% FEePoR dstel YATel Il @
e BHol 2AH FAYTY YA 2ol ABHWM ofF Fyol W
25 BASA Bk A Ate g e BAH] A PoARdE Fa@
Ae Folfel ARE oSFE WP Hn de AAsY RanE
glgolth webd ol f7k #AT HAY B AP ARE Folsvds
NEZ9 phytin-P7b 23, F4HA Gow ok ¥A¥ FAogUom
448 F ok WHd YBzRoeRH oBHE AEFY phytic add
242 PHNA AR 2HFLEL 2ATE FHoje] FujBo) gasiel
FA 29 FAY Bk oh et NREEL ¥ 7 Ao

Zo £A3l+ phytin-P& AEYH & FaHoez F
FIAN WE FEAAAFG FA BHoE widEe <
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A1 M-I A A M E Phytase®! 5471 % 2 A8 8o
- Phytase AAbd 2o H3l
- Phytase A4 #5529 53
- Phytases®] A A¥H g
- AA ZAY EANREA
- AAEAY B4 B4 €2 FAAx
- 2Eo WE T g4 2 A FxEY
- 7= AgtE A oF BA ABFAY A
- Az ahe HA E€ 54
- AgE e diE A

- AEY are ALY

>

A 2 ARl e Phytase AN 9
A&} cloning

- RT-PCR®} 23§t cDNA A=

)
(3

i

- Phytases +# At sequencing & #4]

- Phytase ©& A" F=

o] AL

st o & wiAx

e gk Witz &
&

- Phytaseo] 283 2 7]
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i
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A3 AR A ol A
- Phytase AAHS 98 Hagx71 FY
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- 45 o] 83 phytic acid ¥ =7
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M2 & =ue 2lsiY s

rek
Uk

HA7hA A" phytase= 3-phytase®} 6-phytase® 2F0] ¥aiAd Ut
3~phytase (EC 3.1.3.8)= myoinositolhexakis phosphate?] 3-H Y 3o =
A71E SHHdeoz BEsle 1,245 6-pentakisphosphate?t & 24k
o}, 6-phatase (EC 3.1.3.26)% myoinositolhexakis phosphateel 6-#
v AANE $AH oz Raste] 12345 pentakisphosphatest &
3ttt 6-phytasel 7% phytic acdE €3 #3338l inositold

A48y, 3-phytased]  A$  HAF4HELE  inositol
phosphomonoester$} ] d4itoltt, F T4 F3] d&3A &4 dt
9|3t phytic acid® IP4, IP3, IP2 ¥ IP1& ® 38 A 7t} 3-phytasers F2 Al
Toly 3ol 22 mAEdM F2 $A9Y, FF7FY 2L 1F A2dAE
6-phytase7t F2 SHHACH7). P& 2 EF A4 phytase’t EA3H, &
8] wolAl phytase®] Aol FNAETBE, 7). NEBL A Fo| EIIE
phytase AB A A Aol oste] WA=l Aol I 7|5 g 2
812 HE3ta, B3] A S/ phytasex YA el & pHS pepsin®] A&
of ot} thFEe &4do] AdET wyA Bo WEge] Zsti w2 pH
¢} pepsinell H.t} ¢FAF phytaseE ] Y8 AFE nAdEo] F yAe=
2253 dh

At/ phytased] B AFEHN FFAAM £ 2% 9 phytase(10)9}
EFel 0 cycledl #Aste 4% 9 Pseudomonas£ (3N EHE EEdE
phytasex wAHAW 842 239 pH 9FeA AP & el a8z
Aerobacter aerogenes(11), Bacillus subtilis(34), Klebsiella aerogenes(45),
Pseudomonas sp.(15) 59 AldolA phytase’t B3 Ho] Rz oy i+
Al g42 deAd dvh 2@y Bacillus£:(34), Bacillus subtilis (natto)
N-771(44) % Bacillus DS-11(18)2 %€ &2l ¥ phytaseES #ALZ &4
7] wiEe] &3t stsAdel o 53] Bacillus DS-112%E £
phytase® WEAo] Eot AmrAZAd FRtEe 19 ZYE LEoA%
A RoZ wrEAoh a8y M) AArstE phytase® glycosylation® o

ro

mlo
o
ox
ol
-

)
2
2

¥2
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tlo
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AR &7l WZo] FFol7t Aalshe phytaseo] Hls] ®AbEFo] Mo} @iy
& il tiste] RIPgey, @& pHolA BHA Y] g & o AladstAzA
of Adgstol EE AAMET ok &3] Mo o MALEE phytaseT 1
T2 2 FF9Y phytase®} 1%F2 phosphataseE FAlOl  ALdE
Aspergillus% 2] 3% ol v]&] phytase &4 o] 4l 2}

ojegh ol f w&o| ¥ Feol7t A4abslE phytasest Hrh E&Ho|v, EGo

ZRE 84F e FFHolE AMI A Aspergillus® o] phytase Aitsol 7+
S Ao YENTHI4). 2 FAME E3] A niger NRRL 31357} 713
=2 #A9 phytaseE® AAFsIB(43), o] TFE 2% phytased 159

phosphataseE A4itete Zog WY, 1% A niger25EH 2 7ie #3
2k, phyA$t phyB, 7} #E|Ho] R AG] AldHo] alAHATM4). A niger
phytase?] 3 z FZ9] ¢tA3}lo] glojA disulfide 2] F23% J&S 3h

THTSHos Hu B disulfide %S FAFo=EA HEH =L
phytase A4te] 7}5d AoR RuE QvH47). PhytaseE AAHeE 639
=% o] 28 E phytase FZXE cloningdts] th & FFo] B FR FFA
FA1A €2 phytases 9 £ 3HAQA 54 & ZANE A3, oA ztole AUA
9 2% glycosylation® A @Y OW glycosylation® HET &4 vl
A3t &4 foldingol 9#FE vAA @FL AoR HuEI Y32, 53). 2

2 A niger® phytase R (phyA)E &R FAHEH vectordl pYES29]
UAlA S cerevisiae® phytaseZ AJ4e 23 HAZA BT glycosylation
of Axvt 2vf 7HEF A dEtwen yEAdo FAHAY. 2 g E
AAGoZN FABAHL 9% AL Zastdon, WEHNLS 40% AE &

RS

© 24 phytase?] WEA L& glycosylationd] Xl wet J&FE mjdctes A
S & 5 AT,

o]t #o] phytaseel #F AFE F2 AR F 9 phytic acidE ¥31A7]
71 8te] pelleting ==X Ad F e HEYE FINZE FH22 U
g3 Jdew, m=e T4, 2929 Hoffmann-La Rocherl, HAES
RohmAl 2 @ =9 Gist-brocadesAt 5ol FE3Q ATE i e
o, o)2id AFE A niger NRRL 31359 phyA%t phyB ®AAE o] &%

promoter? vector® 7§ site-specific mutation® glycosylation®] 2% W&
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24 £33 w2 o2 UEY dA E3&d Fol Adh wEM ol &3
&5t AxF phytased Aoz T FEAAAL ] &4 5}
71 4= sk 28 U 7lsel s BASFARY NovoAbell Al AAbE &
phytase 2tk $4% phytase AAte] 7538t £UEE phytase®E A F

F FAME =9 phytic acidE 94 T I

FALE AT TR RS
4 BB AHAY AtrAEe] Zhedtth 28a o
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M3 & dAFgsd HE % &2

M1 E A7 g 2y

LAl 1 AF-#A: Phytase] 543 3 243}

A 1 AEFAANME EFozHE Eel€ phytase AFATF7F A4S of
A3 phytase®t yeast expression systemg Ab&3tod AAE A =3 phytase
o AAUYE FYstn F g4 ey EHE wFHste Azt din
g g g FEIY 28n AZXY phytases] HEFE 2gtgdel dg *A
A Ay 2 AR 71kl e RS BEE 22N phytased] A8
of wirlgh AR A& ¥

92 53

M

7}, Phytase A4t #5 9

1} Phytase “34F @52 £

5 T8 rMEEAd EY AL 9P F& AIEE &9 phytase
screening medium (PSM)o.2 AM Hagigich & AFsido] Agg wjx]
% phytase A4F #59 @A wix)ZA = PSM (phytase screening medium;
1% sucrose, 0.2% (NH4)2SQ4, 0.3% trypton, 0.2% yeast extract, 0.005% KCI,
0.05% MgSQs, 0.001% MnSOs.5H:0, 0.001% FeSOs pH7.0)& AHE3SI3ich o
g, #F9 vddls HAwAZ CD ¥l (Czapek-Dox medium, NaNOs;
0.3%, KsHPOs 0.1%, MgSO4. THO 0.05%, KCl 0.05%, FeSOs.7H:O 0.001%,
sucrose 3%)& At&3(xn, A2 CD wlA]dl casamino acid ¢} yeast
extract® 47t 02%% Hrtbd AL ATt aEln, nAwAe Hel oA
Aejalol 15%¢e] gtd-g Hrbstel A&

TFe 2ee EY 5 goll BT 01% Tween#80 &AL 100 mt 7hato]
| (34 47 kHz, 5¥)2M A7 glass filter (1G3)EA o
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ettt o ol 0.1% Triton X-100& §#& PSM H@uixlel 27 =
Wakol 30T 397 Wldeed 2 colony® AU FHY FEE GA

PSM A wixo) ztzh HEFetw, 30CAHAM 397 widd Fo 44 Eelstd
T HE AAS G, phytaseBAE A, slustdc o] A3 45 gl
EAagAMol A3 T Aspergillus & TFFE FAHEU7 olFo HF

=
Aspergillus % 59 @} P33t

3) Phytase A #5229 4wt

Phytase A4t Al E9] AL feA G TFE 30CAM 743 i
W3k AlHE Aol 0.1% Tween#30 &4 5 mE 713 &, 1 g9 CaCOz & 713}
of AdsA wustch ol TFAHoZ FAAH (glass filter 1G3) F, o
AE (3000xg, 10%) &t FAlo] A4 FHTE 7tste ZAF7}
x10°/mee] 22 Pt A o] ¥z &Y 0.1 mAS Zzk Hsbod,
PSMuj Aol =23l 30CelA 3Y3t st 2z 455 AT, =
2t g5 OAl PSMAA A o] HF3te] 30TColA 3¢ & widstn 44
2] (3,000xg, 208)% & FAE AAT widd F phytase 840l 71 =

& TFE AEsdn.

o O

—

2K
ok
=

B
AEE 5o BES A4 TR 42 mate] 30TlA 3¢
ZboujeFetaz, 4Co REFEA 274 dvich A e B 2@ A&
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2 (bovine serum albumin)2A &A% HFJ Mo 93ty @y FE=E 2
3} o

2) Phytase &4 &4

Phytase &4 24L& Greiner $ (1993)¢] ¥ & ot A 8e] AL&3H
o &, g el wigdd 50 woll 250 w9 5 mM Na-phytateg 3rste
0.5 M Na-citrate buffer, pH 5.0& 7}8te} 50CelA 3083 #&AIZ £ 15
m el LAl (acetone: 5 N sufuric acid: 10 mM ammonium hexamolybdate =
21 01 (w/v/v)d 100 29 1.0 M citric acidg T©AH o2 713te] ¥Eg&
ARG Al SAAHTG, o] & 2500 x goll A 1087 LA st &
Mg 3 410 nmolM FRBEE SAHSFAC. old &40 BADY (Unit)e
9 fdd 7719489 pmoleT2A GERAT

ol

3) Phosphatase &4 ¢ &34

Phosphatase &A1 9] &34 & Pasamontes® (1997)¢] #HH & oF3F A8
of AgstATh &, A-3d] FHAE FTAHEN 10 wol 25 me 08 mM
p-nitropheny! phosphate® %3+ 05 M Na-citrate buffer, pH 508 7}3}
of 37CelA 3083 #&AZ ¥ 1.0 me 05 N NaOHEA ¥&& T8 A A
o] & #A 407 nmolAM FHXEE FAHIFAG. oW FA FAEH (Unith=
A g xAdA 18 B9 1umoled p-nitrophenylE FE A7 &4 F
o8 Jehfigith

ot

t}. Phytic acidel & %

Phytic acid®] A& Latta®t Eskin® ®%¥ (1980)2.2 it =, Al
5 gol 100 we 9 24% HClE 7tate] A2dA 1Az B¢ 1y 5 F 44
B2yt dAEE A2d -5 w (5-40 pg phytic acid/ml)S F &t 7
24 25 M2 AL o] AG 1X8 Z¥ (Cl form, 200-400 mesh)ll &
AA AT 3716 15 m¢e 0.1 M NaCl2A F7194b& AAT & 15 me] 0.7
M NaClZ phytic acid® #2 A7t} Phytic acid €% 15 mio]l Wade Al <F
(0.03% FeCl;.6HO in 0.3% sulfosalicylic acid)g 05 mé 7F8td 5% <



vortex¥F & 33 500 nmilAH FHREE =AZsAY. oln FELEAo=ME
sodium phytate (Sigma Chemical Co.)& AM&3le ZEFAE FAdstn 7]
of @7ete] AR %ol phytic acid B3 AU

e
A 2 eigde AHEEY HAHEBA FFHRFE e oAHA

(Whatman No. 2)2 #¢t o#sto] dry oven (10

Aokl dtABE AxFAdM A FAE W FE wHIFd mF FA

(mg)2 A gqbsto] F&kgict

o}, Phytase A4Hg & widkzxd
1) Phytase 442 9% 2% Ca® ion 5%

B Fhe HdAAE A3l basal medium (1% pepton, 1% glucose, 0.3%
phytic acid)oll Ca” ion ¥ %7} 1, 10, 30, 50, 100, 300, 500 ¥ 1000 pxM=Z z
2 ZA S} 121TCAA 1587 B ¥, B FFE JFoky, A I
7] (30T, 150 rpm)ell 57 v, AAEa (2500 x g, 30 min) A1A &
e A5dog 28492 EHs WA F HY G vEg BAHSA

2) Phytase A4S A3 A B4l &%

PSMell 14t & & & Z+zF 0, 0.01, 0.05, 0075 0.1 ¥ 02% =
Asted W £ FZ WGF Yo 2 oz wiA F HA AN
g AAs Ao

3) Phytase A4t 918 23 pH

A Ca® ion? HAH dT¥ H5E 718 basal mediume BEEr] A
247 pHE 3, 4,5, 6, 7 % 82 243 v BH, 4, MY T 22848$
ZRste @At

4) Phytase A21& $3% 4 &=
A Ca" v, T4 59 wjA2M MFLEEE 25TAA 40T
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Aol L (25 30, 35 R 40l A viLF thg, EAEA

tlo

ZRekel 24

5) Phytase A2H& 9138 A wjoF Ak
HA Ca” ion ¥ HF ¥ = % H3Z pHE basal mediumS ZA|
& g da T HA XA 7zt wiFA RS 2441 2ol A 192412 (8Y )

7h2] wjekst & JAA RS gL A5 de a4 g4E SAHSA
v}, Phytase®] # A

1) Phytase A A A

duA¥-s B8] Aspergillus sp. 59909 Hjokd
phytases”t &xjgo] wHajzion B Azl s Y
phytase AS AAsGTH AAx 235 £92 pHE 8002 Ao W4
21§ & Q-Sepharose columnd] SHA 7 224 phytase B2 FAHH & o
Rt FAAIZ o™ Q-Sepharose ZYH S FTHAAY &4 &4 pHE thr
3002 zHéo YAE2F F S-sepharose column©] phytase AE &3+

Atk 7)o gFde NaCl F%7F 0-05 MIEE A = Hiye=
S-Sepharosed] &2® GwadS B3 2 mlo] 4522 tube B 4 mi® o}
AoadE v 9 54 A4S A3, 5480 JdE JEES ot 1
mM CaClZ ¥#3+ 20 mM Na-citrate (pH 3.0) ¢&FH oz A T4 F
MAZ & FPLCY 2% Mono-S column 2 A A s+t

J

2} Phytase Bel A A

FEgAh BYe pHE 8022 ZA3 4 Q-Sepharose column®| phytase B
: £ ] mM CaClE ¥#3t= Na-citrate (pH 8.0) &% A NaCl
0-05 MHEES sto] AMr=E PHide® £39 (2 ml/min, 4 ml/tube)
2 % 2 4 84L& ZA5 phytase B 840 & FES &
ok} 20 mM Na-citrate (pH 3.0) @#Z 4oz 3Az ¢ F4F F Mono-S
column® 2 A A3kt
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Al Phytasee| 4383 &4

AT F42 SDS-PAGE #719gFR (22)o utet A 8o

5 AAe
HEUudste) o)Fg wmstel RAwe YA Ehvh multimer T

gel }7halo] Bxp@e] AH & Whitaker 5 962 E3H31T

A @5 = phytic acid

Ul
o
o
21‘4
Y

i

Y
_(_?L
R
o

3 &% ¥ pH ¢H4

30-70°Cel 2= YoM 28
ZAstel WA WA vlwetd zF
pH 25-10.09] HHANA Z pHE R
SR8t AP} vwstd FFEHE FAHNA p

4) Kinetics constant

Michaelis-Menten &% (Km)9t #Hdl #1845 (Vamx)e 247 o &
o] phytic acidg& Ab&3te] TA28AHE 4% £ E
Eig=d

N
ol
fr

iin
o

nzifitter Program 2. 2

l
monomer = F A=A 2] 4R E U] 933 Superose 6 columng %3}

o A 29| phytase® porcine pancreatin, pepsin, trypsin T chymotrypsin

3 Egshel 37°CAM 303 WA NF phytase BHE FH3te] @l
a2l 2e phytases] e ABHos AYHAG
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2) F@ A e A

AA ¥ phytaseg 7}7] ©h& T X9 sorbitol, glycerol, xylitol® &3 &
- 10°Cok 30°CollM 67497 MgatdA S48 Wt S48t 1 4
< #H7bskdo

2. A 2AFIA: Phytase t FAHES 93 A2l st

b A dE T gz

Phytase #x#t& ®&3t7] 93 Fxc A 1 AFHAAA £d
Aspergillus sp. 59902 AM&3ct. 5l 4% =#lx|= PSM (phytase
screening medium; 1% sucrose, 0.2% (NH4)2:SQOi4, 0.3% trypton, 0.296 yeast
extract, 0.005% KCl, 0.05% MgSQO4, 0.001% MnSO4.5H20, 0.001% FeSO,
pH7.0)& ARE3IRT. dE ML dATE 100 mge ampicillin®] #¥
Lauria broth (LB)olA 37°Coll A = &stai ot

1} Genomic DNAS] ¢

Genomin DNA¥ Pasamontes (55)9] W& tad FH3do ALE3tdnt
%, CD WA ml 9 1069 F%o] ZAE FFdte 30°CollA 200 rpme 2
gk oufjoFste] FALAIE AUt B cheese gauzeE o] #}le] 2 go] FAIAE
genomic DNA9F mRNA #2218 AEZ A3k TAAE A H 310 A
lAlE Al 2 g 01 go] EAMA BEEE FE£4 4594 (200 mM Tris-HCH,
pH 85, 250 mM NaCl, 25 mM EDTA, 05% SDS), 04 g2 glass bead, 0.2
ml2] phenolichloroform (1:1)€ Mini-beadbeater (Biospec, USA)d ¥ 1
vortex3FS k. HE F AIZE 20,000xgell A 1587 AT F FEFS 3
+E9v A2 w7 25 mg/mle] H % E RNase AE 713 & 37°ColA 158
7+ st wh-$E NS chloroforme 2 F&3d0 F£4FS JAEH3A
38 spn DNAE ethanol® HAAA ZFo £3]4) 21t} Proteinase K
(50 mg/mh)E kst 37°ColA 2A1zF EF wgAlzl ¥ DNAE

phenol:ichloroform®. 2 23] $%3 & etthanolZ HAAZ & FFFA 59
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A8 gt

ot. mRNA &

mRNAE mRNA DIRECT Kit (Dynabeads, Oslo, Norway)& Al&3led 7
Ao wet AFRSIE Y. F, 01 go FAMA E2E 1 ml9 lysis/binding &
ZN 2d 3 04 g9 glass bead® 7}sted 1| B B vortexdtA o dH§
M-S 4°C, 20,000xgoll Al 5% T dAwEY & F8FE FosAdd. Lysated
Oligo(dT)259F & A171 & A20lA 582 annealing A7 ™. mRNA #¥&&
o] £ vialg Dynal MPCol ¥ 4E5d& A4 ¥ mRNAE 05 ml9
bufer AZ 2 3 A& % buffer B2 13 APt A8 10 miel 10 mM
Tris-HCIE 7F&ta 65°Ceoll Al 287 #%X]sted mRNAE 3 ssiuc. £
mRNAE -80°Cell A st Abg3tsict

¥

of

O

2}, Phytase 42 £&

Aspergillus sp. 59902 2 28 8% genomic DNAE PCRE FZA|Z}
GeneBank® <7 2 DnaStar (Lasergene, USA)Z Ab23e] A. niger phytase
¢} ¢+ Z histidine acid phosphatasezte] B & F7tg & H &S] phyA/b FHA
of Eo|3 primerg designdtAth. phytase A9 primer2+F primer AU,
5-TCA-TAG-GCA- TCA-TGG-GCG-TCT-CTG-CTG-3'¢} primer AD2,
5 -TCA-GCT-AAG-CAG- AAC-ACT-CCG-CCC-AAT-C-3'E designstd
tl  Phytase B2 primere primer BU, 5-CCT-TGG-CAA-TGC-CTC-
GCA-CCT-CTC-TCC-3'# primer BD2 5'- ATC-TAG-TCC-ATA-GCA-
TCA-CCC-TCC-TGG-CA-3'¢ #AsAch PCR W&& % primerd] #HF
55+ 100 pmol# 2.5 U pyrobest Tag polymerase (TaKaRa, Korea)E A}-§&
sttt 52 A cycled 94°ColAM 287 template DNAE WA 7)1, oh&

cyclef Bl 04°18 kel WAl 63%phytase A)¥} 62°C (phytase B)olA 283
o] annealing, 72°ColA 387t enlongationg 303 3tk #ZE cycledA &

enlongationg 10837+ AlA T

o}, pBlueScript& ©]&% cloning® 3 A&
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Smal AFEALZ 228 pBlueScript (Strategene, Ca, USA)E F Al 3}A]
7! % phrnolichloroform®™ ethanoldegl= AA 34t 20 pmolel AHAE
vector®} 40 U¢ CIAP (TaKaRa, Shiga, Japan)& 50 ul®] wtgE o] W
37°Coll A 5E3F BhEAIA 5o A E AASA T5°CAAM 108 A
dled calf intestine alkaline phosphatase (CIAP)E E&8A43 A7 & g©als

pY

o

gl vectorg phenolichloroform: isopropanol (PCIE 23] F&3to HEFHo =

QIAquick Nucleotide Removal Kit (QIAGEN, Hilden, Germany)® % A3l
th. PCRZ & phytase F+HAE %9 PCIZ A3} ethanol® A A3t
th. 5 ug®l ZAEY DNAE 1 ulel 10 mM ATP, 20 U9 T4 polynucleotide
kinase (TaKaRa, Shiga, Japan), reaction bufferE 7}3lo] 37°CollA 30# 7+ |t
SAZT. g T OBPl0RRE EAEEtd g4 EZAEE AFH. Uit
DNAE PCIZ FZ%3tax QIAquick Nucleotide Removal Kit (QIAGEN, Hilden,
Germany) 2 A A st g ch.

AAE phyA/BE Smal site7b Q¥ pBluescriptel 4217171 3 60
fmol®| pBluescript, 0.54 pmol®] A4tstE DNASF 3 U9l T4 DNA ligase®
&8t 15°Col A 60A13F ¥E-g Al T}, Ligation® DNAE DHS5a¢F' (BRL)
18 A7 IPTGSF ampicilline] & %% LB sixjol A si<gstch Phytase
FHAE A cloned Xbal-Hindlll 242 A3t FAst3ch

Of
>,
2

vl DNA 4

DNA #4& ALFexress AutoRead sequenceing kit (Pharmacia, Uppsala,
Sweden)&  o]-&3le]  dideoxy <chain termination®¥.oZ 33} THEE).
Sequencing & primert B A9 @H& BA3t7] 9¢ universal primer2X 7|
2 o] sequence®E 2712 A3t ALF win sequence analysis package=®
BAE sequence® DNASTAR program® ® v #4139t Sequence
homologyE ®wladl7] $38te] BLAST (Basic Local Aligment Tool)2t
FASTA % CLUSTALW program< AF£3}9)t}.

A} ¢cDNA =Z
Aspergillus sp. 5990 phytase &3¢l cDNA¥ RT-PCRel| ¢|ste] 33}
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Ak (57). cDNAY first strands 0.25 U AMV reverse transcriptase XL
(TaKara, Korea)9} 0.125 uM oligo-dT adaptor primer % 1 ul®] Aspergillus
sp. 59990 mRNAE FH o2 AMESTH FF TP 240 (TaKara, Japan)&
Abgsd . cDNA 342 42°Col M 30837t &3t 99°Coll Al 583 d e}
ol RTE ¥42 % 5 ¥MA PCRel <f¥ DNA Z%2 primer AUMEcoRI
5'-CGG AAT TCC TGG CAG TCC CCG CCT-3'¢} primer ADMEcoRI
5'-CGG AAT TCA GGT AAT TCA GCT AAG CAA AAC ACTC-3 BE
o183t phytase A FZAE PCR2 ZFEAZ &R HAFwsee
200 pmolel Z} primer, 25 mM2 MgCly, 25 U9 TaKaRa Tag (TaKaRa,
Korea)& 80 ul2 %5t HF vh& Edo 20 ul®l ¢cDNAE 78tz PCR
sttt FF A cycled 94°ColA 283 template DNAE WA A7 3, &
cycleFE & 94°Coll Al 1837He] WA 63°C (phyA)3 62°C (phyB)oll Al 283t
o] annealing, 72°CollA] 3%3} enlongationg 303) stdth F cycled M=

enlongationg 1087k Al # o},

o}. Expression vectore 75

pPICIK (Invitrogen, CA, USA) expression vector® EcoR12.Z A g8}
2 /d838tal, agarose 719 F 23] E ¥ DNA bandE electroelutiono] 2
st gty 239 DNAE phenol-chroloform extractionoll 2&ked A A
3t3 25 M ammonium acetate ¥ 3 M sodium acetate® F&3 & go|&F
of =Ath 20 pmole®] A A vectorE 40 U2 CIAPE 7}ate] 37°CollAl 30
w3t At 5ol A471E AASAC. EUAksE vectorg 239 PCI
of odte] FZ&3tx QIAquick Nucleotide Removal Kit (QIAGEN, Hilden,
Germany)E o] -&3to] A3t

RT-PCRol 2]&] % Z% phytase cDNA H¥H (PhyAMC, 14 kb)& EcoRIl
o2 Aol cohesive LFE WED PCI F%3 Qiaquick Nucleotide
Removal KitE o]-&3tdq HA A (PRyAMO).

QA" PhyAMC fragmantE EcoR1 site’} 1€ pBluescriptell ligationA]
Zrh 30 fmol®] EcoRl digested-vector, 90 fmol®] insert, 1 U9 T4 DNA
ligase 20 ul®] wHg-Ho] EFele] 15°CollA 60417 ¥H&AIF T Ligation€
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DNAE DH5eF" (BRL)| HAA&AA ampicilline] &2 LB uj=|olA ul
ok3lsith, Phytase HAAXE Ad cloned EcoRlS 2 Agdte] #2lslsd
Chinserte] $A= Bgllg &3ttt Bk A9 sizeE Ad A FH
cloneg d¥3ted PKAMC# w34t PKAMCE Midi Prep Kit
(Promega, W1, USA)E A xdo] LEH o2 DNAE £3589 reading frame

& gastsivh

2t His' @2 1&A o «d

PKMCE Pmelo2 =AM & 5 Fo| P pastoris, KM71 (Mut,
methanol utilization slow)}™ GS115 (¢FA &)ol Gene Pulserll (Bio-Rad, CA,
USA)E o] &3} electroporeation A1Z T Pichia pastorisE wWlY3 5 ml
YPD WA E 500 ml& A wiA2 &3 F ODewooll A 157F B w712 wfj st
Aok AEE 15000xgol Al 58 YA E2 s 500 miel ¥ DWE 250 mle
W DW=E A FHFHoZ 20 miel I M sorbitol2 A=ttt Pichia pastris
competent cell&1 ml® ¥ 1 M sorbitold] FEAA 80 ul® EFsHc 20
ule A3 " vector® 5 ul®] TE bufferd]l =9 80 ul®] competent celld® &
&3t 0.2 cm Pulser cuvetteol %371th Cuvette® -S4 53 WzAZ)
% electroporeation A Z1th A& E celld 1 mle ¥ 1 M sorbitol® & &3}
&l WA gt

HAFATE MELE RDB (1 M sorbitol, 2% dextrose, 1.34% YNB, 4x10°%
biotin, 0.006% amino acid)e] =@3te] 30°CellA 3UzE wigste) His' ¥24
gAE dEsith ZE His' FAAIAE 247 $=7F b8 G418 sulfate
Z 3#3% YPD (1% yeast extract, 2% peptone, 2% dextrose)o] =3}
30°Cell Al 547t wigE s 7t & G418 FHE wixdA AEEHE
colony® 7} T2 phytase gene©] multi-copy® ROZ 7FFFle -70°Cel

A sk ot
2}, BAAE Pastoris| Al phytase expression

AMC/KM71°]2F 293 colonyE 500 mle BMGY "X (1% vyeast
extract, 2% peptone, 100 mM potassium phosphate, 1.34% YNB, 4x10°%
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amino acid, 1% glycerolel A ZFA1A 30°ColA ODgwlNl A 5.07Hx] € w74 A
(I5A17) skl ddEee o8 AXE F+3te] 100 mle] BMMY Hi
2] (1% yeast extract, 2% peptone, 100 mM potassium phosphate, 1.34%
YNB, 4x10°% amino acid, 05% methanolel HEAI#A 30°C, 250 rpmo 2 5
A F widEAY. EAREE 93le 100% methanolg 24A13wirt wj x] 2
0.5%% 7hat3i ot

3.4 3 ARDA: AR JYgde A sazd FY

B AFEgge] A" #FE A 1 ARFAAAH E2l® Aspergillus sp.
5990 Abgstdom, 2% AR AEE P2 dRHe (U
REH 7% wol Agol AbgsAT |

X

TAZYE BaFd o%, gFEe AGACH (1980)d wet 82 ¢

1B Azxyoz ¢uwla e semimicro kieldahld, A &S Soxhlety =83 3
B2 Adsigyos gyt

2

7109l AFE Greiner T (1993)9] wyg ot A3t AR
Z, dAielE oigd 50 weol 250 @2l 5 mM Na-phytateg i3t 05
M Na-citrate buffer, pH 50& 7}8ted 15 mee] 8 A A (aceton: 5 N
sufuric acid: 10 mM ammonium hexamolbdate = 2 : 1 : 1 (v/v/v))¥# 100 ut
el 1.0 M citric acid®& €822 713l ¥3-& AAAG I FAld 2 A
ZTh °ol& 2500 x gol A 1083 A4 BEste 43 A4e A 410 nmolA F
B EAHAUG. ol &io WY (Unihe &9 Fd 77184t

pmoles 2 A YEFU AT

3) Inositol phosphates®] A&



Inositol phosphates®] A %2 Heinonen & Lahti®] ¥ (1981)2. & 3%
ooZ, AlE 5 B 10 goll 40 or 45 m9] 05 M HCIES 7te F H 24 30
B oEeH mdt £2A170 F 12000 x goll A 1587 ARG dARGE
FEAE 25 m #H3 olE Dowex-50Z Yol E+EE FAAAY. o7]q
10 mee] DWZE #lo] BE J&& Rof TFAAY 55 H4E DWE 5w 4
43 F o]isle] Table 1.9] 2102 HPLCEM A3t

4) Phytic acide] A%

Phytic acid®] A%< Latta®t Eskin® #H'd (1980)e.& st u. &, Al
gl 100 m¢ o 24% HCIE 7h3tod A 20iA 1AL 5 18 & F 944
Halgoh A48 45 1-5 me (5-40 pg phytic acid/ml)E FH3ld FF
24 25 mE ZL33 o]E AG 1X8 ZH (Cl form, 200-400 mesh)ol &
AAZA T 4719 156 me9] 0.1 M NaCl2AM #7104k AAS F, 15 me] 07
M NaClZ phytic acid® &&AIZA . Phytic acid &% 15 mo] Wade A<
(0.03% FeCls.6H20 in 03% sulfosalicylic acid)2 05 m¢ 7}sled 5& &<t
vortexd %, 3 500 nmolA FRE=E A} ojd FFEALIZANE
sodium phytate (Sigma Chemical Co.)& A}£3l9 FEJAL A3t o7)
o A3} A& F9 phytic acid %S ZA3A

r_{m w

i

e

TAFE zZh wgdy ANEY HAEY FTHFFE St oA HA
(Whatman No. 2)2 #% o33l dry oven (105C)o) A
Aot FAFLE AZRFANA og7x FAE @ & I mwd FA

(mg)Z A kst F3F4d o,
v 7t F9) phytic acid 231E 9% waxA

1) &AF ¥rgo) 9% phytic acid =4
7h wEd e F¥



Table 1. Analysis conditions for inositol phosphates by high

performance liquid chromatography

Column LiChrospher 60 RP-select B (5 pm) 125 x 4 mm (Merck,
Darmstadt)
Eluents 500 ml DW + 500 ml methanol +

22.5 mM TBA-OH
(adjusted to pH 4.3 with 9 M HySO04)

Flow rate 1 ml/min
temperature 40°C
Injection volume 10 w2
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M7 3,5, 7,10, 20, 30 g& 250 ml 4zt EaA Zhz 3704 FHEA,
100 mi# ol /45 #H7Mg ohg 121ColA 15873 st 242be flask
of ®x degdl (1x10° PFU/mDE 100 w4 AF3e], 35CTolAM 150 rppme2
54z Aeujak 3+ & F71¢14F phytic acid ¥ pHE &A%Y Fxo &

w7k 10 g& 18709] 250 ml 4zt ZefaAdd Zh Hste], DW 100 ml¥
A4 g 121CoA A 1683 B#atglch 2hzhe) flaskel Tk At (1x107
PFU/mD€& 100 m® RBE3d], 35TCA 150 rpme.2 543 M Buj st HA
0,1, 2, 3, 4, 54l zt7 3784 F a2 Ao}, F71A4h, phytic acid ¥ pH

"7k 10 g€ 9709 250 ml 4zt EetaFo FHsted, DW 100 mi¥ 37}
& the, 121CA 1527 "aatd. Zzbe flaskl 3 g (1x10°
PFU/mI< 100 wA HEsted, 30C, 35C % 40TNA 150 rpmo 2 547 A
gk g % F7]<14b phytic acid ¥ pHE 43 %ich

2}) HE pHel wE I

n7 10 g& 18749 250 ml 442+ Eehe=el 3k, DW 100 mi¥ &7t
g g, pHE 4,5 6, 7, 8 R 92 A7 349 AT F, 121TCAAM 1587
Bi#a gk 24249 flaskel Tz gl (1x10" PFU/mDE 100 w4 HE 3
of, 35ColA 150 rpme2 543 W&wF & F, F714L, phytic acid %

pHE =74 &ich.

2) A Eo 23 "7} F9 phytic acid 23x2

78 wE A mE Y
7 10 g& 18709 100ml 4z Eeta=0) Zh7 FH sk, DW 10 ml4
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H7h8 thg 121Co A 1583 "#sdn 2z flasko]l 2k @l (1x10°
PFU/mD< 500 w® BE3te}, 35CoA wj¥aed A 0, 1, 2, 3, 4, 590 z+z+
I FA92 Ao, F7]94 phytic acid ¥ pHE A 3dAh

) WE 2R wE 9%

710 g€ 12709 100 ml AHz Fehxel H3ted, DW 10 mi¥ H7}
3 ohg, 121CelA 1583 B@sAT. 2449 flaske] A A (1x10°
PFU/mD€ 500 % HFstod, 25T, 30T, 35C 2 40CoANA 58z whks}od,
271214k phytic acid 2 pHE ZA 3},

ok 52 F 9] phytic acid 318 93 Haxd

fFe 03, 06, 09, 15 21, 3 g €, 100 ml A4z Etx=d] 247 3744
#Hzled, DW 30 m¥ FH7be ohg 121CAM 1623 B@ainh 2zt
flaskel Ex el (1x10° PFU/mDE 100 w¥ FFsted, 35C oM 150
mpme 2 547 A"ujd & & 7]l phytic acid 2 pHE &A%t 5%

of e gee AR

W) 2E AR o

4 3 g& 1870¢) 100 ml A2t Eetx3d 4z H3te], DW 30 ml¥
H7He o 121CAA 1583 BFadnt. 212k flaskel 2 d& (1x10
PFU/mD)-& 100 w8 ZHE3te], 35CTANA 150 rpm o2 5937F o] sl A
0,1, 2 3 4, 599 Z}7 37§48 F29z Ae], F7]A4}, phytic acid 2 pH

g 24sg

3

ot

i

9 wE exol 4e 3
Fu 3 g 9709l 100 ml 4zt Fehsze] Astel, DW 30 mid A7
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g thg, 121CoA 1587 B, 2zl flaske] T el (1x107
PFU/mDE 100 w* HBE3td, 30T, 35C, @ 40CAA 150 mpmo=2 543F
dekufel 3 £, Z7)21AF phytic acid € pHE &Astg o

¢ E pHel e 4%

ek 3 gg 18709l 100 ml 4F2 Eek2=9) H3to], DW 30 mi¥ 37t
g o3, pH 4, 5 6, 7, 8 98 47 34 =& F, 121TCoM 1581 Etst
Sith z47he] flaskel ¥ ded (1x10° PFU/mI-E 100 w® HEF 84, 35T
ol A 150 rpme 2 597 M gejdste], £7]Q4t, phytic aci ¥, pHE 33t
pra=y

2) LA W Eo| 23 phytic acid £3=A

7H) HE Az WE JF

o7 10 g& 18709 100 ml 47 Eetx3o] 747 #H3o, DW 10 mi¥
Hhe g 12T A 1587 BEstach 42 flaskd] ¥x g (1x10°
PFU/mDE 500 w4 HZE&e], 35Tl A wdstdA 0, 1, 2, 3, 4, 54 2tz
3HY T2 Ao, £7]<04t, phytic acid ¥ pHE FA A0

W) g 2k wE o3

07 10 g& 12709 100 ml 42 Feb2=30] #Hste, DW 10 ml¥ 7t
& Q%, 121CA A 1583 2astdct. 449 flaskol E3 A (1X107
PFU/ml)$& 500 @ HF3te], 25T, 307C, 35C, 40TColA 154z v ¢ =
7104k phytic acid ¥ pHE F334d,

g o743 g5 9 phytic acid 23 93 gaugz=4
1) 97 Z9] phytic acid £3E 93 FhuszxA
%_

o] phytic acid 3§& 93t 1 L flaskel ©v]7 100gS 3k 5l
Z#o] 28 78l FAEE, vhSAIZ e pH 2 WSR2 EE ¥ ste v

_48_



AL F FEEE fEde ARt 2408 HHxAE FYINT

%9 phytic acid £HE 3 gavrexA
¥k F 9] phytic acid £81& 3t 1 L flaskel 52 100gE #H3tn

M 2 d AU Aot

0x
4
02
b
>
o
Jo

1 Al MF3A : Phytasee| £M
7}. Phytase Ao #a @ EA

1) Phytase A3t e] £y

AL Al A RAA GHE AA Ego2iRyY EgdE 209F 9
o}

fo]

14
o

°] & phytase screening medium (PSM)2 2 phytase A4ad & A

st

>.
o,
Hi

b A 5F 9 FFolt BAHRG. nAWA A A phytase@ A ©]
5% 2] Aspergillus 43 KTCColA ¥ w2 A4 niger NRRL
31358 A AuA A 443t v Fste] phytase 4 & Hlug A} A
niger NRRL 31359 w8} Aspergillus sp. 5990& 58 AX ¥
phytase 24 € Je WA (Table 2). 283 Aspergillus. sp. 5970,
5960 2 59502 A wi<Alo] phytase@Ad o] VElUA gkt o] 2
Aole FFolst AN AAEE H71%e s calcium phytateZt

23l H 224 false-positive® UEIY Ao 2 FAH AT,

rlo

2) Phytase A1t &4
53] phytase 4ol ®L& Aspergillus sp. 5990 AW FFAF Ao
o3t FAHSFAY. BHE TFE A FHuAAA viFHFAS H,
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, A A colonyel EAAS Ao
of wel AaMdA A Ay

MG 7tAE Aoz veEyot, £33 FAA £E5 X FHE 1A
# o=z

I REgs BREAAE 1A M Aspergillus £ WEAHAAL S4&
et o, wlxo @& colonyel SAE Table 29 F X e
Ak, Aspergillus niger var. awamori® 39 ¥ #F& 2423

of =34t (KTCT 8939P).
1}, Phytase & A

1) Phytase®] A3Ak
Wt wix] 6 Lol Aspergillus sp. 5990€ HZF3 ¥ &% 30T, pH 7.0,
%5 350 rpm o E dte] wE XA wigd A 24A% F TAY %
ol dojul Al AFA Eulgde 714 To2 ds pHA 28 BEZAA As)
stk el vl F 509 AlZHRE pHZF Asste 554 Ak FAE
W pHE 4loliew, Wiy & 40 Az A=HH &Ao] ver] Al&tsty
7B A AR wgERe W HAd 248 Jgdlon, olF 84 At &
e A YUY 28y FAFY PEHE aiAde ¢ AS Fohel
Aoz velygth (Fig. 1). @A phytase Z3AZE 3] ajd L 492

A st

y

fr

iihS

2) Phytase2] A A
7F) Phytase A & A
Aspergillus sp. 5990 wWjgdo 2RE FAE AAS7) st T A%

(100 mesh)9} YA E2(12.000 x g, 30¥)HE sl A SA8] AAHA
Aol ot B e Rdde EAE FAE &3 AAE] At
vkl s WE & A2olA FEE cheese gauseRE A HFOEN FAAE
A8 AAL + AU A niger var. awamori FF9 wWFdele F F
o}44¢] phytase’t EAstE Aoz Wz o, oH 243 Z3 phytase B
pH 8.041 4] Q-Sepharose®] &XHH oY phytase A 22 2719 Z o

52
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Table 2. Phytase activities from Aspergillus spp. isolated from soil
compared with A. ficuum NRRL 3135

Activity” (U/ml)

Strain

pH 2.5 pH 5.5
A. ficuum NRRL 3135 2.58 (1.43) 2.97 (1.27)
Aspergillus sp. 5990 13.30 (2.14) 14.60 (1.22)
Aspergillus sp. 5980 1.97 (0.22) 2.13 (0.22)
Aspergillus sp. 5970 0.31 (0.12) 0.44 (0.11)
Aspergillus sp. 5960 0.01 (0.01) 0.02 (0.01)
Aspergillus sp. 5950 0.01 (0.01) 0.02 (0.01)

"Activity was measured with culture media after 4 days incubation
in dextrose medium at 35C (Shieh and Ware, 1968).
Parenthesis indicates standard deviation.
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Table 2. Macroscopic characteristics of Aspergillus sp. 5990

CYA MEA CY20S
Diameter (mm) 25-30 >60 40-42
Texture Radially sulcated, Plane, low, sparse Floccose
low, floccose
Mycelium White White White
Conidial colar Brown to black Brown to black Brown to black
Exudate - - -
Conidiogenesis Rare Sparse Rare
Reverse Pale yellow Pale yellow Pale yellow
(Peanut color) (Peanut color)
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Phytase activity (U), —e—

- N N
(62} (@] A
e s

-
o
1

O ‘ T T T T

20 40 60 80

Incubation time (hr)

Fig. 1. Distribution of phytase from Aspergillus
sp. 5990 during growth. The phytase activity (U)
was expressed as 1 mmol phosphate liberated
per min per ml of enzyme solution at 37°C.



FHHA 434t Phytase AS AAs] A¢ HAGAE Fig. 29 JYEANA
o WEd widdS #5519 cheese gause® o 33l FAIA S A AT

S 12,000xgol M 2025t dAdEsd mFe] AFEES AA
sk AR £ FE& F5do 01 M NaOH §% o2 MAE 7tsted pH
g 8022 Z2AAI F 1 mM CaClhE %3 20 mM Tris-HCIl, pH 80 ¢%
HNow HFyste Q-Sepharose column (25 x 12 cm)ol FJFHAAHTH
Q-Sepharose°] && A @& AlHo|A = phytase A 84T FAHHALH ©
dAE AR B 80 6%IY T £E= 248 F71sld . Q-Sepharose #
HE F0A 2892 pHE 1.0 M citric acidZ24 pH 3022 =33 %
12,000 x gollA 20% 1 AAdEed & 4FHE | mM CaChE I3 20
mM Na-citrate (pH 3.0) &F RS2 HYF ¥ S-Sepharose column (1.5 x 10
cm)ell FEAANZHAG, F& F 45894 50 miZ2 FEFAHA ¥ @RHFE YA
% NaCl F%7 0-04 Meo] Hx& & 58 300 m2X Ads=Tuye

I~

o

% phytase AS #2334 (Fig. 3). S-Sepharose column chromatography !
o1&} phytase® NaCl % 02 M AEA 2aduvt. 2o vebdnbe}
of @il Fx uIst FAEA HAVt AIHA F& ¢ T UTh ol
gEd gagddd & Hrt tE dld FEFE onigd g F
s e oiAs A7 Hske] 2aHA AAsde] TS on gy
ARo 2 865% F&2 w57 408 F7+e phytase AS
2L F YA Phytase A2l AALGAE =ol7] st BAHEE (HE
26-38)% wol 2u19 &Fd (1 mM CaClZE 3% 20 mM Na-citrate, pH
30002 M dFEE AN F 1 mM CaCl® 3 20 mM
Na-citrate, pH 3.0 €& do=2 H¥E3sE Mono-S HR 55 FPLC column
(Phamacia, Upsala, Sweden) Z#dl &F238tdth. F2d phytase AE FPLC
£ o] 83 shallow-gradient® phytase AE AAsGos (Fig. 4 AAL
phytase A9 &L 66%P e 5= 197882 Z7bstgth (Table 3).

He ooy 2

e

1}) Phytase B A A
Aspergillus sp. 59902 oju] &gl wix| A3 wjdZzAs oA 49 b
ko] A& wjFAL -20°CAM TAS F A2 sEdt] FTAAE §



UA7l F cheese gauseZ isted AAsGT dAAE AAR RS
W AA RIS ol &3] 12000xgolA 2087 JLAEYSTA AFAS
phytase B AA& g ZaAZ AML3I . PhytaseE HA7] 98 HA

& ol
EAg A3 7tste] HF pHE 8002 ZAHZ F dAER3IY 45d
A G5 HAE 1 mM CaCl® &#3 20 mM Tris-HCI, pH 80 && <4
2 #A¥YPsd Q-Sepharose column (25 x 12 cm)dl FFAIA G F& F &%
€4 50 mlE FE=A & dwAS AAsE, NaCl ¥=7F 0-05 Mg &
3 dEF8d (1 mM CaCh® &3 20 mM Tris-HCl, pH 8.0) 400 ml2X
AdseFoiges F29 phytase BE 28l (Fig. 6). 2o e
vkel o] phytase BE 9% %7F 023 MY w £y, A&Ad HA
e BARFE & F AN o] FAAAHE AH phytase Be &=& 444
7R &L 709%2 dElRh @40 JEd 3E (JF 332-42)8S
o} 2ufe] 20 mM

ol



Culture media

Filter through cheese gause
Filtrate

Centrifuge at 12,000xg for 20 min
Supernatnat

Adjust pH to 8.0 with 0.1 M NaCl

Load onto Q-Sepharose column

Flow throw from Q-column
Adjust pH to 3.0 with 1.0 M citrate

Load onto a S-Sepharose column (1.5 x 10 cm) equilibrated with
20 mM Na-citrate, pH 3.0 containing 1 mM CaCl>

Wash with 50 ml of equilibration buffer

Elute phytase A with 400 m! of linear gradient ranging from
0 to 0.4 M NaCl in equilibration buffer

Pool phytase A fraction

Phytase A fraction

Dialyzed against 20 mM Na-citrate, pH 3.0 containing 1 mM CaCly
for 3 hr

Centrifuge for 20 min at 12,000 x g at 4T

Supernatant

Dialyzed against 20 mM Na-citrate, pH 3.0 containing 1 mM CaClz
for 3 hr

Centrifuge for 20 min at 12,000 x g at 4C

Purified phytase A

Fig. 2. Scheme of purification for phytase A from
Aspergillus sp. 5990



Activity at 410 nm, —e—

600 1
500
400 4
300 -
200 A

100 4

Fig. 3. Chromatogram of a first S-Sepharose cationic
exchange chromatography of the flow-through from

L]
10

20

T
30

Fraction number

L]
40

50

r 1.2

Protein conc. at 280 nm, —o—

Q-Sepharose column. Flow rate was 120 ml/hr and
fraction volumn was 4 ml/tube. The phytase A was
eluted with a gradient of 0-0.5 M NaCl in 20 mM Na-

citrate buffer containning 1 mM CaCl,, pH 3.0.
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Protein conc. (OD at 280 nm),
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0.0
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Activity (U/ml), —e—

- 1000
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Fig. 4. Chromatogram of a third Mono-S cationic
exchange chromatography of phytase A fraction
from the second S-Sepharose chromatography.
Flow rate was 30 ml/hr and fraction volumn was
1 ml/tube.
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The culture
Centrifuge at 12,000xg for 20 min at 4C

Supernatant

Adjust pH to 8.0 with 0.1 M NaOH
Load onto a Q-Seharose column (25 x 12 cm) equilibrated with
1 mM CaClz in 20 mM Tris-HCl, pH 8.0
Wash with 100 mi of equilibration buffer
Elute phytase B with 400 ml of linear gradient ranging from
0 to 0.4 M NaCl in equilibration buffer
Pool phytase B fraction
Phytase B fraction
Dialyzed against 20 mM Na-citrate, pH 3.0 containing 1 mM CaClz
for 3 hr
Centrifuge for 20 min at 12,000 x g at 4T
Supernatant
Load onto a Mono-S HR 5/5 FPLC column equilibrated with 20 mM
Na-citrate, pH 3.0 containing 1 mM CaClz
Wash with 2 ml of 50 mM NaCl in equilibration buffer
Elute the phytase B with 20 ml linear gradient from 50 mM
to 400 mM NaCl in equilibration buffer
Pool phytase B fraction

Purified phytase B

Fig. 5. Scheme of purification for the phytase B from
Aspergillus sp. 5990.
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Na-citrate &5 (pH 30022 Ao dF5%E AdAz F 1 mM CaCl,
& P 20 mM Na-citrate, pH 3.0 ¢Fdo2 3338 Mono-S HR 5/5
FPLC column (Phamacia, Upsala, Sweden) Z#dol JF&&uct. F23=
phytase AE FPLCE ©|£3% shallow-gradient® phytase BE A A3} o
(Fig. 7) AFx o2 HAE phytase Be & 56.%E ¢+ 2654 F7}
s

Table 3o YeEbA ute} 7o)l Aniger var. awamori 258 183 phytase
A9} pH 25 acid phytase(phytase B)¢] % % +&2 Z+z} 197419} 66%,
26580 9} 56.2% %A t}. Phytase A2l 8| &A-& 37C, pH 55914 9,182 U/mg°] %}
31, phytase B9 H] &A1& 37C, pH 258473 U/mgo.2 UeElst. Aniger
var. awamori® 6 L wigsted ol AA#AHSE AHSZMH phytase AL
1.5 mg, phytase B¥ 093 mg & & AU

a8n B AFsdo M EHEE Aspergillus sp. 5990 TFE= wid R
28 BvstA €2 ez #GHUY wElA phytase AT AR
7hEskRth. diFlZ FFolst AAEE phytase: 2F 02 oA glon
{Wodzinski and Ullah, 1996; Moore et al., 1995; Piddington et al., 1993) 2
AL T wl2TLR 2 Aspergillus sp.o o8t 2% 2] phytase’} ¥4]
21tk A niger NRRL 31357} Eu]3}: 2% 9 phytases H 53 FHHS Ay
A7l WE oleungAazviEaYd oM HlsA sBH E7t
o "@A7EA AFH e F%ol7 At phytased] FANH
[}

i)

Bl

fu

st Azt AHE gdkE AAo] "ot %o A phytases
7] A% WP d¥e oj2ud Zuateaddet Ao I HF

ON

= A A7) 9% BE =244 zzegEaddd ostd AAE
Aom oF 2-3F7ke] AAAZEe] xadth zehv B dAysiddA g
phytase A WL A olusFA el pHoll WE ZIFHE o] &3
FHoEA HEE TAAE ol&stel 2-3d el FATF b

H

_60_



2.0 1 - 2.0 - 1.0
1< —O— phosphatase activity % L 0.8
€ 154 —e— phytase B activity F15 =&
o E
; o
o -
5 N
N '
Q 10 F 1.0 4= .
o ] ]
& © Los §
£ c - (o]
— =} Q
Q © ("'5
g 0.5 F05 £ r
< o ro2 Z
[o]
;™
a.
0.0 R L 0.0 L 0.0

Fraction number
Fig. 6. Chromatogram of a first Q-Sepharose chromatography
of the culture. Flow rate and fraction volumn was 120 mi/hr
and 4 mlitube. The phytase B was eluted with a gradient of
0-0.5 M NaCl in 20 mM Tris-HCI containning 1 mM CacCl,, pH 8.0.
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Fig. 7. Chromatogram of a Mono-S column chromatography of
phytase B fraction from the Q-Sepharose fraction. Flow rate was
30 mi/hr and fraction volumn was 1 ml/tube.
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Table 3. Purification of phytase A and B from Aspergillus sp. 5990

Fraction Volume  Protein Activity Specific Purity Yield
conc. activity
(ml) (ug/ml) (U/ml) (U/mg) (fold) (%)

Crude 2,000 21.9 102 465 1 100
FT of Q-Sep(A) 2,020 12.6 98 778 241 97
S-Sep fraction(A) 60 156 290 1,860 40 853
Mono-S(A) 4 367 3,370 9,182 197 66.0
Crude 2,000 21.9 70 320 1 100
Q-Sepharose(B) 52135 191 1,413 44 709
Mono-S(B) 10 93 788 8,473 265 562

Phytase activities were determined at 37°C and at pH 5.5 for phytase A
and at pH 2.5 for phytase B.
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o A gL EA B
D &% 244

10% acrvlamide geld ©o]8&3}49 Sododecylsulfate polyacrylamide gel
electrophoresis (SDS-PAGE)24 A A ¥ phytase A%t Be £A4%FS AT
23 F AHA &AL phytase A%} phytase Bel a3 ZtZ 84, 741 kDal
2 Jetgd (Fig. 8). 28 Y4 Superose 6 gel filtrationol] 23 F f4-9 E#b
#g =43 Ay (Fig. 99+ phytase A”} 98, B7} 330 kDao & et
o]2]{3t A+ phytase AT monomerE24 A& YelWiz, phytase Be
tetramer2 4 45 UYEldle @A g ousin A

#3ol7b AAletE phytase®]  EAHE @ F Y serine 79
glycosylation A& wet ctds A4 B33 gtk A, ficcum NRRL 31359
ol&) 2 € phytase AE SDS-PAGEC 93} 85-100 kDal 2 Hu 53 glo
o, monomer? HelE H3tx gt (Ullah and Gibson, 1987). Zzeliut
phytase BE SDS-PAGE] ¢j&t] 63 kDa2 %A U2ow, gel oluio] o@
gy BAHE A A 130 kDal 2 dimer2 €A It (Ullah and
Cummins, 1987). =x28l31 A. niger CB, Aspergillus. terreus 9Al, A.
fumigatus, & Emericella. nidulans®] phytase F+3XE A nigerolA #&A]
73 phytase® SDS-PAGE, analytical ultracentrifugation, gel permeation
chromatography, ¥ mass spectfophotometryi A3 A3 monomer & &
AEE AYE oz BaHI JtHWyss et al, 1999b).

HAAQ7x G2 FHo] phytaseEL  glycosylationE o] A7l w el

€29 obn| Al sequenceol olF EAE EA#F B ®A JEdd FYHS
2 phytase? glycosylation AE¥E 20-65% 7F2Ew, olE9 EAF Aol
glycosylation A Xdl wmat Zol7t v Aoz A3 Y (Wyss et al,
1999a). wWe}M gel permeation chromatographyol] 28} YElUE & EAH
< glycosylationd] 9&te] Aoyl artifactsE LA ow, o9} wl&g
Ao 2 glycoproteing Sephadex A E oatd 79 o grc we &F5
of il golgatare] A AME 4 vt (Andrews, 1965).
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Fig. 8. SDS-PAGE pattern
of the putified phytase A
and B.
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Fig. 9. Determination of molecular weights of phytases
purified from Aspergillus sp. 5990 using gel filtration.



2) RF&& 2 pH

Aspergillus sp. 599022 H 8 ¥=2]9 phytase A9 phytase B9 pH &
& F4T 2 Fig. 10949} o] phytase A pH 50-60014 & &
S UJEA T pH 25-280A % 2313 AL e Aoz SUFUT. ®
g Phytase A¥ pH 25944 HdigAde 35%E vegues, pH 7094 %
&g 38%E FA8Ya pH 804 E B & 2489t v phytase
A< pH 28-329AM FdigAs Jveguien pH 4004 A4S 60%
2A3AT pH 45 o) FolMe A4S 24890k oFAE phytasedt A=
% phytases pH 25904 g el 70-80%% Jebuision, pH 7044 =
Ao e 40%E |AAL pH 809 E EAHE 243t d A od
= phytase®] 7% pH 25%2dA Hu&A <] 50% 7t&& Yt

FFoj2 Ry E2l¥ phytasers F719 pH F90M & 84& JEY
© Ae® dHA dow (6], 62), ol & AF/MNE Foe AT UH.
a2} A, terreus, Emericella nidulans 2  Myceliophthora thermophila 2.
23E EdE phytasesE 3veol A pHE AUE Roz Rux1 Yot
(63). A. fumigatusZ25¥ 4% 9] phytase® ®X3% A3 2182 pHY 2T 9
E48e 543 A7 pH 403 pH 50904 HAZAH S Ade 27425
et Husta glew (64), pH 5094 Hdigdes Ave A
fumigatus® phytases AHA G A& s AL UeUR] = HoE B
nxa ok wetbA phytase?] pH-profile® phytase® At Fo] whel
OEA Yetdle Aoz &g

A fumigatus. &% 2 WEA phytased 2 pHel didte tha Autd
AMEC] ATk A fumigatus. & FARE o83 A nigerdlA TEHAZ
phytase pH 3.0904 223 & &4 dedd (61), 293 4@
hostell A @A Z] phytase® pH 4.0914 7.3 FHA &g 80%E
e Aoz raustn Ao 63). = ot A$E A fumigatus. ¢ phytase
FAAE A nigerol Al TV A2 phytased B e A pHE Adrn
a3 ot (64, 66). wEtA A fumigatus & AS £Fo) welA phytase
o] A pHe i g23td ¢ &g ¢ 5 AUth

4
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30-70C 9 2= oA A4S A4S Zd phytase A, B 2F

AXN FHd 48 UGelHALH T0TAME e FAo] L4y

et (Fig. 11). F &ao &4L& 70Co|dolA #43 24

Atve HdHBAHS 18%, phytase Be ZA$+ A4S &A3 24t

Phytase®] &4 #HA &5& TAo WEAHH BE] vk £ AF/MgelA

# 2|8 phytase= AT = phytaseltt g Adol 5-7°C 7t% H&

B, olg s B ST TATHE PR T A Futs
FxZbe] 85-90°Ce 2xdME Ad = Q22 AAE e
Thermomyces lanuginosus®] phytases= 65°CollAd HEA S e T,

75°Coll M 2Fzke]l EA4S YeidEe Re® BuHI lon (66), 53] 65°C

el FujgPdL & FHo] phytase Bt R 43 Aoz L#HA 3l

ot A fumigatus SRRC 23973 SRRC 452 %% E3 9 phytased o}n| it

MEL o, ztzh 70°Ce 58°ColA H&de Yehi, ojeld HAH2:

o] Aol F R4 HAFF FHd & Aoz FHHL Ut (64).

g H

=
=)
H

e

A EEFAA pelleting BAANA 8-90CT/HA £HoR Lx7t &ertE
d AFgAkde] AEAHE W o] 2xoAM Za7E AL AT = ook
4 M ARE AE U9 F AHA §4E 37-80TC Y ZF 204 30+

| : A pH, 371CAA A8 S SA4T 27 22 FolH &4
T3 F g4 UIEAZL dE2A Yeiwn (Fig. 12).
Phytase A°l 2 65T7HA9] EAMgere E4E& adz FASF 2 7
0CelA  oF 40%, B0TelA 70% o9 Z4& AHAstATh oo whaf
phytase Bel A%+ 75T7hA 2] €Al AP 80TolA 70% olite] A&
dxle] F o EAVE AlEd A AHEAHS vEde Ade 9y HEA
< phytase B7F ARt & Ao® Yehygd a3y F 34 EF 65CAA
50%0) el E44E& AHEE A ficuum NRRL 3135 Ett =4 YERRT

Phytased WEA Sl 982 n X+ Q1A ZA phytase2] F+324<1 FH 7t

=
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Fig. 10. Effect of pH on phytase activities. Buffers used
were 0.1 M glycine-HCI (pH 1.8-2.8), 0.1 M Na-citrate
(pH 3.2-6.0), and 0.1 M Tris-HCI (pH 7.0-8.0).

_69_



40 A

—@— phytase A
—&— phytase B

30 4

20 4

10 4

Specific activity (x10”° U/mg)

0 T ¥ Ll T 1

30 40 50 60 70

Temperature (°C)
Fig. 11. Effect of temperature on phytase activities.

Reaction was performed for 30 min at pH 5.0 for
phytase A and at pH 2.5 for phytase B.
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Fig. 12. Thermal stability of purified phytases from

Aspergillus sp. 5990 and BASF phytase. Phytases

were incubated for 30 min at indicated temperatures
and then immediately put on ice.
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#dAle B3 ok vk Myceliophthora, Talaromyces R ThermomycesE
B 239 HEAHY phytasedt A niger & A fumigatusZ2HE 9 F

fo o

d 2] phytaseZtoll 23 FZ32 <l o)zt YElyA] gl £3] phytased
FABA FEE PR A58 AL, JdFF, S-S BE o AT
Ao} 7h GebA] et (Berka et al, 1998). 22y phytase?] WigAdo 713
FES PAE AAE 7] HEA Aspergillus phytaseE Widoz AP
g A7 49 glycosylationol WA 74 & A4S v|Ae ASLFE H
53 et (Wodzinski and Ullah, 1996).

Phytase7} At Abgel &857] 93t o8 742 2o wojot 3t
otk &, AFE7FF AN ks E pelletting <%0 A9 F g 0F UYdA o)
Zafjok shal, G T EY AFEAd AY F UES dld FjEso RE
AEgdel Aok B, B2 BA4H V1A BolAel BEHAsor do. A
terreus 9A13 Myceliophthora thermophila Z%€ A€ phytases 50°Ce}
B5°Coll A 2083 A Z9 dAEHe 50%E FAHReH. 53 A
fumigatus phytase® 100°Cell Al 2087+ Exglo] &) ;A9 10% 7t
o] £AAFR o= Z (Pasamontes et al, 1997) €A phytased] &3 & 93t

zo3 a2 AELD g

by

ri

=

ofi
4

o)

5) B8

e A

e}

i

Aspergillus sp. 59900228 # 2 ¥ phytase A9 B9 kinetic ¥4E& &
Qs Z3 pH 509M phytase A2l Km A+ 037 mMe]I Vmaxe
2,240/sec® WERGH (Fig. 12; 13). 28]a2 pH 25949 Km A& 1.20 mM

o]l o™ Vmaxt 6,800/sec® YEsTH Phytase Aol H] & phytase B9 pH
2590142 Km X 0.29 mMeolQ 21, Vmax: phytase Aol H3| oi @&
2,100/secE vhERGETEH

97148 o] 8% A ficuum phytase®] KmA & 40uM (Ullah, 1988)- 250

uM (Gorcom et al, 1995)2 UEixton, ojgjd Az 43214 93 &
YIS WSS ¢ F don, o3 FHEGY e Ehe FuEAHE vlw
A

$7) 9% AR ARE B F gort, Sold 1A WE A Hw



Km; 0.37 mM
Vmax; 2,240

A
Km; 1.20 pyM
Vmax; 6,800

1/[S] (1M
Fig. 12. Lineweaver-Burk plot for hydrolysis

of sodium phytate by phytase A at pH 2.5
(+ ) and at pH 5.5 ( o) at 37°C.
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Fig. 13. Lineweaver-Burk polt for hydrolysis of
sodium phytate by phytase B at pH 2.5 and 37°C.
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) 715l
Table 4ol Jehdsiel o] 15F9 <A FFEES AE3td AAd
phytase A%t B 714 5ol4d& ZAEA T Table 40 YERdupel o
phytase AT phytic aciddl &2 48 YelA 2o, phosphatase?] 42
s A Yelyktd, 28l 1 phytase BYE phytic acid B e o8 7FA] QAMEHE

=
of tig phosphatase ZAdo]l © &HA dvewo B A3y REId
phytase Av F%3o|Z 8 A== H¥2A phytased 548 Ad Ro=

g =g

E. coli (Greiner et al., 1993), Klebsiella terrigena (Greiner et al., 1977)
2 Bacillus sp. DS11 (Kim et al.,, 1998) 5 ¢ AliFo] AArst= phytateo] of
g HolAo] A3 Zozw d#A ot A fumigatus, Emericella nidulans
2 Myceliophthora thermophila S°] AAFstE F%o] phytases Ui Eo]A
o] W& HRoez <HAd UG (Wyss et al, 1999a). H& Sol4e Ad
phytase= phytase®} FZFH o2 HFASE <¢l438E  (phenyl phosphate,
pNPP, and phosphoenolpyruvate %) ¥ ol phytate® 3ol Al
E3HA TheEEste] FU1H Jo® MY + Uk a=lx 71 SolAeol F
< phytaset= myo-inositol phosphatesol 7t 2-&3ted phytate’t 7IFEi ==
& ¢tell myo-inositol tris- % bisphosphate®] &X & 2T 4+ Yo}

7) Deglycosylationel uw& &4 2 B3 w#sg)

F AA g2 glycosidase?l Endo HiE phytase lug % 30 NEB U 5%
B H7beto] 37°CAAM 241 B 9 Al & B4 E FAHIA 4 g4 T
F24e FA33 SDS-PAGEE 3 ::Z}%k«] HiE B4 F AA
& 2ol glycosidase?! Endo HiE phytase lug % 30 NEB U %2 H7tset
of 37°Coll A 2A1ZE Tt wE A F 74 & HABAEE 89T (Fig.
14}, 1 A3} glycosidase® A g|ste] 24 -—fir A3 A3 phytase A2l 3%
FAo]l ¢ 30% AE A% €A phytase Ao Hggg wA @skh F
Bao A AMBELY BYRSE Zo] W A deglycosylationell <] 3}
4 20% AE A8 A2 Jeiwd. B ¥SE H7] A
SDS-PAGE% Z 7 phytase AE 84 kDadlA 50 kDa®, phytase B 74 kDa
oA 55 kDa® ®A#Fol #AAstgct whebA phytase BE T} phytase A<

rlr _SN ﬁ
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Table 4. Substrate specificity of purified phytase
A andphytase B from A. niger var. awamori
(Unit: % of activity)

Substrate Conc.  Phytase A  Phytase B

Na-phytate S mM 100 (8.46) 100 (5.3)
NPP 5 mM 8.6(1.2) 396 (3.8)
Fru-1,6-DP 5 mM 25.0 (5.0) 504 (23)
Fru-6-P 5 mM 28.7 (1.1) 267 (21)
Pyr-5-P 5 mM 27.4 (0.7) 239 (7.5)
a -Nap-P S mM 314 (1.1 438 (25)
B -Nap-P S mM 32,5 (1.1) 493 (5.5)
Glu-6-P 5 mM 30.0 (1.2) 505 (23)
Ser-P 5 mM 28.1 (2.0) 207 (6.4)
Gly-P 5 mM 27.4 (0.7) 327 (1.6)
ATP 5 mM 28.3 (0.4) 659 (9.0)
ADP 5 mM 29.2 (0.7) 374 (9.6)
AMP 5 mM 28.3 (0.4) 95 (2.4)
IMP 5mM 256 (1.0) 136 (4.2)
NADPH I mM 1.7 (0.3) 487 (8.8)

Twenty | of each enzyme solution (2 g/ml) were used

for activity measurement.

NPP; p-nitrophenyl phosphate: Fru-1,6-DP; D-fructose-
1,6-diphosphate: Fru-6-P; D-fructose-6-phosphate: Pyr-

5-P; pyridoxal-5-hosphate: @ -Nap-P; « -naphtyl-phosphate:

B -Nap-P; A -naphtyl-phosphate: Glu-6-P; D-glucose-6-phosphate:
Ser-P; o-phospho-L-serine: Gly-P; -glycerophosphate: ATP;
adenosine triphosphate: ADP; adenosine diphosphate: AMP;
adenosine monophosphate: IMP; inosinen monophosphate:
NADPH; nicotinamide adenine dinucleotide phosphate.
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Fig. 14. Comparison of relative activities of
Aspergillus sp. 5990 phytases and BASF phytase.
Three enzymes were glycosylated by Endo Hg¢.
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glycosylation =7t %€ ¢ F Ut =T A F 2 BAHA
glycosidase $1°1% glycosylation®] YdolUEx] F A BF Eajzko] (L8
oh Aotyon 1 AEE phytase A7F F ©l Hn FAo) AoIME phytase
BEt EQFA &ttt webA glycosylationo] &4 A dFE & Ao
F&g 4 9oy} phytase B B3® Fo|u} kE Endo Hioll 93 Expgko)

=
ZHolzl el = %%’“8}" 24E 292 fFAs Jo] BE Jdd HFHA
%Ee ¢ 5 AN phytase BE v +Fd a4 e eyt

2+, Polyclonal antibody 434}
gHoz T F4E complete adjuvant (Sigma, USA)% 1:118 EFsd B
7l (New Zealand white female, 2-2.5 kg, Institute of Chemical Research,
Korea)e] 7ol 500 ul® FA}stil thA] incomplete adjuvant$t 4o 25 %
Ao2 5 9 ] FAG H HF FA 10Y F Ao 2 HEY FAE 2Y3}A
ok ol antiserum AP S HAAFS FHHo) 5“*5]9\1“ 19] A5 & Htet
E7]25H polyclonal antibodies7t A4 = NS ELISAZM #<létal
7 ZAEAE Endo Hf Helste] deglycosylation A1Zl ¥ western blotS 3
g A defe] A EAL BT olyEt deglycosylation®d 4% d¥oz
43t (Fig. 15). Phytase A antibodyE AFE39S 74 %9+ phytase A
ot olygl BE FAo=2 28438904, phytase B antibodyE AHE3HS
western blottingS & 729 phytase B¥to] 3gdo g z83HT}. Western
blotting®] 27 o] FHEL o83 FAA F phytasesE FAF ARt
webA BoAto| A A" polyclonal antibodys EY T ddoziE
phytaseE AHAst= dF 9 HAd LoldA ALEE F A& Aoz #odn
gag e diA dldor AgEE FHFAENE Y phytic acid7t
phytin A8l & A8 gt %0 £ A 23" 4e9 phytine
ST ES] AT A3 FFEA FU] GE ASFEY D
I 2 wAHER BulEE phytic acideE ESH 4 vlA &
5o} 271902 0 $% 2727 inosineSZ BaHE o] $70 %9
R 9lth Phytic acidg& #8138t phytase M w3 &S £
23et7] e g2 A7 AP H T Qv AAolA
229 phytase A4 v ES Belste] Zzte]l #5 W phytase 84 &
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Fig. 15. Western blot of purified phytase A and B
M, molecular marker; Lane 1, phytase A; Lane 2,
deglycosylated phytase A; Lane 3, phytase B;
Lane 4, deglycosylated phytase B.
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—&— phytase A vs Ab1000 A
—O— phytase A vs Ab5000 A
—v— phytase A vs Ab10000 A

0.8 A

0.6

0.4

Absorbance 492nm

0.2 4

0.0 T T T T T T

0.01 0.02 0.04 0.09 0.18 0.35 0.71

phytase A concentration ( ug / well )

Fig. 16. Effect of anti~phytase B antibody on the concentration of
phytase B.
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—&— phytase B vs Ab1000 B
—O— phytase B vs Ab5000 B
—w— phytase B vs Ab10000 B
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Fig. 17. Effect of anti-phytase B antibody on the concentration of
phytase B.
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Bat7lolE o el Atk 2 FAME 53| wiAFY FrId EE
= phosphatases ol 2] % false-positiveZ} thE 2l Hhaf ¢l x}olr},
Aspergillus sp. 5990°] A4t3t= phytase A9 Boll th % polyclonal 33 &
gto EqkellM B FBolg WU SR ELISA #AWHE Yt

ELISA Wl o 12 Ao HHFTE 1,000 A0, oleid 544
Z phytase® 7 &3 23} phytaset 4 ng, phytaset 16 ng?l 3T712 A& 5
Aot (Fig. 16, 17). Phytase A%} phytase Boll W3t 38 H o] watub$ £ 12%E
UGeER i Th ELISA He] A3 9} phytase A4t sl o] @400 & 48
DAE JeEld QY 28 3 phytase A4t v] %98 Western blot3t 2 3} phytase
oz Ao A Gl M=k vebsdoh wheba & HE ELISA 33 Western blot
o] W& phytased A e vAES OF o FAld AAE7] Ad 2344
9l Byoz Faz

ol
o

e

rr

T
=

A

ol 2384 F£A phytase Z4

1) "% phytin Eahol] i D AR ELo F&F

Bo &3} phytic acide ©¥d3 23" FH Y phytin® 2
ZAqstn Yok AlEE H3EHE phytine F2 YA pepsinell 9§, 2%
ol = trypsin, chymotrypsin 52 &-#331 & pancreatindl o3& E3=
2R 7 ok ml7 F9 phytin® 9] phytic acid 2 =& &7] Y3t (1)
phytase®} protease® F Ao} #8138t} phytase S AT Adz (2) 7
74& protease® A7 ¥ phytase #2]dle] phytaseBFAH & A= €S
Bastol 1 A7}E Table 54 et vt Table 59 Webdubet o] pH
5.091 4 phytase A% pepsin =+ pancreating * &3} phytase /9%
b AW gz (AR HELE M ¥ AdHl vsted % 10
7hgel ZAdade] dojxteu, phytasest trypsing FAlOl A2 A
phytase A Aao] Yehx @ity z#lx pH 2594 phytase A}
pepsing Aol Al A3 oF 2% A 2ol vebyow, pH 7.090A
trypsinthk phytase AZ FAlo] X 2l3 Az} 10% 7t &4 A4do] JUeyw
th, Pepsin® trypsin® @ Bt pancreatin® 2l ol 2} 8t phytase &4 A4 &

A
o,

bt
X

rir
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AstA dofwtg. &, pH 70914 phytase A$ pancreating FA]ol x&g 2
= phytase A9} pepsin EE trypsing FAlo) A3 A#fuo G A

& YERATH olelgt Aie ddgue o Billgsngs gy
EA EBEFAQ] pancreatin® &ZA A o] Eo} phytase AE A AR
F4% 4

Phytase®} protease® FAlol 23 £9] phytase &4 3= 9 phyting
protease® 3083 A2l F protease® sty E8A 3 F phytased
A elste] phyting £35S EM3G o (Table 5). 22 A3 pH 50004 3%
Fao AAeg el ot gA8AHE WA ggtoy pH 7044 trypsin EH

T pancreatin 2] ¥ phytase2 Az ¥ ¢ phytase 842 2v] 7} F7}
= Aot

a8 pH 700149 phytase Ael &A28AE pH 559 EadAo vlg
o} 9 40% 7t B wgaM &% (pH 7.0)91A el phytaseo] 23 phytin®
Bale mud Aoz ¥zuEn ot adu 2F9A pancreating =%
hytaseol 13 T4 2v) 71 F7HEE & & Ao o= 2
B A% A pancreatin® =8-S Wol AR HIIAIZ ALE @ phytased] &4
S BEAANA A ZF e phytic Eshe &oldtA dold F UeE AAsHR

fl
ml
N —{o
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) i 52 phytin 8o it M A R a it ¢

72 F 9o phytin® 9] phytic acid 3 =& ¢7] $18ted (1) phytasest
proteaseE FAlol]l ]38} phytic acid £35S &4 A¥H 2) EH—':r‘i.‘é
protease® A @ ¥ phytase® A #]3lo] phytic acid £8l5< SAs= 4
S st 2 Z34E Table 69 VFetUiRich Table 60 Webdutel o] pH
50014 phytase A%} pepsin, trypsin ¥+ pancreating # 2|3} phytic acid
THeE ST 2F dx7 (A EHELE HUkskA ¥ AP )l H
3le] oF 5-10% 7} ¥& phytic acid %< Jehiiglen, pH 2594
peptin® phytase& ®Alo] Heldt Az gz vl oF 10% 7t =&
phytic acid £35S YJelWAd. 283 pH 70914 phytase®} trypsin £+
pancreating ¥ Al 23t phytic acid®] Fal5& A A izFd



Table 5. Effect of protease on degradation of phytic acid from rice bran

Co-reaction with protease

w/0 protease

Phy. act. at pH 5.0
Phy. act. at pH 25
Phy. act. at pH 7.0

100
75
40

w/0 protease

Phy. act. at pH 5.0
Phy. act. at pH 25
Phy. act. at pH 7.0

100
75
40

Pepsin Trypsin Pancreatin
91.5*1.26 97.3%£2.12 89.6+0.39
786%1.16 ND ND

ND 799155 715+1.16
Separated reaction with protease

Pepsin Trypsin Pancreatin
99.7%0.78 101£2.43 101£1.98
80.5+0.78 ND ND

ND 79.2%1.16 790112

Co-reaction was performed with 1 g of rice bran, 10 U of phytase and 10
U of each protease at indicated pH for 60 min.

Separated reaction was performed with 1 g of rice bran and 10 U of
protease for 30 min and then reaction was repeated more 30 min after

adding 10 U of phytase.



Table 6. Effect of protease on degradation of phytic acid from soybean

(%)

Co-reaction with protease

Ww/0 protease Pepsin Trypsin Pancreatin

Phy. act. at pH 5.0 100 111+1.81 109+1.55 104£1.04
Phy. act. at pH 2.5 75 8461052 ND ND

Phy. act. at pH 7.0 40 ND 73.4+1.84 71.4%+155
Separated reaction with protease

w/0 protease Pepsin Trypsin Pancreatin

Phy. act. at pH 5.0 100 106£1.82 113+£1.56 1112155
Phy. act. at pH 2.5 75 8721155 ND ND

Phy. act. at pH 7.0 40 ND 81.11£1.30 70.1+£026

Co-reaction was performed with 1 g of soybean meal, 10 U of phytase and
10 U of each protease at indicated pH for 60 min.

Separated reaction was performed with 1 g of soybean meal and 10 U of
protease for 30 min and then reaction was repeated more 30 min after
adding 10 U of phytase.



blal 18u Ale 5 5284¢ Yehh o
Phytasest ©¥d Bal54s BAol MA@ Ade] Hate] Fute
q

) 7hEe] A E A o g9 A
Phytase® AIEH7IEZ A8 A% Atso H7l¥ phytases $iollA
pepsinel & &, A& ME pancreatinol] ol&] WA R dold el
=0 AARAAM ] 2 FE A T phytased] FHE o F3H7] Hstd TH=
of EAQ 99d EHAALE o83t NPT 4¥S FP5ATt Phytase
At Bell dis] 0.001, 0.002, 0.005 001 ¥ 0.05%< S %€ Z porcine trypsin,
chymotrypsin % pancreating 78t} 37°CollAl 1A1zF &< wbgAzl £
phytase A9} Be] IREHE Z43Yt (Table 7). Pepsin®. 2 phytase BE
el e A3 0.005%9] pepsinell 98 3¢S B ggrow, 001 2 0.05%
pepsin A elol s} 74zt 31 Bl 38%9] & AA ol LAHAT. 001 # 0,05%
9] trypsin A&l 23} phytase A9l 4L Z+7 17 ¢ 25%<9 Aol 24
Hutk, 8 I pancreatin®] ¢ 3§ phytase A9l B4 AAL pepsind trypsin
BohE ASHA dojwtrt. o3t AL pancreatine} oig] 2H9 @A AR
T4 FFe7] dEL Aoz FAH oY Egs B Ao AER
phytase A%t By SHA9 Aztgad tiste] Hld A g484 & e
Wion, ojeldh Aie E A/t AMSE Zao 483t 7S

&3 2
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Table 7. Residual activitites of phytase A and B after
treatment of pepsin, trypsin, and chymotrypsin.

(9%)
Enzyme Phytase A Phytase B
Trypsin 0.001% 102x2.45
0.002% 99.2+£1.59
0.005% 976%2.16 ND
0.01%% 82.8+157
0.05% 75.4%1.38
Pepsin 0.001% 105+2.83
0.002% 105£1.96
0.005% ND 94.3+2.84
0.01% 78.8.£2.01
0.05% 72.4+127
Pancreatin  0.0012¢ 100x=2.07
' 0.002% 926£2.18
0.005% 81.3+1.87 ND
0.01% 7391192
0.05% 65.312.19
2) 2849 AATAHA
Az dF2HEE AT G429 AAV| R w2 AN S HES
#ete] dFHEE S5 wAAE FRIAFPY. FRELAHE MFES T
xc.l]

# (MWCO, 50 kDa)& &3 #F& AT RS AHESAT. 2 Ly

2 A4 A WXE 9T delry] i gIFd FEY
erythorbitol, glycerol ¥ sorbitole &4 H71éte] wlzstgut. b e Als
€ 04 umd filter2 oj#ste] TGz Ad F 10T Y@L} 30T 7
7o Fi 470 FF AFENEA S SAAY. F 2xdsdA A
Fel AR E 120¢ Et AA F ATSE SR 2494 F42E vehEH
Erythorbitol®] FXx& 20, 30 % 40%9 =2 Al 78ty 10T

o
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WA AL Fde] TAEY WIEE FAHF A H7HAY erythorbitol &
Feb B9 2ol Hlate] a9 bl FAHAD (Fig. 18). HtAE
Ffotal S dxT B ARV 209 wro] fABAY 60%E HA &
LA 1209 ol FoleE dHigA e 20%E AT 28U erythorbitol
S NG A sEd WE E HAole YEuA ¥ 10T dFTAA A
T ANERAE AAEE Y 63-67%F FAsAh A 409 ol LHTA 9
25% 7tEe Ao, 470E Foll= 40%9 erythorbitold& #7713 ZA &
o] ¢ dABA 65%, 30%e] HAAEGE JFE A 61% 2L 20%9
HAA S 7t AS daBAg e 59% S ST e e A 9
st tiAlZ H7MAY T2t 2& A¢ E28A 9 Ao Ho gol 7o
e Aoz YEy

Glycerol& H7IAZ At83 A% erythorbitolg A7Mst ALRTE T4 9
AR gl He 2 9IS vAE Aoy vegd (Fig. 19). 4718 ¢ A
ol oste] 20, 30 ¥ 40% 7het Alme A A8 B 63-71%
FAStE A2 UEwWt A7 0L E 7K 22849 oF 25%7F A
g5ow, O ol AR oFte gagAe WMaE A Yegux
Tt 4099 glycerolS EASRAZ H7Me AS 49 T &L
deAfgA el 71%E JERNR o, 30%9] glycerold H7Ie A LA 9
66%, 183 20%9 glycerolS #H71d Z2$ dyEAHY 63%E AU U
th. Glycerole] 7% Eio 72 AH 7tz &4 AFd o
g ARt dAAZ dEAz U B Agel AL glycerole erythorbitol
BYE Z93Q E4 HAAR J8aE Aoz wuhn

TAado thste] 20, 30 E 40%2| sorbitold 7Fdled 4749zt AAE A

F3tH A phytase &49& SAH3AT (Fig. 20). 2@ vebd wpe} go] A%
WHLNA EA2EHS SAHTT AF, sorbitold] FE7F 5S4 E A4 G
of Zleiste &37F wA JdEbwth A% 419 Foll 40%9 sorbitol e % 7het
2 dAgdel 76%E FA3AoH, 30%2 sorbitold F$ 69%, 20%2
sorbitol & A7tg 7 66% 7tHe] EABAHS FX38th Sorbitold &
St A2 ALESH H$ glycerol? erythorbitol Bttt o &3 Q Aoz e
wor, olyd Tt ¢EFE o EHd EI}E A4 o wAbH e
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Fig. 18. Effect of storage time on the phytase activity.
Enzyme and different concentration of erythorbitol was

mixed and stored at 10°C. The phytase solutions were
mixed with the respective stabilizer in % ratio.
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Fig. 19. Effect of storage time on the phytase activity.
Enzyme and different concentration of glycerol was
mixed and stored at 10°C. The phytase solutions were
mixed with the respective stabilizer in % ratio.
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Fig. 20. Effect of storage time on the phytase activity.
Enzyme and different concentration of sorbitol was

mixed and stored at 10°C. The phytase solutions were
mixed with the respective stabilizer in % ratio.
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statael Ao w FAFA FERAHQ AAS Y qste AR AddH
223, E phytase?] 7% phytase ExFWel glycosylation® 9 x7]ef tfr
dEe stk 9ot gheof A 7ddtE AR Hrbdd, o
Atz EFF7 W phytase ZZ A Hel A AAl erythorbitol® glycerol K.tlhe
sorbitolo] & A9 dAste] AHAA Hog vEgton, Agor FLE W
mAlel] th7l 4ER/HEE sorbitole] A RoE dordd,
NEgFF2HE AAE phytase 2842 F A2 A diblste] 30°C
of F2rloA 470d7 RAsHA TP A @& phytase EA8HE S48
Rk 10°C AFAIY 59T A S E erythorbitol®] =& 20, 30 ¥ 40%2]
FERZ g4 Jtete 30T FExAA 7HYE TLY TAEAY RS E
245 A7 HBAA erythorbitol® 718 A W T Hlote] T A
ol FEHEAG (Fig. 21). H7/HAE FFstx @2 dx7e Ff A7z
209 wrol A ZA 9 38%E FAFAR AR 60U olFdE ALY BE &4
o] AAHATE 2 erythorbitol e A7 Z% & W& Z Aole o
ERubx] kxg 30C  &dLr]dM AF 4‘7H".’r=;?77}7‘] A7 A 40%9
erythorbitol S H715 2SS A A9 46%, 30%<] erythorbitol2 #H7Fgh F
S A 33% 2lm 20%9 erythorbitolS FH7Ist A¢ A&
15% & YeEilch 22y mo @713k A7) A4 Hae FeisA
ol th 40%9] erythorbitolS H7Ms A5 ¢ ddl&Ad el 72%, 30-20%
o] erythorbitol& 713 Al AS FdWEAH 9 53-55%5 FA3t4 . Fig.
210 ‘pebdubel zho] 30°Col A 40U 7R 9] AZ71ZE F<tell erythorbitol?]
B 4% YEA gy, o o]F 8 AAVIE F<b erythorbitol
o] FE7F ¥4 E 49 A 4TS A VA A2E vEwT
10°Ce] A FAAM mastAE glycerold IF7MAEZ AFES A
erythorbitold A7t ZF$EAE 49 AFY B & FFE vlx
Roz vepth (Fig. 22). 4709 F<te] Ao oste] 20, 30 H 40% 7H3h
AME A 48PS 77 YR8 16, 33 B 46%E FATE A2
vhebsk ok A7) 4097, 40%9) glycerole H7ME F¢ AdHEA 6
FA A ew, 30%9 20%9 glycerolg H7F3 B 55% AEe ALEA
$ A8}, Erythorbitolell 28t &4t 3ske}t w7t A 2 glycerolell 9§ A
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Fig. 21. Effect of storage time on the phytase activity.
Enzyme and different concentration of erythorbitol was

mixed and stored at 30°C. The phytase solutions were
mixed with the respective stabilizer in % ratio.
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Fig. 22. Effect of storage time on the phytase activity.
Enzyme and different concentration of glycerol was

mixed and stored at 30°C. The phytase solutions were
mixed with the respective stabilizer in % ratio.
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B LE AT 409 olFol HbAldl od FEoEAol BA ey
Glycerolol 3% &2o] F2HQ A 7lostoz gao Mo dl A
g3t AR AT ok B A¥e] A$ glycerol® erythorbitol B th
= AR A AR FHgetE Rog BuAg

FEAN et 20, 30 © 40%9] sorbitol 7Fete BAZE 30°CY FL
Zoll M 4788 &t A3 HEA phytase BH L AU (Fig. 23). 2Pl
U ER Bheh ol AR 49 7hA ZA8AEE A A, sorbitol?] FEY
T8 a9 A vt a9 A vebdd 30°CoAAM AF 30
A7HA] 20%9] sorbitole H7HE A QABAH9 59%S FASAL, 30%2
sorbitol& ¥7t3 29 ddlgd9 66% 283 40%9 sorbitol& H7FE ¢
dRBAE T0%E FANF a8z AR 40937A 20%9] sorbitol &
7HEE S A8 53%, 30%9 sorbitolE H7FE F$ 58% 1El: 40%
| sorbitole H7tE B¢ LAV 62%E FAHL YA 2T A 4
MNE F7AE 20%9] sorbitole A7t A9 dWBHY BRE FAFAL
™, 30%<2] sorbitol®] 7% 44%, 40%9] sorbitole H7}E A 46% 7tEFe)
EA2EHE FAIEAY. 10°CAM 4 w272 sorbitole &4 AHAR AL
& 7% ¢ glycerol¥} erythorbitol B ot o] &#2<Q Aoz velyow o]2d

Hr

Bl 2ERE B2 Edd BEst A44 ohueade fu9Hd Ao
2 5age FEAY dFse] st Ao BeED ¥y A#AE
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Fig. 23. Effect of storage time on the phytase activity.
Enzyme and different concentration of sorbitol was

mixed and stored at 30°C. The phytase solutions were
mixed with the respective stabilizer in % ratio.
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Table 8 Comparison of phytase activities and moisure contents
of dried phytases with different drying methods.

Phytase activity )
. . Moisture content
(relative activity)

Hot air drying 49.1% 10.7%
Cold air drying 71.4% 11.9%
Spray drying 84.5% 7.2%
Freeze dryving 92.2% 6.5%
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2. Al 2A¥-5A: Phytase 381 A3 @A 29 AL

7}, Aspergillus sp. 5990 phytase s3 2} cloning
Aspergillus sp. 59902 35°ColA 297 w3 F TAIAE A5 AL
Al Zre} Mini-beadbeater2 DNAE 23t} Primert Genbankol %
&

ol

<]
=3

Aspergillus niger phytase 242z A9t BE EW& A niger phytase®} t
histidine acid phosphatase £7te]l B &% 998 DnaStarg o] &3t A
5t Table 1191 AlA1€ primer AU/AD2 (phyA), primer BU/BD2 (phyB)&
A&t Aspergillus sp. 599022 %8 H2l¥ genomic DNAE template®
sted PCRE Z3 & WM=g Yeldigdt (Fig. 24A). %€ phyASt phyB
FHze] A7l 247 15 kb9 1.6 kbE YEFURATH ©]2ig DNA @3 =
71E oln FgojolA E2l® phytase FrAze] A7|9 FAMG AFHE UEHY

At
=
S

f

'
-

Z 3 DNA ©@#Ho] phytase FHAAUAE &A3t7] A3 Smal siteR
32171 pBluescript vectorel 4t th Ligated® clones Xbal-Hindll

22 Aste] DNA dHe #Usgled (Fig. 24B) FEH2o=
DNA Fzx& £43to] &Astgivh. F8AU DNA £4 23 phyAst phyB
AR AU oW Aspergillus ficcumT Aspergillus niger var. awamori
9] phytase FHx} FFAol TA JElRT. phyAst phyB #FAAE
pBluescript SK¢) ligation® ¥ E. coli DH5eol HEXAFAA positive
colonyZH-¥ plasmidE E&d F 543 Adasrz Azsd Arldsd
A7 plasmid®t A EAE A 5 AR (Fig. 25).

Ll
r)'

A &

. cDNA 5%

Aspergillus sp. 59900. 2Rl B3 mRNAZE F8o¥ RT-PCRA ¢
& cDNAE @43ttt cDNA9 first strande 025 U AMV reverse
transcriptase XL (TaKara, Korea)®t 0.125 uM oligo-dT adaptor primer % 1
ul®l Aspergillus sp. 5990 mRNAE Fyo g2 A&t FEHLE TP 240
(TaKara, Japan)2 A}£3t9.28, cDNA A& 42°Coll A 3083 3t FA
o 99°Cell A 583 dxgdt RTE MAAHT. F A4 PCRe 2%
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Fig. 24. Cloning of phytase A incoding gene from Aspergillus sp.
5990. PCR product and vector (A): lane 1, Smal digested pBluescript
SK. lane 2, PCR product of phy A gene. lane 3, PCR product of
phy B gene. Phytase clones (B): lane 1, Xbal-Hindlll digested clone of
phy A. lane 2, Xbal-Hindlll digested clone of phy B. Genomic DNA from
Aspergillus sp. 5990 (C). 1kb plus DNA ladder (BRL) was used as

a standard marker (M).
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bp

4000
3000

2900
1650

1060

Fig. 25. RT-PCR results from Aspergillus sp. 5990. PCR product
and RT-PCR product was resolved on same agarose gel from the
left phyd gene and phyB gene. lane 1 and 3, PCR product with
genomic DNA as a template. lane 2 and 4, RT-PCR product with
mRNA as a template. 1kb plus DNA ladder (BRL) was used as a
standard marker (M).
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DNA %2 primer AUMEcoRI 5'-CGG AAT TCC TGG CAG TCC CCG
CCT-3'9% primer ADMEcoRIl 5 -CGG AAT TCA GGT AAT TCA GCT
AAG CAA AAC ACTC-3'E o|&3}o phytase A F32AE PCRZ FFA
7t Phytase B ®AA FTFE Y3 RT-PCRE primert B_UXbal
5-GCT CTA GAC CTT GGC AAT GCC TCG CAC CTC TCC-3%
B_DEcoRI 5-GGA ATT CAT CTA GTC CAT AGC ATC ACC CTC
CTG GCA C-38 Ar&3l9t. RT-PCR Z 3 phytA= 14 kb (Fig. 25 lane
2) 18]3 phyBE 15 kb (Fig 25. lane 4)¢] W=7} veElgt, 28in JA44
DNAZ template2 3o PCR¥ ZA3 RT-PCR AE2RUE & E7|FE A
Y DNA band® YebgAcC}. o)2idt A a3+ phytase FAxHel introno] &
g onl g,

th. Multiple integrationg $13 Wad Wy I3

ANEHIMR R AMEHE phytaser FE FAA AFUGAM BHS LI

3+ phytase A EZEE 33 9129, phytase ATHo]
5] 3 9t} Phytase BE Ao A T 840 Zavd T894 84E& vEh
A 7] Qg T2 GHEEY YAMT B wHIAA {FUiEHA] )
of #elst7] W&ol phytase Bol thdted &840 @eo] "oz, mepAd E
AFA L= phytase AS A AE 7] S 2R 2 AASH

Aspergillus 49 phytaserx FdAUel introng& AYxR 7] Wl
Aspergillus sp. 59902 258 mRNAE E#3o cDNAE Axs7 A5ty
RT-PCRE template2 A}£3t3th pSKphyA/Bel #2420 DNA +xE <
Az A FAEYE AW phytase primerE A Z&S phyAst phyBE
37] 913 cDNAE 439t (Table 9). Genomic DNASY 54 H&&
k7] 9% primer set® A 2H3EkS)

Aspergillus sp. 59902 mRNAE oligo-dT magnetic bead®& ©l&3}o] &
28 % oligo-dT adapter primer®t phytase At Bol Eo]& ¢l primerg ©|
g3te] RT-PCRE #3alth Fig. 259 Yebdniel o] CD iAol A &
B FARRE RNAZ F%3 o RT-PCR3 A3 phyA% phyB f+A#7t

A

I
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Table 9. Primer sequence

Target Gene Primers Sequence
PhyA gene A_UEcoRI 5-CGG AAT TCC TA GGC ATC ATG
(With signal GGC GTC TC-3

sequence) A_DECORI 5-CGG AAT TCC ATC AAG GTA ATT
CAG CTA AGC AAA AC3

PhyA gene A _UMEcoRI 5-CGG AAT TCC TGG CAG TCC CCG

(Without CCT-3
signal A_DMEcoRI  5-CGG AAT TCA GGT AAT TCA GCT

sequence) AAG CAA AAC ACTC-3
 PhyB gene B _UXbal 5-GCT CTA GAC CTT GGC AAT GCC
(With signal TCG CAC CTC TCT C-3

sequence) B_DEcoRI 5-GGA ATT CAT CTA GTC CAT AGC
ATC ACC CTC CTG GCA C-3
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Fig. 26. Cloning of phytase A incoding gene from Aspergillus sp.
5990 Phy4 (1.4kb) ¢DNA from mRNA of Aspergillus sp. 5990 (A)
inserted into Pichia expression vector pPICIK (Invitrogene) at the
EcoRl site (B). The resulting plasmid, PKAMC, was confirmed by
EcoRl digestion. The linearized plasmid was resolved by a 1%
Sekem LE (FMC) agarose gel and visulized by ethidum bromide
staining method.
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FTEHUA Y, PDB vz oA 718 #ALE o] &3t RT-PCRE 23 phyA
¢t phyB A7 FEE A gt 2 99L& phosphatert A FHE s} Aol
A AR g AbRhe] phytase® W@ 7] WEOR AT o2 Eie= A
ficcum phytase 3%} cloning A3 Fd3s o8, phytase FAA ol
introng Y3 Qv A} ARGt Aspergillus singnal sequenced A
d SZd DNAE AT T4 2 AT sto] pBluescript vectorel A sl A&
2l EFA A g phyA F ARl st el EcoRI siteg Ad
A_UMEcoRI, A_DMEcoRIl primerg #A3led RT-PCR #2224 signal
sequence® AUz &= 1.35 kbe] DNA ©#H & It (Fig. 26A). Phytase
A F+3AE codingdte RT-PCR AHE S pPICIK (Invitrogen, CA, USA)
& vector?] EcoRI site (a-factor signal sequence® 7HAl codone®] & ¥
el Ardsisdet 2 232 MAE plasmidE PKAMC (Fig. 27A)2F 4 &}
%129 methanol inductiono] 9 & ZA s+ AOXI promotorgE AU Ut}

—

A7t o] vector: in vitro’doll A multiple copy insertsE screeningsh’] #
& kanamycin W4 fFAAE Y3 gle® Pichia straingl GS115¢F KM71
ol & phytase® wigdoz Eulss 7S AYa 7] A& &%
of frall AMEH ALY tiFABL §olEtA AMEFHIT AT

GS115 (Mut) Ex KM7IMut)ell A F32 42 @422 hisd locus}
vector®l HIS4 +7A2+ Abelol A single crossoverZ} €oiv}h hisd locusol A4
gk, 2 A3 1 7 olA+e] phytase A A7F hisd locusoll A ¥} genomic
AOX1 B aoxl’ARG4 $1X€ ol2|¥ Azgo] doiuAl ¥7] wEel His+
FAAEAY TdF S BEAZAYE Mut £383 Fd3ttt. PKAMCS DHS
¢ §HHABAZREY plasmid& #8389 EcoRl AlgaLZ MY g 1%
agarose A7) dEF o2 EI5Act (Fig. 26B). Positive clone Bglll A &
22 A2)3te insert DNA W4 & 838t Pichia Tl 348§ A}
g3t Ags ¥R 2718 Ad cloneg AEdted PKAMCE B33
At PKAMCE Mini Prep Kit (Promega, WI, USA)E ©] €3} miniprep3}
A1 FHAE sequencingdte] ORFE <13ttt
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Fig. 27. Construction of expression system. Map of the PKAMC
expression vector (A). Gene insertion event at his4 locus (B). This
result in the insertion of one or more copies of the phytase genes at
the his4 locus.

- 108 -



2. Aspergillus sp. 5990 PhyA &z B4

Aspergillus sp. 5990 phytase & HA& ¥43}7] 98t Universial primer
¢} Rivers primerE A3t 13 25 B4355 0. 1A sequencing 248
Ed2 M2 FAAXZE o) 300 bprlt} primerE designdte] phytase A %2}
o] HA #+x& $2892H, phytase B A A= RT-PCRE &<13t7] $l3
o REX o2 sequencing 3}%th.

Fig 28& 15129 nte] phytase A &3 A2 &A% sequenceE et ™ &
2ol signal sequence A9 103 ntel introne] WAIEHo] U} Signal
sequence™ AFAZ UEUA on #4224 RHGXRXPE box®E EAFA
o o] HAHAE 10789 N-glycosylation ¥ (AHE e N7} &x8h9
Asn-X-Ser £+ Asn-X-Thre #& A9l sequenced YERNITL Mature &
A 452789 ofulito g FAHAeH, o]E2HA BAFHL 496160t &
A sequenceZ AME FAhe oAU ple 48494, EeEl® Aspergillus
sp. 5990¢] phytase A FAA MEL Aspergillus ficcum, A. niger var.
awamori, A. fumigatus, A. terrus® phytase2} 2tz 99, 97, 66 R 62% A+
A48 Yetdgdo e EXHL A niger var. awamori®t FAVSHY &

AR TE2E A ficcum™ FAMSEI T

v}, Phytase AAb8 Pichia pastoris 2§ H o] 24

PKAMCE Pmelo 2 A #3ste] 2 3}sto] headol|l A tail W2 His
zlell integrationA]# His & His'® #@&slaAdh (Fig. 26B). pPICOK X3+ &
stete] lz2AE 22 Pichiad) AP AFh RDB plate’de] EE His'
AXNBANE G4 ¥ G418-YPD plateo] transferAl#A 2 Fx29 G418
AN BAE colonyE e, Fig. 292 0.25, 05 % 0.75 mg/mie G418
S #FF YPD platede] His@ZA#AE etz o, 1.0 mg/mle
G418€ 3 YPD plate’dol = colonyZF WEhUR] &dd (Fig. 29).
KM71 &9 3Zd& gl GSI6EY %71 Wi 30789 KM71 #59
colonyE 0.75 mg/ml¢] G418& &/ 3 YPD platedl A #=2dted BGMY A
izl A JFAA B4 FEE $8ted BMMY #lA 2 transferAl Zth. 49
&2r9 methanol induction®ll 9oy wjgae] gl a FEE 38 mg/mlel e

o

o X
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XD ATA SGO ATC aeg €67 E4e tet Get ZHL ots S1C cut 11g tat cte AtE tel €CE P4t get sag C4% cac AAT caa VB

4Et ct: ata agg xoc clc €9t LCC GAE EEC CG¢ REA ege 1CE @oc 1€ $UL €€3 cta c1g ale St gac tar cig tge 1%

“ge g atc toc gEA TT3 GUA GTC COC GAT TCU AGA AAT GAA TCC AGT TGE GAT ACG GTC GAT CAG GGG TAT CAA T6C 2%
K

TTE TCC GAG ACT TCG CATCTT TOG GOT CAA TAC GCA CCG TTC TIC TCT CTG GCA GAA TCG GTC ATC TCC CCT GAG 312
K

GTG £CT GIC GUA TGC AGA GTC ACT TTC SCTCAG GTC CTC TCCLGT CAT GOA GCG €6 TAT CCGACC GAC TCC AAG 65C 3%

ARG AR TAC TUC GCT £7C ATT GAG CAG ATC CAG CAG AAC GUG ACC ACC TTT GAC G6A AAS TAT GCC TTS CTG AAG AUA <&
TAC I;
TAG OGS TAY GAA TCG CTC ACA AGG AAC ATC GTT CCA TTC ATC CGA TCC TCT GGC TCC AGC CGC GTG ATC GLC TCC GGT LA

C TAL AGC TTG S5 TGCA GATGAC CTG ACT CCC TTC GGA GRA CAG GAG CTA GTC AAC TCC GGC ATC ARG TTE TAC 548

AAG ABA TTC ATC GAG GGC TTC CAG AGC ACC AAG CTG AAG GATCCTCGT GCC CAG CCL GGC CAA TCG TRG CCC AAG ATC 0%
GAC GTF STC ATT TCC GAG GCC AGC TCA TCX AAC AAC ACTCTC GAC CCA GOT ACC TGC ACT STC TTC GAA GALC AGC GAA )
TFG GCL GAT ACT GTU GAA GEC AAT TTC ACT @C ACG TTC GTC COC TCT ATTCOT CAA CGT CTS GAG AATSAL CTG TCC 3%
COT GTG ACT CTC AC A GAC ACA G’;A GTG ACC TAC CTC ATG GAC ATSG TSC TCC TTC GAC ACC ATC TCC ACC AGC ACC GTC %
GAC ATC ARG CTG TCH CCC TTC TOT GAC CTG TTC ACC CAT GAC GAA TGG ATC AAC TAC GAC TAC CTC CAC TCC TTG AAA  10Ks
AAT TAT TAC 36C CAT GGT GCA GOTAAC CCG CTC SHC CCG ACC CAG GGC GTC GOA TAC GCT AAC GAG CTC ATC GCC CGT 1082
CTS ACT CAT TCG CCT STC CAC SATGAC ACC AGT TCC AAS CAC ACT TTG GAL TCG AGC CCG SCT ACC TITCCG CTC AAC UM
TCT ACT CTC TAC GCG GAC TTT TCG CAT GAC AAC GOC ATC ATC TCC ATTCTL TTTGCT TTA 46T CTG TAC AAL GGC ACT 1242

CTA TCT ACC ACG ACC GTG GAG AAT ATC ACC CAG ACA GAT GGA TTC TCG TCT GCT TG ACG CTTCCG TTT GCT 16

TEG CRT TIG TAS GTC GAG ATG ATG CAG TGT CAG GCG GAG CAG GAG CCG CTG GTC CHT GTE TTG GTT AAT GAT CGQ GIT 1404
STC G TG CAT GGG TOT COG GTT GAT GOT TTG GGG AGA TOT ACC C66 GAT AGC TIT GTG AGS GGG TTG AGC TTT 54T 1482

AU A TOT

GCC GAG TCT TTTGCT TAG CTG AAT TAC CTT GAT G AN TGG 15

Fig. 28. DNA sequence of clone pSKphyA carrying the complete
phytase encoding gene of Aspergillus sp. 5990. The possible signal
sequence is indicated by lower-case letters. The putative intron is
marked within vertical arrows. The putative cleavage site of signal
peptidase is show ( ~ ). The PCR primer site indicated by horizontal
arrows under the sequence. Potential N-glycosylation sites are
indicated by N . Box region is the RHGXRXP active site motif.
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™, wiFeH o] phytase 84 =A Yeikth 28x wEdE SDS-PAGER
H71QET ZF 8 kDa HIZA sy ol Neg Ueuddedy,
phytase A9} L3 23S Yelh}Ao. Pichia pastoris F8lE e Gl
o] ko] z7] wiF ol wix el EwviE Ao RE @¥HEL XY phytaseE

B

vl A &3 phytase o) FAYAt

Chlorosomal integration &&°] E& KM71 TF& BGMY vl =] ollA
ARANZ F 529 FEE A% 10 L #EXE o/£3 BMMY HiA=
transferAl A 30°Coll A 180 AlzF F<t vidstd A ANEF phytases] @A
S A% 270 & 93U (Fig. 30). & 4 & 24ATFE 48A7HEt AT
20 ml®| sucrose$} methanol EF ML 7hatn 48A12 ol FHHE AT 50
mle] EFHE 7tsted AZF phytased] A4S F=dAc 2 A9 LE
12071 2t ol phytase A4to] H2 =How, ojwje] AL 1 liter B
22 go2 et 484 FE9 phytase A2 A4FHoE2 vEud 2
Hu AL NS st B g 2ExE AT A & A7
AqA BFEE 2d& utBoz YA S FAA717] AT induction A A
%, feeding supplements®] A& /44T dart doh. 53 diF AUE 4
3 scale-upAl pilot 5.9} plant 729 ¥ & FAHA induction 17 seeding
z73 Y F7HAQ A7 st oleig dFe ¥ waxsh Fald 3
AdA 9 AR A€ A APsE A% A5 FFo] Erd F&A Y. wa
A E A xE phytase? A E A QFAPN 2L FAAAR 7)gold
& ¢85 QAN A AGEAE FEE Ao

@ A2, kY 2 A@g phytased] B A

1) Phytase®] A=A

B AFdM Agd AZF phytased EAZE vla - £A817] At 3F
o] phytase (P. pastoris2 %€ Aitd AZ2F & &, Aspergillus sp. 59902
Z2E A4tE oFA¥ phytase, BASFAIA A BEH¥E phytase)E A= 8o
o} % phytase AAWHA F3te] A E42E FASHAL

- 111 -



KM71

Control 9.2%ng/ml 0.50ingni 0.75mg mi

Control 0.25mg Al 0.50mg/mi 0.78mg/ml

GS118

Fig. 29. Phytase transformant on a various concentration of G418
plates. Electro-transformed His+ transformant was transferred on
G418 plates for screening of multi-copy integrated transformant.
KM71, GS115 transformant strains show in upper and lower law,

respectively. Control was a non-transformant.
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Fig. 30. Time course of cell Dry weight( @ ) and recombinant
phytase production ( O ). 10 L Jar fermentor Cultivation using
a 700 g/L glucose solution in fed-batch phase

(feeding rates are indicated by the dashed line) was performed.
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7F) kA48 phytase A2 A A
Aspergillus sp. 5990 T2} vjFdol= F F o]49 phytases} &3l
Aoz uraxyon, ou] 4% Z phytase BE pH 8.091A4 Q-Sepharosel
FHEA U phytase AT #2 2 P FFEHA Fuh F HEL
g S 3 E3le] cheese gause® sl FAAE AAT & opAe
2,000xgell Al 20% T AR viFy HFEES AASAH. dAHE
2] § 42 45 01 M NaOH £Ho 2 XM3 73t pHE 8082 =
4% ¥ 1 mM CaCh® 3 20 mM Tris-HCl, pH 80 &5 o2 s}
-Sepharose column (2.5 x 12 cm)ol 3 A Atk Q-Sepharose] F&
Al F& Al BolME phytase A BA T A Eon o dAE A A
&0l 96%A 1 =T 24W F7tetHoh. Q-Sepharose ZHEE FHA L X
£ N9l pHE 1.0 M citric acid®2 pH 3022 ZAF & 12,000 x gl A ¢
B 9AEYT 3 AE24E 1 mM CaChE &-43% 20 mM Na-citrate (pH

s

b b

[\
o

30) ¢Fdog HAFP3lE S-Sepharose column (15 x 10 cm)ol F2AIF
FA F 458 50 miE F2AEHA & d¥@ S AAY £ NaCl ¥=7F
0-04 Mo] HEZ & &8 300 mEN HAESTFHHORZ phytase AS

sttt (Fig. 31). S-Sepharose column chromatographyl 2|3 phytaset
NaCl 5% 02 M A=A AT 2 Yebdute Zo] a¥d s
HAce F2EY HAV AR @S @ 7T Aok ol EYH ZAEAY
of Mzt tE 9 FEFS uidg. et FEI}E e 9ud g A
% ool 4ode oujgn. o] FADGAE AL
ZM 855%9 F&&F £Z7F 408 F713 phytase AE & 7 JATH
Phytase A9] AAGAE Eol7] 95l 848 E (I 26-38)& Xol 3u)
] &% (1 mM CaCl® 3% 20 mM Na-citrate, pH 3.0022 343}
5= E A3AZ £ 1 mM CaCl:Z %3 20 mM Na-citrate, pH 3.0 &%
AHo2 HH3LE Mono-S HR 5/5 FPLC column (Phamacia, Upsala, Sweden)
Zgo] F&89 Y. &2 ¥ phytase ASZ FPLCE ©]&3% shallow-gradient®
£ AAsI¥Y o™ (Fig. 32) A ¥ phytase A9 &€& 6%
TEe 19782 F7kstd ok (Table 10).

1o

phytase A€
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Fig. 31. Chromatogram of a first S-Sepharose cationic exchange
chromatography of the Q-Separose column fraction eluted from
Aspergillus sp. 5990 culture supernatant. Flow rate was 120ml/hr and
fraction volume was 4ml/tube. The enzyme was eluted with a
gradient of 0-0.5M NaCl in 20mM Na-citrate buffer containing 1mM

CaCl,, pH 3.0.
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Fig. 32. Chromatogram of a first Mono-S HR 5/5 cationic exchange
chromatography of Aspergillus sp. 5990 phytase A fraction from the

S-Sepharose chromatography. Flow rate 30 ml/hr and fraction volume
was 1ml/tube.
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) BASF phytase®] A A

Al #kx = Natuphos (BASFARA]) 1g2
20 mM Tris-HCl &9 (pH 80) = F dAEZso IHAEL AAs
Ak AEAE 20 mM  Tris-HCl €% (pH 80)o& %%5}}\]7\1
Q-Sepharose ZFd (25 x 12 cm)ol E#A1Z1 £ Q-Sepharose Z
A @& Tagde pHE 1.0 M citric acid2X pH 3.022 ZA3 F 12,000
x golA 2087 YAEEES F A4FdE 1 mM CaChs ##3% 20 mM
Na-citrate (pH 3.0) ¢&dH o2 H3P 5@ S-Sepharose column (1.5 x 10 cm)
o FAANFHD F& F &4F LN 50 mE FIAHA ¥ dHAS A F
NaCl =7} 0-05 Mol HEE 3 &89 300 mzH Adserigez
phytase A€ 839 e (Fig. 33). S-Sepharose column chromatography i
9213} phytases NaCl 5% 02 M AZoA RIAQt. 2@ el deie 2
o] A Tk HAY FAEA FA) XA FHE ¢ F U o) #
gde g4agdd dstrt g aud FEEL onisd. b FEI}e
e @fdE AAGY H5t 2ed GRS o} 33H94 1 mM CaCl,
FH3 20 mM Tris-HC], pH 80 €& 4o 2 d4g ¥ 1 mM CaCLE &
§ 20 mM Tris-HC], pH 80 ¢¥¥ o2 H¥38 Mono-S HR 5/5 FPLC
column (Phamacia) 2.2 phytase® A A ATt (Fig. 34). o] AAGAE AZ
°2H 18%° &2 ¢=7F 174 F713 phytased €< 4 UUh (Table
10).

o
2
]
B
fu

E

o rulm

o) AZE phytase?] AA

05% BMMY H#]|x]o} chlorosomal integration &&°] ¥ KM7l ¥#F&
BGMY HAuiAlo| A FAAZ £ 10 L HEZE 0|43 BMMY uixlo] HF
Al7A 30°Coll A methanol induction® 2 597+ uwjeste]l A3 phytaseE o
FAL AT vl Foll EA3lE phytase AE oFAE phytase & A Aol
Age olragvtEaRAz2AN FdEA At F, BMMY viAdA 5
b e mgAE 12,000xgel M 1023 dAEHT F FEde pHE 01
N NaOHZ pH 802z ZAZ T | mM CaClE %3 20 mM Tris—-HCI
S, pH 8022 FMAZT FAAE YT gFdoz FPIHA7
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Fig. 33. Chromatogram of a second Q-Sepharose anionic exchange
chromatography of crude enzyme from Natuphos (BASF Korea).
Flow rate was 120 ml/hr and fraction volume was 4ml/tube. The
enzyme was eluted with a gradient of 0-0.5M NaCl in 20mM
Tris-HCI buffer containing 1mM CaCl,, pH 8.0.

- 118 -



| 80
15 4 .
=3 +
g L 60
< : ' S %
) : : 3 =
c 1.0 : : F1 < S
g ' 2 a5
£ = % 38
2 ° )
o < ©
o 05 2
L 20
0.0 0 Lo

Fraction No.

Fig. 34. Chromatogram of a first Mono-S HR 5/5 cationic exchange
chromatography of Natuphos phytase A fraction from the

S-Sepharose chromatography. Flow rate 30ml/hr and fraction volume
was 1ml/tube.
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Q-Sepharose Z& (25 x 12 cm)oll E# A1 ¥ Q-Sepharose Z ol &2
Al e Aafde pHE 1.0 M citric acid24 pH 3022 FA3% & 12000
x goll A 2083 AAEEE F A4EAE 1 mM CaChE &FE 20 mM
Na-citrate (pH 3.0) &ZFH oz HYP3 ¥ S-Sepharose column (1.5 x 10 cm)
o FAANAYG F2 F 4F &N 50 m2 FAHR Ge dwAS AT T

NaCl ¥%7} 0-05 Mo] HE2 3 94389 300 m2A AHFEPuyos
N2  phytase AE  EE&FIYG  (Fig. 35). S-Sepharose column
chromatographyell 2|8} phytase® NaCl 5% 02 M AXEA EIHU 2
Holl Yetduiel o] @iy Fx waet 284 HAart A &S
2 o met SEstE o gid g AAS ] fditd e 2448
< HEof 3ol 1 mM CaChE &% 20 mM Tris-HCI, pH 80 ¢5 o=
s|4et & | mM CaClk® &3 20 mM Tris-HCI, pH 80 & Ho =z #Hd
3l¥l Mono-S HR 5/5 FPLC column (Phamacia)©Z phytaseE A A3ttt
(Fig. 35). © AAGAE AIoZN 26%9 F&F £T7F 208 F7Hs
phytase® €& 4 AU} (Table 10). 282 3FY a4 AHALAHA digh
T&3% AAEE Table 10°] HebAS. ztzhe] HAl &9 SDS-PAGE-]
o3t FA=E Fig. 369 eyl

s

(¢}

lok

b Az ALz 54

1) Glycosylation A%

AA Y Aspergillus sp. 5390, BASF phytase ¥ P. pastorisell A AAbs A
Z% phytase® N-Glycosidase FZ @39 deglycosylationAlzl
SDS-PAGE® 7|9 %3 ZAZ Fig 369 UelNRAth. P. pastorisel A A4t
¥ A 2% phytas, Aspergillus sp. 5990 ¥ BASF phytase® &x & 2}7}
80, 85, B 75 kDa®l ©d W= Jeyd. a2 3F%e 4 E
deglycosylationA]Zl A3 ExFL& F3] 50 kDaZ Yebygch ol5 s A+
otk MEE T8 oA EAFA 49616 Dast ofF FAMSHA e
t (55). 3F &4 BAFE vludd ofA¥ &7 BASFS ARF 84
Boix: 2o A UeEpow o k¥ phytaseZt HHE EARTE
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Fig. 35. Chromatogram of a first Q-Sepharose anionic exchange
chromatography of the crude recombinant phytase from P. pastoris.
Flow rate was 120 ml/hr and fraction volume was 4ml/tube. The
enzyme was eluted with a gradient of 0 - 0.5M NaCl in 20mM
Tris-HCl1 buffer containing 1mM CaCl2. pH 8.0.
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Table 10. Purification of phytases Phytase activity was determined at 37°C

at pH 55,
Protein o Specific ) .
St Volume Activity fivit Purity  Yield
ep conc. activity
(ml) (U/ml) (fold) (%)
(mg/ml) (U/mg) °
Crude 2,000 0.22 114 54.1 1.0 100
A. sp. Q-Sep. 2,000 0.126 104 82.6 1.59 57.1
5990 S-Sep. 60 0.156 29.3 187.8 3.6 77
Mono-S 4.0 0.37 358 986 187 6.2
Crude 200 2.0 492 24.6 1.0 100
Natuphos Q-Sep. 24 1.2 230 192 78 56.1
Mono-S 4.0 0.64 279 440 17.9 17.2
crude 500 3.2 70.2 319 1.0 100
Recom-
) Q-Sep. 34 0.79 466 587 18.4 45.3
binant
Mono-8 30 0.48 306 639 20.0 26.2
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< ot a2y HE R wet glycosylatiopn
ol v th A g B AFE B ¥ 5 UNeH, glycosylation
Lo we WIAHE di xolrt 3S & = UAdY. 53] glycoprotein®] 7
T HEAdT B E FHAA7) A% glycosylation-‘ﬂ AEE FAAI17] 9
2 AFo] A=Ho|okd HA oW, &3] phytased] E

e FFATI7I A% el E shsAde] Ut
Phytase  ®ZxE  Asn-X-Ser#  Asn-X-Thr® % 1074 ¢
N-glycosylation siteZ7} Z&Astyt A %3 phytases kA # phytaseol] H]3&] o]
o 2 glycosylation =& YElW T o old s Zi+= glycosylation
HET A fumigatis) A GERG whel o] s R A Aot dA T
(53). Aspergillus sp. 59902] DNA sequenceo] uEldule} ZFo] Asn-599
Asn-120 ¢ 2= ol AA W Eo N-glycosylation A =7} 7P oy, Asn-207
I} Asn-339% HEAo] E7) wWE] glycosylation AE7F AT R 4
Eth Glycosylation® &4 9 o8 712 EA 4 md AAN=Z, o
WAty g% foldingoll d&E WA ZujgdAde ¥gEs Y. 2F

o

rlo

o
WAl B N-glycosylationdl 98t 159 71%& FX8(57, 58) AF
gt 9 x o] A3} (59). N-linked glycosylatione dA A dojyn &z

folding® Aol A4S v A} Glycosylatione oje] 7Fx @¥#l A2 folding T}
28 FAAI &L 39 (60), g8 33 FRE WHIHAA A I
714gttt, €A £ acidic carbohydrte?] modification®] 7% d@¥d e pl w3
£ &t (63). oM & ple] W3l phytased] AAE @A 3te e
Aoz 7hEElT Yt v Lo 2 glycosylation® AR 9] W E =
AFoezA phytase LHAEE RFE Ao Hu vk AR FFolY &
EE o] &3 AMET phytase®] MALAl ok el Hl8] glycosylation =7}
& ol F F9 shfolth

2 Az FALLY BEHH 27
pH 10 - 8071419 &% (pH 1.0-28, 0.1 M glycine-HCl, pH 3.5-60,
0.1 M Na-acetate; pH 7.0-8.0, 0.1 M Tris-HC)ol Na-phytate’} 55 mM 5
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Fig. 36. SDS-polyacrylamide gel electrophoresis of the purified three
phytases before and after deglycosylation by Endo Hf. Lane M,
protein standard marker from BRL. Lane 1 and 2, recombinant
phytase A expressed in P.pastoris with and without Endo Hf. Lane 3
and 4, Aspergillus sp. 5990 phytase A with and without Endo Hf.
Lane Sand 6, A4.niger phytase, Natphos from BASF with and without
Endo Hf.
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EE 5 F 7ER AMEI FAE oY, AxHE R A& phytased
37CeA 3087 A F TAEHE AT ZHXE Fig. 379 b
oh g F%o] el phytaset 2o] ok ¥ phytase, A|ZFE phytase
% Natuphos¥ pH 55914 U84 & JeldA e pH 25904 % thd 2
Ao E U

oFAl % phytase®t AZEE phytasers pH 2594 A 8A e 70-80%E
e $len, pH 7.0 = H &4 o 40%E FA353 32 pH 80 4
S AT 9l AlfEE phytased] A9 pH 2552 FHd A
50% S YstiAth
28 28 ¥ phytaset 2 pH d99A 2 24& dehdi= A
o2 gd#A oy (6l 62), ol ¥ IA7NYY FFet dAET Uk 2
v A. terreus, Emericella nidulans % Myceliophthora thermophila 2.2 %
B #3¥ phytasest duel A pHE AUe Aoz Buxi Yot (63).
A fumigatusZ2F € 4% 9] phytase® 43 A 289 pHe 2T &EALS
=43 A3 pH 407 pH 50904 4L AUe 2oz dddn
Basln glen (64), pH 50004 HHB8AHL AUs A funigatus®
phytaset A B doe= A8 A4S Jehlix e Aoz RyuHn Qo
w2} Al phytase®] pH-profile phytase® Asts o uwegt =2 A Jed
T Aoz g4,

A. fumigatus. 9 & U <EA phytased] 2 pHol st vt
AzEol Atk A fumigatus. o FHAE o83 A nigerdlA] TEAZ
phytaset pH 3.091A4 23382 w2 A& Jeluy (61), g3 LT
hostoll A & Al 7l phytases pH 40004 7.3 AddA HEAHY 0%E U
BlE Ao®E Budsn Uk 63). = G2 ASE A fumigatus. 2] phytase
FHAAE A nigerol A HEA 7] phytase?] ¢ dhtel A pHE Addz
Bty ok (64, 65). WetM A fumigatus & 3% =5 meElA phytase
el #4 pHE 4 @34 F JSS ¢ ¢ At

3% 42 2x0] W& phytic acidd E3MTS AHEry] sty 719
pHE 552 IAAZ ¥ 259 w& g2848& FAH3}9T (Fig. 38). Az
g phytase= 68°C, kA& phytaset 65°C 28 i Natuphosi 60°CollA i

}
FHo

i
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>
)

...125-



100 A

SR

2

=

5 60 -

©

2

® 40 -

©
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20 1 —o— Phytase A

—v— BASF phytase
0

Fig. 37. Optimum pH of phytase activity of the purified Aspergillus
sp. 5990 phytase A expressed in P.pastoris (@), Aspergillus sp.
5990 phytase A (O), and Natuphos from BASF (A) with sodium
phytate as the substrate at various pH. 0.2 M glycine-HCl (pH 1.0,
2.0,and 2.5), 0.2 M sodium citrate (pH 3.0, 4.0, 5.0, and 5.5), and
02 M Tris-HCl (pH 6.0, 7.0, and 8.0). Results are expressed as
means of three experiments.
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Fig. 38. Temperature dependence of phytase activity of the purified
Aspergillus  sp. 5990 phytase A expressed in P.pastoris (@),
Aspergillus sp. 5990 phytase A (QO), and Natuphos from BASF (W)
with sodium phytate as the substrate at pH 5.5. Results are

expressed as means of three experiments.
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g4& Jelen, AlREsEgE B dF ML AlSE oy &49 F

2w Aoz Yyt ada 42 549 HHEE £ o}
AY g4 HHSEEOE di FA Jeiwd o8 HALR YFe
host 7ol A phytase F A7 & " o] glycosylation Axo wel Ga}A
v Ao didt F a4 4L 70Col4oAM F23 445 phytase
A°l BASE HAEAY 18%, Natuphos® A $E 5% 7139 AR TAHS &

woleh, 28y Q28R4 B9 70CAME AHEA e 50% 7H&#HS 4 8
Ath Phytase?] 84 HA 2xv i WEAdS BFHo) Aoy B A7
ol ] K29 phytases Al B EH3¥ phytase®TF gA o] 5-7°C 71 & AL

(e

2 s, o B2 2o §A8A4L WY BAPEAN +
e 279 85-90°Ce 2XAME Ad = d&S Az Qo

Thermomyces lanuginosus® phytase® 65°ColA A &4 L ey,
75°CAMZ Fzhe] &S Yegudle Aoz BuHy gom (66), 53] 65°C
Ao Zujl&gde & #%F o] phytase BTt R 53 Aoz g#A AU
ok A fumigatus SRRC 23973 SRRC 452 %€ 39 phytased] obo| 4t
MEL 2oy, 74zt 70°C9 58°Col A A &A e L}EMJU%, ojgg HAHLL
o] ApolE F EAHS WFE FA o AolR FAHEHI YTt (64).

) AR AT WEA

PhytaseZt 7}&2] AFEHZFPARZ AMEE7] 5t DA|ZEol AR Lo A
B85 dojvhA] otop girt, wEtA XY phytased] F88E AT
AP o2 ok Y phytase A%t 485 = BASF phytase®t ®luwstith. Ui
34 £4& d& ZAY A 24 E 37, 50, 60, 65, 70, 75, 80°C 7 &=
A 2087 EHgsted ¥ZAAZ ¥ pH 50, 37°ColA 47 3083 ©EAA

FEALS &8t dAIstA @& B2 A O FHBEAHE FA
Aok (Fig. 39). k4% phytase?] 2% 65C7HA9 Al E &4
2 fAFeY 70TCAM F 46%, S0CAA 70% ©)de &8 243390
BASF phytase?] 7% 600C 7k%2] @ glol 98 444 A dofUA
erokont, 70°Ce] EAeiol o3 diEAde 80% 7hEFg AAMIAT 2
ARGz AS 70°Ce Sl o destade 30% HEFES 248

- 128 -



120 -

100 -
<
3 80 h
=
% 60 1
o —e— Phytase A
= 40 | —o0— Recombinant
> —v— BASF phytase
n'd

20

0 ! T T T

40 50 60 70 80 90

Temperature (°C)
Fig. 39. Residual enzymatic activity of the purified phytases from
recombinant P. pastoris (O), wild type A.sp.5990 phytase (@), and
the purified commercial phytase (from A. niger; BASF) (W) after
exposure for 20 min to the indicated temperatures, in 0.2M sodium
citrate (pH 5.5) buffer. Results are expressed as means of three
experiments.
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o 75°Ceol @A) ddsiMx dggel 50% THES FABAG

AFEFAGA pelleting FAHAA 85-90C7HA ¢#H oz 2571 &#te
H A 2AR ) HE&AHE 1 o 25X AV B4 FAFY F ojor
A4 ¥7F &9%8 AE 4 Utk Phytased WA J&FE Y= AAEA
phytaseel T2 FEZl #BAE ¥3 Ao 2Y Myceliophthora,
Talaromyces 2 ThermomycesZHE Ezld W I A2 phytase®t A. niger &
A. fumigatus2%-¥ B9 F249 phytaseztol] F33 F2AHU Aolr}t
BuAl ger. 538 phytased E4AA IS viAE 294 FEAE,
FAEE, S-S 2% T Adl Aoyt YEUA &t (66). 1Y phytase
of WA 7Hd 2 & vAE AAE &7 AEA Aspergillus phytase
2 giadog A7% A9 49 glycosylationo] Ao 713 & Hege v
e Aeg BiaHy g (56).

PhytaseZt AR Abdel Z&57] fiste] o] 7tA z7e] FF ol &
th &, A7 Al FubEE pelletting 256 AY 4 Ag ¢HF I
i, dHTESY Aftase AYE & YRS dE FE i

Agdel ZAsor 3, B2 BAF 71F BolAol BESHAsol o A
terreus 9A13 Myceliophthora thermophila 2% € A4rE phytases 50°C$}
55°Coll A 2087 EH3T AS dHABARY 50%E HFASHLeH. 53 A
fumigatus phytases 100°Col A 208 zre] Exgld] 2 duBH 10% %
o] 24U oEZ (61) WEA phytase?] 48438 AT Fo¥ 342 AF
eI gl

o\l

:x:
-ﬁ‘

4) AZT AAREAY 71d SolA
P. pastoris Bi¥A o 2 RE A% phytase A9} BE B3 QA3 eHE
o] g3le] 71& EolAdS EASYcTt (Table 11). 4o A1 8% 714 v

EOE

T sodium phytate, p-nitrophenyl phosphate (NPP),

his)

o

i

D-fructose~1,6-diphosphate (Fru-1,6-DP), D-fructose~-6-phosphate
(Fru-6-P), pyridoxal-5-hosphate (Pyr-5-P), « -naphtyl-phosphate (e«
-Nap-P), B -naphtyl-phosphate (5 ~Nap-P), D-glucose-6-phosphate
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Table 11. Substrate specificity of purified wild type phytase A,
recombinant phytase, and BASF phytase
(Unit: % of activity)

- Wild Recombinant BASF
Substrate Conc.
phytase phytase phytase

Na-phytate 5 mM 100 (8.46) 100 (7.4) 100 (6.2)
NPP 5 mM 8.6(1.2) 23.8 (1.2) 145 (1.3)
Fru-16-DP 5 mM 25.0 (6.0) 48.2 (3.7) 30.2 (0.9)
Fru-6-P 5 mM 287 (1.1) 50.3 (2.9) 336 (1.D
Pyr-5-P 5 mM 274 0.7) 478 (4.0) 29.3 (0.9)
@ ~Nap-P 5 mM 314 (1. 52.1 (3.2) 364 (1.3)
B -Nap-P 5 mM 325 (1.1) 54,7 (3.7) 39.2 (1.5)
Glu-6-P 5 mM 300 (1.2) 50.6 (4.2) 32.8 (0.9)
Ser-P 5 mM 28.1 (2.0) 493 (35) 33.7 (0.9)
Gly-P 5 mM 274 (0.7) 46.1 (4.3) 329 (1.2)
ATP 5 mM 28.3 (0.4) 48.3 (4.7) 36.8 (1.5
ADP 5 mM 29.2 (0.7) 534 (3.9) 34.7 (0.9
AMP 5 mM 28.3 (0.4) 51.9 (3.2) 36.2 (1.1)
IMP 5 mM 256 (1.0) 485 (4.9) 309 (1.2)
NADPH 1 mM 1.7 (0.3) 10.4 (0.8) 34 (0.1)

wenty 1 of each enzyme solution (2 g/ml) were used

for activity measurement,

NPP; p-nitrophenyl phosphate: Fru-1,6-DP; D-fructose-
1,6-diphosphate: Fru-6-P; D-fructose-6-phosphate: Pyr—

5-P; pyridoxal-5-hosphate: -Nap-P; -naphtyl-phosphate:
-Nap-P; —naphtyl-phosphate: Glu-6-P; D~-glucose-6-phosphate:
Ser-P; o-phospho-L-serine: Gly-P; -glycerophosphate: ATP;
adenosine triphosphate: ADP; adenosine diphosphate: AMP;
adenosine monophosphate: IMP; inosinen monophosphate:
NADPH,; nicotinamide adenine dinucleotide phosphate.
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(Glu-6-P), o-phospho-L-serine (Ser-P), -glycerophosphate, adenosine
triphosphate (ATP), adenosine diphosphate (ADP), adenosine monophosphate
(AMP), and inosinen monophosphate (IMP) % 2 mM nicotinamide adenine
dinucleotide phosphate (NADPH)olith 713 EojAl& EAF ZHi of4d
phytase®} BASF phytaset sodium phytated] 1% =& 71dE04& el
A WA P pastorisl A HEE A ZE phytaser sodium phytateE H] ¥ 3
EE JAtE g o] st #y s 84 & Jetuih

E coli (10), Klebsiella terrigena (Greiner et al, 1977) ¥ Bacillus sp.
DS11 (200 59 Aldo] AAst= phytated] g Solgdo] g RoZ ¢H
A doy, A fumigatus, Emericella nidulans 2 Myceliophthora thermophila
ol AAstE FFo] phytasers T EojAo] WL Aoz 4HA Ut
(63). W& Ho]4& Ad phytase: phytase®} TEAHoZ FAS A4S E
(phenyl phosphate, pNPP, and phosphoenolpyruvate %) %%t o}y 2} phytate
g AstAUolM A&EA Jteisistd FrlH o2 HET ¢+ Jv. 2
714 EolAo] #F& phytase™ myo-inositol phosphatesoll gt 28 3}]
phytateZ} 7FeEsis = o] myo-inositol tris— 2 bisphosphate®] %% -&

A
T
24 5 Uk

&

5) AZ=F HAAEAL kinetics

Be &% AFEKmY Hd g £E5(Vmax)E 2AASH7] sk 01
L=

0 mM

dol wxeof W& xote] BAE Lineweaver-Burk 2ol tidsf 3t
(Table 12). Phytase AT pH 259 5594 & A& YeEHUUeZE F
499 pHINA Km™ Vmaxg ZAsIHY. 2 23 pH 2594 phytase A9
Km¥ Vmax® 47 1.20 mM3 6800 sec '@ YEl o pH 55904 z7t
037 mM3} 2,240 sec '2 el P, pastorisol A AAE A x3 phytase?]
AL pH 2594 recombinant phytase®] Km¥™ Vmaxs 22 0.81 mM3}
8400 sec'® WEhwow, pH 559ME 27 064 mM3 1600 sec = YEbR
t}. BASF phytase®] 2% pH 2594 Km®™ Vmaxt ztZF 1.38 mM3} 6,600
sec '2 JEhdony pH 5590AE 247 049 mMF 2,300 sec 2 YEFRETH
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Table 12. Kinetic properties of wild type phytase A, recombinant
phytase, and BASF phytase

Km (mM) Vmax (sec ')

Phytase A at pH 5.0 0.37 2,240
Phytase A at pH 25 1.20 6,300
Recombunant pytase at pH 5.0 0.64 1.600
Recombunant pytase at pH 2.5 0.81 8,400
BASF phytase at pH 5.0 0.49 2,300
BASF phytase at pH 25 1.38 6,600
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ojxyo] Aztz Eul BASFAlM A#EE phytased] Eojl&d-E& 2 AN
ol A Ry of ARy Holg8A4e ozt v YElwou, A2 54
A% pH 5540 ol F4ARgE Fui@Agel Bl Jvewov, pH
250l ofAlE ZFaRY FHulago] 4 EA JElWd. ole P. pastoris

1o

o] oA AFFEA MAE w glycosylation®] Fxeo Aol WE A
o7 FAEH.

G718 8 o] &3 A ficuum phytase2l KmX+& 40uM (Ullah, 1988)- 250
uM (Gorcom et al, 1995)2 Yelytom olaid Ades E2Ud o3 &
WS WSS d 7 oy, olYd THA ey g4 FojEAEE vl
7] He Aoy dAE d 4 gloy, Folg siFe uid AuAd #u
AZzAu 8 e de AAEET Sl
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3. A3 AREGA: A5 Y973 S A% Haxd &9
7}, Phytase A2Fe 913 widkz2

1) Phytase A4+S 913 HA Ca® jon %

PSM 93zg ¥52 0, 0.1, 05 075, 1, 2 mMe ¥ 2zt Hrbate]
oAl 7] o} ujokel Fo ¥ul® phytase 2 phosphatase &4, oA Fe
Wt pH 3 993 358 S48t Fig. 409 Jebddoh
} 0.1 mM o}4ol M phytase ¥ phosphatase &/4°] %
7bat ot 1 ojde] oA A9 wsst gidew, TAH ¥ dNd
deFel wg= ojst {AERAT. o] Az Feld Aspergillus  sp. 59909
phytase A4tol gloid e 01 mMY f&zgo] A=A Aoz Jehwdoh
Fxe @430 TH FFAY DAV dASA HHEA FE o)F2A, TA
o) Aol T A} EARHE Y AL BEEHol dsE @Al kAR
WA Sl e o) A A4S AANALLRA 22 A 2
EAES %ol BHHA wMAFY niA EHES B3 F 2Ae JIde
2 o] &3l7) wWio)tt (Frost &, 1987). Solomons (1977)% Aspergillus %2
TAe] A &a AT BANAM FA o] mAe] Aol Bl
o o] Fx 2] G R FAHY Fx T4 £xd vy WA Fo 549

ki

1717 wgo g Qste AFHo2 dE ALF

ol
o
I
o

o
off
H
N

Lo

WFFel pH Wg 53, AFFol oM MG F A A et @
& f71ake] BulEo] wigelel pHrl §438 "old & glom, oo W ¥

Ao gME Cade vzl Fol Hrigte gz wjkdo) AR E {71454
244 4¢ #FAHFgom {1l 2% pHY AHiE e & Ud
(Aunstrup, 1979). °o]& CaClel & %ol Eoldo] wel A AF & F7

A= wlx el pHE As AR 2 99 A A4S 2E & AN

2) Phytase A4HE 43 H3F F7]|U04 %
PSMel 71914+ 77 0, 0.01, 0.05, 0075, 0.1, 02% ¢ W= H7let
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1o

of A ¥, wjgd Fo] EulE phytase ¥ phosphatase 84, A ¥
w2 9wl s Z Ao Fig. 410 JeERT Fo1dAte) Fwv)
0.05%7H X+ phytase ¥ phosphatase &4l <zF F7hsitr) o] o] %
Me F48 Zaskdnh 2y A" 2 9l v e Ao vErvA
o ket

A. niger NRRL 31359 9]3} phytased] A &AL wix] Fof F7]4te]
FEol 4ge wevh (Warest Shieh, 1967). old) 7] Q449 F =7t 001
~ 0.05% #H7tAldl FE7bE Boh oF Swje &4 AFPAFo] FUEH, ojBT
0 58 77U sRAAME 238 #Aaste AFE 2. 22y FAF

o oA E 0.05%9 F7I04t wE=7AAE F7Hsktrt

)
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Fig. 40. Effect of CaCl2 concentration on phytase production by
Aspergillus sp. 5990.
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Fig. 41. Effect of phosphate concentration on phytase production by
Aspergillus sp. 5990.
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ol¥E dAI AIYL BAYz: rusI Yo oYy AABE A niger
NRRL 31359 2l & phytase @Al HH 27
=7 8% ¥w 04 mg/100 mee FriAard wrh HAHom AAFHG
(Warest Shieh, 1967). & $59 AA4gL RE FFolfiet T2 oA
phytase® A4H& Asjgttte Rol dwrH ol (Wodzinsky 9t Ullah, 1996). 1
2]a A niger NRRL 313591419 vz Zo Z7ite] = wat A
€ pH7} 2.0 (phyB)3} 50 (phyA) <1 phytase®] AHa Q) 8] &o] @&A& A
o8 BuE3 9lvt (Shieh 51969).

WA F S55 AR b

flo

=

L

3) Phytase #4& 4@ H3 pH

oS B, g4F38te] wldd ¥ phytase AAHE A FHAH pHE BAHS
Z}zbe] wj Ao tidte] phytase ¥4, phosphatase T4, A 2 &z
g EAHsAg. 7] wiA 9 pH7} 7.07+A1E phytase 4, phosphatase &
AP % Il 27t Freg ey, pH 804 E o B 5484
A FE-S Yt (Fig. 42). webA phytase A4S 93 pH &4
7002 g5

Fukushima (1989)9 €]&®, A. orzyae NISL 1913 2 A Ao gloiA
Fage] 204 A Agol FxHH, aie ANELe F4 2
U WA F FFY A5 g4 BAS vHBAE RolA ¥ou, &
ALY BEES FA4Y pH o3 A Ve, 2 A3
QolAl ke ZHAM FA o] 2AHYOH, a9 *3’1‘}"3% 4
ol mokth WA F dFY A4Sy g4 AL 8lHBAE Bolx
gow, EE ANE FA2EL FAY pH oA HAWEAHS vt

A del= pHeE 2E7F 7HE Tk, oyt $21%, FEFF Fol 3

Hl

oXx.

2

=)
£y
5

€

[o

o
ol

Jo

[«

He o4

4) Phytase A4S 93 A &%
g PSMo dFE HFEst] 25CAA 40CT7HR Y =9 (25 30,
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35, 40l M vl ohE, 49 FX MG F ZaEHS A AL A
HA 25 & AAsAH (Fig. 43). Phytase= 35ToA Aoz yEY 30T
oM B o 2uf Jhw ZAol wA dewth. 2@ Y, phosphatase?] ZAE
2 30CoAM= Ao YeuA Edost 35T AuAE Yehlgler o
oldel oM wigA gA28HL FA8 AU dAF oM E 3
0Ceol M 7H =A Yehstd.

A. orzyae®l AAMjGFel oM T AL 30T/ HA2EoH, o
A A= EwrlE BFel o o et b A 948 wst O 2ol
Hlg=sttk il stk (Ueno 5, 1987). oA AZdde pHSY 2=7F 7+

Faet, ool $71¥, £ Fol J¥e
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Fig. 42. Effect of initial pH on phytase production by Aspergillus

sp. 5990.
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= Ay ZAdA g4 AN dFERoz
2 Az

ion & A T Fr 2L HA pHZ basal mediumE =A|

12212kl A 79 74R) wi

g, oA %

MAER, &
ozl Azl Ao
5) Phytase A4S A% A ojg A%
A Ca RS gl
g g B 3 HH 2xolAM Zbz wjaAlg
T AAEES O vy Foll 8] phytase @ phosphatase &
R oA FEE A8 Fig. 440 Yehidd
Phytase 9} phosphatases W} % 49014 H2 el 3o R
ofouf ZhF &Ado] wA JEbGTh ey 4 olFolE o FAdE AEFS
Bol7lE oy A Wrt g FAH gwAFTT e Alzbe]l Add
web oA FUhste AEE HIoy 7Y olFo e A7 #TadE A¥FES U
EFU AT '
o "7 F9] phytic acid #HE 93 2axA
) A7 dwtAgE A
Agel AHEE TR Foe FE, JE, 2 2 ddde) 747 1560,
775, 1834 H 296%° xAoE udeigow, dAAAe F§FE 581%At
(Table 13). ©1% phytic acidd] FHE A3l 0L 565%2 HA 2 T
] 97% % AA AT WA v P Fo dF EAdE QY FFEE Fol7
213ty phytase A4t #FFol 2% phytic acid e E&#7 79
ic acid ¥z
9] phytic acid® #3l3d}
E 75
, phytic acid ¥

2) A3 dao g w7 F 9 phytic acid
7H Fxel e 9%
=¥ Aspergillus sp. 5990% AH&3te] ©|7Z F 2| phytic
acide] B3lE AT L& 24L& FYsA} iy Fo
174€ =4 (3,57 10, 20 2 30%)2 H7rste] @7 o
ol ave 2AE
o2 ¥

= AN
£ HFsto] 30TAAM 65Ut MY F g Fof oAt

7l o3 w3

Z33te] el (Fig. 45). U %9 w&
174 F% T 5-30%2 HHA phytic acid®) FH=7F dHAH
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PRl aL, wike Tof viigel Fie wel HaFe] pHrb HldA s FIs)
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Fig. 44. Effect of time course on phytase production by Aspergillus
sp. 5990.
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Table 13. Proximate and phosphates composition of rice

bran

Composition

Rice bran (%)

Proximate composition
Moisture
Ash
Crude lipid
Crude protein
Phosphates composition
Phytic acid phosphate

Free phosphate

156.60+0.10

7.75%=0.07

18.34%£0.55

296*1.19

5.65+0.04

0.160.01
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Fig. 45. Effect of rice bran concentration on the degradation of
phytic acid of rice bran. Fermentations were performed at pH

6.8 and at 30 °C with stirring at 150 rpm for 5 days.
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Fig. 46. Effect of fermentation time on hydrolysis of phytic acid
of rice bran. Fermentations were done in 10% rice bran at pH

6.8 and at 30°C with stirring at 150 rpm.
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AF, phytic acid ¥ pHE &3ty Jell At (Fig. 46). 48 Azt w2 &

d e AT 29, 0, 1, 2 delle e S A9 WM /e
ool 3YFE fElde FobF vesten, weF 44 el i RE 2 phytic

acid7b E = 2L, ARl Andoll ube} g F o pHZE LEAI] whE]

o

) 2E 5o BE 9F
n) 7+ 9] phytic acid® Ea3t7] 98 10%9 7} 5%

=
TE AT T A7 30, 35 F 40TA 5UR Mg F wjd Fo 7)<
8

i

A}, phytic acid 2 pHE &X 34 vz mE 45 et (Fig
47).

2E 25d mE B ZHE BAMT Za, 30, 35 40TCHA 2 AHole
o, 2=7F S7hged wet v vy ez Bajgo] F7bska, 30T

o3 ]

A

35Co] nv]sf 40ColM el wgol o3} phytic acide] BsizE 2% F2¢le
dol da A YvElhdoey widexod g wEFe pHeE & wet
#A A et

2) %8 pHol 4& 9%

7 %9 phytic acidE 233571 98] 0Ae 10%2 #H7Iste] da &
T o8 42 27] pH7Y 4, 5, 6, 7, 8 2 92 AT wjA o] HFsto 30T
AN 5AZF wigt F wigY Fol F7]1At, phytic acid ¥ pHE A3t
Ve AT (Fig. 48).
2E pHel W& &3 EF/E B A, pH 49 A 7HF &3 a7 =8
o, pH 5% 9ellA e & EFH7 DA et o, wi¢ pHe W& w3
ol pHE %7] pHe A9 vl &d3tE A Jerdl Ao

o
o

2h, 3 H g o vlF F9 phytic acid =
D 2g Ao 2 JF

B A" EHE Aspergillus sp. 59902 AFE3te w7 F<9 phytic
acide] #3E % L& 21& gk 7A F9 phytic acidg #3038}
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71 93 W7 10 gl DW 10 m® H7bsted d¢ 3 F #5 8 FESQ
35CAA 0, 1, 2, 3, 4, 5207+ wjokst I ujcked o] F7)lA phytic acid 2
pHE = sl JelA (Fig. 49).

a7 A9

goy WEd 1Y ol F £ Aol FASA Fhshe AP Holvf uY

& o Z3sh vehgd W Azkel WE BEFY pHE Holst A
U 2-39 Fol ozt zraalt Agen vewd,
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Fig. 47. Effect of temperature on hydrolysis of phytic acid of rice
bran. Fermentations were performed in 10% rice bran at pH 6.8

with stirring at 150 rpm for S days.
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Fig. 48. Effect of initial pH on hydrolysis of phytic acid of rice
bran. Fermentations were carried out in 10% rice bran at 30°C
with stirring at 150 rpm for 5 days. '
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Fig. 49. Effect of fermentation time on hydrolysis of phytic
acid of rice bran. Fermentations were done in 50% rice
bran at pH 6.8 and at 30°C.
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2) g 2% WE I
ul 7 ol phytic acid® ®a3t7] 98 917 10 gl DW 10 mi® H7t
F dFE AFsAd. 24 25, 30, 35 D 40Tl A 597 S
3 & oo Fof 7194k phytic acid @ pHE &A 3o Uehdth (Fig.

2|

FE 2o e EHads M A 220t el wet e
dte d¥oz dErgou 25ToAM Huol EEFE Jetuen, 40T
I Eg 15 mM A% 24 JERH i 250 wE LaF

pHe ®3te 25-35C7HAE wdH 22 Frtete S Holu 40TodAE

2. A 59 F 9 phytic acid £3d5 9% daxA

1) diFube] ARt E 4

Ao AHRE giFE Fole ¥, FE, Ad 2 dfde] 1227, 621,
243 2 2065%2 £Ho2 Uehgon A
. ¢]%F phytic acid®] FHE EA= A
A8tk (Table 14.).

‘O,
¥ L
ot
oy
tlo
BN
40 g
.-
o
)
]
~J
X
2

2) A4 wgd og giFu F9 phytic acid #3lx=2

H sxel ©E 4%

B AdeM a9 Aspergillus sp. 59902 AFE3te] vl7} F9| phytic
aciddl E#E 3 28 24 FH9t T F9 phytic acidE &3}
71 s dFEe v (1,2, 3,5 7 2 10%=2 /st H2F 3 F ¢
FE HES] 30CToA 65Uz widFe & sjFd Feof F7]Q14k, phytic acid
2 pHE FA 3] YetlT (Fig. 51).

T pro e Fi gHE BEMT A, 1-10% dFH = HHY
ol | tfFutel Hxo dlaEsle] phytic acid E37F S7HE T, g5 5%
7} 10% 4 W g Huxg Jetuiden oW fEd 2 30 mM A
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ERem, Fet Fo W LEFo] pHE Fro wudsts Fgoz

) EE Az g 9%

T 9 phytic acidg £33t 8 diFehe 10%2 #H7bste] Hat
g & FFE JEE 30CeNM 0, 1, 2, 3, 4, 5YzF vk T wjgd F9
F7114Y, phytic acid ¥ pHE =A 38} L g Azt ©E phytic acid®s] &
g veEtWdt (Fig. 52).

TE AL M #a anE BT A, 0599 HeoM Esan
7t Ml A eg Frtste A UrE}LH%is.u} W 197hAE phytic acide
718 welEA) @3 29 olF JF | B8/t F7bete, 2E 3dnte diFE
2] phytic acid7} 2 H %

>v

51
1 o
koil
AN 0"
no,
2
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Fig. 50. Effect of temperature on hydrolysis of phytic acid of rice
bran. Fermentations were performed in 50% rice bran at pH 6.8
for 5 days.
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Table 14. Proximate and phosphates composition of soybean flour

Composition Soybean flour (%)

Proximate composition

Moisture 12.27+0.05
Ash 6.21+£0.05
Crude lipid 2.43%£0.44
Crude protein 20.65x=0.67

Phosphates composition
Phytic acid phosphate 1.84%0.04

Free phosphate 0.93%0.10
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Fig. 47. Effect of soybean concentration on the hydrolysis of phytic
acid of a dafatted soybean flour. Fermentations were performed at

pH 6.7 and at 30°C with stirring at 150 rpm for 5 days.
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Fig. 48. Effect of fermentation time on hydrolysis of phytic acid
of a defatted soybean flour. Fermentations were done in 10%

defatted soybean flour at pH 6.7 and at 30°C with stirring at
150 rpm.
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phytic acid o ®al&e HumAE Yrhigen LEAze B Lwxiel
pHE @I A7l ZAste] weh 2asis ARz e

) Hg 2% & 9%

72 9| phytic acid® E&idt7] 9&f dFEE 10%2 F7tste Ed
3 ¥ #FE HEN z-rzr 30, 35, 40CoIA U7 WjoE T wporel el
271912, phytic acid, @ pHE =A%l #5250 W& phytic aciddl 3

EHE vekd AT (Fig. 49).

HE exol 92 B Z3E EAY A3 30-40Te #AdA nxd 2 &
7t e oy WE 2% 30T 35T vlsl 40TA 9 wEol o phytic acid®]
B2 Qg feidel Aol wA vehgow, ¥x 25 wE $EFY pHE 6-7
o Wz Yeyd,

2) %& pHol W& 9%
54t &9 phytic acid® 257 98 TS 10%2 #H7Hste] 27 pHAL
4,56, 7,8 2 92 ZAY A& B & F FFE HITshod 0TAA 54T ¥

g & ujgd Fo £7)914F phytic acid, € pH & A& wizxle] 7] pHel W&
dgg FAAT (Fig 50).

szl e} pHell & R 7 E 43 A, pHel & 2 79 8l
Ko, pH4-69 YA vlny g2 EHEfE Yegyglen, 5 pH4ol
A g 2o BIHERE Jetla, 98 pHel W& wiFe pHE pHY
Z 7kl et vl or Frtsldoh
3) 24 #gd o g 59 F 9 phytic acid 3=

AN BHE Aspergillus sp. 59908 Al&3te]d thFuF F 9] phytic
of B E A% nA TE 20 E HHIAT

(<]

2,

¢

acid®

7H) wE ANzZbel] g A3
58t Z9| phytic acid® ®&ist7] 98 A5 10 gol DW 10 ml¥
A7rstel di & F #FE FESACE 3BTAM 0, 1, 2, 3, 4, € 543 )
: 271914k, phytic acid € pHE A3 HEA T W
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£ phytic acid 2 &3 & Jel At (Fig 51).
48 Aol wE B3 23E 2N A9 vy 522 EHEHRE e

o) =

AA

o dg1d vrell YR phytic acid?t B E o] Faieie] &ako] EA
Vel A, g 2l b Ee B a3 vEwten ade {8l

Ol

i

FE oF 40 mM AT 2E Ao e $EFY pHE @E A F
7ol wel vl Ao g Yehydr

0.20 1 -40 8

+ ~38+

=015 1 - 36 ' [ 7

S =

by B =

2 34§+

P oy n

o] g b ol

.g_ - 30 o e
«

B0.0Sﬂ Q5

bt - 28 @

8 14

£ - 26

0.00 ¥ v ¥ T A\ v '4
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Fig. 49. Effect of temperature on hydrolysis of phytic acid of a
defatted soybean flour. Fermentations were performed in 10%
defatted soybean flour at pH 6.7 with stirring at 150 rpm for 5
days.
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Fig. 50. Effect of initial pH on hydrolysis of phytic acid of a
defatted soybean flour. Fermentations were carried out in

10% defatted soybean flour at 30°C with stirring at 150 rpm
for 5 days.

_160_



3.0 1 ~45 8
+2.5 - 40 .
;;52 k35+
8 01 30
: g
21.5 - - 25=|
8 -o—

- - Q.
S10- 2%
2 - 15 § 4
24 ] 3"'
§0.5 Y
0.0 . - —— —L 5 L3

0 1 2 3 4 5
Fermentation time (days)

Fig. 51. Effect of fermentation time on hydrolysis of phytic acid
of a defatted soybean flour. Fermentations were done in 50%
defatted soybean flour at pH 6.7 and at 30°C .
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2) %7 &5 WE 9F

=t F 2] phytic acidg #efat7] #s] tiF2 10 gof DW 10 mlI¥
Fopstel At & F FFE FESIAT A4 25 30, 35 € 40TolA 593
dioFst 2 owkol Fo] R} phytic acid ¥ pHE &A 3] JEATH
(Fig. 52).

HE Sk wE FETE B2AS A3, 25 25 30, 35, % 40T
lA FaEATE vEA FA JeEou wnlEd o Daste AFE YE
Walch &d &5 25Tl A phytic acide] #3) 2347 713 =4 Jelyted
Ty x| wE $E Fo pHe 2% 3F qlol A9 A A Jewth

g ol &3 I5F FAEF phytic acid® ;=4

ol 7ol = oF 30%9 S A R dFede F 0% G Aol
Hof glew, 53 EHLS Aue duiddoes go| AEHIL e
m,on7 B3 AEPoer AL s 23y u A gy &3
stE o9 phytic acide &3 FFEHA o} fUlEidY widz <
& =g sA 299 dde HAxn Ao #AH gFLs AR o
Acdwids AEE 3¢ F71d A9 e wAs7] A 27hA BH
of AlAd £ A due ArEF ] phytase® /e FEA &
#7190l A phytic acid’?h RHNEE §EsE Roln, YuAE AR
o Abg ¥ w7 d FrF 9 phytic acidE phytaseZ A& Fo A}
Edo=w Atgste FHol etttk olv] AAE FHASFA AEHE
WRioly, Ao I AFAAE obF AAHI A Foh. wekA T
3 FeF 9 phytic acidg® ®#AI77] AT E£423HA dF& B3}

ATt

ojuf L& miep o] mFa dFes 47 563 15-2.0%9 phytic
acid7t #FHol gt} oj5dl FfHo] 3UE phytic acidE 317171 # 3t
TG4 Fx9 phyase® AME3Ste]l f7lEidE B AIFA T Fig. 53] Wehdvl
o} 2ol 5 go WA ujFerE phytase® THAZE A Eh9 Fxol vy
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sl fEsE folHel Fol Frtstgon, vgs A9 30U, hEwel 2

o o} ]

9 20 U9 phytase® Mg ¢ tF &2 phytic aicd’t E3lES & 5 o

ATk,

2) pHe| 3
0] 7+-& 30 U9 phytase 28] thFehe 20 U9 phytaseE 73t pH 2.0

o4 709 Aol A phytic acidd] EHZEE ZHA3Ah Fig. 549 e

sko} ol F Alge] A¢ F3| pH 40-50914 Az ElgS ¢

0

A3 ¢ 5 AT A wAT gEe Fe

th oleldt Ayes B Aol AlE¥ phytasedl phytase A$t B7}
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Fig. 52. Effect of fermentation temperature on hydrolysis of phytic
acid of a defatted soybean flour. Fermentations were done in 50%

defatted soybean flour at pH 6.7 and at 30°C .
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Fig. 53. Effect of phytase amount for hydrolysis
of phytate.
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Fig. 54. Effect of pH for hydrolysis of phytates.
Phytates were incubated for 30 min at indicated pH.
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phytic acid& #3A1717] 91§ pHe 5022 HAIACE

ol Zkell 30 U9 phytases} i Futell 20 U9l phytaseE 7}3tob pH 5.0 A
302F 2k 40-65°Cel &= ol WA Ax AAEi9d wprAR 55°C
ol Hdl &4 el (Fig. 55). ol2ig AxE Alg oz Atgd i

[s}

i)
=2
r
=
1o
Ho
)
Eu)
o

Ae ARHoR EAIIZ] HE exAE A 9l
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Fig. 55. Effect of temperature for hydrolysis of
phytate in rice bran( ¢) and soybean meal ( ).
Reaction was performed for 30 min at pH 5.0.
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M4 saxeds ¥ oAEZokoel Zjoix

A 1Y 1A E d7g X

134 dxe] AFNEEREE AR A E EF2 27 E phytase B4t
g §Estel T FAMY FF7F AYAsle phytased FAWHES & HI
3 FAgae] B4 A A 24 E AN = B phytase AT T
Z5¥ phytase A A& cloningdlil RT-PCRol 9%k phyAel cDNAE #H
9F f A2} sequencingel Aok @)1 AIM B IA )M = Aspergillus sp. 5990
& ©]&sto] phytase AAxAE &Ysx vZFd giFu8F 9 phyting &30
71 A% Ay LE2AE FHsed Jdok 13T AP b Ay e
1) Phytase® AAlet E4E4, 2) KA cloning 2 £4 H 3) k¥ TFFY
TaxAor HrtgdE AdTE 2ASHT

I Al 1 A%34 Phytase? EA7H 2 AL3

7t. Phytase A4ta o] B 2 54

2 AFALE Fe TS EFOo2RE 3%F9 phytase AT S B
stod % phytase @A ol ¥& #& &FEYstd $3F¥ AR Aspergillus
sp. 599022 Bt FHAA 2o ¥ (KTCC8IP)3Fon, E3Z &
B

1}, Phytases®] AA%y &4

ARl o] FZol7t AASE phytaseE AASE WHE ol2nd A=
ROy, dodsl 13N A2etE a5, isoelectrofocusing o wHA
TS A Rste] F7e] wgHe 93ty HAsn Jdow, A A v
¥E arke] Auje BlE £ m& HAAoltk, 3| Aspergillus &9 %
= TAAl FAE 2% 9 phytaseE A4S W&o 719 HA WA Al
EohE oj2azntEad I ot P4 o] EejEch ¥ ATALE 7Y
St B9 5 F9] phytase® AE3HA AAE 7] 98t pH 3.0904 7.0 7HA
o] el o2 7kA FF ol &L F 2 99 binding testE AN =T A,

>

09\_“4
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§%¢| phytases 27] e pHAM o) emasAd] dg F2o] fart
Ag RSATh Z, phytase Ax pH 30014 %ol mBE 9 FetA B
= ol phytase BE pH 80414 g0l a5 s 28 Ae s Aa
S AT weld BHolsh AAe e 229 phytase® HEIA AAT + 9
= A% AAYEL s B 5529 #HFA ok

oho Al Ahe) B4R

1) EAF

Aspergillus  sp. 59902 2R E 2%9 phytase®Z AATFT  10%
SDS-PAGEE °]&3toiphytase A% Bel ¥x3g &3 A% F A &
4 phytase A%} phytase B9] Exbeke zZ+zb 84 741 kDao & ety 1
21t Superose 6 gel filtrationoll 2& ¥ HA e BAHE =XHE A
phytase A7} 98, B7} 330 kDa2 2 uvelytth, melA phytase AE monomer
22X F438& eI, phytase BE tetramerZ24 848 UgdlE giz
H =R

2) #A ®¥-& pH
Aspergillus sp. 59902.2 %8 ¥ ¥ ¥ phytase A9} phytase BS pH
SlEYE F4S 23 Fig. 109149 2] phytase AE pH 50-6.0°14 %
Z24€ JeEU pH 25-280A4 % 2x8 g4 zte Aow FQHY
th. K¢ Phytase A% pH 25914 Hdg@Ae 35%2 vehyilen, pH 7.0
AME HUlEA S 38%E #FA59T pH 80l E EA4 & A48T, vk
phytase B9 7%= pH 28-324lA &4 & YelRew pH 40904 &
BE 60% AR pH 45 ol ddiME B4 E 245

(o

3) A dkg &
A E phytase A, B &5 65C ¥ZdA Ad #4< gl en 70T
AME giFrEe FAgo) LAHAG. F Ea FAHL 70T

A}
O
A4 %o phytase A9l F$E HUEA 9 18%, phytase Bel ¢+ &AL

f
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b

& =33 A3 Phytase AY Z$ 65C7HAe] E A 2o

Me 84¢ Uz 38004 70CTAHAM F 40%, 80CTNA 70% ©]739
248 AA3ETh ol wtsl phytase Be] A $-& 75C7HA @A g <
AL B0CAM 70% ool 2AdEol T FAV v[£d Lol HADA
S vgdEe Ade 28 HEAY LS phytase B7F AR &2 o2 e
B5 65TeA 50%celde E4& A4ss= BASF

phytase?! Natuphos®t} WEAo] & Aoz ielyt},

5 ¥¥sA 54

A A @ phytase A} BE kinetic 44E £43 Z# pH 5004 phytase
A9 Km A+ 0.37 mMe]3Z VmaxE 2,240/sec® YeERth 18l3 pH 2590
A2 Km A& 1.20 mMol 2™ Vmax® 6,800/secZ YELR T Phytase A
of uvl&] phytase B2 pH 259149 Km A& 029 mMelglew, Vmaxs
phytase Aol Hl&f thi & 2100/secE VhEbYETH

6) 71 A 5]

A ¥l phytase A%} Bo 718 Hold& xAMEY] At 15F9 A4 &
A2 A8t JAEol4 e BAsgth. 2 A phytase AE phytic acid
2 242 Yegled, phosphatased] AL WA Uelbyt agn
phytase BE phytic acid BEthe o8 71x A gEC tg phosphatase
g4ol o A Jehgt. 2 AF/hde A Eel" phytase AT FF0)Z2HH

AArsEl = A3 A phytased EA4E A Aoz AEHAT

2

2. A 2 MEAA Phytase HEAANL 95 T A" A

7F. ¥4 A} cloning

Aspergillus sp. 59909] TAIAZHE FE3F DNAE template®t primer
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AU/AD2 (phyA), primer BU/BD2 (phyB)E *t&3t49 PCR =& 43Ut &
Z51 phyASt phyB %329l 271& 242+ 15 kb9 1.6 kbe YEMUT. ol 2
gk DNA ©@# e 37)& ofn] FHoloA € phytase T2t 2719 &
Abgt 232 JERd Y %" DNA @3 o] phytase §AAANAE F187]
Adtel Smal site® A A3AI7] pBluescript vector®l Ardsdled Ligated®
clone& Xbal-Hindll A% &2 Heldts] DNA dHE e REH
2 DNA T2& EAM3to #EQ3dd. REZH<Q DNA ¥4 HA3I phyAst
phyB # A2 #Astdvh. 283l phyASt phyB +3AE pBluescript SKei
ligation®t & E. coli DH5a ol #AHAEAA positive colony2FE plasmidE
YT F FU AFFaE Hedt A/ EEd ZF plasmidet A
EAE AT + AAd

1. RT-PCRel 2/¥ cDNA A=

Aspergillus sp. 59990228 Ea#® mRNAE F322 RT-PCRe 9
3l cDNAE 433 th cDNA A& 42°ColA 3083 st A3t oH
99°CAl A 52 EA st RTE WHAAA AT 5 ¥4 PCRel 9|3 DNA
#& primer AUMEcoRI 5'-CGG AAT TCC TGG CAG TCC CCG CCT-3'
o} primer ADMEcoRI 5-CGG AAT TCA GGT AAT TCA GCT AAG
CAA AAC ACTC-3'E o]43}9 phytase A F+3XE PCRE FEAHT
Phytase B¢l #Ax FZ& Y RT-PCRE primerv B_UXbal 5-GCT
CTA GAC CTT GGC AAT GCC TCG CAC CTC TCC-3¢ B_DEcoRI
5-GGA ATT CAT CTA GTC CAT AGC ATC ACC CTC CTG GCA C-3

th. Phytases A} sequencing 2 #4

Aspergillus sp. 5990 phytase FH A& #48}7] $3t9 Universial primer
9} Rivers primerE AH-&3td 12 725 X434 13 sequencing 2#E
ERZ M2 #Zx %2 d] 300 bpultt primerE designdt phytase A F3A
o] A Fz2E RA3Yt Phytase AT 15129 nte] sequenceE YEMJA L
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o 5 wde]l signal sequence = ol 103 nt¥ introno] WAEHS AT
Mature EAE 452709 ofvjAte g FA=G o, oj &4 E4F 2 49,616
olth T A sequenceZ AME F4A9 oEHQ ple 484t #ldH
Aspergillus sp. 59902] phytase A 3 MEL Aspergillus ficcum, A
niger var. awamori, A. fumigatus, A. terrus®l phytase®} Ztzt 99, 97, 66 %
62%°l BFAH-E& GEPAATH

3. A 3 AFIA AMEY FYMFYE A TEEY &9

7}. Phytase A4t8 gt wdazad Y
wel" Aspergillus sp. 5990% o]&3lo phytase 4AHE 9F &
Ca' ion® ¥= 4%, T/A4 $E G, WA pH, HFL=E % ¥
71Zkoll wtE phytase BA2AE HAES A7 Ca’' iond ¥=E 01 mM, ¥
104 s =+ 0.05%, pH 7.0, 35°Coll A 49z+¢] wfcke] 28 A phytase A
Aro} H et

N

N

Lh opA ol ofgt At g el b

1) A4 BFo) 9% v 9 phytin 22

"7} Foe 8, R AFd 2 awimge] A7 1560, 7.75, 1834 %
296%9 Aoz Jelgon Ao e 581%0)th ©]%F phytic acid
o] AR EA8tE 1L 565%2E HA Q) T§Zol 97%E APt wEA
n7g Fol b EAste Jd9 FFEE Eoly] H8te phytase A3 FF
AT R7IHAY #EE AT A wExAE H-sA

iz

7h w7 sxe w2 9%

Aspergillus sp. 59908 Al43}e] u]l7} 9 phytic acid®] & AT
Ty 27S Y93t uF 9 phytic acid® E3l3l7] H8 PR SE Fx
¥ (3,5 7 10, 20 % 30%)% Hbsle W & F FFE PF5 30T
vl okl Fo] £7)A43} phytic acid® A3 A 10%

mlo
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g
0l 7} Z¢] phytic acidg ®si3t7] 98 10%9 w3 g2 A3t E
T 3 T FFE JFA 30CAA 0, 1, 2, 3, 4, 547 e F
w2 wjore) Feo| £7)2AAF phytic acidE A A v 3IdFEH FEid
i

vl ok 4dwhel] R 2 9] phytic acid7t #& 5 i)

o) g 250 e g

o7y F2) phytic acidg E3fstrl Haf 10%9 3 =2 =43 o
T2 ZFT F 47 30, 5 0TAA 442 wjFd F wigy T 5719
A7} phytic acid& &483% A3 ¥g &0 mE & Aol7l HEtuA o}
WEEEE 0CE A

l

&) && pHY wE 43

n 7 F9 phytic acidg ¥338t7] A Pl7E 10%= H7bsted 2 7
T #FE 447 27] pH7 4, 5,6, 7, 8 E 98 AT wiR o] FFdo 30T
AN 4YzF wiFF F wigd Fo F7|AAH phytic acidg A% 23, pH
4o M 7t Ba ARt weked, pH 59 9ol e &l amrh A veEw
ot wat A Aspergillus sp. 599091 9% # F 2] phyting Ba3r] 4§ 2
FxAe& v 10%, 30°C, pH 409 =AM 4479 @art 7H3 AEsad
ok,

2) B #rd g% uFu F9 phytin #3x

Aol AT diFE Folle E, HE, AF 9 w@dizo] 1227, 621,
243 2 2065%9 2AHog Jehygon AxQlel e tiFuro] 2.77%0]H,
o] % phytic acide] ZEiZ £A3t= 2 1L.4A%E A 2 FH2 66%F =
2 &k ot

7h i sxd mE 9%

Aspergillus sp. 5990& Al&3te] diFd F9] phytic acid®] ®#3E A%
wE 21 FYEsdt. giFe F9 phytic acid® E337] 8 diFe

Hr
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FEE (1,235 72 10%=2 H7tsld g9 3 §F FE FJFstod 30Tl
J 597 Were F el Fol Fr]043 phytic acid® EA® A3, BT
uoEEZ 10% 4 Wb HDAE deien og feddel FFe 30

i

) g Aol we gk
78k Z9 phytic acid& #33l7] s dFure 10%2 Hriete] EF

58 HE3t 30ToAM 0, 1, 2, 3, 4, 547 wlged T wigd Fo
F7104k2 phytic acidg& A& A3, 2 oF FHsA &7 F7hsto,
g 3dnte] tiR82] phytic acid’} ## A},

o g 2% we g

59 o] phytic acid® #3337 8 iFEe 10%2 Hrtete 2

3 T dFE FF] 4z 30, 35 40CAAM 34T wiFTE F ulgd Fo
F-7104k 3} phytic acidg 533 A7, 30-40C o HANA vl=g 24 &3

2} ¢E pHol wWE o4&
ek Z9 phytic acidg ¥8i3l7] A& diFarg 10%& H7beted =7] pH7F
4,5 6,7, 8 2 92 238 MXNE Hd & F dFE HFsA 30CTA 39T v
g F wlgd Fo] Fr|A4tF phytic acid® A AdpH 4-62 HHAM ¥ H
g TAEFHE el en, 2% pH4 A 713 & RHEaHE Y
M ooH 2% WUE ATIY 2E

22 dxo AFALEEE IXdEAM P phytase BATFOZEE
T2 FAdete FHHA 549 A B4 7uH, VS ELd
W S FEEE, A 2R AAGNME AZF phytaseE BAEHT] AT
phytase ¥& AM2® 7%, A2 TFE25E AT a2 o34t 2 A
=% Zx9 S48 28 ABAFAANE FYIFE
HEzd Y3 A2F E4LE o]€F phytic acid BIAEA S FHaA &
th 22 E AT B AAAL AxF 529 A, €AY A, A
zyF BdazATdPor AFNE Ag e 258 <
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1. Al 1 Al5-34 Phytase® EA7Y 2 H835

7}. Deglycosylationoll W& &4 2 Ba=k 93}

T AAE Lol glycosidase® 37°Col A 2412 9 AgAD & &AL &4l 2}
49 IFEAHE FAH SDS-PAGES 53 EXFY wsE B A
phytase A9 ¢ Aol oF 30% ALE AAE e phytase BE A9 H&¢F& WA

BUATH F AL §A ATELY BARINE gol 3 AF deglycosylationo] ¢
o 20% BE A Aoz Jetdd, Ao wWiE 1y 98 SDS-PAGES
A} phytase A 84 kDaollA 50 kDa®, phytase B¥ 74 kDaolA 55 kDa® A%
| #2dgvl wekA phytase BE. T phytase A9 glycosylation 3%7F 24 o &
IS ea=

O

;O

v}, Polyclonal antibody 34k

AAEY phytase A%t BE ZzZk E7d] FAsied guby el w o=@ polyclonal
antibodies& A4ttt Aale I3 & ELISAZA #9sln F AAELE Endo Hf
72l 8le] deglycosylation A7) ¥ western blotg 3 A fejo] AAETA Byt o}
Yet deglycosylation® &4x dFdo= 283t} Phytase A antibodyE AH&3H%
4ol phytase AT olygl BE FYo g L3190, phytase B antibody
Alg-3te] western blottingg & %49 phytase Beto| oz 82314 th Western
blotting®] A3 ©] FAEL o] &8 FAE F phytasesS FHAE & At wabA
Aol A AJ4k®E polyclonal antibody® EY T sigoZH2E phytaseE A3
B TF A folatA Aed & & Ao dddn

o

Al

e

H

o ash@d FEA phytin Bl
1) ©)7} phytin 28l¢] et DM ARS TR Fa
"7+ &9 phyting 9 phytic acid 2852 ¢7) $8te] (1) phytase®t proteaseZ
Aol Azstel phytase ¥4E 4@ H¥3 ) v12E poteasex Hel F
phytase® #23he] phytase®4 ¢ ZHshe 48& BAshe] v2HRTY. 2 A2 pH
7.090 4 &} phytase A9l 4% pH 558 &A8A ) st oF 40% 71 Hu) A&
2 (pH 7.0)914 9] phytaseel phytin®] E3l% vju)s Aoz Rudzn Yo 2

ok ok
% o o o

o

81} Ao M pancreatin® &8 W& A$ phytased] o8 FAEA 29 7} Z5}
248 o 4 o ol#ld Ay AFA pancreating £&-& wol AAEHIAE A
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€% phytase®] 4% FAAA o172 F9 phytic EdllE g8t dojd & AL S
AlAbeEa Rl

2) W5 phytin E3iol tigh duARNFEL9 4

59 F o) phytun® 9 phytic acid 28158 47 98t vl73) 98 =00 g
A8 & 3 Z3} pH 50904 phytase A% pepsin, trypsin £ pancreating A 2} 3¢
phytic acid 25§ &4 A gzt vdd o 5-10% 7F¥ & phytic acid
A5 E veHA e, pH 259 M peptin® phytaseE %Alol Mz AFAE =+
o Hlal] °F 10% 7FEF ¥L phytic acid B#%S JveEIye. zeln pH 7.094
phytase$} trypsin ¥ pancreatin® EAlo] A28l phytic acidd &5 & £AH§
23 dzol vis 18w st e 484HL Uitk ol d AFE Al
Guld Falasol $EA phytased] 28 phyting EaFo] FFH HrlEAY B
7t goldtA dold 4 ASE origh

g Aol AN

D 7t 28 gad g & A

PhytaseE AR HFEZ A8 AHS$ Algd H7FE phytases YoM
pepsinel 9 &, Ao A= pancreatine] s ¢WA B Lol st5A o
=0k AWM Aztg e 2§ phytased] EIAE 387 st 15
o dEHA Gid FHELE o83t AEH AES 33T} Phytase
At Bell i3 0.001, 0.002, 0.005, 001 2 0.05%< %82 porcine trypsin,
chymotrypsin % pancreating 7}8te] 37°ColA 1A17F B<¢F wbgAzl %
phytase A% Bel {4 S £33 A9 Pepsin® Z phytase BE A3 2
7 0.005%9] pepsinoll 23] F&& = Fgrow 001 Z 0.05%2 pepsin
2ol ol ztzh 31 € 3B%Y §a2FAol A4 =T 001 B 0,05%9 trypsin
A 2lo] el phytase Aol 84L& Ztz} 17 ¥ 25%9] &Ae] AAHAUT. ¥
1 pancreatin®] 9§ phytase A9l &4 AAE pepsin trypsinB the A 5HA
dojydtl, olatel AE phytase A% BE =AY A5 740 tiste] vlmA
AAE A8 E YERA LY, o3 AoEe E A7 Lo A H £
3838 7heAd e AAketa gl

2
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ZaEALY AALGHA
FgHoR olg3te AANFTA AAMEA glycerol, erythorbitol 2
sorbitol2 & 42 20, 30 © 40% 7}=FE Hrtslod 47fH B U AZAA E42T
ol ¥W3ls &A% A3} phytase 2EANe A AA] erythorbitol® glycerol
BThe sorbitole]l &9 A e A Roez dehwt. oy A
10°Cst 30°Ce A el dgisiiE 543 d3& Vveldd:.

3) Az, AN 7l &Y

EaE VIS A BPo2 TAENE FEAE WG EFAE,
FEPx, 2731z R FAAZHoE AAgsi g284 AESS v 2
A3 32 4 AEEL TEARY dFoE Az MF Z&HN
o 2y, FEAAEEY RFAZRYE §484 FA&0 W & Hely
Az FFAL vlAd s, A0 g 2d7}, F7HHQ nAdH] F2pH] o]
cades 9yo] o €FAxWH YFARHL 48N fAdE o
& e FAHNAT Ax7tAH FAHo Qs ol &y HYd At

o]
X
24
ox

29,
N
ot
]:0{1
o
8
L
k]
ox
2
2
(-‘0
ok
of ol
lo
frt
[ﬁ
L
R
2
R

BEdzHA s HF Axd AFA d& 4 2xEE B
284¢ ZAT A, 10TAN FAE BS 54 @42 6719 A8 Fo=
9% ¢)dol FAHAY, zeiy, 30T Bad Aede T4 BHL 2%
E2 ZAaTE ¢ 5 Udth ol d4e gt 428 AN aiEd
=T B¥E R oY EAEA S U E ddgae
Hlel 453 2 34848 #AF & JAdth AzAAY 52
BE7t R ZsA Yed olfe AxAF doAAM AMAsAl olu] &
A3 G2 R 4% 52 Y A AAY T4 B o)
571 gE)] Aoz AdHn, o9 & Afe B AFAIG & AA3

E 10T 2& T A% o AN E AV 12 F dve

o] u] gt

F

e
)'Ej?—l'ﬂ}‘}oé_u
o i 2 N b o
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2. A 2 AE/A Phytase FA4E A8 G2 74

7}, Phytase @& Al2el 32

12ldx 9] RT-PCREZ #X43% Phytase A FAAE codingdl~ RT-PCR

2% methanol inductiono] ¢la) FA == AOX] promotor® A1 pPICOK
2y vector?l EcoRI siteo] 43t PKAMC plasmidE = 2H&ksich,
PKAMCS| DHS¢ #QW@AZRE plasmid® ¥eshe] EcoRl Ada2E
AT e 1% agarose A7) Ax oz BTt Positive clone< Bglll
A F42 A2ste insert DNA W34 g #A3t3 Pichia Tl FAHAE
o2 AMRstdTh AE $IFAHR A27]E Ad cloned Aol PKAMCE
B339t PKAMCE Pmele2 A dlo] 2 X33t heado A tail WEe
Z His 9&lol integrationrl 7] His & His'2 A#3tit}h pPICIK =& AM
gtete] hzAPo g Pichial FEAEA . RDB plateds] ZE His' ¥
AASAE AT 552 G418-YPD platedl] transferAl#H &2 FE9 G418
A WA E colonyE ¥R KM71 #59 HZd%Eo] GSII5ET &
7] W& 30702l KM71 &5 9 colonyE 0.75 mg/mle] G418 ##3 YPD
platec] A} R g BGMY AAujANN AFAA TAS FEE st
BMMY x| 2 transferAlZth 44 &<¢9 methanol inductionel olato] uf<f
Aol gz BT 38 mg/mlolgl e, adel phytase 4L =A JUE:
}.

A
pi

oAz aae A

Chlorosomal integration &&°] ®& KM71 #5& BGMY A u)=]dA
AAANZ F 29 FES 93t 10 L HEXE /&3 BMMY A=
transfer} A 30°Col A 180 A2y Fot vjAstAAM AZF phytaseo] o FA4E
S A% 24g YUY F LE 24ADRE BALE} AT 20 mle
sucrose®} methanol EFHE 718ta 48A17F )T REE AT 50 mle] &F
Bg 7teted AZF phytased] A4S FEsAC 2 AF HE 120439
phytase A4to] 2 How, ojuje] ParzFe 1 liter B oF 22 g&2 4
237328
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o AETELL EAHEY

1) Glycosylation A&

A A ¥ Aspergillus sp. 5990, BASF phytase @ P. pastoriso| A Arg A
%% phytase® N-Glycosidase F& A8t deglycosylationrzl %
SDS-PAGEZ A7) %3 A3}, P pastorisoir AA8d A2 phytas,
Aspergillus sp. 5990 ¥ BASF phytase2] ®xp&F z+z}b 80, 85, ¥ 75 kDa¥]
td W2 gelytd, 283 3F9 Z4AE deglycosylationAlZ] A3 B
< F3 50 kDaZ YEpgth olg AAE oinjxit AEER T o]&4<
E2#d 49,616 Da¥ obF frAMSHAl viERSECE

~

2) Az HAAgLe HHH =

pH 1.0 - 807tA1 9 &% (pH 1.0-28 0.1 M glycine-HCL pH 35-60, 0.1 M
Na-acetate; pH 7.0-8.0, 0.1 M Tris-HCl)o] Na-phytate?} 55 mM HEEZ %< % 7]
A Algste] AAE ofyY AFRFH <L A2 phytaseE 37CoAAM 3087 w84
0% 54898 A A9, A¥HA FBe] ¥ phytasest Zol oA E phytase,

Z%%8 phytase 2 Natuphos® pH 55904 HHEAE Jellden pH 254 4%
td 2E Z2EAHE YguWAo ok phytasest AZFF phytases pH 2504
2 o) 3 g Yetdislen, pH 70d0A5% A& 40%E #7831 pH
oMy AL £45A WA AR phytase?] A pH 25F 204 g4

o

3 Az FAELR HEA

A2 phytased 243E 93 JudPoZ ofAE phytase A9} FEHE
BASF phytases} Hlwstgch. WEAd A& A3 ZAE A E2E 37, 50, 60, 65,
70, 75, 80°Cel Z+ & E A 2087 EHEste] WAAZ F pH 50, 37°Cel A 4z 30
B AR A AREHE 28t dAstA] @S a9 B dY JAEEE
A7 An, oY phytased B¢ 65T7HAY dXYolMe &4& a2 {FA3A
ok 70Tl < 469%, BOTCAA 70% °ol4e 848 A3t BASF phytase® 7
£ 600C 74A12] dAeol o FAHRAE ZA dolubAl gt 70°Ce A
o3 dABAHY 80% 7t 2AEAT 28y ARFIALY A 70°CY A
o8 dqBAHY 30% HEFE AAddgen, 75°Ce Il M= AHBH
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50% 7F&& A A

) Axd AAaLY N1E o)A

AA ¥ Aspergillus sp. 5990, BASF phytase @ P. pastorisolAl Aitgl A
Z% phytaseE g AAFFES o] &3 7]F Eold e 4T 23 oA
& phytase®} BASF phytase: sodium phytated] 714 =& 7|2 Eo]A g U
el d SV H P opastorisl A R@H A ZEF phytases sodium phytate® H
T RE QASEE gist FaHs 242 el

9}

) A FA &AL kinetics
& F5 ATEmS Ad ¥e £5(Vmax)E 24T A3, P pastorisdl A A4t
2 NEF phytase®] A% pH 2594 recombinant phytase®) Km¥ Vmax: 247}
0.81 mM¥ 8400 sec'2 el od, pH 55404 Z+zt 064 mM# 1,600 sec” 2 Y
el ot BASF phytase®l 29 pH 2594AM Km¥ Vmaxt ZZF 138 mM3} 6,600
sec & UENoH, pH 5591 4% 2tz 049 mM3 2,300 sec'® et o4 2
#2 Zul BASFAlA A #¥E phytased Fmj84e & A77idolA Eajg kR
2ETE S84 4 A vegod, Az &he AS pH 559X e ok ¥
E2E0E E0igade] B4 et o}, pH 250 okl E 42T Hoigago) ¥
=A velw . ole P pastoris®] <5344 Azda A0 A2 9 glycosylation
Aro] ape] mjEl Ao FAHG

T

“

rE

Lo

A 3 ARTA Aed JEMFRE AT TExd FHY

7} ofBFE o] 8% 1Y wExA BY

1) A dxel % 97 F <l phytic acid ¥3HEH

7)) WE ARl wE 33

Aspergillus sp. 59908 At&3le] mi7} 9| phytic acidd] EHE T
2Eg 20S FYHAS. WA F9 phytic acidg 2as7] 93 w7 10 gol
DW 10 ml¥ H7tste B & F 38 JFaAoh 3B5CAA 0, 1, 2
547 wieks & g Fo T4t phytic acid R pHE SAS 27, ¢
g 197t E BEA7E AL govt uigd F 19 oF f7 ol 4%
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A Z718lE AL Rolw uwlYgst F 4Yvte] R E Q] phytic acid7l E3i=
Aol 7H T B3 g7t e
%3

oft

idg ®sisl7] A& "7 10 gol DW 10 mi¥ 37}
F 758 AEsAT 47 25, 30, 35 R 40CAA 543 Wi
& F wjFl Fo] )%, phytic acid ¥ pHE FAT 2%, La 22X
2 ENE A, exrt el uE wmldsts A¥or v

Ehwtont 25ColA 2o EHEHE Vehlsith

2) 1 Eel g giFE F9 phytic acid ¥ E
7h g AR g o
Z9| phytic acidE® Es)sl7] ¢l 452 10 gol DW 10 mi#
Hrtsle A7 & ¥ FFE AEFeAU BTCAAM 0, 1, 2, 3, 4, & 547 W)
st & oujoked o] 7] phytic acid ¥ pHE 53 A7, vlud =
2 YEdEd 219 el fiRE phytic acid”t 2315
Sl ko] A Jehds, ¥E 29 P ¥ Ba a3t UErsTh
W) g 25 wE 9F
Ful Zo] phytic acid® ##st7] 94&) ¥ 10 gol DW 10 ml¥
of @F & ¥ #FE HIFAUG. AZ 25 30, 35 R 40T 543
wjket 3wk} Fo %7194k phytic acid ¥ pHE FATEH, 2289

goans) vzd w4 dego) wgEez 7

oft

U Az G448 o] &% phytic acid ¥3EA
1) Phytase $%=9 9%
oju] <& wiep o] wFH Y Futele Z+Z 5-63 1.5-2.0%9 phytic
acid7t &=l gtk o]E9] §F-FHo] Yt phytic acidg E&HA1717] A3t
bt FE 9 phyaseE AH&ste] f7eide BTG 5 g v T
9hS phytase® EAZA ZA$- 549 o] wHstd fFIAHE F71HL2
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Fol Frtetsiom, ulZde] A 30U, HFure] A9 20 U phytase® A g
& 75 iR 24 phytic aicd7t EHE S & + AT
) pHel 4%

v 7+& 30 U9 phytase 281 52 20 U9 phytased 7+3to] pH 2.0
AN 709 GH)Al phytic acide] EHHEE AU F AlFE AF F
3 pH 4.0-5004 HdZ F8S & 4 Ayt ol 2= & A7
A}8- % phytasedl & phytase A9} B7F #&s5ls 232 ¢ & Ao oA
73 g Fek F9 phytic acidg #aiA17]7] 9% pHE 5022 HAsAH

3) x99 93

vl 7ol 30 U2 phytase®t thFwtoll 20 U9 phytaseE 7}3tok pH 5.0 4
30E-F < 40-65°CY] = HAA WA A AREASG wpAIIAE 55C
A HojgAde el olelg A Alsdes AMEHE w3 T
of F7IHA S EFHH o EfA7)7] e vg2A S AT Ao

[\]
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2 AFNLe Fygozn v1E AL5HE pphytase Brtx W E Aol
%43 phytase Aitdg #2lated Eeld T5F2FE A4E phytased A3}

xnE , =3 A EF phytaseE thFo s Ay 9% &
A2A Alzdlg Yty FAA e AAde d¥EAHY 2Exx (4L)E
B3 gFAdzA0l FHHN Y, AdEE A% FIAHA A7V Do
%, AHE A S Hste] B diye) HERE AEE A B AT
Aogde 2dg wgoes AMAS A7 A induction AZEH
induction W%, feeding supplements®] A& 744 Hart o, 53 hF
S 93k scale-upAl pilot 29 plant 729 2EF A induction £
7} seeding 27 T F7HAHQ AF7F Basdtd. ot A7e dY 2aEx
7F FHlE FdAe] " Qe o3 AdHE A% Ay FFol BHo EE
A ojt},

2. BT o &8

2 dAqige AR oo A2 3L Eeg TUWEFH} 28] SCI
7 e TEHN[AY. Al A3 F3F o] phytased A BAE
AE S NEstd e olEg Ade F3F FFo| phytased] 7|ETH F&
AT BL V4 E @ oz sigigrh 28 & A7viEAe g EAE

al
phytase A9t B 3AE o]43 ELISAYHY /MEe EYH 52 FE
&3 A AN £ JE HES BEE AAAY E=E
Aspergillus sp. 5990& ©] €% 7743 gjFate] HExdL FrtdMRE &0
LA AtE Y R71HEIYLE BEAYZ 98 A

phytase A4ri#-& Al

i

e
okt
52
o
i
g
do
i)
=

9})\

Fx d41 @8] phytase EAA o] {dzh 100 Lol A

AAEA 25
o AAGE) olzm gong AQguze /9% APl gFPech 27
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U 3 SRR A9 vl B9 phytase AlFo] ARY Aow AR Q7] w

woll o2 phytased] FRBFol gt 7)ds g FAEE ol vpE s}
o ® ATHER o) R AAES FAJA ojHte] A {35
il 1A EANZA duiFozn v g FHlg & AFeth
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M 6 & A7sigduatdolM s&E shelntetr=
yE

dAA7bA 4R vtzs AdEoly a87F AAbEE phytaseoll Bl F ol
7} A2bekE phytasednk #7¢] £1 7] Soldol FHH3NA AlgdHrte s
A 2gAe Aavdan dEA duh ol d BHAM 53 WEA phytaseE 7
B3] §g T FFolE AN A FHo AFEa Utk 1
gl WA phytasest 54 phytased FHAMES £ Az F34
TEROGE 229 glycosylationd] $H& F1 973Hx2 Y& group® AT
33 phytate?} ®o] &# ¥ canola, thF 59 289 FAo] F%°] phytase
€ FAHIANA, AR E AFEA] WA Eol Sl phytased] 4 & #x3}
of FzazatAe] U&= phytaseE &437] g U= A= gck a2y

53] GMOY <tAA g 2 A FA Adgarie

<t

Phytases] 28 3]d] gt A= BASFAIY NOVOAY FE3FHo g 3}
o nEEAe phytased] B3I AFE F2 V| 2AF F3E AAHo]
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