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SUMMARY

Phytate phosphorous is the major storage form of phosphorous in almost all
seed plants. This phytate phosphorous has low phosphorous availability, which lead to
the use of inorganic phosphorous sources to meet the phosphorous requirement of
poultry. Therefore, large amounts of phosphorous are unabsorbed and excreted though
poultry excreta. Therefore, there have been many studies on phytase supplementation
and the use of enzymes as feed additives is well established. During recent years, focus
has been on the utilization of natural phosphorus bound in phytic acid in cereal-based
feed for mono-gastrics. Better utilization of total plant phosphorus, of which 85-90% is
bound in phytic acid, is only obtained by adding the enzyme phytase to the feed. The
most recent advanced in feed enzymes have been aimed at improvements in the
applicability and performance of phytases. The ability of any given phytase to hydrolyze
phytate-P in the digestive tract is determined by its enzymatic properties, such as
catalytic efficiency, substrate specificity, temperature and pH optima and stability, and
resistance to proteolysis. In this research project, we have developed the Bacillus
licheniformis sp. SP4 phytase as a feed additive enzyme.

First of all, a bacterial strain producing high level of a thermostable phytase
was isolated from soil. From the results of the physiological and biochemical
characteristics and photomicrograph, the strain SP4 was identified as a Bacillus
licheniformis strain. This strain was named as Bacillus licheniformis sp. SP4.

An extracellular phytase from the B. licheniformis SP4 cultures was purified to
homogeneity and its molecular weight was estimated to be 44 kDa by
SDS-polyacrylamide gel electrophoresis. Its optimum temperature for phytase activity
was 60C and about 40% of its original activity remained after incubation at 90C for 10
min in the presence of 5 mM CaCl.. The optimum pH for activity was 8.0 and fairly
stable ranging of pH 35~10.0. As for substrate specificity, it was very specific for
phytate and no activity on other phosphate esters. This phytase hydrolyses only three

phosphates from phytic acid.



The gene encoding phytase from B. licheniformis SP4 was cloned and its
sequence was determined. Nucleotide sequence analysis of the gene revealed an open
reading frame of 1,152 base pairs and encodes a polypeptide of 383 amino acids. This
phytase gene, designated phy4, had 98.2%, 93.2%, 98.2%, and 64.9% identities with
TS-phy (B. amyloliquefaciens), phyC (B. subtilis VITT E-68013), 168phyA (B. subtilis
168), and phyL (B. licheniformis) in protein level, respectively.

For industrial applications in animal feed, a phytase of interest must be stable
in the acidic pH of the stomach. In this study, we have used directed molecular
evolution technologies to improve acid-stability of the B. [licheniformis SP4 phytase. The
mutant libraries were generated by error-prone PCR, RETT technique, and saturation
mutagenesis technique, and positive clones with improved acid-tolerance were screened
on the basis of high-throughput screening method using the nitrocellulose membrane.
Five rounds of directed evolution (error-prone PCR — RETT — saturation mutagenesis
— error-prone PCR — saturation mutagenesis) resulted in the best mutant SM2 with a
significantly improved acid-tolerance. Acid-tolerance of the evolved enzyme SM2 was
100 times higher than that of wild-type phytase on the half-life at pH 3.0. DNA
sequence analysis revealed that seven amino acid residues were substituted in the SM2
phytase.

The protease stabilities of the wild-type and the variant phytase, SM2, were
tested with trypsin, chymotrypsin, and pepsin. Both enzymes was stable against
digestion of trypsin and chymotrypsin. Wild-type enzyme was rapidly degraded by
pepsin. However, the acid-stable SM2 phytase showed 85% residual activity after pepsin
digestion. This result indicates that the pepsin sensitivity of the wild-type enzyme is
most likely due to denaturation of the enzyme as a result of low pH making it more
susceptible for pepsin. It seemed that acid-stability of SM2 enzyme gives stability to
pepsin digestion.

The variant phytase, SM2, has high thermostability and resistance to low pH
and proteolysis (trypsin, chymotrypsin, and pepsin). These enzymatic properties improve
the bioavailability and digestibility of phytic acid phosphorus in the diet, and also

increase the processibility of phytase are a feed additive. For the use of the SM2



phytase in the feed industry, further studies about developing more cost—effective
expression systems are needed. Nevertheless, SM?2 phytase has the potential as a
successful feed additive for monogastric animals to improve phosphorus digestibility for
industrial applicability.

To determine if the SMZ2 phytase supplementation can reduce non-phytate
phosphorus(NPP) level in laying diets, a 6 week feeding experiment was conducted with
392 High Line Brown laying hens, 52 weeks old. The experiment consisted of seven
dietary treatments: C, control diet with 0.25% NPP(0.47% total P); P250, 0.17%
NPP(0.39% total P) diet with 250 FTU of microbial phytase/kg of diet; P500, 500 FTU
of microbial phytase/kg of diet ; P1,000, 1,000 FTU of SM2 phytase/kg of diet ; N250,
0.17% NPP(0.39% total P) diet with 250 FTU of Natuphos phytase/kg of diet; ; N500,
500 FTU of Natuphos phytase/kg of diet; N1,000, 1,000 FTU of Natuphos phytase/kg of
diet.

There were no statistical significances in egg production, egg weight, broken
egg and feed intake among the seven treatments as well as the type and level of
phytase. The strength and thickness of egg shell containing phytase was similar to
those of control, but there were no significances among treatments. The utilization of
crude protein and crude ash of P500 and P1,000 treatments were higher than other
phytase treatments. The utilization of phosphorus in P1,000 treatment was the highest
among all treatments, and that of P500 was similar to control. The utilization efficiency
of phosphorus showed significant increase by the addition of phytase. The excretion of
dry matter and phosphorus weights tended to decrease by the increment of the amount
of phytase. Then, the dry matter and P weight of treatments with phytase were lower
than control. In conclusion, supplementation of the SM2 phytase to normal corn-soybean
diet improved egg production and can reduce non-phytate phosphorus level in the diet
without affecting egg production and egg quality. Significant reduction of P excretion

can be also achieved.
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Az, (i) AdA A, (i) 5509 A%, (iv) myo-inositole] A7 (MaEEre] A+
A, (v) FA FA ol doIA phytic acide] 715 AdlAeltt (6). el A&7
FEAE9 signal transduction®] $1¢]A phytic acide] geto] #3F AF7F AP
(7-10). L 9] phytic acid T+ inositol intermediates 34 S AZA AR 231&3 &

FEas g (1D, FFIZY, L2solv, Aeyel Am 129 FelzHE

triglycerides®] #+4 (13), %3t A 3l= (sclerosis)d X & (14)9F @4 vt B ¥ o).

rot

olgjgt o] 7}A] phytic acide] FH g F&H, g4 FLAHLS FE myo-inositol,
di-, tri-, tetra-9} penta-phosphate esters$} th& thr} %ol yo] A5 z2+go) glvta 3t}

(15).

t}. Phytic acid9d &9 FF&

AN AHEHE o8] /b TRl GFao o]g4S Pass BAS 9

o] o]5& &3l E aa7t flvhER F53817] witolth. Phytic acide 6719 Q1 2502
sto] 73t negative charge® Wi 9th wFo| phytic acidE 27F9} 37F kol 9l Ca®
Zn”, Mg”'s} Fe* ez m & vdzel Mn”, Cu”, Mo* st 2Fa7nt w= v ds) 2

slo] TREo] o8 F gle B84 HFES AT (16-18).77 wEb Abme] 7HE
As=Z Hriste] gk wkY Al E ol phytateE #a @

] A& phytaseE A7}l phytateo] ¢ chelating® < FE9] A3}

lo ot
2,
)
2
L
fo
ro
o2
(1
oX,
™
o

of

al
A
i

&
dodl= F7lEY &S =49 4 Atk Simond Versteeght 277 Holg]
[l 750units/kg®] phytaseEs #H7Fe A3 ZH3 1] o] &&o] °F 65% FdlE AT
skttt (19). =3 Saylor 52 Wolgldl phytases wolatd S w Q19 wjAd 2 34%7)

A sk S (20).
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o
M
—_>'J—‘,
i

=]
o
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2. Phytase 71 &

7}. Phytase®] Aej¢ 1 &%

Phytase (myo—inositol hexakisphosphate phosphohydrolase)= phytateE lower
myo-inositol phosphate -2 myo-inositol¥} inorganic phosphate® 7}=E3|Al 7] & &4 0]
t}. International Union of Biochemistry: phytaseZE Z A F 7FA 2 EF3A (21). 37}
A= n| YA AAEE 3-phytase (EC 3.1.3.8) 4 myo-inositol hexakisphosphate?] 3
H 9 A 9] ester bondE WA RSt g d A= a5 E T xgd
6-phytase® myo-inositol hexakisphosphate®] 6% ¢ %] 2] ester bondE WA 7}5&3) st}

AF7HA Be 7Y A=, 8 £2 agal vAEolA phytase®] &4dol 34

B 1% o] gt} E3] Shieh® Ware:= oF 20007 AE9] v &S 283t phytased
ik 55 FR1stATt (22). 1 AF, phytases AIZLZ ¥ ¥ = HAES 3070#Eo] 2
RS Aspergillus?® F3o|Aqtt.  Aspergillus niger NRRL 3135, Aspergillus
fumigatus, Aspergillus terreuss B|E3+ Aspergillus F5F ¢ Sacharomyces cerevisiaes
A El A WA e &4d9 phytase’l AAbEThal B E Y Alstf-el o] phytases
Acrobactor aerogenus, Pseudomonas sp., Bacillus subtilis, Bacillus subtilis (natto) N-77,
Bacillus amyloliquefacience, Bacillus licheniformis, Escherichia coli, Klebsiella

Q]
=

aerogenes, Enterobacter sp. oA HIiE At MEZL]Z phytases FHIsH= Al
St Bacillus £ Enterobacter®) i E. coli7t A4F8l+ phytase= periplasmic &4 °]
o}

21 & o A 9] phytase?] &
ow (23-25), S, By, a2 SR AR SodAE A EJIAR D3 B
A phytase®] Aol 714 & AL2Z BRIAHIUT (26). Suzuki 5= B} L7 LA AL
© 2 phytased =42 HPgu WL AEZ A inositolS 2 sttt (27). wolA] Eof A
phytase?] WAL Gibson ol 23] AT (7), Houde 52 8U3F oAl canola &
A2 HE 2714 e 2 phytase isozymes 22319t Bewley 52 thi&E2] Fx o
phytate®} ©]E 7}5FE3|Sl+= phytase’t EA8E o= AAAE A Fxo] Holo}
ATP Azbol @2 <Qlato] Fast olfd Qtbe 77
Agste Aol ol g7] wolekal skt (28).

&AM phytases= T2 @olsEA THAHAT (20-32). AT sES A

Bl
il
.
rd
o

&F, B S FA Sl gol xeHol 3

e

r o
1o,
oftt
=
it
rir
ofN
>
=
2
o
ot
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o 4 A% o]¥l phytase= AFE% 9] phytates &3llshA] 3t} (33).

Y. Phytased o}u]x=At A3} active siteo] 3 A

HZ7HA e nAE phytased 1x7%7F B8 A gl A niger var awmori®
2 E cloning® phytase F+4 2+ A. niger NRRL 3135 phytase (phyA)$} 97%9] =2
APS Bel ¥vH A fumigatus (66%), A. terrus (62%), E. nidulans (62%), T.
thermophilus (61%), M. thermophila (46%) & phytase™ A. niger NRRL 3135 phytase
(phyA)e} M A o G AANS BTt (34-35). A niger NRRL 313525 F3id = o
£ phytase phyBE= A. niger var awmori® phyB$t 99%¢ FAMAES Ho|x|wk phyA9}
phyB= &4 23%9] FAMdS HAY (36-37). E. coli (appA), B. subtilis VTT E-68013
(phyC), B. subtilis 168 (I68phyA), B. amyloliquefaciens (TS-phy), B. licheniformis (phyL)
s bacterial phytase®} &%& phytase (| 1t MIPP)E A. niger NRRL 3135 phytase$}
obFd frAabdel glolth

Bacterial phytase Alo]le] FAMAS ZAMSE A3 E coli phytase (appA)E TE
Bcillus 79 phytase?t fAHd ol Il B. subtilis VI'T E-68013 (phyC), B. subtilis
168 (168phyA), B. amyloliquefaciens (TS-phy) phytasei= A= =& FAMAo] A= wid
B. licheniformis (phyL)$}= ZYZF 67%, 69%, 65%¢] ¥ FAM S UE T (38).

Tye & Aw7HA W& phytases 9] ofvett MAES Hlasto] 25 Al 7€)

FOZ st (Table 1) (38). tiF-i #3o] 29 phytase¢t E. coli phytase’} 3

M

=
)

1491 histidine acid phosphatase®] <3kt}. o] & phytase?l active siteol+= o} H

i

29l RHGXRXP olu|x=it A do] EA1sstt. Arginine®] guanido &2 positive
chargei= active sitelA4] histidine #7]19] 7}7}o]o)l A negative charge® ¥ phosphate L

9 aA¢ Ao #Holsy o] phosphate ZEFS YA A OS2 histidine ZLEo] ©]E3dl

EQFA 3t phospho-enzyme complexE& A3ttty &HA vk F WA dFdE F=2
Bacillus phytaseZ} 3E38t%o] 9=t six-bladed-propeller? @3 F%Z zta it} (39). °]

e

(e} 2=
AL s

5 phytase @ Ao = oAl 7§29 calcium-binding site’} £A3}¢] phytase?]
o] &R AR FHHY. vpXHOoF soybean I ZS plant phytase= purple acid
=\ = -

phosphatase® #HF3}9th. purple acid phosphatase® FE A &EoA BWAEE FAFA

Fe(Ill)-Zn(II) active siteE zril 91+ homodimeric glycoprotein®| tt.
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Table 1. Classification of phytases

Gene Origin Classification Reference
appA Eschericihia coli Histidine acid phosphatease 40
F2IMI12.26 | Arabidopsis thaliana Histidine acid phosphatease 41
MIPP Rat Histidine acid phosphatease 42
phyA Aspergillus ficum Histidine acid phosphatease 37
phyB Aspergillus niger Histidine acid phosphatease 36
phyS11 Zea mays Histidine acid phosphatease 43
GmPhy Soybean Purple acid phosphatase 44
KBPAP Kidney bean Purple acid phosphatase 45
spPAP Ipomoea batatas Purple acid phosphatase 46
TRAP Mammals Purple acid phosphatase 47
phyC B. subtilis VT'T E-68013 | Beta—propeller phytase 48
TS-phy B. amyloliquefaciens Beta—propeller phytase 49
phyL B. licheniformis Beta—propeller phytase 38
168phy A B. subtilis 168 Beta—propeller phytase 38

t}. Phytase &4 47

D A= 29y 54
AF7HA B2 el phytaseZt A H I T 540 d¥o] gt} Phytase®| ©
"y 2 B dud g4 2 700 kDa 2717k 9h=7F 9 10~13 kDa®] =3

RLN R

Ay
=

2+ peptide®= phytased] &4do] AT}t (50).

Bacterial phytased] #x#& )R 2 FFo| phytase®t} 2ZFgkth. &3] phyatse
= FAFe EAFEFY FA7]E 50 kDaol 3 A9 glycosylationol 2l&te] A7]dF Aol A
65-70 kDal & AA YElTE Wyss 52 F39| phytase?] glycosylationS &49 & ¢F
AAo Adgs v ®usdt (Bl). A fumigatus, Emericella nidulans, A. terreus,
Mpyceliophthora thermophila 5 +&33°] phytasex= 9z Ealao s EsjE= 4
o]l Qutx Bttt (52). AW Bacillus subtilisol ] AAtE = phytase™ trypsin,

papain, elastase 5 T B3I G 4o kAT (53).
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2) Phytase®] €= 2 pH E4
FEo] FFoloA AL = phytase?] #HZA pHe 45904 56 Abelel] Atk =
% A fumigatus phytase® TS F30°] phytase®t= €8 pH 4.0914 7.37FA2] = 9ol A
80% o]’ &S FASE W2 pH WS 23 vl Bacterial phytaseoll X Bacillus
fref el phytase™ 74 pHRl 65-75404 7Hd =2 @4& Yebdiar AU
ALE ] AR EA AR W FA ] Aol A FFo] phytaselth %
o2 dAae

g

o
=)
Mo
K-
~
4

58 phytased HA 25 45~T77TC=2EA +%o] F#9 phytase: HE
Bacillus &1 ¢] phytase®t} vz & 2Lox HA o AL Vet SEAE9
pelleting =2 =% (65~80C)dlA 7F&5 7] wZol Absel H7b= = phytasex= Feol <t
Aotedol st} X F71A] #wE R FFo]l ;e phytase & A. fumigatus phytase’} & ol
HA kel 100TCo A 2043 WA|st % 90% Fre] k&=L S FAstaL (54) YA F%
o] fl¢] phytaser= 39 =< et} (52, 55). o] <f W
=2 Bacillus 39 phytasex WlF& @l A3t Bacillus licheniformis 219 phyL
phytase= 90TColA 1587 HWAAE 61%9 F2dAS et (56) Bacillus
amyloliquefaciens ¢l TS-phy phytase:= 90Tl A 10827+ Wx3sl9S o 50%9 A&=3%
e YEFET (39). AR Bacillus frile] phytase™ calcium-free Gl &= 53] &<k
goto] Aol M fJA Hdgete= Ao® Hol Zgo]lo] phytase® & bBA ofF

2% A5 Brhe 2S¢ 5 A

ol

o
oX,
o
ne
i
rlo
rfo
ki
2
>
fiad
hh
ﬂl

of

=3%o] <] phytasex Bacillus 9] phytaseRth & <t Ado] Hojx = Wi
= ol <HASIY. A terreus @19l phytase= pH 1.2~9.09 A= v& g%

1
~
Sqo] M T 4ToAA 40A17F WA Fol= Ao 100%2 FHEEAS vreRHAT (57).
Bacterial @19 phytase = E. coli phytase® pH 2.0~10.0014] ¢r43% &AS Hx 3}

rlo

o

an

2,

>
|

(58). SHAITY B. licheniformis, B. amyloliquefaciens, B. sutilis VIT E-68013 2]
bacterial phytase:= /52 pHollA = o5 <AASA Y pH 4.0 o]t w2 pHell A

= wA43s g

2. Phytase®d {7 o] &
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VA R O] A Fol] AMRH

= =A%, A 7ha Rk 22 @9l sEE2 ol A phytasert BAMEA 7]

i
4
s

A 7S FHAA FAG o AL VEAR HES =9 AL =Eola st o wiA

ATk HL R A AL 71 il & =Y 2 A E phytaseE H7bste] §
9o Q1o Ast&d At @A my=Re] o] &AS Eole ATF &e] WeE1
9Tl Nelson 5 & corn-soya dieto]l A. niger NRRL 3135 phytaseZ 3F-f3F nfj ok
filtrateE A glgk & Atz H7FHY  phytic phosphate®] W&Z bone asholA]
phosphate?] =7} Bt (59). Hoppe 5 <2 #HA|AF= o] phytases H7F3lS ] <o A

=z o] W&ol 56+9% FHAE AT (60).

2 ATEHS YA 2 F=E AR HIMAIE phytase S AAE JNESt A} g

w
=
=t
Q

2

i
1K
i
o
b
i
Jo

G4 B)%ol 1~29% EFH phytic acidg 233te] <
He FUAA AFO] ol FAES A S KEF NP Tholth UABERY HA, H

AA 7] wel Abs H7HAEA E

rlo
(o]

=
<

=
@]

QO

Q.
[oN
i
M
:‘I;'L_“
e
-
1:01[
B
(o]

=
<

<
Q

w0

o
i
N
)
By
E

gio] A¥He] ARF phytic acid® #3) F5oH4 RHn o Fe] A i AS
=

of dif-itol FEe 2H HII=ol dE AdAd MEHEE S Ad

Askar glvk. ol21g ZWolA phytases A WA T8 4TS = F&FT AL
olth. H3 phytic aicdt AFRUS wlEF GFP ¥ FEHol2(Ca¥, Fe'', Zn” 5)ET
Ao tE S AetA SRR bS] F&oled e Astasdes Adfsta L S5
of mAFAE R T FA9 protein concentrateo] ¥t o R EAste] ZhE wulA
=3 Adeto] @uid e 2Ees AT owA 5 Abde] dE o) 2shE ol
Asg otk Ag7A FHE 23T AAE dEEd HA9 phytaseE AiFaHA
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phytaseZ} o] =4 %At 181 RocheAl] phytase #wk o}u]d} & 2ol oA Ab
S37HE BAAE dE dAAnAAE(F)S] phytase T3 Aol Asfste] wuiAlA
wae ds FostA Zeta v Aol ol AES udE E o fAAAHEES

A phytase &aAl9] e AAsA 2Eva AbRE

w ATe A R FEE ALR AUPAIRAM ) phytase BaAl Aol #dE Aot

219, phytase’t HHEZE 9@ AnA/MAZ ALH] 9845 phytaser} 23ojof
@ WA §aH 5450 Jbd, 2 FolA DA, Uy, F4 pHeb TN ke

g, @E s asel W AFY ol 53 Tastval & = Aok 2y A 574

et Feta vk =,
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Bacillus 2 A3t phytase®= WAL Zsth Wabdo] ofgh dhado] gich webA, o=

AEL GY5ES A3 AR A4 52 S A3 H A9 phytase 47

de AHFHow wa - Jfdstaa sk =Fo] Py vk adER ARHME

phytase E4AE /NEst7] YalAe ASH A S5 A3e EAAS Ad a4 FHAAd
i

of ol A4 AAAA TG AdEr. 2 HA Aol = HEPel F2 Bacillus e

o

phytased] W48 S Hojgto 2 Az a7k S50 0% A8dd A4 phytase S

MEeta FIFAOZE AFEH A S phytase E2AS st A a9t 1gerg 2 3

=

A Aol A= HA phytase FAAL Y M 55 BExA3])4S o]&3 W LA phytase

o Uk FH NG AT R dhal A SPesen @ & o

2. 94" AT/NL BE P F2 AT
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- A 3K phytase QLT A
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- Phytase®] Z&%22 9 #4 A48 27 3¢

2\l EANE 9 AAe A

- BAIE ]z o3 EA - WA phytase] W24

- MFEA AL T At R g A (GL, 50L TFE)
- 7% phytase?] AEF3} AF (A AF A4LH

- 7l % phytased] FEALYS A&
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H2&d =2 Zls/ig s

21M 710 oA A EA7F A - ditokell AHA T3 242 UFH
gt 23y, G FES A3 AE Yo gRE FE T < E3HA(phytate) = T
A A Eall=x] @ EHoR wEFe] 34 o9 & 2oz &35ty ) upE}

Alel ok 28 B R o wiEdEdd e

ne,
o
N
£
[

i

2 U phytaseZ Alsol| #H7}st
71594 ol 250 W g84 9 oA 2380 FUkste] S F

ek oleja Aol %

-
jocs
=

k=]
A Rk ofyel f& Q1] wiAdE 50%7HA HAAE G
2 F7e WA= el phytase’t AFRHZHAZ JdE o] Ak} shE vk
BASFAFS] Aspergillus niger 3 phytase (A% 9: Natuphos), RocheAl®] Aspergillus
ficuum 3] phytase (%% %: Ronozyme), AlltechAlte] Peniophora lycii 3 phytase (%
#49: Allzyme), FinfeedsAte] E. coli 2] acid phosphatase .
Phytase’} @9ls=S 913 AEH7/MAZ /Es7] 9184 = phytaseZ} zH5Fofof

& 3 A 24 5450l Jdu 2 ol e, Wik, T4 pHel w209 =2

B, AR R 0 A% ol 53 Fasvn & & Atk g o gH A}

r_{

T 7MAl & phytaset pellet FEjQ] AR AZFAH Fo &9y e 1 7tF 2704 &4
7h WA E A oo s, delE=el el Abs
Lo pHol A SHASHAl f-A15o] Be %o a7t FHA =g ol dt, Fyo] =g
phytase®™ &7 W] Astaan(53] ddEadas)d A A FA=H &, G U
279 T4 pHe T2l phytateo] tidh =2 &S detder & Aol a29d], A=

7PA diFE wge] fraf el phytaseZt AFRHZRAIG RAaAEA fEE AT 53], v

S
ol
2
x
L
A
ko)
=n
<
=
jab]
102
@
N
=
o]
>
o
o
N
>
lo

Novo NordiskAtE Aspergillus niger subsp. ficuwm phytased T4 2 fxxto] #3 &
35 Hfrsta & ¥Rk olyel #%o] phytaseE: dHACm AAkEte] AA Al of
50%2 A A3t ot o] 3 Novo phytaseE 3 H WS BASFALE o] X ufo]l o (F)E %3}
of Ful Atz 3]Abe] M FFekal vk ¥y BASFARS] Natuphos 5 7]<&el 7#e

i

_26‘_



Zo] e phytase EAAE WA HAUA N YE o] Hojxal F&E F9] phytate
of gk Eafe] i HolA= T8 ZAZ dol AS7AA FHE £33 A AAANA FH
A €] phytaseE AAFekA Fotal = AAolth webA flwe B2 VdES deEES
e AR Al £EE HS A3 phytase FAALS A &Aoo @b - sl 3)

t wdo] AL 9

Ol
=)

s, el A= H: o] tistd AF-7] el A phytasedll #g A77F AL

Atk 53], A ETATAKRIBB) O QEjF vhAb AT RS Szl AP E(F)

%2 =2 Bacillus amyloliquefaciens 3¢l AlitA phytaseES A +F3te] AlxtA phytased

AAE B D FEAGS AX Foll AFES LS v7E Atk 2y o] AlES dAl A

33 7F8 phytase AlGA Gl Asfato] TUAl Lol ds] FodehA] Kshar
%!

o 2 AdTEHe AHoRE o] E4
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0f0
o
Iy
i

M3 dA7ME =

A1d A9 Ax 2 B

1. 49 A=

7}, AF&dF ¢ plasmid 2 Hl A
B Ao AL8-¥ phytase AT Bacillus licheniformis= AA A A AEE

I, A A= PSM agar®t AIAE AL&3FA . Chromosomal DNA9F £ plasmid

=

DNAZE E#3l7] Y3t #F wjdo = LBES AF&3t9Y. E coli transformantS v & &t

ol

Al ampicilling 100 pg/mle X E Bacillus transformantE w93 Ao &= kanamycin<
pe/me TE A7}k th. Phytase®] #dAF cloning 2 971449 £24 AdoAE=
pBluescript I SK (Stratagene, USA) plasmidES AF83+$1 3 Bacillus subtilis DB431o] 2
A 7171 98te] Bacillus-E. coli shuttle vector pJH27E AF&3tAtt (61). E. coliol A 2
RE FHAx z2ZAS XL1-Blue [F'proA'B'laciq A (lacZ)MI15/recAlendAIl® MC1061
[F araD139 A(leu)7696gal E15gal K16 A (lac) X 74rpsL(Str' )hsdR2(ri myc+)mcerAmerB1] @55
AFE-3FA Y}, Bacillus subtilis 72 competent cellS A Z3t7] Y&l = SPI ¥l A [0.2%
(NH4)2S04, 1.4% KoHPO4, 0.6% KH2PO4, 0.1% Nas-Citrate - 2H20, 0.02% MgSO, - 7TH20,
05% glucose, 0.02% casamino acid, 0.19 yeast extract] = SPIO ®jx] [SPI HjA] ]
0.5mM CaCly - 2H09F 25mM MgCly - 2H:08 H7HE AH8-3FA

W ARESE BA, A R A
A2 ZZbo A AFEE BRE A3 E A+ New england Bio-Labs (USA)¢} Roche
Molecular Biochemical (Germany)Z4%E F943st e, T4 DNA ligase, DNA polymerase
(Klenow fragment), Alkaline phosphatase, DNase I 2 Roche Molecular Biochemical
(Germany)Z %8 93ttt ExTag'™ DNA polymerase®t rTaq'™ DNA polymerase:
TaKaRa (Japan)oll A +93t1 12 dATP, dGTP, dCTP, dTTP+ Promega (USA)olA <
3tk 28] RE plasmid DNAY A A= QIAprep Spin Miniprep Kit, QIAquick Gel

Extraction Kit, QIAquick PCR purification Kit (Qiagen, Inc., Valencia, CA)E A}&3}%1
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ok WAk EdrolA  screeningol A AFE¥  nitrocelllose  membranes  Amersham
Biociences (UK)S. 2FE F<43t3 1L, TLC plate= MerckAt (Germany)=Z %8 T390
Myo-inositol-hexakisphosphate, myo—-inositol-1,3,4,5,6-pentakisphosphate, D-myo-inositol
3,4,5,6—tetrakisphosphate, D-myo—inositol-1,4,5-trisphophate, D-myo—inositol-1,4—
bisphosphate, D-myo-inositol-1-monophosphate= Sigma Chemical Co. (USA)ZHH T
stgem, 1 9 AFe AMg3t A|FE2 F& Sigma Chemical Co. (USA), Merck
(Germany), Junsei Chemical Co. (Japan)oll A -3} t}.

PCR< PTC-100"™ Programmable Thermal Controller (M]J Research, Inc.)& A}-&
3} T Mutant screening*] QPix (Genetix, UK)E ©]83}¢] pickingsti griding 3}
Wik A5 dS &2 Al HT Station 1200 (Cosmotech, Japan)& AF&3F9 1 #HF =0l

Aol g3k 718 we Ho] FBw = Microplate reader (Model 550, BioRad, USA)Z o] &

2. Phytase &4 A AL d79 23 =Y

7}. Phytase AT A4d 2 4

WEA, WA phytase &7dol = dF5 B8] f18te], il A9 B A
2 E sampling3 Fo] A8 1 g& 50CoA &A Za]az thr] 80TCA 30&E7F A=
3 3 9 mle] B EFF dEsign. 2 3 AEY 01 S PSM (Phytase Screening
Medium, 0.5% Glucose, 0.5% Ca-phytate, 0.5% NH, - NOs, 0.05% MgSOQO, - TH20, 0.05%
KCl, 0.001% FeSO, - 7H20, 0.001%6 MnSO, - 7TH20, 0.01% Yeast nitrogen base, 15% Agar)
T Aol mekato] 37TeA 293 wi g F Aehd S EY Fojod T Zefge] A
7| U¥FE2S phytase FAES e dF2 13 A 12 A¥E AFES
s

PSM A ujx]o] HEsle] 37CNA 297 2

A phytase FAS A3l o] =& FFES 23 AEeY 23 AEI AFE
£ 25 me PSM HAfA ol HFske] 37CAA 27 AT i Fd F o Fee dd 2t
i1 4F94S Centrifugal Filter (10K, NMWL membrane) & AHg3te] &5, F413H9th
%ol FEY phytased] & A b HAES FAstel 1 FollA Al M F
< s T s

T

wel AuE #F 4 FuSA, AHSA 4AL dEstel  “Bergey's

P
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manual of Determinative Bacteriology” o #|Al¥ o] = Wl Fale] skt w3k
API kit¥ Vitek system?] data$} vz sle] EgdFS A9

Y. Phytased &4 &3A
Phytase €42 Shimizu ¢ WHS WPt ol A3 vle} o] inorganic

phosphate?] 4& ST ZHN 484 S SHIAY (66). 100 o] SA8<Ho] 900 ul

o

°] 71449 (2 mM sodium phytate in 0.1 M Tris-Cl buffer, 1 mM CaCl,, pH 7.0)& 4
3 50CelA AAAITE wEgAIZL & 750 we] 5% TCA &4 o] vkgS GAAZh ol
275 8289 TCA €98 Yo 845 B84 A7l tg 712 &9 715t %A
AT 1 Fo 15 mee] wAgd (4 volume of 25% ammonium molybdate solution in
5.5% sulfuric acid, 1 volume of 25% ferrous sulfate solution)g 7}&te] A AI7F wk-&A]
21 % 700 nmell A &4 WS &I tizat & Atole] FHE F AolE FASUY. &
29 1 unitE 18 E<¢ko] 1 umol®] phosphateE H&EA 7] §42%o7 Aoyt & 4

Tl A= EE phytase® &4 ZAo W& Aol 1 mM CaCls H7tstAth

o, EAAHA 2 pH B A
Phytase @442 E45 20~90CT7HA 2t 2&olA 103 WAg - 4T A
WA 713 @ o5 a4 IE A4S 543 Phytase] pH HEA S HESH] 4
A 2 pH B2 AZx3 4= (pH 2.0~3.0& glycine-HCl &%9, pH 3.0~4.0& formic
acid-NaOH €%, pH 4.0~7.02 maleic acid-Tris-NaOH 59 pH 7.0~9.02
Tris—-HCl &%, pH 9.0~11.02 glycine-NaOH ¢45 )] &4 S 718 25C &L 37T

A AAAIZE WA F FAho (E S SAHA

g}. Phytased £5&7 2 A

Phytase A4t Bacillus @5 37CoA] 243F & kst & AR s A4

o
of
%
X
off
Ay
tlo
ol
32
fn

v 9k A} S NS Polyethersulfone membranes AF-& 3l ultrafiltration

1 %9 DEAE-sepharose CL-6B column chromatographyE <33te] 0~05N NaCl

gradient F-i-ol A phytase €4S Uetdl= 9 d 23S I8t 1 Fo 5849
714¢ Ca"'# sodium phytate?] AT A (Ca—phytate)®t phytased] ZEHLS o] 83}

phytaseE <=FAA Atk = WA 02 g9 sodium phytateE FHF =< T 1M
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CaCl, £94& H7lsle] 283 I HA 7] 10mM Tris—Cl(pH 7.0) &ZE=g& M2 washings}
o] Ca-phytateE 9=t} 2812 YA phytase A #8& Ca-phytate &0 #H7}5}o]
4T 1A 7o AR Y. 2 $o 10mM Tris-Cl (pH 7.0) ¢4FE& R0z AHstz FHF
0.05 M NaCl< g3t gFgdo=z F o Mzt 2 Fo 2849 Caphytated] 2
3+¥El phytaseZ 315387 9allA 0.2M sodium acetate—acetic acid (pH 4.0) &8 A& A
7} %o Centrifugal FiterE ©]&3F] 10mM Tris-Cl (pH 7.0)0¢ZF=8H oz A F, F=3}

At

Gl d &= Bradford S ©]&3F9 0 Bovine serum albumin (Sigma chem
Co)E EFAEE 3}l Bio-RadAl9 protein assay kitE AF&3te] 595 nmolA 3 =E

=381 21, column chromatography & AR89 S W= UV (280 nm)H S o] &35t

v}, SDS-PAGE
Phytase®] FAZ=<o} A= 574317 9ste] SDS-polyacrylamide gel 7]
S T AT Laemmli 52 WRiel whel 248521, phytase & A5t FE

A& 12% acrylamide geldl loadingdle] 30 mAZ A 7|9 %3 3 gelS Coomassie Brilliant

off

av)
=

Blue & o2 A3}l destaining buffer (methanol: acetic acid: &7/ <= 10: 10: 80)% &

A A,

Al N-2 o ofmj it A Z2A

9l A A5 5 SDS-PAGES 33 & polyacrylamide gel¥} PVDF membranes
CAPS buffer (10 mM 3-[cyclohexylamino]-1-propane sulfonic acid (CAPS), 10% (v/v)
methanol, pH 11.0)°] XA st} th. 2 Fo Bio-RadAt?] Trans-Blot Electrophoretic—Dry
Transfer cellZ AF&3Fo] 4T A 100V, 200 mAZ 2~3A17F protein transferE G335}
o} I vl ©Eldo] bplotting® PVDF membranes staining solution (0.2% (w/v)
Coomassie Brilliant Blue, 50% methanol, 10% acetic acid)olA 10~30%7F {23l
destaining solution (methanol: acetic acid: DW= 10: 10: 80)¢.& gwAA ATt PVDF
membranes Z¥ F AME @uld pandE @A N-2ek opnwAb A E AA ] ALEa)

At N-Zd opueit MAdL dxxTdAT4ol o# ko] Applied Biosystems model
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476 A Protein/peptide sequences (Applied Biosystems Inc., USA)Z ¥4} 3} 4t}

o}. Phytase S A A9 cloning ¥ 971X <¥E 2A

1) Bacillus sp. SP4 #5 2% ¥ chromosomal DNA 3

Bacillus sp. SP4 &% 3 w2 LB wiAlo] HFste] 37T A 5A17F A% mj gt
T 1 meol wFds dAEEstel #AE dgsdn. #AE 1 me] TEN (10mM
Tris-HCl, 1 mM EDTA, 10 mM NaCl, pH 80)¢¢F o= 13 A3 T 1 mg/mle
lysozyme©| ¥3%% SET (20% sucrose, 50 mM Tris-HCl, 50 mM EDTA, pH 8.0) &+%&
o 05 mloll suspensiond}e] 37ColA 3083 WA Z T 2 %o 100 mg/mle] protease K
& 5 pul, 10%9] SDS &4 50 wE H7Fete] cells &3A1713L, 0.1 m¢e 5N NaCl &
< %7}k ¥ phenol/chloroform extractions 13] AAISA T 71 F 2 volume?] absolute
ethanolS #7}3Fe] 12,000 rpmeoll A 2083+ YAl E 28t 70% ethanol® A& 3le] & &
H% 01 m9 TE (10 mM Tris-HCl, 1 mM EDTA pH 80) ¢35 & el &A1z o=zH

AMA DNAE Az3H3d

2) E. coli®} Bacillus°l| A plasmid DNA9 &3

E. coli2%-¥ plasmid DNAS] o= &2 2 A= Sambrook 59 WHS o]&3}
Atk A FFE A H7bE LB iAol A s wids & dAE s oA

2FHE  alkaline lysis WHoZ  plasmid DNAEZ Z&3Htt. 1 Fo] CsCl-EtBr
ultracentrifugation ¥ o2 A A3t DNA A% FE &= QIAprep Spin Miniprep KitZ
o] &3sle] Ax FAtol A AFdt= Wl wel AE-3FYh Bacillus®=5-E plasmid DNAE
2% AATY w= QIAprep Spin Miniprep KitZ AFgstaEd ohwk solution 1

lysozymeS 2 mg/mle =2 FH7tstel A AL&313t).

3) Phytase +#3 ¢ PCR cloning

olul d7IMdo]l WA 9= Bacillus amyloliquefaciens DS11 phytase -7 #}2]

{

1A

3}l Bacillus licheniformis SP4 2] chromosomal

ol

A7 g 71%3] primerE

i

DNAZE template®Z 3+ PCRS <33l SP4 phytase FH4AS FZ3Ft}. ojuw] ALg3F
primer®] 971 &2 N ¥ot primere] 4% 5 -CCTCACATTCGGACAATCTTCAC-3 7,
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o
=

CZet primerd 97|14 ¥gS 5 -TCAAGAGACAGTACCGGCGTAC-37 ¢} #t}. =
DNAE H7|9%538t9] elutiondtsdal pGEM-T Easy vector?}t 16To|A 1547+

e
)

ligation¥t $ E. coli XL1-Blue competent cellel transformationd}it}. o= A 4 A x£3
plasmid DNA¢l pGEM-phy4Z Spel, Ncol AFFEALE ddsle] U3 Alagr=z 2
@3l pBluescript I SK (+) plasmid DNAe°| AW3ao =2 insertionstiiz, o AZE3F

plasmid DNAE pBSK-phy4= ™ W3}

4) Phytase Fdx9] G714 4E A2A

Phytase F+d2te] dN1A<dE AAs7] 9ste] pBSK-phy4 DNAS 247} AstgE s
EcoR 1, EcoR V, Hind 12 ZAd3dle] dHZZAES d& 5 7 dAES 593 A3 a

A2 ATd pBluescript O SK (+) plasmid DNA® insertiondts] E. coli XL1-Blue
competent cell®ll transformationdt3t. =2 Fo ZF cloneES AA v 43te] QIAprep Spin
Miniprep Kit& ©]-&3}e] plasmid DNAS 235 d714d AAl A&kttt DNA
sequencing kit (Applied Biosystem)& AF-83to] PCR W& 3 % ABI 310 sequencer

(Applied Biosystem)Z Al-g3sle] d714<dS AAs T

Z}. Phytase®] protease A3 A
100 mM Tris-HCl (1 mM CaCly, pH 7.0) €58l &aj=o] de EYA, 711
EYA 4937 100 mM glycine-HCl (ImM CaCly, pH 35) k&8 Mo g o] d=
Al A 2 unitel]l AAE phytaseE z+zF 10 unite] W& 2 FA7eta 37ColA 243 Fet

WA @ Fol 0TeN BE TS 2Heh protease AL B8

z}. TLCE ©] &3 phytate ¥HSAE £ A
A& 98 0.1 M Tris-HCl (pH7.0) $F & =ol9le=
mM sodium phytate 900ubo] &AM 100uS H7Fste] 37CoA 08, 105, 30%&, 1A% 2

r~1m

Phytate HF-S-2H&

AlZE 12A13F 9E-SA1Z1 o] 5E-7F boilingdte] WHSS T A AZ T HE3F Inositol phosphate
o "3 AES B8] YA ZdZFe 2mM 718 900uL9] phytase 100ulE H7Fste] 37T
of| 4 12A17F Fot WS- A 71 thSo 587F boilingdle] WSS FAH AT o9 o] AxH

3 &35S TLC plate (HPTLC-Platten cellulose, Merck)oll lem 7F4 o2 3ulA spotting

ol

st A8 (1-propanol : 25% ammonia solution : water, 5:4:1) 100m= 2] chamber
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of Yol ArN7t A= HMA AT L Fo TLC plateZ air dryAl 7] thS molybdate reagent
(8 mM ammonium heptamolybdate tetrahydrate, 0.1 M HCl, 0.5 M HCIO4)E spray3sh 4]
85T ovend] 658 =<+ AXA#HTE z28]lar YA TLC plateE #& A (254 nm)ell 24 7%
ot =& A7l Fo] TLC plate A2 blue spotss #HZ3ATt. oju AlgE ZFAE

s

Ins(1)P, Ins(1,4)Ps, Ins(1,45)P;, Ins(3,4,5,6)Ps, Ins(1,2,3,456)Ps=% -zt 4 nmol® spotting
3t

7}. E. coli electro-transformation

1) Electroporation cell®] ZA]

LB 33 wjx]ol A At E coli XL1-Blue =+ E. coli MC1061 single colony £

3 mee] LB oHA wixe] HFshe] 37ColA o B & wjgFed 05 m= 500 ml
o] LBl HZF3te] 37ColA W& widdttl 600 nmoll A <] vt e] F3=7F 05~0.6°] 2
W 7bA] g & A S dFolA 1023 WAA T 1 Fol 4T, 4,200 rpmel A 20+
A dS WL pelletS 500 mee] W2td A FHG 23] M H g
40 m¢2] 10% glyceroldl #EAIA 27T, 4,200 rpmoll A 20&37F 9
AREE T A5 A8 vl o]ZEA 4 FAS 1 me 10% glycerolol dEAIZl & 50

X

-

A

2) Electro-transformation
-70Co H¥H electroporation celle EZolA M3 =2 & 1~3 ule] DNAE
A 7Fslal pipettingste] 4ol vh. 2 & "2l WZHAIZl 0.2 em E. coli Pulser cuvetteol
A 1870 48 ®Wx3}. E coli Pulser apparatus (Bio-rad)& A}gste] 25 kVE
pulseZ 713k FH Az 1 mle] LB WA S A7lsta 37ColA 147 shaking incubationF
th 1 Fo cel-DNA &3] dAGS A7s FAAZE 5o A= iAo wdsto]

30°Col A wi gttt

E}. Bacillus natural transformation
LB 3 iAol A freshdtAl &bt Bacillus subtilis DB431 single colonyS 3 ml
o] LB A wjAo] HE3te] 37Tl A sFrt deugst & vl 05 mE 72 37T



A pre-incubationd 50 m¢ (1L AZZet~=1)9] SPI #ixo] HZE3e] 37T, 200 rpmol A
218 wjkstt}. Early stationary phase7bA] #]Fsk & wkel 5 mE vl 37TColA
pre-incubation?dt SPII wjA]ol FHZE3te] 37T, 50 rpmell A 90&7F wjok3ic}. v e AS
of Wx]ste]l WzkAZl 3 6000 rpmollA 15%3F A4 EElste] A

< pelletS 5 mle SPI wi#]/10% glycerol &l o] 200 w® =F3 & -70C] 23

2
o
I
i
&
o,

©
X
n2

39t} TransformationA] Z Al frozen cellS 42TCo|A Awa] =<l & 1 pg =2 DNAE
A7 ako] 430l A 37Tl A 302 7F shaking incubation 3tk g LB 1 mlS #H7}sle] 37C
o A 607t A wiFe ¥ 5 pg/mle] kanamycino] ¥ LB g wjA| o] =elsith
v}, WHAt4 phytase®| A F

1) Mutant DNA library® A%}

7}) Error-prone PCR random mutagenesis

Ed wEr o2 e F249H phytase TR phyd) ol EAWlE =Yt 9180
2] automated thermal cycler(M] Research PTC-200)& ©]&3le] 1.2 kb =719] phyd 4

A& template® ¢ error-prone PCRES 33t th o] w| error-prone PCRel AF-&¥ N
Wk primer (57 -CTAGTCTAGAGCCAAAATGATGCG-3 " ol & ‘Xbal AFE A QAR
AE FH7rskdar, C-#w primer (57 -TTTCTGCAGGTTTATTTTCCGCTTCTG-3 " )l
= Pstl AFELS QARAE HIubstah w3 error-prone PCR 2718 ofef¢} o} =,
10009l PCR ¥H2-94 (1pg template DNA, 10 mM Tris-Cl(pH &8.3), 50 mM KCl, 3.5 mM
MgCl, 0.3 mM MnCly, 0.2 mM dATP, 0.2 mM dGTP, 1.0 mM dCTP, 1.0 mM dTTP, 0.3
UM each primers and 5U Taq polymerase)S A|Z3}tal I Fo 94T 30%, 55C 30%, 7
T 30

\]

P

Z79 PCR ¢S F33t¥ 5F 34+ 30 cycle® 39tk 2 $o] PCR W+

SAES A7)9 538l QIAquick Gel Extraction KitZ o]€3te] 1.2 kb =719 DNA band

i

= elutions}Ath 12]a1 YA PCR WHEAHES Pstld} Xbal Adasrz Addsta A
Astg A~z Adadd pBluescritHSK(+) vector®t ligation A7l ZFo E. coli XL1-Bluedl
electro-transformation< =8 sta WF) A A7 M7t LB v o] Z=Este] 30Tl
A A joES o ZHA phytase mutant DNA libraryE A %89t L 3o ampicillin

(100pg/me)o] A 7Fgl LB agar plateol A Akt oF 109+ mlg] o] HAASANES 3y &=
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o}A ultracentrifugation ol ¢ & plasmid DNAZ 83 Fo o5 ZgAv=E B
subtilis DB431 o] E=ggdo=zx uUlibgdol 7 EAWOlAIE screeningdt”] 98k

mutant libraryE A &3} T}

W) In vitro recombination mutant library$] #|Z

Error-prone PCR random mutagenesisollA] A& 6709 mutantE F@AF+7| @
A opmmA(F)N A JIEE RETT el oldte] AxFS Adysdvh. WA 6719
mutant®} wild-type F+AAE oA Smal A3 &42 HAsle] linearization 3F T ©]
27 94 DNAES FFo= 3t 40 mM Tris-HClI (pH 7.9), 6 mM MgCl, 2 mM
spermidine, 10 mM NaCl, 10 mM DTT, 05 mM each rNTP, 40 units®] RNasin
(Promega), 17 U2l T3 RNA polymerase (Promega)E Ztz} H7}st & Wkg o RyZ 20
W= Z2A3E T 1 T 37CAA 1 Al 59 1984171 & RNA easy column (Qiagen)
S o] &3}e] RNA transcript® AASFATE o] 2A €42 RNA transcript 200 pugs 32
2 3t 10 mM Tris-HCl (pH 8.3), 15 mM KCl, 0.6 mM MgCl,, 0.2 mM DTT, 6 pg2
random DNA hexamer, (Genotech, Inc., Korea), 0.2 mM each dNTP, 40 unit®] RNasin,
50 U9 M-MLV reverse transcriptase (Stratagene)S H7}8l1 wh&dl & RuZ 50 =
F 5 37T A 1 AIZE dEEAI AT thE 0.02 pge] RNasel & #7bste] 37TCelA 1 Azt
e Ao 2X RNAE AASHAEE vhARto 2 w3 etdls 47985t ssDNA @<
AAsEATh olgA AFE3 ssDNA w3 DNA 002 pgs FFoR 83 25 pmoled
forward primerE A 7}sF] 30 cycle®] 94CoA 30 sec, 55T A 30 sec, 72ColA 30 sec
o] o2 PCRE F33Ath 1 Fof PCR AHES AHAlsle] F3 o2 3lal reverse
primerE A7}t 30 cycle®] 94T A 30 sec, 55CANA 30 sec, 72CANA 30 secd %7
©2 PCRE T3t PCR A& 08% oF7F2 2 geloll A elution, A A5te] dsDNAE
AZsAe. olgA 42 dsDNAE F38o & 331 Xbal and Pstl primerE ©]-&3}4
phytase F+AxS FZ3 0. 529 PCR AH2S AAN & Xbal d Pstl A3 &4
AAste] 59 242 Adsle] wE pJH27 vectore} ligation s th. ¢F 200,0007] A &2
MC1061 BAA&A|ANA library DNAE F=334. o]Z2A AL library DNAE B
subtilis DB431 5o & stslo] Wik o]l =713 mutantE screening & libraryS A
Z 58ttt
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2) WArAd F3 phytase mutant®] screening
B. subtilis @A A3AES kanamycin (5 pg/ml)o] H7tE LB AA 8 200 ul
& BFF 96 well-platec] FHZFdte] 30TelA 48A%F HF Ayttt 1 Fo
Bacillus W %A &  kanamycin (5 pg/mb)e] H7Fd LB dAux] o Eo e
nitorcellulose membrane®] pickingS 3Fal 30ColA 20413 A= A X vttt 2 3o
membrane ol At FEUES Eol AAM AASI membranes A& Aol dGAIZE
EoF Wx]&le] AHxElE AdEA. 2 Fo] membranes 100 mM Tris-Cl (1 mM CaCls,
pH 7.0) &=dd] @0} 3217122 2 mM sodium phytateE 33k agarose plate (100
mM Tris-Cl, 1 mM CaCl,, pH 7.0)°l &2¥i 50C w7l WAjste] aawtg&s A3
ok AAAIZE o] A g o MAAlF] 5L YA sodium phytates F-F-3F agarose plate
el Xg ddAE e FEYES 12 Adstth 2 $o 12 A Ee] S
=A% o 2 WA 2 phytase mutantE HZF Awstdh oluf 12 A E9o WALA
45 SlalAe= LB AAu Aol A A& dste] 42 wid FedES 1

5+ 10 mM Tris-Cl (1 mM CaCly, pH 7.0) $tZ=g b FA3Zoan 237

oy

3. A TEAYE AT 4¥ W

}oARRE B AR
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Fig. 2. Experimental station

o AEAA
Corn/soy dietg A}&3lo] 27+ #8595 NRC 27 %9 100%= 3+ T2 3}
A, A= FE2UE NRC 8739 68%= st 7H5 Ab=dl 2 A5-9] phytase 250
FTU (P250), 500 FTU (P500) % 1000 FTU (P1000) % 7}-¢} Natuphos 250 FTU (N250),
500 FTU (N500), 1000 FTU (N1000)& 7tk ++ & F 70 A5 79k b Q) ol
A o w WhEY 85X g wi A ek itk (Table 2).

Table 2. Expremental design

Treatment Nonphytate P and phytase Bo o @i
Rep. layer/rep.
C 100% P required by NRC 7 8
P250 68% P required by NRC + phytase 250 FTU! 7 8
P500 68% P required by NRC + phytase 500 FTU 7 8
P1000 68% P required by NRC + phytase 1,000 FTU 7 8
N250 68% P required by NRC + Natuphos 250 FTU 7 8
N500 68% P required by NRC + Natuphos 500 FTU 7 8
N1000 68% P required by NRC + Natuphos 1,000 FTU 7 8

! Phytase 1 unit(FTU)S pH 55, 37C Z7l4 0.0015 mol/l sodium phytate= %€ %3
lumole] 71918 W& = & T4 Joz Aot
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Table 3. Formula and chemical composition of experimental diets

Item C P250 P500 P1,000  N250 N500  N1,000
Ingredients

Corn 61.89 61.89 61.89 61.89 61.89 61.89 61.89
Animal fat 1.65 1.65 1.65 1.65 1.65 1.65 1.65
Soybean meal 25.68 25.68 25.68 25.68 25.68 25.68 25.68
DL-Methionine 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Limestone 9.09 9.09 9.09 9.09 9.09 9.09 9.09
di-Cal. phosphate 0.75 0.30 0.30 0.30 0.30 0.30 0.30
Salt 0.27 0.27 0.27 0.27 0.27 0.27 0.27
Mineral mix’ 0.22 0.22 0.22 0.22 0.22 0.22 0.22
Vitamin mix” 0.07 0.07 0.07 0.07 0.07 0.07 0.07
B-COM(A)? 0.21 0.21 0.21 0.21 0.21 0.21 0.21
Choline chloride 0.13 0.13 0.13 0.13 0.13 0.13 0.13
Scoria 0.00 0.40 0.35 0.25 0.40 0.35 0.25
phytase 0.00 0.05 0.10 0.20 0.05 0.10 0.20
Total 100.00  100.00  100.00  100.00  100.00  100.00  100.00
Chemical compositions”

MEn (kcal/kg) 277800 2778.00 2778.00 2778.00 2778.00 2778.00 2778.00
Crude protein (%) 16.59 16.59 16.59 16.59 16.59 16.59 16.59
Ether extract (%) 4.21 4.21 4.21 4.21 4.21 4.21 4.21
Crude fiber (%) 3.16 3.16 3.16 3.16 3.16 3.16 3.16
Lysine (%) 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Methionine (%) 0.32 0.32 0.32 0.32 0.32 0.32 0.32
Calcium (%) 3.70 3.61 3.61 3.61 3.61 3.61 3.61
Total P (%) 0.47 0.39 0.39 0.39 0.39 0.39 0.39
P(%), available 0.25 0.17 0.17 0.17 0.17 0.17 0.17

' Minral mix: Mn, 20mg/kg; Zn, 25mg/kg; Fe, 30g/kg; Cu, 5g/kg; I, 0.25g/kg; Co,
0.15g/kg; Se, 0.10g/kg.

? Vitamin mix(unit/kg): vitamin A, 40,000,000IU vitamin D3, 8,000.000IU; vitamin E
1,0001U.

5 B-COM(A): vitamin B, 2,000mg; vitamin B, 6,000mg; Pha. acid 1,000mg; Niacin;
3000mg; vitamin Bg, 3,000 mg; Folacin 1,000mg; vitamin Bz, 10mg.

1 Calculated values.
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A 228 Phytase AT Fo] A

1. Phytase A4t 39 &4 2 53
A gl 2 T dgldA] X EY AIEE 80TAAA 3083 EAHEE
%o phytase screening medium (PSM)ol] Z='%3&te] 37ColA 297 A=A wjksle] PSM

B A 1ol A phytate 3 & FAPste dFE 1AA R AEsidn. 2 Fel 1A

rot
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Table 4. Morphological and biochemical characteristics of strain SP4

Morphology
Spore shape Rod
Spore Subterminal
Mobility +
Sporangium Swollen

Biochemical characteristics
Gram stain
Growh at 50C
Growth in anaerobic
Enzyme activity of catalase
Nitrate reduction
Citrate utilization
VP
Gelatin
ADH

+ +

+ o+

+ + +
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Fig. 3. Screening electron micrograph of strain SP4.

2. Bacillus sp. SP4 @371 AA3lE phytase?] AA| 2 WL EAN 2N
7}. Bacillus sp. SP4 37} A48l phytased A Al
SP4 w#Fo] wjdAtS ol o 2 BE yltrafiltration® DEAE-Sepharose Zd A ZvnlE
a9 E FdlA phytases FiEAdASta 1 $of B84 Ca-phytated] W3 phytase©]
affinity & ©]-&3te] SP4 phytaseE =F38tAl GASAt (Table 5). & AFolA AA g
phytaseZ SDS-PAGE® #2213 A3} (Fig. 4), phytase’t 484 AAHQ o 1 =}
Fol oF 44 kDadls & F AATH

Table 5. Purification summary of the B. licheniformis SP4 phytase

Purification step a’cljc(i)\s?tly p?(?t‘gln ggtel(\:fllftls(/: Puri%f(i)(lzgtion Re(z(;(\)f)ery
(U/ml) (mg) (U/mg)

Culture supernatant 61.8 66.5 1.1 1.0 100.0

Ultrafiltration 20.8 54.8 2.6 2.4 82.4

DEAE-Sepharose 2.4 15.2 6.3 5.7 22.9

Ca-phytate affinity 0.9 155 16.3 14.8 23.3
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Fig. 4. SDS-polyacrylamide gel electrophoresis of purified phytase from B.
licheniformis SP4. Lane 1, molecular weight size marker; lane 2, culture supernatant;
lane 3, ultrafiltration; lane 4, DEAE-sepharose column chromatography; lane 5,

Ca—phytate affinity column chromatography; lane 6, activity staining of SDS-PAGE gel.

Y. A A phytase? HF-LEA

1) 713 FolX
¥ SP4 phytase®] 71d5o]ld& XA A3} phytated] their s =S A4S
Y ERP A ®F p-nitrophenylphosphateE ¥3%}3F T}2 phosphorylated compounde %3 &3
sHA] Eele HAow Hol B A Bacillus licheniformis SP4 phytasei inositol
phosphateo] So]# <l a4t S I + AN (Table 6).
33 sodium phytateo] ™3 SP4 phytase? 714 3138 & dolrr] 3 714d¥

EEE 84 ¥eEEE A3 2y Michaelis constant (Kn)7F 038 mMZ YERSETH
(Fig. 5). A=7tA 4&H A v E 32 phytase & A niger phytasex= 0.005 mM, A
terreus 9A1 phytase= 0.011 mM, E. coli phytase”’} 0.13 mM¢S! Aol H]3}H SP4 phytase
T4 714d HstEo] thAa WA AR ©rE Bacillus 1] phytase¢t= 714 z13}# o]

g EAY fAea.
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Table 6. Relative activities of phytase for various substrates.

Substrate Relative ACtiVity (%)
Sodium phytate 100
Sodium pyrophosphate ND
a-Glycerophosphate ND
B-Glycerophosphate ND
o-Naphtylphosphate ND
©o-Nitrophenyl phosphate ND
Tripolyphosphate ND
ATP ND
ADP ND
AMP ND

« ND: Not detected
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Fig. 5. Lineweaver-Burk plot of phytase on sodium phytate.
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2) pHY| W& ¥WgEA 9F

Bacillus licheniformis SP4 phytase® 7% pHE %olr 7] ¢t pH 2.0~3.02
100 mM Glycine-HCl %8 pH 3.0~4.02 100 mM formic acid-NaOH %89 pH
4.0~7.02 100 mM maleic acid-Tris-NaOH %8 pH 7.0~9.02 100 mM Tris-HCI
d=894 pH 9.0~11.0& 100 mM Glycine-NaOH £Z8&HE A183o] 2 mM sodium
phytate 7] &85 AR&ste] &4 A4S SAHI 23 pH 7.0-80014 Hd 245 e
At (Fig. 6). o|¢} 2& A= v & Bacillus +39 phytase’t 54 FZolA 3 &4
S Kol A3 nEth 29dl, E coli phytase®t thE-%2 %ol 22 phytase: H]
wA vk pHel A FHa 248 deis Aoz dA Sk

¥ ol pH 9H44S AESY] 9stel 24 pH W A2 430l Bk o

o

A7rste] 25TColA 1AF A& & pH 70014 &4 =LA s SA AT 1 4
7} SP4 phytase® pH 50~11.07tA¢] W94 Attt stA T pH 4.0 olste] 2&
pHell A= F43] A&stArt (Fig. 7).

—e— Optimum
| —=— Stability

60

40

20

Relative activity (%)

0
12 3 45 6 7 8 9 101112

pH

Fig. 7. Effects of pH on the phytase activity and stability. The enzyme was assayed
various pHs. For the pH stability, the enzyme was pre-incubated at various pH buffer

for 1h and remaining activity was measured at pH 7.0.
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o }E BEEAL IF
Bacillus licheniformis SP4 phytase?] #% %5 dolr 7] 93te 20~90T7HA

o 7} £ HE FAY A4S AT A 60T Hd &4 Yo (Fig. 8). =
g A B4 4 MBS dolrR Y] 9t 7 koA 103 g F AELAHS S
A% A3, 10C7HA Y SrolAE &Aool de FasA fe Aom gRlxo] WHEA
Hojds & ¢ At (Fig. 8). o] A2yERE E A9 SP4 phytase= AlE A XA
9] pelleting =70 ¢+4E Aoz Yeh} AARH A #8240 F8A0 F Aow W
el
120 :

— —— Optimum

X 100 - —a— Stability
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2 g
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©
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= 40 -

el

o

O 20

e

0 | | |

0 20 40 60 80 100
Temperature (°C)

Fig. 8. Effects of temperature on the phytase activity and stability. The enzyme was
assayed at various temperature. For the temperature stability, the enzyme was
preincubated at various temperature for 10 min and the remaining activity was measured

at 37C for 20 min.
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71Ed Bavt Ho] & Bacillus 9] phytase= S48 QoA ZFolL
of EAVF B4AR Aoz I 9l7] witol Zsol°] SP4 phytase?] Aol W A=
gaks FAF R T} Fig. 99l HE vlel Zo] AAE SP4 phytaser= 1 mM EDTAE

AEEdS W EAFAS AHd3] LAY 5 mM CaCl® H7bstH thA] phytate £l %

o
tot
N
i)
rr
poy
o

2 Ho} SP4 phytase® calcium-dependent enzymel & St 1d il
AAE 'aol] ImMe CaCle H7FstaS W H7bshA| 42 Aol vlste] @ae] ol A

o] At gel A FFEASH pH 40148 WAL= S7HE AT (Fig. 10).

100® <— 1 mM EDTA added

./I

60

40

Relative activity (%)

5 mM CacCl, added
| |

0 10 20 30 40 50 60

20

|

Time (min)

Fig. 9. Regeneration of EDTA-inactivated phytase by addition of CaCl,. The phytase
was incubated in addition of bmM CaCly after EDTA inhibition.
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Fig. 10. Effects of CaCly on the temperature and pH stability of phytase. For the

temperature stability, the enzyme was preincubated at various temperature for 10min

without or with 1ImM CaCly and the remaining activity was measured at 37C for 20min.

For the pH stability, the enzyme was pre-incubated at various pH buffer for 1h without

or with ImM CaCl: and the remaining activity was measured at pH 7.0.

faol @ FEolee] JFS dokns] Astel 24F FHoleS 1 mMIt 5 mM
SRR G0l A7kste] 3TCAA 3027 WA F AEVYL SRANG. 1 A3, BH
olgel ol FHAHYO Felol st e ANE Wk Cu’s ZnZ ol A%

129
)
1o
2
:(I)l:
il
e
)
—
Q

=5
@)

.

_48_



Table 7. Effect of metal ions on phytase activity.

Relative activity (%)

Reagents ImM SmM
None 100 100
CuSO, 82 80
ZnSO, 91 67
Mg(Cl, 103 103
LiCl, 100 112
CaCl, 105 121
RbCl, 108 112
AgNO, 100 93
Co(l, 94 85
MnCl, 98 44
FeCl, 0 0

LS|
A

e

6) TLCZ ©o]£3% phytate ¥+54HE

7}) Phytase ¥+$-7)% =d

Phytic acid®] 671¢] phosphate L& phytase?] 7ol wetA 7l=Es A =7}
929, A niger, A. terreus, A. fumigatus, Emericella nidulans, Myceliophthora
thermophilia 5 X &7 #%°] 2 phytase® #F phytate walb=S 2AS 4
¥ FEE 5712 phosphate’l ®o]X myo-inositol 2-monophosphate} i A &2
myo-inositol &< myo-inositol 1-monophosphate”’} X H At (65). o] ZH-EH phytases=
718 gk F5ldt A5l o] vt 2ES WY 4 UG E coli 312 phytase?]
Ae, 27 AR = R E 9 myo-inositol tetrakisphosphate’} =74 = tl7} HE A&
2 myo-inositol bisphosphate$} trisphosphate®] 3 myo-inositol monophsphate= A4 5 A
%gkt}h. o]E phytased] WHE A Zo| el = o}# wxEvbrt flvh. vt 3-phytasee] 7
$-ol= wWkS%7]o] phytic acid®] D-3 position phosphoester A 7lFEa| sl
D-Ins(1,2,4,5,6)Ps0] 74k o] a1, 6-phytase?] A-$-olE= L-6 (ZF-& D-6) positionol A %7]

7R 7 dojuba L-Ins(1,2,3,45)Ps7F =1HAE 2 vebd o
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24

il
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Kerovuo 52 AS52 =2 Bacillus f3¢ phytase (PhyC) ¢ W8 A= 1+
t} (66). Bacillus ¢ phytase= 670¢] phosphate 15 & 3717 7F&E3iste] F71+]
myo—-inositol trisphosphate & Ins(24,6)P:¢ Ins(1,35)Ps7F #% A= & yElytc}. olel gk
A Al Bacillus phytase® T+ZFEA ] <7 3F] phytated 7FEsidlE= Fig. 113 2
& A27F dva F=39 k. =, phytasex= WA phytic acid®] 2-3} 4-position®] binding
st & 7}&d 9l& 3-position phosphateE 7FFE38l3le] Ins(1,24,56)2 AAdsta, Al&3sho]
Ins(1,245,6)2] 2-9F 6-position®] bindingdt®] 1-position phosphate® 7}=53) 35}
Ins(2456)S AAsta, npxeo =z Ins(24,56)¢]  4-¢  6-position®]  binding 3}
5-position phosphateE 7}i3519 Ins(24,6)P;2 AT S & 22 dE & 6-, 4-,

2-positions 7F5Eal st Ins(1,35)Pse A3/ st
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Fig. 11. Scheme of hydrolysis pathway of B. subtilis phytase.
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Shin &< phytase®] @& Fxo A3 Fig. 120141¢F 22 &= & Zal7%
22 AASIT (67). 15 Bacillus phytase &4 0E %7019 phosphate binding site7}
EAsttt st 1% Sty e phosphate® A EZ+ site® Pholel#t st ©r & slu+=
phosphate binding affinity siteZ Pho22}1 3}$th. Phytic acid®] phosphate= <133 Tl
5o A 3k7)e] phosphate= &4 2] phosphate binding site®] Z Pho2 site®] binding3s}il
& 37 = cleavage site 5 Phol siteoll Al 7FFE381 5 o] Ins(2,4,6)P3%-2 Ins(1,3,5)Ps7F A
A ®Ett. A= Bacillus phytasei= phytic acid®] £ $] X% 2] phosphate® 7}FFE31E 4 U
=4 Ins(2,4,6) P332 Ins(1,35)Ps7F A E %oli= Pho2 site] W3+ phosphate®] binding

affinity7F B} A 7] wjZol] W&ol o =g/ IPd Aow F=3A0

Fast Slower

HO :n
/ - \
@ —> O 0 / InsP, —» InsP, — Inositol

L4
[ Phytase } [ Phytase }

Fig. 12. The pathway of phytate hydrolysis with the B. amyloliquefacience phytase.
W) Bacillus sp. SP4 phytase?] ¥+$7]%
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Bacillus sp. SP4 phytase2] WFg-7]2S dolr 7] 9]3]A phytate ¥H-52HES TLC
& FallA At 1 A3, 29 13(@)lA Be upet o] EFAAE EAE o] &dt
o] phytateE 7}FE85t1S W] free phosphate®} inositol triphosphate”’} HEFA4HE= AA
He AL geld =71 Aok 28]z o271 inositol phosphate 71& ol A Ins(1)P; 2}
Ins(1,4)P,= Awrst 4= glal, Ins(1,4,5)P39F Ins(3,456)Pol A= 3709 phosphateE 7F+&
sl A & F AAY (Fig. 13b). o] gk A& =2 wjF o] Ho} SP4 phytases #3%°
frefel phytasests= ©hE REE7IZE ZREAIAL flow, T|Ee] Havp ol Sl o

Bacillus 9] phytase¢t AR ¥-8-712-& 71X 3 9l AL=E AT

ofd

—

ru

(a) Phytate reaction products

“ | «— Free phosphate
<+— |nositol triphosphate

IP1 IP2 IP3 P4 IP6 0= 10& 30 1h 2h 12h
2

Standard BES A2

(b) Myo—-inositol phosphates reaction products

<4— Free phosphate
<4— |nositol triphosphate

P11 IP2 IP3 P4 |P6 P11 IP2 IP3 P4 IP6
Substrates Products

Fig. 13. HPTLC analysis of hydrolytic products of B. [icheniformis SP4 phytase for
sodium phytate (A) and various inositol phosphate (B). IP1, Ins (1)P; IP2, Ins(1,4)P2;
IP3, Ins(1,4,5P3; 1P4, Ins(3,4,5,6)P4; IP6, Ins(1,2,3,4,5,6)P6.

7 BAAELS N-Zd ofv|:=it Ade Y
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AAE SP4 phytase? N-terminal sequencingS %3}o] mature protein® N-Zth
ofm| =2k IS BX3E Ay Ser-Asp-Pro-Tyr-His-Phe-Thr-Val-Asn-Ala-Ala-Ala-
Glu-Thr-Glu-Pro =22 3= At}h. GenBank databaseE ©]-83le] w45 3|2 2
SP4 phytase®] N-Z&t ofu]w=a MPLe 7]&Eo B 1Y Bacillus amyloliquefaciens DS11

29 phytases} =2 A&5A4S YEWH.

Al 33 Phytase +AAY 29 L FVINE Z2H

1. Phytase 329 249
Bacillus sp. SP4 phytase §AAE F2437] YallA 5 AAHD SP4 &49
N-terminal sequencing Z#¢} 7]&Eo] ®i7b HoldE B amyloliquefaciens DSI11
phytase A% A7 AH}S u#dte] SP4 phytase FAAE FZ317] Y3 primer
5~-AACTGCAGCAATTAAGTGCACG-3'9}t 5-GCTCTAGAGCTTGGATAAGCTGC-3'&
FdstAh 1ela o5 primer® AMEEte] SP4 444 DNAES FH o= 3 PCRE AA
393, PCRel & %% 1.3kb AE9 DNA %745 pGEM-T Easy vectorel] =43}
Gt ol#EHA A& A =% plasmid DNAS pGEM-phy4=S Spel, Ncol Adtasrz Ao
3l TA3 AdairsE A pBluescript I SK (+) plasmid DNAe] A wao =
t}. o

insertiondt} 1L E. coli transformanto] 4] phytase® A4S UeiEsE AL Fels}

45

—

A% plasmidE pBSK-phy4= ™™ 3}

2. SP4 phytase T3 A9 71 E4

Bacillus sp. SP4 8 DNA2] 9714 <¥E2 AZ3 plasmid pBSK-phy4& #3234
ABI PRISM Dye Terminator Cycle Sequencing kite} A% d714<9 E27] (Automatic
Sequencer ABI310)E AF-&38te] ZAS AT A7IAME Z2Ao 2 982 Bacillus sp. SP4
2l o] phytase FAA= Fig. 14914 H&= wvle} o] 11527019 €72 FA4FH U 383
Rl olmwAtS dEFteln AP ZE 30709 ofln|x=Ate 7 A ¥ signal sequence
7F 24 A3, mature enzyme?] N-2ek ofbv] w2t L& Bacillus sp. SP4 52 w4t
S oA FAE phytased] N-¥tt ol =2t AL (Fig. 149 2&)3 A& A A3

gt SP4 phytase A zFe] @71 G ofu| =4t AES 7]E Ravt Hoje
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U2 phytase FAAeL eSS vlws] BHES  w, SP4 phytase FHAE B
amyloliquefaciens DS11 e8] TS-phy -+ A+ (98.2%), B. subtilis VIT E-68013 2]
phyC +3AA} (93.2%), B. subtilis 168 el el 168-phy +AA (982%)¢ =2 A&4S Y
EbW L B. licheniformis ele phyLl A2 (64.9%)¢= e AEAdS wmdtt (Fig. 15).
23 o]E phytase?] ofvl:=AbS Hlws] W Ay oAl Jle] Z4F binding siteE T4 8}
= 2170e] obm it Fol A 16SphyAl A 78 (60L—V), phyLol A Al 7} (60L—V, 3391—
T, 340D—E)E Al¢fsta oAl 25 2okt

1 CCTCACATTCGGACAATCTTCACAAAAACTTAACACTGAACTTCCTGTATGTATT TTACAATTAAAGTGAACGTTCATTAAAAGGAGGAAGGAAA 9

96  ATG AAT CAT TCA AAA ACA CTT TTG TTA ACC GCG GCA GCC GGA TTG ATG CTC ACA TGC GGT GCG GTT TCT TCC CAG GCC AAG CAT 179
MET Asn His Ser Lys Thr Leu Leu Leu Thr Ala Ala Ala Gly Leu MET Leu Thr Cys Gly Ala Val Ser Ser Gln Ala Lys His

=

180  AAG CTG TCT GAT CCT TAT CAC TTT ACC GTG AAT GCG GCG GCG GAA ACG GAG CCG GTT GAT ACA GCC GGT GAT GCA GCT GAT GAT 263
Lys Leu Ser Asp Pro Tyr His Phe Thr Val Asn Ala Ala Ala Glu Thr Glu Pro Val Asp Thr Ala Gly Asp Ala Ala Asp Asp

264  CCT GCG ATT TGG CTG GAC CCC AAG AAT CCT CAG AAC AGC AAA TTG ATC ACA ACC AAT AAA AAA TCA GGC TTA GTC GTG TAC AGC 347
Pro Ala Ile Trp Leu Asp Pro Lys Asn Pro Gln Asn Ser Lys Leu Ile Thr Thr Asn Lys Lys Ser Gly Leu Val Val Tyr Ser

348  CTA GAG GGA AAG ACG CTT CAT TCC TAT CAT ACC GGG AAG CTG AAC AAT GTT GAT ATC CGC TAT GAT TTT CCG TTG AAC GGA AAA 431
Leu Glu Gly Lys Thr Leu His Ser Tyr His Thr Gly Lys Leu Asn Asn Val Asp Ile Arg Tyr Asp Phe Pro Leu Asn Gly Lys

432 AAA GTC GAT ATT GCG GCG GCA TCC AAT CGG TCT GAA GGA AAG AAT ACC ATT GAG ATT TAC GCC ATT GAC GGG AAA AAC AGC ACA 515
Lys Val Asp Ile Ala Ala Ala Ser Asn Arg Ser Glu Gly Lys Asn Thr Ile Glu Ile Tyr Ala Ile Asp Gly Lys Asn Ser Thr

516  TTA CAA AGC ATT ACA GAT CCA GAC CGC CCG ATT GCA TCA GCA ATT GAT GAA GTA TAC GGT TTC AGC TTG TAC CAC AGT CAA AAA 599
Leu Gln Ser Ile Thr Asp Pro Asp Arg Pro Ile Ala Ser Ala Ile Asp Glu Val Tyr Gly Phe Ser Leu Tyr His Ser Gln Lys

600  ACA GGA AAA TAT TAC GCG ATG GTG ACA GGG AAA GAA GGC GAA TTT GAA CAA TAC GAA TTA AAT GCG GAT AAA AAT GGA TAC ATA 683
Thr Gly Lys Tyr Tyr Ala MET Val Thr Gly Lys Glu Gly Glu Phe Glu Gln Tyr Glu Leu Asn Ala Asp Lys Asn Gly Tyr Ile

684 TCC GGC AAA AAG GTA AGG GCG TTT AAA ATG AAT TCT CAG ACA GAA GGG ATG GCA GCA GAC GAT GAA TAC GGC AGT CTT TAT ATC 767
Ser Gly Lys Lys Val Arg Ala Phe Lys MET Asn Ser Gln Thr Glu Gly MET Ala Ala Asp Asp Glu Tyr Gly Ser Leu Tyr Ile

768  GCA GAA GAA GAT GAG GCC ATC TGG AAG TTC AGC GCT GAG CCG GAC GGC GGC AGT AAC GGA ACG GTT ATC GAT CGT GCC GAC GGC 851
Ala Glu Glu Asp Glu Ala Ile Trp Lys Phe Ser Ala Glu Pro Asp Gly Gly Ser Asn Gly Thr Val Ile Asp Arg Ala Asp Gly

852  AGG CAT TTA ACC CCT GAT ATT GAA GGA CTG ACG ATT TAC TAC GCT GCT GAC GGG AAA GGT TAT CTG CTT GCA TCA AGC CAG GGT 935
Arg His Leu Thr Pro Asp Ile Glu Gly Leu Thr Ile Tyr Tyr Ala Ala Asp Gly Lys Gly Tyr Leu Leu Ala Ser Ser Gln Gly

936  AAC AGC AGC TAC GCG ATT TAT GAA AGA CAG GGA CAG AAC AAA TAT GTT GCG GAC TTT CAG ATA ACA GAC GGG CCT GAA ACA GAC 1019
Asn Ser Ser Tyr Ala Ile Tyr Glu Arg Gln Gly Gln Asn Lys Tyr Val Ala Asp Phe Gln Ile Thr Asp Gly Pro Glu Thr Asp

1020 GGC ACA AGC GAT ACA GAC GGA ATT GAC GTT CTG GGT TTIC GGG CTG GGG CCT GAA TAT CCG TTC GGC CTT TTIT GTC GCA CAG GAT 1103
Gly Thr Ser Asp Thr Asp Gly Ile Asp Val Leu Gly Phe Gly Leu Gly Pro Glu Tyr Pro Phe Gly Leu Phe Val Ala Gln Asp

1104  GGA GAA AAT ATA GAT CAC GGC CAA AAA GTG AAT CAA AAT TTT AAA ATG GTG CCT TGG GAA AGA ATC GCC GAT AAA ATC GGC TTT 1187
Gly Glu Asn Ile Asp His Gly Gln Lys Val Asn Gln Asn Phe Lys MET Val Pro Trp Glu Arg Ile Ala Asp Lys Ile Gly Phe

1188  CAC CCG CAG GTC AAT AAA CAG GTT GAC CCG AGA AAA CTG ACT GAC AGA AGC GGA AAA TAA ACATGAAAAAAGCAGCTTATCAAAGCTGCTT 1278
His Pro Gln Val Asn Lys Gln Val Asp Pro Arg Lys Leu Thr Asp Arg Ser Gly Lys ¥

1279  TTTTTGATGTGAAGAGCGTTTCATGAGAAAGTCCTGGAACGGATAGCCGCAAGCACAGCCEGCAGCCGETCATACGTGTACGCCEGTACTGTCTCTIGA 1377

Fig. 14. Nucleotide sequence of the phy4 and its deduced amino acid sequence. The

N-terminal amino acid of the purified SP4 phytase are underlined.
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Phy4 1 MNHSKTLLLT AAAGLMLTCG AVSSQAKHKL SDPYHFTVNA AA TEPVDTA GDAAD AIW 60

TS-phy 1 e e e e e ... 60
PhyC L e e ... 60
PhyL 1 . FY.. .A.S TL ASLWS-P SW. .LPHNEA AAHKE. ..T. D. ...... PD... ... 60
168Phy 1 . e e e e ... 60

Phy4 61 LDPKNPQNSK LITTNKKSGL VVYSLEGKTL HSYHTGKLNN DIRYDFPLN GKKVDIAAAS 120

IS-phy 61 .......... .......... Ao Moo 120
PhyC 6L ... T..... D..M. ... N 120
PhyL 61 VH. .Q.ED.R .......... I..D.K..Q. AAPF..... Lo.NC..D LU ILL 6. 120
168Phy 61 ... ... ... ... ool T 120

Phy4 121 NRSEGKNTIE IYAIDGKNST LQSITDPDRP IASAIDEVYG FSLYHSQKTG KYYAMVIGKE 180

IS-phy 121 ... ... ... .. ... ... G. ....... N 180
PhyC 121 ... ... .. ..o LoMOOH TN T 180
PhyL 121 ...D....V. ...F..EKSK .KN.VN.QK. .QTD.Q.... .......... B N 180
168Phy 121 ... ..... ........ G e 180

Phy4 181 GEFEQYELNA DKNGYISGKK VRAFKMNSQT EGMAADDEYG SLYIAEEDEA IWKFSAEPDG 240

TS-phy 18l . e e e 240
PhyC 181 ........ Ko R 240
PhyL 181 ........ FD NGK.QVE... ..S...8... ..L....... KM...... Vo SoL 240
168Phy 181 e e e 240

Phy4 241 GSNGTVIDRA DGRHLTPDIE GLTIYYAADG KGYLLASSQG NSSYAIYERQ GQNKYVADFQ 300

TS-phy 241 . e e e 300
PhyC 241 ... ...... ...... Rooo oo LMo D.. .K....... R 300
Pyl 241 DK.KIV... ..P...S... ...... GE.. E...I..... DDR....D.R .K.D..TA.S 300
168Phy 241 e e e 300
Pny4 301 ITDGPET T SDTDGIDVLG FGLGPEYPFG LFVAQ G HGQKVNQNF KMVPWERIAD 360
IS-phy 301 ....... e e . AL 360
PayC 301 ....... e ... AL T 360
PnyL 301 .E..K.I . ........ I . ..KT..Y. I.... . N..PA.... .I.S..K... 360
168Phy 301 ....... e Fo.o... AL 360
Phy4 361 KIGFHPQVNK QVDPRKLTDR SGK - 383
IS-phy 361 .......... ...... Moo ... 383
PhyC 361 Q...R.LAE .......... St 383
PhyL 361 ALDDK.DIDD ....... KN. A-. - 381
168Phy 361 ........ T. ... St 383

Fig. 15. Pepetide sequence comparison among five Bacillus phytases. The peptide
sequences of the phy4 (this study), TS-phy (B. amyloliquefacience DS11), phyC (B.
subtilis VIT E-68013), phyL (B. licheniformis) and 168phy (B. subtilis 168) phytases
are aligned. The residues involved in conforming the six calcium binding sites, ten of
which are low-affinity sites and are involved in enzyme activtly (gray box), while the
other eleven are high-affiniy sites and are responsible for enzyme thermostability (black
box).
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W4 F3 phytase mutant® A@3le dols wWlA4HE Fo phosphate’} &3
i AEAR Fol AAY AL =Yt s 59 o) A 2HY 2 A
THE Fig. 169] Yebd wiel o] U4b4do] ZFie phytase mutantd Z&H o2 HEY
4 Sl¥ nitrocellulose membrane€ ©]4% hightroughput screening(HTS) system & %%
3t

Acid treatment

7 D> &>
=
Mutant library on the filters Remove cell debris Soaking the filters
overlaid on LB agar plates in glycine~HCI buffer (pH 3.0)

Neutralization
Enzyme reaction

e —

Overlay the filters on Soaking the filters
sodlum phytate—agar plate in Tris—Cl buffer (pH 7.0)

Fig. 16. The procedure of screening for acid tolerance phytases.
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2. WEA - WAA phytase /ML S % 12 AHF

7}. Error-prone PCR mutagenesis
Bacillus sp. SP4 phytase fA#bol] EA®olE =JA1717] HaA 1.2 kb =7]9

phy4d FFAAE template® 3Fo] error-prone PCRE 338ttt 2 %o error-prone PCR

r:p —l>

AHES pJH27 vectoroll 47233 B. subtilis DB431 50 =dgozH Wirtidol Z7kH
phvd A EAMolAE screeningdlt”’] $3F random mutant library S A %3kt o]
library 258 WAibd ol F7He phyd 329 =AW oA E nitrocellulose membranes ©]
&3 2% AEYWH (High Throughput Screening)ol 98] AW sttt olu] phytase’} &

Z4 nitrocellulose membranes 100 mM glycine &E-8 A (pH 3.0)0 24 7+5<F W43k

o

of EFAS dEsAT. 1 A3, oF 19kvie] o] Sl olAZEE opAFel s WA

O

o] 7}

gl

.

o2 FAH= 370 colonys 1AM oz AEetrt. 1 Fo ol& AMxXFH

Bacillus®] #

==

F5 NS 1 mM CaCl’k 37Fe 100 mM Tris-Cl bufer(pH 7.0) &9 &
Tt Ao 2ELNG ol ko] WS ABH o At 1 A3, Fig. 17914

= nsl o] pH 3.0 7oA oFAFd wEl Wardel Z7kE 670 mutant (EP2-2,
EP8-1, EP19-1, EP19-2, EP19-3, EP25-1)& HF A o2 2datitt o5 WolA] oA 9

ol 9= Fig. 190 vrebdl npe} o}

100

80
70 —
60
501
40
301

Relative Activity (%)

20}

10 I N pH 3.0, 5min
0 _! 3 pH 3.5, 20min
WTI 22 81 191 192 193 251

Fig. 17. pH stability of the error-prone PCR mutants.
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1. Error-prone PCR mutants® in vitro recombination

Error-prone PCR random mutagenesisolA] &3 6719 S A S AFR3 in
vitro recombinations TH T Fo 4|9t 2 WHow of 1v Fro FAAINAE
screening At} oWl AbA P ZAL pH 2.7, 2470 1t}h. Error-prone PCR mutants %
o] shuhQl EP25-1Hth Uik o] g S E WolA $HES 238 Yds Fo olE wld
A5 S 1 mM CaCl’b #7Fe 100 mM Tris-Cl bufer(pH 7.0) §o2 EX3le] AL
ZEANE o] &dto] WS AFAom AT 2 A3, Wit o] FUA e w S
H 4F ] WolA] (S5, S13, S14, S15)E HFE ALetdil, o5 FToAA%E SI5 mutant®] U
AbAd o] ofAlE Hluk o}y error-prone PCRS %53te] & mutantEE Tt WAk o] = A
SxE Zlo] A=At (Fig. 18)

%471 S5, S13, S14, S15 mutant 7] A7IAES EAE A3 Fig. 19004
B npe} o] His28Tyr, Tyrl05Arg, Glyl26Arg, Serl53Gly Wol 271 7F 4709 mutant W
A v E3E AL Gl F AR wEkA olE 47 WolrrE Wik Sl =

q

ol

i)
47
nt
H
rVU

g, WAk o] 71 =S S15 mutantol A& o] & WHo]z7]

il

o

_%_
3 A= wild-type phytaseol A 57 o}n|=4to] X 3+¥ mutantdt= A

—_ = WT
Q 120 - == EP25-1
~ C—3 815
_..? 100 - m m
2 B
o 80
©
g o
T 40|
&

20 - H

0 I || H H

10min 30min 60min

Acid-treatment (pH 3.0)

Fig. 18. pH stability of the S15 phytase mutant.
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WT N N N e N
His28 Tyr'05  Gly'26  Ser!s3 GIn33

@ Error-prone PCR

EP2-2 @ — *— -
Pr031 G|y153 Leu204 Arg335 Arg370
EP8-1 *—o
Arg126 G|y153
EP19-1 —O 4 ¢
Ser! Arg10s Gly's3
EP19-2 O ¢
Ala74 Gly's3
EP19-3 ' o—
Gly?®? Ser®s  Val3®
EP25-1 o O~
Tyr® Gly's3 Ala210 Glu383
@ In vitro recombination
S5 9 ¢ ¢
Tyr28 Arg126 G|y153
S13 O 9 o
Pr031 Arg105 G|y153
S14 0@ ¢ ¢
Ser11 Tyr28 Arg126 G|y153
S15 9 ¢ ¢ ¢ ®
Tyr28 Arg'%  Arg'2s  Gly153 Arg335

Fig. 19. Mutation positions of error-prone PCR mutants and the in vitro recombination

mutant in the phytase wild-type gene.
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t}. S15 phytase?] ¥F&
S15 phytased &
wild-type, EP25-1, S15 phytase &

2 RE ultrafiltration® DEAE-Sepharose column chromatography S =314 phytase® %

$E 45 wild-type phytase?]

<= QA8

SEAQI By 9

A 7HA @ MY FEe

\=]

B AAE 1 Fo] B84 Ca-phytateo] W3k phytased affinityS ©]-&3te] phytaseZ

E_
wskAl GAS A

Wild-type, EP25-1, S15 phytase A& SDS-PAGE=Z #2X3% A3} phytase”} H

WA w4k A AA AL, specific activitye 22 34.3 U/mg, 35.0 U/mg, 364 U/mgl. 2
=

zFol7F §le-S #lsttt (data not shown).

e]31 AA phytase?] “d=olA<e WAiHES A3t pH 3.0 (100mM Glycine-Cl
buffer, ImM CaCly)°l A €] half-life (TS H]3 Z 3} S15 phytase?] half life= 44%©

2 wild-typeoll B]3dte] pH 3.001 4 ¢ WAakAgo] 208 o] A+

30% 7F7ko]l &7do] Holsl&S o} (Fig. 20).

7¥atAar AbA el 2A13F Sl

Relative Activity (%)
2888883

o

0 10 20 30 40 50 60 70 80 90100110120130

Time (min)

Fig. 20. pH stability of the wild type phytase (@), EP25-1 phytase (H) and S15



phytase (A). These enzymes were pre-incubated at pH 3.0 buffer for 1h and the

remaining activity was measured at pH 7.0.
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T3 Wild-type, EP25-1, S15 phytase®] WEA & wjwst A3 S15 phytased] Wi
o] wild-typeol Bt tha wrolxl AL &0 4 A (Fig. 21). 28y T&
Fe] CaCls #7H3l& W= S15 phytase®l W<&/do] wild-type phytase®] Wa/d 22
FroR IEHE s AT+ ATt (data not shown).

g, @9l ES] 919k A ErjEE gl Fajasol gk JiEF phytase®l
A A=ES B9 0. 2 23 wild-type phytasett S15 phytase B5F7F &Aoo &
HE = g Es] g4 EYAd JJREYA s AdAdS debdllth 2eid 919

A BErE s dwE B g9 Al tisiA wild-type phytase:= # Al WkS-o] wj$- Wl

et

O

7rsk wkdof] S15 phytase™ Al #bg-o disiA A&dAHS UeEFAT (Fig. 22). o€ A=
n] Foj 1ol wild-type phytase’} HAl #bg-of Tkl o] f&= FAldl 9]t phytasee] 3lef
371 Kb Al b2 APzl A Wikl v Fe T|dE FHoem o AXTE

A= B Ao A s S15 phytases 995 ENA EHEHE gl dESE il HAl
=

EY, 7IRERC gl 25 ARAAS 7HA A = e

ftlo
Ni

Lo

& P

<]

ZA35lo] B3 Ay \)$=3k AL FQs¢t} (data not shown).

d

120

—o— Wild type
—a— EP251
—— 815

100

80 |

60 |-

40

Relative Activity (%)

20

| A

40 50 60 70 80 90 100

Temperature (°C)

Fig. 21. Temperature stability of wild type phytase (@), EP25-1 phytase () and S15
phytase (A). These enzymes were pre-incubated at various temperature for 10 min and

the remaining activity was measured at 37C for 20 min.
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X 100 ¢ N AN —
= \
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S 80
I3
S 60
(2]
2 40 -
)
L)
Q n
s 20
0

Trypsin  Chymotrypsin Pepsin
(pH7.0) (pH7.0) (pH3.5)

Fig. 22. Retained enzyme activities after 2hr incubation at 37C in the presence of
trypsin, chymotrypsin and pepsin. [, Aspergillus ficcum phytase as a control, ¥, SP4

wild-type phytase; N, SP4 S15 mutant phytase.

3. WEA - WAA phytase /ML S 9% 23 AHF

7t ZF WMol 77t S15 phytase®] WEA R WAAZd HA+= F3F

S15 phytase ol EAet= 5709 WelJrlE FollA zhzhe] wWolxtr|7h S15
phytase®] W4 = Wibdol 7ofst= A=E gelal B7] flaix T4 site-directed
mutagenesis HHoll  ol&] wild-type Al ZHzbe] S15 ®Wolr|7l =¥ 5719
mutants& A ZeF AL L3 S15 FHA] Zhzhe] WMo rE ofd Y Wr|Em o FARlA
71 5702 mutantsE A FsAh 2 Fo] FE AAZ T4 AL AFEFe] 2 mutantE 9
WA WEA S 2AFSESITE Table 8914 H&E wbep o] wild-type -F3AFell Al 2H2t
His28Tyr, Tyrl05Arg, Glyl26Arg= #4121 mutants ] Wibgol F7kskalal, S15 4
Ao = o] 3709 7S Z+ZE wild-type residue® back-mutation A7l mutantE ¢ W4k

’dol S15 phytase®] WA BT "olx= o Hol olF 37He] 77 Wit Sl
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g2 9P AT Ao §FAt EF oF Wk WAHNE 2 9P vAE

e 28y Wddel ¥ d&Fs A

rr

Table 7. Site—directed mutagenesis of the wild-type and S15 phytase, and its effect on

pH and temperature stability.

P B e Wild-type %= WolA
R e WT H28Y Y105R G126R S153G Q335R
pH 3.0, 5% 8% 24% 21% 17% 8% 10%
Wikd  pH 3.0, 10% 8% 13% 10% 8% 7% 9%
pH 3.0, 30% ND ND ND ND ND ND
80T, 10% 36% 35% 23% 14% 24% 13%
WaA 80T,  15% 25% 22% 12% 7% 16% 11%
80°C, 20% 18% 16% 9% 5% 13% 8%
PEXpY o) 2= S15 = WolA
Az S15 Y28H R105Y R126G G153S R335Q
pH 3.0, 5% 70% 51% 53% 51% 63% 61%
WAty pH 3.0, 10 60% 38% 44% 46% 57% 55%
pH 3.0, 30+ 43% 11% 17% 21% 38% 32%
80°C, 10% 28% 10% 8% 19% 17% 30%
yadAd 80T,  15% 15% 4% 6% 15% 6% 15%
80C, 20% 9% 5% 5% 10% 5% 12%

ND, Not Detected.

_6'6'_



1}. Site—directed saturation mutagenesis

471 ARREYH Uty Sxlel MY 2 d¥E vA= obvxit W)=

o2

His28Tyr, Tyrl05Arg, Glyl26Arg 945 ¢ 4 AAuk. wahA] S15 phytased] WA S H
7t o2 FZAT7I7] $l8te] site directed mutagenesis WHE o] &35t F7F MEFS 53
shlvh. WA 370 7] Fell A WA Sl tigk 7ol =7F thAa gk Gly126Arg 147
9] saturation mutagenesisE TATAT. A7l AFFd WHolA AMEdh wvbep o
mutant library® A &3 & oF 10007 AEe HAHAEFAE screeningd A, SIS
phytase$t WAk A=7F 23 239 Argl26Pro ®olAE Awd 4= 9lAt} (data not
shown).
Zo 1268 olm At 7] E S15 F7]9 arginine =& A2 A¥E prolinel 2
SH ¥l 106 7] S Z Ao saturation mutagenesis A Z T Mutant libraryS A
sto] oF 19t A E9| transformantE pH 27014 AtA g & & $ UitAdol T3¢ W
o] A Z screeningdtAth. T A3} 18719 mutantE 1x}H o2 AUl o] & HolA &9
ez A7IAE 2 UAd A 5E& Fekd g H o Wgdel TP Hold

Tyr28Trp/Argl05Leu/Argl26Pro WolAdl (R122 HH3HE F

of\
o
i)
ol
7
A

t}. R12 phytased] 9t$EA £4A

R12 phytase? WAkA

%

HWads  Hrketrl SisiA wild-type, EP25-1
(error-prone  PCR mutant), S15 (in vitro recombination mutant), R12 (saturation
mutagenesis mutant) phytaseE <5 #2|8th (data not shown).

271 =B AE phytases® WA} WIS A A3 pH 3.0 (25T)lA
Z7) A R12 phytasee] W4kA o] S15 phytase®.t} ¥ F7latiar (Fig. 23), WIA = S15
phytase® t} B &7}sto] wild-type phytase®] WA 2 H=3h &S b= As &<
SR Y (Fig. 24). 284 R12 phytasee] WAt S TE9 A3 v 37CAA 543
A7} pH 3.0 244 ibde] vbe vr&s g8ttt (Fig. 25). Wk, R12 phytased]

Wid& B 7R 7171 917 el 2ad Aor AdE U
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Fig. 23. pH stability of wild type phytase (@), EP25-1 phytase () , S15 phytase (A)
and R12 phytase (V). These enzymes were pre-incubated at pH 3.0 buffer, 25C and the
remaining activity was measured at pH 7.0.

100 —@— Wild-type
O+ EP25-1
= | \ —w- S15
s 80 \ —v— R12
z v
2 | \
5 60 \
© \
g \\
5 40 \
3 \
o \\
20 - \
\
\
0 : : M v
50 60 70 80 90 100

Temperature (°C)

Fig. 24. Temperature stability of the wild type phytase (@), EP25-1 phytase (O) , S15
phytase (¥) and R12 phytase (V).
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Relative activity (%)

P (I R I
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Fig. 25. pH stability of wild type phytase (@), EP25-1 phytase () , S15 phytase (A)
and R12 phytase (V). These enzymes were pre-incubated at pH 3.0 buffer, 37C and the

remaining activity was measured at pH 7.0.

4. WEA - AHA phytase MES 9% 33 AF

7}. Error-prone PCR mutagenesis

R12 phytase®] WAiHd &S Fr7td o=z ZdiA717] #1814 R12 phytase 3¢
DNAE F3 o2 3 error-prone PCR mutagenesisE 33} th. Error-prone PCR %71
= 12 Rl A e PCR 113 A9 Hjs=ghd, grt MnChE 005 mM &% Sr3al
PCR cycle & 15 cycle® SHA 5749 EAWol7b AA =J=A stk 1 Fol 47
9} TY3 WUHOE random mutant libraryE A28 pH 25, 2417 A2 AAE S
T35 T YaAdol =2E mutantE screeningdtFTh ¢ 19F mly] AEo WHolA =
screening 3t A3} R12 phytaseXd.t} WAk o] Hr7lH o w2 =R % mutant 27 (EPIO-26, EP

O-4005 #HF Adsdnr. o5 WHolAl FAe] A7IHES

i

J3ke] ofvlate ¥l

X
S|
A3, EPI-26 WolA+= R12 phytaseo] Asp312Asn ®Ho]7} =4 =2 EPII-40 o] A 9
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7 9= RI12 phytased] Glu218Val Wol7} == At} (Fig. 26).

1. Site-directed saturation mutagenesis
A7 Axbel WHolxr]el Asp312Asn¥ Glu218ValZ R12 phytased] =430 24
WiHd S SdsA 71zt skdnt ol & fsid iAol ddid o ® ¥ S7HgE Asp312Asn
Hold (EPI-26) XA DNAE F3 oz 3o Glu2l8 #7]9] saturation mutagenesisE
3ttt oF 500mte] BEe] WolAE screeningdte] WAool O L Z7E wWHolA 174
2 FH= A9, o] phytase WolA S SM2&2 ®WH sttt SM2 phytase 4 2He] 47]

LS A3 A3 Glu2l8 #7]17F Pheo & %35 o] 13t} (Fig. 26).

WT M) M M) M) N M N\
Hisza Tyr105 G|y126 Ser1 53 G|u2‘|8 Asp312 G|n335
S15 ® ¢ ® ¢ ®
Tyr28 Arg1°5 Arg126 G|y153 Arg335
R12 & @ & . +—
Trp28 Leu'95 Prot26 G|y153 Argsss
EPII-26 o . & o O—@
Trpzs Leu'95 Pro126 G|y153 Asn312 Argsss
EPII-40 ¢ @ ¢ & O @
Trp28 Leu'%® Prot26 G|y153 Val218 Arg335
SM2 . ¢ o o O Oo——
Trp28 Leu'®® Pro'26 G|y153 Phe218 Asn312 Arg335

Fig. 26. Mutation positions of mutants in the phytase gene.
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t}. SM2 phytased] HH$EA B4

SM2 phytase®] Wit A& B7et7] 918l wild-type, EP25-1, S15, R12,
SM2 phytaseE = #2]3tAt} (data not shown).

471 =53 AE phytases e WA WIS 4% A3, pH 30, 25TC =31
oANA AFA S stRs B-Fol SM2 phytase® WAitA half-life7 wild-type phytaseX.th
1008 o)A F7rsldar abxe 2417 Folm T0% o]Ate] Aol ESTS FAstt
(Fig. 27). 218]a2 W<EA % R12 phytase®t v}371A 2 wild-type phytase =3} H]$=&
shelstdtt (Fig. 28). &g 37C, pH 3.0 7oA WA S gelst Ao, A 1A &
o &= 0% olAte] IEEAS FA A (Fig. 29). 3, SM2 phytase?] sodium phytate
of gt nj&Ad 2 FHA pH, FH 2% T W5 E2 wild-type phytasee} v 7

S KTt (data not shown). ©]#3d ZAF}ZFE SM2 phytases UE HISEAELS

>.
rUO

wild-type¥}t =7 ®go]l gloyt AmFHIHA SERAM dHom AHHAY  wild-type
phytase®] St WAt A WSAA iAol w9 S7td Aoz HrbdEn

120
110 —&— Wild type
—&— EP25-1
S 100 —a— S15

—v— R12
—o— SM,

Relative Activity (%
3

0O 20 40 60 80 100 120
Time (min)

Fig. 27. pH stability of the wild type phytase (@), EP25-1 phytase () , S15 phytase
(M), R12 phytase (W) and SM2 phytase (). These enzymes were pre—incubated at pH

3.0 buffer, 25°C and the remaining activity was measured at pH 7.0.
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Fig. 28. Temperature stability of the wild type phytase (@), EP25-1 phytase (H), S15
phytase (A), R12 phytase (¥) and SM2 phytase (€). These enzymes were
pre-incubated at various temperature for 10min and the remaining activity was
measured at 37C for 20 min.
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—e— RI2

= 100
§ —a— SM2
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Fig. 29. pH stability of the R12 phytase and SMZ2 phytase. These enzymes were

pre—incubated at pH 3.0 buffer, 37C and the remaining activity was measured at pH 7.0.
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Al 5d ZAXETEd o3 HEAE - WA phytase?]

M2y 53

1. H]|&A F2 Wolx AEE 93 High-throughput screening system 7%

H &4 F3 phytase mutantE A8 3}7] 93+ high troughput screening(HTS)
systeme 3l WA 52 phytase mutantE A 3l7] 913 HTS systemol| A=

nitrocellulose membranes ©]-&3t o v &4 FX phytase mutants AEst7] 9]¢

HTS systemoll 4+ 96-well plateE AF&3F9] sodium phytate 7] 2ol 3t &4u-$ A

= S48kt

B. subtilis DB431 FAA$AE QPix (GENETIX, UK)E o]&3ate] FHamjA|
(0.2% (NH4)2S04, 0.19% sodium citrate, 0.02% MgSQO,, 0.29% Yeast extract, 0.5% glucose,
1mM CaCls, 50pg/m¢ Tryptophan, 5ug/ml kanamycin) 20002 5o A= 96-well plate
o pickingdte] 30TCelA 243 A=A wiFstaitt. w4200 rpmell A 1583 A2
sk & HT Station 1200 (Cosmotech, Japan)E AF&3le] wjt/dSHS 4v] A8kt 1
SO Al 20 AS A 96-well plate] %7132 80 w2 712 (2 mM sodium phytate)<
A7FeE - 37CollA 2417 WbES A Z T w2 100 o] WA oFS Hbsto] A

Ao

+ % Microplate reader (Model 550, Bio—Rad, USA)E o] &3}o] 700 nmolA EFEE

getdlal 7R Y =2 F3% ge YEh= WolAlE screening skl

2. Tn-RCM 7]¥& ©]£3% random mutant library 9 A&

Holg wte= VEEA @A ol o8& 3l

To

A7)0l o §HE T

714 2+ site-directed mutagenesis, saturation mutagenesis, error-prone PCR 59| ¢l

rr

o}, 294, site-directed mutagenesis 7|H Edwo] A7 LS 71X = oligonucleotide

o314 DNA 4o 54 ¥918 847 A3t $90 DNA W3PS fEdte /&

[¢

Ll

ot o] WHe AT A s BuA 54wl FEY /% Bol U AuE v
3 glofol Brie g ME] AFHOR ol §HI QJom EelPEs go| 7} opvail

.
Srlels FAHAGE Yotk £, 5

o
H

1%
= 7

ANE WetEA AAHoR RE BAW
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g ol FVIE RE e opmxAtoe®  XFA|7]7] fJEAE degenerated
oligonucleotidesZ ©] €3+ saturation mutagenesis 7]Ho] o]€% 1 gt} 1} o WY
=

A ZaHEE HIS weld 7 opunat 272 AAHoR

cho 2 AgE mutant libraryE  Alzstaizk ol Hag 50078 o] de] =AWl
oligonucleotides7} B 23tw, B3k 500782 HHAQ) =] 2 wkgo] Qs o
BAA g wsge]l e Hrh e, library FEIE DNA ol Al 729 SRS

= WHoRE error-prone PCRo] 7HY Wo] Ab&¥ar gtk o] W2 PCRA WHex
Ae =43 o2H Taq polymerase®l ol 5&5 W3AA random mutant libraryE 2lét=
ool WS dste Edwo] Hks 7] dsiMe dHes Hds] =dsoF s

’

wel i, e Zeole] DNA F-9] Woli vt Eddolso] 37 dojd Mwr) b
oF4> multiple mutations FEA7]7]el= SEehA vk T3 ZHzhe] ofn| ik 7ol o
A Thed RE obnAil XES FEAE F ogle dlo] vk ey B oA F3Ed
T A Ar]e] Edde] VIRMEY WS 5T F de MELE 7SS phytases
model system® 2 3ol skt Tn-RCMo & HH F

ARl A zbzhe] ofml =ik ZE7]o] o

=o°lth.

7}. Transposongs A9 & 7@ plasmid DNA2] A%
pJH27-SM2 plasmidE T 2= 5 -CCGCTCGAGCGTTCATTAAAAGGAGG-3’
primer$} 5'-CGGACTAGTGTTTATTTTCCGCTTCTG-3'& ©|&3to SM2 phytase +3
22 Z=Z3gr. =Z8 PCR AHES PCR purification kit (Qiagen)® AA3 & Xhol 3
Spel Azasrz HAEdle] 08% oF7F=2 gelol A elution 3+t ©e Xhol 3 Spel
A sz2 A3 pBluescriptISK plasmidel] A 3&te] pBSK-SM2 (Fo]gtA] FHAE=

Lac promoter W3} dtojwgko =2 4919)E A 2Hetd ).

Y. Transposong 44
pBSK-SM2 plasmid DNAE 7]" = 3tx, GPS-LS system (New England
BioLabs Inc.)& ©]&3to Tn7 transposones oFzlle} o] AbdstAtt oF 0.08 pg HE9

pBSK-SM2 plasmid DNA®] 1x GPS Buffer, 1402] pGPS5 Donor DNA (0.02 ug)& 7}
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ol

of

N
2

X

o] & RuZ 18 wE FAsAT 7)o 1 w9 TnsABC TransposaseE 7}k & 3
Tl 1
|
2 FE. coli MC1061& 3 A A3ksle] ampicillin (100 gg/ml)¥} kanamycin (15 pg/mé)o] -

10%-3t incubation 3FF T L Fofl 1 w09 Start SolutionE F7}3s+ 3 37Tl A

>
Y
=

SAAT Ao 5T 1027 dAeste] Wes FAAAL o] wgo

it

LB g wijx]ol] =xkeldct g wiAol A gk F2Y ¢ 50%H] AEE XolA] DNA

(

5 FEoA ol¥EA 42 pBSK-SM2/Tn plasmide Pmel A& (Tn7 F3A W5
of EAste Pmel AR 94 A7 de] EA)E Adsto] Tn7 FA2E A7 5k
pBSK-SM2/Tn/ Pme 1 w3 DNAE A9tk ofwl phytase #x# WM Tn7e] A9+

UG F-9le B 15 bpo] d717F Hbdch
4 IHAE FAAE o8 FAAHR] A2 A&

1) AIFHHE F3A9 A9 2 AA

pBC KS plasmid DNAE F3 o= 331 phycasl-f primer (5'-ATCCCCCGGG
ATC CTATGTATCCGCTCATGAGACAATAACC-3’, Smal 3} BamHI1 Ag&Es A2
A7 ES )9 phycasl-r primer (5'-ATCCCCCGGGTCTGCACTCTTACACTAGA
TCCTTTTTGATC-3, Smal # Bsgl Agtas A2 A7IMES /)& ol &3t PCR
£ 433} chloramphenicol-resistance +A A} (promoter 23HE FTE3AT. I Fo
Smal Adar=2 dusta of7F2 2 AoA elutionste] ANIFPHE FHAAE A o g
A A& AIIFHNE FAAE insertZ 3t pBSK-SM2/Tn/Pme 1 @HA 3} ligation o] |
1A E  libraryES A #&stgoh oF 50978 Axe HAASA colonyll X %3+ library
DNAE t©Al Xhol ¥ Spel AFdFaiz Hddste] ©H DNAS FE3 A=Z&
pBluescriptIl SK plasmidol 418kl Tn7 FdA7F vector o] Eo7F F&E& A A3
o] pBSK-SM2/CAS1 libraryE A 25t th. pBSK-SM2/CAS1 library DNAS WA Bsgl
AFa 2 AE3al T4 DNA polymeraseE ©|&35le] 3 &2 A7]|E AASIY. 9]
W 1 pg DNA 3 0.1~0.3 unit® T4 DNA polymeraseE Ab-&3to] 12ColA 208 wk&A17]
% 1 mM® EDTAE H7tste] 75CeolA 102 EAgste] W8S FA AT A%t
BamH1 Agaiz Adsta AAse] A7MAE FAAE 49T vectors A2k t).

ojuf Clasll &2:91 Bsgl el dekell ofste] dpoleba] fd#kell A 2 bpe] 4717k AlAHG
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2) A2 FHAE FHAAR AY 2 AA

pBC KS plasmid DNAE F3 =2 3} phycas2-f primer (5'-CGCGGATCCTA
TCTGCACTATGTATCCGCTCATGAGACAATAACC-3', BanH 13 Bsgl Asasa <l
2 ANAME S )9k 20719 phycas2-r primer (5'-TCGTAXXXTTGACTCCTAGCCA
TTCTGCACTCTTCAVVTAGATCCTTTTTGA-3', Mlyl 3 Bsgl AaEA A2 A7)
MAS T, XXX Aol Zhz; 207FA41 9] ofw|ieibE sid et A7 IS EFTHE o] 83
o] rTaq polymeraseE A}F&3 PCRE S 33l4 chloramphenicol-resistance %2k
(promoter £33 =231 ct 250 BamHI 3 Miy]l AFELE Adostn AAGS ¢
ol A x3t pBSK-SM2/CAS1 library/BamH 1/Bsg1-T4 @3 DNAS$} ligation 3}
oF 5097 Awo FAAZTA colonyol A DNAES 3=%3de] pBSK-SM2/CAS2 libraryS A
2ttt o] g Al vHE pBSK-SM2/CAS2 library DNAE 919 WHolA e} o] Bsgl A
Stg s Aoslal T4 DNA polymeraseE AFE31S] A27MAE FAAE AASA . olv
Bsgl Agtaie] Aol &sto] stolepA] Fdxtell A &= 1 bpol A717F AAHE A
primers YA of A ¥ 207FA ¢ opv|=Abs sk Al N @b 22 A

b,

3) % Tn-RCM library2 Azt
Ab71ol A A Z3F pBSK-SM2/CAS2 library/Bsg I -T4 ©+#1 DNAZE self-ligationS
T & oF 50w Ao FAAEA colonyolldl DNAE FE3te] pBSK-SM2/
Tn-RCM libraryE A Z&t ek viA 9o 2 Xbpa I3 Pst1 AdFasrz deste] 1.2 kb
goletA FHAAE elutiondlte] £ e 428 AW3t E coli-Bacillus shuttle vector?]
pJH27%} ligation 3] E. coli MC1061°] FZ A8t <F 10087 =] colonyE =
ol DNAE FE3te] pJH27-SM2/Tn-RCM libraryE AlZakadch. o] €A 22 library
3l

DNAE B. subtilis DB431°l & AIZ1 5 H]ZAJ o] 73k mutantS screening 33l
3. Tn-RCM library24% 5 H| &4 %3 phytase mutante] A&
7}. H]& A o] 3 phytase mutant®] screening

pJH27-SM2/Tn-RCM library DNAZE &3 B. subtilis DB431 FAAINAE
QPix (GENETIX, UK)E ©|&3l%] pickingste] wjeFgh $o A7]st Wiz sdstA ¢ 5
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b whg] Axe] WHolAlE screening ST I A3} control2 AF-8-3 SM2 phytase Xt}
2 FH4E &S YepdE 54719 mutantE 12 Al o] & 12 AdE mutantE LB
87Me] mutantE #HE APt ol W

=
o] A= SM2 phytase thH] oF 1.2-1.3u] A= &Ao] F7Fstdth (Fig. 30).

. B84 $3 mutantd] WOl E-H
271 80 mutant=E9] FAA FVIMGDE AR A3, B 4709 WHolAZF M ®
& mutantdS G 7 AN, o]F 470 mutanti= SM2 phytaseol 747+ 171¢] o}n
wAko]l X%k (Leu71Val, Leul05GIn, Asp217Gly, Asp279Asn) ¥ AL &4 4 gAvy. 2¢
tl, ol ®Wolx7lE FollA Leulds 7= 7] AFolA stolepAle] ibdol wolst=
7l FQlE Zhrlelal, Leu7l b7l dtolebAle] Aot d¥FS FE  calcium-
binding site® <& F7]olt}. T3k Asp2l7 7= @49 A 9SS FE calcium-

binding site® <& % Zk7]olt}

14

10 -

0.8 -

06

0.2

Phytase activity (U/ml)

0.0

SM2 #2 #10 #21 #36

Fig. 30. Phytase activity by B. subtilis strains harboring SM2 and Tn-RCM mutants.
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4, B71A A &4 SIS Y% in vitro mutants recombination

Tn-RCM libraryell A A2d 4709 mutantES 7] Q7oA A&diatel 2o
FHAF 7B RETT 71&<S 2839 in vitro mutants recombination libraryS A %3} 1L
ol S22 HH HEA FF mutantE screeningd 23, Tn-RCM mutantsEtF &3 Fol

=718 10709 mutantZE FF A5Gt (Fig. 31). ©]E mutants®] ZE A2 NS AL&3)o]

(A

H 24 S S 3 23, Re84 phytase® HlZ/deo] SM2 tiH] of 24ul7} F7kgE A& =2l
St Sk Re84 phytase F3Ae] A7IA<ES 2743 AT}, Re84 phytase= SM2 phytase
o] Leu7lVal, Leul05GIn, Asp279Asn 3719 W77t =dd AHE gl ¢k,
Re84 phytasee] WEA 2 WS A4S 23} Re®4 phytaset™ SM2 phytase?] &4
2o Bld o] WEdAdd dAde vede Aoz FHAY (data not

shown).

Phytase activity (U/ml)
|

0.0
SM2 #2 Reb5 Re33 Re58 Re72 Re82 Re84 Re92 Re95 Re100

Fig. 31. Phytase activity by B. subtilis strains harboring SM2 and

in vitro recombination mutants.
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5. 71 % phytase®] AR H /A ZA Y T8&A4 H7}

Phytase’} @95 %S 93 AR HMAE MEEr] YalA s phytaseZt zEF=of of
& Prkx] gad EAdE =

H 2y, g d R g sl e AdAE sol 53 Tosit & 5 v 2™, & AT
9] 7H% phytase (Re84)= Table 89 £9F3k nle} Zo] YHAo] L8] pellet 7}Fa-x7
of wig- kA Aow W om, B A Ao WG JNES Fstel 99 v pH
A= vuE HASHA H o, AolA el A ERE = HEitel thefM = <bdE
Aol gl Aom™ (data not shown), 912t oAl £ H= did Falgaso o
A= Hge Rom AN, deEEe o HdHE SE F phytate®] ZFFE87F
o] FoAXA He A e £ FA pHeE T20A & AT HlwA $53 A
S-S YEFWY (data not shown). o]} o] E IAE &3t B. licheniformis sp. SP4
T o] WEA phytases wARIst7] el o) gk A Z Q) NFS Fato] WS HA
8| S7RAI7IAL B EAd S SIAIF =N 2 B4 Y VN phytase’t AHEE BEARA FEA
ol - FE HAew AdHAY. 53] 2 HAS /W phytases 7= ALRFTHAIR Al

ol AbEH AL Sl #% o] e phytased] 7HE 2 AH T Sl WA S B sk

A Wk olyet #Fo] @l phytased ©AEolHE & F = WEALZTH A pHAlA Y
EL WS 59 SAEAA Bt JornE AISHIMAl g4hRA AdE 7hesA ol
9 =S5 Ao et

Table 8. & I}A| 7|% phytase] A5 718 a4A=249 84 A7}
ARHME &2 FaAA i El /W& phytase 574
ALE7E Y EA 80T, 10% Qr &

Sk Hakd pH 3.0, 2A]3F IRDESER] o Rl
F A A &4 37C, pH 35, 2A7F | <H43H
AolA A FEA WA 37C, 2A 3¢ HA
Protease A &4 | 37T, pH7.0, 2413t e+
27 <7 pHZHE %= pH ## pH7} 7.0%
=2 v €A H] gk 4 =30l ZEao] & i v
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A 63 MIFascr A FF9 QA

plh
e
fol

1. MFE A 1AL B, subtilis 59 ME
7}. B. licheniformis sp. SP4 phytase®] B. subtilisol A ¢ o4&

1) SP4 phytase A A e 124E plasmid A F
pBSK-phy4 plasmid DNAE Not1# Pst1 Agtgsa=z ddste] 1.2 kb SP4
phytase 42 ©HE geldl A elutiondr ¥ Klenow &A= fillingdto] insert® 3ttt
231 E. coli-Bacillus shuttle vector?] pJH27 plasmidE Sall & PstI A a42 Aots}
i Klenow &A= fillingsle] vector®2 skt (Fig. 32). o] 2 A A|x3k inserte} vectors
ligationst § E. coli XL1-Bluedl FZAHgsto] B, subtilisoll 'T&dAI717] 913 AxF

plasmid, pJH27-phy4dS A %3} 9t}

EcoR '’

Sal *
/» é :Pst :

Hind|ll

Pst’

e

Not *

pBSK-phy4
kAp 4.1Kb

Sal °, Pst * Not ", Pst’
Klenow,CIAP Klenow
lLigation
EcoR °

Xba *

/é

pJH27-phy4

7.5 Kb
&IKm

Ap

Pst’

Fig. 32. Construction of the recombinant pJH27-phy4 plasmid. pJH27-phy4 has 1.2kb

fragment of the B. licheniformis SP4 phytase gene (phy4).
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2) SP4 phytase® B. subtiliso] A9 23d

ESEY T Bacillus sp. SPARFE E23 WIEA phytase 2] YL S
&3t phytase A AxF dFE5 /RSty gk el A3 o2 Bacillus sp. SP4 &
phytase 422 B. subtilis® =3}l A %3 phytasee] AWAAFES A stAth. Bacillus
sp. SP4 ## phytase FAA(phyd)S B. subtilisdlA FALFHA7]7] 93 vectorZE
pJH27 Zet=v|=%5 ARESl=dl, pJH27 Fek2v| == Bacilusoll X 3#EeA #H-&3t=
promoterE 33 E coli-Bacillus shuttle vector4] high—copy vectore]t}. =1 A3}
pJH27 WE o] phyd A7 E9d® Axd Fetv= pJH27-phydE 4719 2ol Alzxs)
Atk T3 phytase AAS 93 =FFo7E 4709 protease T A7F AL B subtilis

DB431 w9} 771 9] protease A7} A<=% B. subtilis WB700 5% A}-83} %t
ANz% Eekav = pJH27-phydE 7242t B. subtilis DB431 w9} B. subtilis
WB700 w5l =<9)%t Fol LB A< 9] phytase 1S 37ColAM flask wld& S8)
of zAbsksivh. 1 A3} Fig. 3304 Wi nkek o] pJH27-phydE skl e B
subtilis DB431 5%} B. subtilis WB700 w59 v /g5 Holl A EF vjFAIZE 10A] 1T
o 1.1 unit/mle] FHdl A2AES depblth 12y o] Fol= 7 FFo v gdEd EFol A
MELZ EH|H phytase?] 5243 A&o] A= =H, o] phytase’} B. subtilis
9] protease®] #&o ol Fal7F Hv= Ho® FHHojZ 1yl phytased WA HAEE
47 protease FH A AL WolF<l DB4313 770 protease AR AL ®HolF=2d WB700
570 2 zol7t vk 2#EE Az ZgAn= pJH27-phydS 363 B, subtilis
DB431 w55 1 mM CaCl’} H7kel LB iAol HFsto] 30Tl flask Wl FRASw=
Fig. 34041 ¢} o] B. subtilis DB431(pJH27-phy4) w52 w45 Aol A= 1.9 unit/mle
A AAEE BAS Wy okyg 37C wide Aoks =] 10413 o] o] uj el A=
olatdth. ¢ 2 unit/mle phytase

Ay

gt mlangle wooF 40

ot

A2 AkE phytase’t FAEA FAFHE AS
AAEA] & phytase U3¢l Bacillius sp. SP4 52| phytase

W E7he Aol
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(A) B. subtilis DB431 (pJH27-phy4) (B) B. subtilis W700 (pJH27-phy4)

10 1.2 10 1.2
r J E r J g
g 3 2 | =)
g 08 § 8 08 §
= 1F 6 -~ 1F G
£ F J 3 £ F J 3
% i o % F <}
S L o S r S
= r 104 o = r 104 o
o) L a o} L o
O —e— Growth <, o —e— Growth <
0.1 —o— Activity i T 0.1 b —o— Activity 7 g

1 1 1 1 I 1 I 1 0.0 1 1 1 1 I 1 I 1 0.0

0 4 8 12 16 20 24 0 4 8 12 16 20 24
Culture time (hr) Culture time (hr)

Fig. 33. Production of phytase by B. subtilis DB431 (pJH27-phy4) (A) and WB700
(pJH27-phy4) (B) at 37C. (@), Cell growth; (), phytase activity.

3
10 £
s E
o i 2 2
O =
= >
= ©
53 1 ©
() B 3
= - 1 ®
[0 B <
© —e— Growth ol
—O— Activity
0.1 | | | | 0

0 4 8 12 16 20 24 28 32
Culture time (hr)

Fig. 34. Production of phytase by B. subtilis DB431 (pJH27-phy4) at 30C. (@), Cell

growth; (D), phytase activity.
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1. 7% phytase® B. subtiliso]l A9 23

1) Phytase A4ita <] N F
471 Aol B, subtilis DB431(pJH27-phy4) w9 Zghxza wfoAd 1.9
unit/mle] LIS g vz Stk o] A &3} 9] phytase S FUHAH R F
A171 71 falA] A s EdWol ¥l nitrosoguanidine (NTG)E A glshe] F29] A
°o]Z AlZl thd phytase AAHGo] S7HE EAWAE A3 AT o W, NTG &AW
of o8k A23 Bacillus 79 AHEEL 98% o2 A2 3% 3L, phytase A
7hek Edwol Ao d¥E 7] g % phytase NFA AFEIE HTS WS 243}

At

rlo

oF outnte] A meo] EAdWMo|AE screeningd Z ¥}, phytase AiHde] T713k =4
WolA 23FS 1AA o= At 21 Fol Bacillus 944 DNA] ¥ol7} dojubx] ¢
I pJH27-phyd Z&2v|=o] Wol7l doj}A phytase AikAdol 718 4 & 7S
WA &L 7] Ysle] 12 AdE3 E2ddo] FFEHE pJH27-phyd Z22vEZ curing A7
So ok ¥ pJH27-phyd Zet=v| =g AWl #Fd =93] phytase WA S A EFF
o 2M FFZHOo R phytase LA o] F713F 3F9 EdWo] I (B34, C54, GI0)E A+
st 3% EdWol Zd A% B subtilis B34 (pJH27-phy4) T3¢ phytase BAHA o]
7FE =4 =718t oFAE <l B. subtilis DB431(pJH27-phy4) 59 phytase A o v
of 21917 S7reklw& Elekdnt (Fig. 35).

Phytase A4S 93k S oz Jute B34 5 AolA /i3 phytased A4t

S Folslr] 9 WA S WolAIQl SM2 phytasest H|EA S ®WHolACl Redd
phytase A7) AdE Zh7he] A xF FeAv|EE B34 72 =Y Fo) phytase A3

2 gelEgth 1 mM CaCl’t #7HE LB wiAol HF3ske] 30Tl A flask widt 4
2}, B34 (pJH27-phy4) 5 2 B34 (pJH27-SM2) i, B34 (pJH27-Red4) w52 ZHul A
2Ae Z+7; 39 U/ml, 21 U/ml, 5.3 U/mlZ A F Atk 3 B34 (pJH27-Reld) T+5
at71¢] HAstE wjA] FelAd 1 mM CaCl, A atell Feb==a wids F33 23,
Al ZE 60A Tkell 57 U/mle] H A3 S YEFAT (data not shown).
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10

—_

Cell growth (OD 600nm)
Phytase productivity (U/ml)

4 8 12 16 20 24
Culture time (hr)

Fig. 35. Production of phytase by B. subtilis DB431 (pJH27-phy4) (@), B34
(pJH27-phy4) (W), C54 (pJH27-phy4) () and G90 (pJH27-phy4) (€) at 30T. Closed

symbols, Cell growth; open symbols, phytase productivity.

o)

2. M&F &4 1AL 59 28 2 AF 54 gF AL
7b TR w gl A wix A A st
Phytase BAH8& Z7HA717] 91ete] Fehsaa R wds Fate] wix] 248}
ATE St olw, mA HA sl AMgE F5E B osubtilis DB431 (pJH27-SM2)o]
ok 1 Ay, AR g AN HE AFE HA A 24 Table 99 YERW wko}
2o 2 oA HA eix (Fix wiA=Z wysher LB wixllA B, subtilis DB431
(pJH27-SM2) 55 Zeh== wgFste] phytase A4S Wl A3} Fix viA] ol A

phytase A2k o] ¢F 108] F71sk A3 E et (Table 10).
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Table 9. M9 wjx]e] =8 4%

[opuu N
% & sk 2 (%)
yesat extract 3
maltodextin 3
KH,PO, 0.2
K>HPO, 0.1
MgSO, 0.03
CaCls 0.03
KCl 0.03
NaCl 0.03
Hl A1 ZH(h) LB medium (U/ml) | Fix medium (U/ml)
24 0.7 5.2
48 1.2 11.2
72 1.0 11.7

Table 10. vl ¢ wjAd <7} H

El

U, 2L & @3 H3F3

A4 phytase?l SM2 phytase®] o 244

p s

[e)

A7)zl of s e e - Wk
S 918l M B. subtilis DB431 (pJH27-SM2) w55 AR&dto] 2t Wi Agellx 4=

it}

A4 WAE o4 2L X (L HER)) WY A4 A7E S A2 W

BN

AL wjgx 30C, HkEE 300 rpm, HIFAIZE 84A17F Soldth o8 7HA] itz dS

2] &to] phytase A4S Hwd A3} WS =7} phytase Al 7bE 2 JFS

=

A= Aoz ZAFHAY. F Fig. 3694 HE= vfe} Zo] w¥tEEE 300 rpmell A 500 rpm
o7 =

THA A G Aol T AT phytase AAto] BT whelxt) Phytase A4t
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3
fol
B
X
Lo

2 A TR AT
2L EEolA gy Laxls ol gste] 0L HEE FYSATE S0L EEF ol A
m, Air 1 vvme = 33t 30L 72 23 oA 9 phytase
TR wjekel Aok v =gk AdE YERAT (Fig. 37). Wi
ol ¢k5d Fof 0L wa S AAl &4 e o] &stod FA HS AA EE3} 543
o g5y dgds AL A 715000 rpm)E o]-&ste] TAE A ASHA, AdE &
2o S Felef (MW 100000022 55 2 Ak, O Fo AU E Fdste] T
F40E Axsdv. 4 w4 8%y dge2 Table 110 FAlE #kel 2o HF

phytase®] 3|&<2 80% oldom =7 yelwton, & A9 AAl $42 AdHer o

Table 11. 30L F% g Ao AATAH Q<

CRE & 7HU/ml) 4 (L) 97HU) T&(%)
Hj) el 9.38 25 234,500 100
A4 BoAt 9.32 25 233,000 99
el (5 3 AAH) 70 3 210,000 89.6
A7 1,900U/g 110g 89.1

2. AlY A1 & phytase Al AF A=
B AL A AMFA RS FHE] 98kl B, subtilis DB431 (pJH27-SM2)
FE AFE% 300L & (B00L TEx)E E3to] phytase Al5E A=A (Fig. 38). 300L
TR WEE 2L W O30L R LEOIA Aol AE mpgow Fsiglon, a4 A
T2 0L R HEoA AATHS wEkrh 300L LEAA &A AL 60 ARE
ol A Hoj= ettt 53]d AA AFx" HF 3kg (1,700 FTU/g)2l phytase E4A1E 4k
HA TEAEE A AR AdFAdd gt Tttt
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11](eZ

A 72 Phytase %5 4 A% TEAEF

1. A SEAGS 27

B A4 B. licheniformis sp. SP4 2 WEA - WkA 7l =F phytasee] 2 A 4k
@AM B84S AT A F=AES AASEA T 274, phytase= Al
astebA Rohe d9EE (53], HA 2 WS A% ARHMAR

AFEE 2 ek whEkA B FA9] A phytase B A4S AElA A AEE 44
st AFAE A2 FEAE g R AT o= AFEAVE ARG

_ir_
N QwFe] BobA ¥ Al /i phytase® & B7H7F o &olstEletar AHE AT wE
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oltl, w3k FHolAE B Fo oo gk == AV AFEHIL
219 phytase &7 =7t 2 Ao A vk o = B T <ld dg =
A eFobA AR FEAEF A9 phytase 87 %EF " oFgE Holau o3| AVF A3 59

olf = FALY (53], AbgbAD A phytase 87 %=7F w9 =& AA AY AFE 18T

282 Bol7l A3 A% Tmel Bys R A} e
Farglel val whe SEe APse) gorl, 1 A Aol FaEAS Byl F &
2 A4 ek 58, AR F9 ake FIAHoR £ o] AN vk L 549 wo

nonphytate phosphorusE L7-3t=d (63), AF#HAle] A8 AR R AlgdlE S5 dF
whof| = o - 9] <Qle] phytate®@ Bl = A AbebAl o] & Kol Ao EajH A = B84 0)7]
W Eoljtt, =F e phytatex= phenol AlE°| chelate B2 TEE9 AHAAZ AF
A dFo "42<2l Ca, P, Fe, Cu, Zn 53 A5 At} webA phytated] E3+=
7]= 3} inositol phosphates A%Fato]l Aol o] & 7bed Frl=s AT Erb oy
A FF ol &&S EoAA FUIH Q] FFHFS AAAIER F Yo QA FHFS =
Atk olye FHA oA A FAHL Y AFdE FF 4% UHE, FF 7
phytateol] HlajA &=o] = Dol W72 o] &, 4 Wl phytatee] Hs|A =

Z vy =2 P A= phytate®] AHE Fol o WAE phytate®] o]-&oll &
1 o] && Foiel #I AvF P AEAQ A

o
e LR =)

o
e

Mo
=

)
©
+

9]
5 d A= Helv (69-73). 53],
Simons &< bl Abg e 500 FTU 59 WA & A 553 phytates 3 7Hsto] 2v) 9
1 ol &4 Tk oAl I AT 7Hs sk =
Aol AgE A At el vAEA A FE3 phytates H7ber A3 kg, A AR
278 oA FoAQ AT AATAL ST (74).

g, vl A= P AlE phytasedl ©fgh 91 o] &&of tigh A+ HE W
o olfolHot AAA HAAl AF@GANM &EIFAZF 28 AA B2 BASFARY
Natuphos phytaseE HlF &9 AR 3| AAA AR 7IAZ AFE3ta Stk wekA] 2 <
M= FElve dAdel Agtsk AFdA wiAtsRe FHAT7IHE Bacillus el N
phytaseE F7lete] Atebed, G, G&FL o] &5 B Q Wi Fd mA = 9T & 9

at7] ffsto] b A AldS AAlsEATH

%
o

w3k vl 9lal (69), Peter %

o
= = AL

n]o

]I
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o

AT E SEF-dFe 95 AFEA Absel Q19 S NRC 81 %<]
100% oz 3 xz7(0), 29 TS HET9Y 68% & A 7i7F SM2 phytase
£ 250 FTU H7bs +(P250), 500 FTU 7ket #(P500) ¥ 1,000 FTUE H7kgt
(P1,000)2 3t o, dib+= 19 Fa5#HS dx79 68% BASFAF Natuphos phytase
£ 250 FTU #7Fst F+(N250), 500 FTU #7bgt +(N500) % 1,000 FTUE #H7ke +
(N1,000)2 a1, Helg 7db2 ukEo) 8= = 392509 525y slo]a}el Hals et
& TAFoE dto] SHdoMAHoR AFS St e A AFSEA RS TA A

T, AvErE, WA 2 WAGE 5 Zgsgon, Aud GRS BaA 9

=

653t H AghE&e Table 12914 W= wpel 2ok Aghse dix=77F 863% %0
™, phytase A2l tiE27EG Hlov FAA] wFolde sl aela R SM2
phytase A 2] 7-(P250, P500 % P1,000)+= Natuphos 2 7-(N250, N500 % N1,000)X.t} Akgh

rlo

&o] Eokou o= AFEMA wWEYH oE o HlE] AdHo] wEd AR AlsEn

Phytase 279 2tet&o] gxgre e Aye= A 5(75)F Um ¥ Paik(76)e] dA+42

o} o, o5& TCP H7/MFES 50%E =o|il " AE phytaseE H71stgS o)

T-oF vluste] Atehgo Wt dojux] FErha sk A 59 AFdAME 2
o

90%= 3w Abego] FHashA Fou 80%E WEFW AAdta el (77). ¢, &
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Table 12. Effect of phytase type and level on the egg production of layers

Weeks
Treatment
53wks 54wks 55wks 56wks 57wks Mean
_________________________ 0
C 85.1 86.7 86.3 86.0 824 85.3
P250 83.7 83.9 83.7 83.6 80.6 83.1
P500 787 78.3 8.4 83.4 82.1 80.2
P1000 83.6 86.5 81.9 80.7 79.0 82.3
N250 84.0 85.1 8L.7 82.0 79.6 82.5
N500 82.8 81.2 81.1 789 79.6 80.7
N1000 79.0 79.8 779 81.5 784 79.3
Mean 82.4 83.1 81.6 82.3 80.2 819
SEM 2.62 2.99 3.11 2.43 2.13 2.07

SEM=standard error of the mean.

2) a9
Table 132 AFE&S Yebd Z1o®2 it Agdgo] dxz7v 64%%oH,
P250, P500 % P1,000 A&7+ 27k 58, 3.3 B 4.8%% 31, N250, N500 % N1,000 A &=
7v7y 55, 55 % 39%= phytase?] H7baFo] F7bstel whel Adtekgo] Ao A
ol f9AdLe glltl. 18 31 Natuphos phytase?t SM2 phytase?] Hlmo| A% o]z} ¢l

o,

a

A

3) ANEAHAAHF
Al AAEA AT dlxzTol vlske] sl SM2 phytasew A3 @ol B%k,

Natuphos phytase= Aot} FAIAQ0 Fod2 §loltt (Table 14). Van der Klis 5

o

Aol e vre Fad 52 A5 A TS FaA71A7E phytase] H7F2 o] & ¢h3bA]

4 dvkar skt (79).
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Table 13. Effect of phytase type and level on the broken and soft eggs of layers

Weeks
reatment 53wks 54wks 55wks 56wks 57Twks Mean
,,,,,,,,,,,,,,,,,,,,,,,,, 0f —————— T
C 5.3 6.0 7.3 6.9 6.6 6.4
P250 4.2 6.1 52 6.6 6.9 5.8
P500 3.2 3.3 3.4 3.5 3.2 3.3
P1000 4.6 4.0 7.0 4.9 3.7 4.8
N250 52 4.9 5.1 6.1 6.2 55
N500 4.8 5.6 6.1 52 5.6 55
N1000 3.7 2.9 4.3 3.9 4.5 3.9
Mean 4.4 4.7 55 5.3 52 5.0
SEM 1.14 1.48 1.50 1.54 1.78 1.26

SEM-=standard error of the mean.

Table 14. Effect of phytase type and level on the feed intake of layers

Weeks
Treatment

53wks 54wks 55wks 56wks 57wks Mean
************************* g/hen/day ——————————————————————-

C 119.9 125.0 126.9 121.2 121.8 123.0

P250 120.0 125.0 124.8 119.6 125.1 122.9

P500 1174 123.5 1236 1235 124.5 122.5

P1000 119.8 125.3 124.0 119.8 125.8 1229

N250 122.7 125.1 124.2 121.8 124.4 123.6

N500 116.0 126.5 121.2 119.3 126.0 121.8

N1000 116.5 125.0 121.1 120.8 124.5 1216

Mean 1189 125.1 123.7 120.9 124.6 1226
SEM 2.39 0.84 2.14 151 1.46 0.81

SEM-=standard error of the mean.
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1)

oY

T %2 933
2 A SM2 phytase®] H7F5Tol wE AtdAle] da 2 W& 3% Table 159
A R kel 2o dx PGk dee HE gt §942 gl ey phytase M7l A

%

H, & 52 % F5FE NRC 8799 60%= 34 G dAs A Fast
gom™ phytaseE 100FTU H7Fstol® Wae MAAERA ko) phytaseE 500FTUSH
LOOOFTUR Z7HA7I¥ @5 iz FFo= Addna s (78). ¢k 5
A e e = R I S 7 ei=

2) Haugh unit ¥ 434
A A E 25 tA o2 Z=A3 Haugh unit?} Roche yolk color fano. = A3}

= G E Table 16914 Hi= wpep o] A gte] foj4de] floith.

3) 4R E € GZF7
G e B G2 EA = Table 17914 & B uvpel o] A ztell freldeo] glgd
o1} phytase®] #H7t#o] T71gol wel AR Ee} FAE 2534 SUheAnh
S GATAY AS A gtel vz S B oy dlET7) phytase #
ZbFEd HvlE FALE AEdS Bt s ed (78), B Alde] Ay o] ANty = A

Fe B

2~

4=
fu

ol
N

Lo

[e]
‘J:r
7 9 ARk @ - S A5 Table 18014 B ke 2o] Azigrel 904
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Table 15. Effect of phytase type and level on egg weight and height of layers

Egg weight (g) Egg height (mm)

Treatment

2wks 4wks 6wks Mean 2wks 4wks 6wks Mean
C 67.5 67.2 66.7 67.1 7.6 74 7.2 74
P250 65.4 66.6 66.6 66.2 7.7 7.3 7.3 74
P500 67.9 68.8 67.5 63.1 7.7 7.7 7.7 7.7
P1000 67.3 68.4 67.0 67.6 74 75 7.7 75
N250 67.5 66.4 67.5 67.1 7.8 7.9 8.1 7.9
N500 67.0 674 66.6 67.0 7.9 7.6 7.7 7.7
N1000 66.0 67.7 67.0 66.9 75 7.6 7.6 75
Mean 66.9 675 67.0 67.1 7.6 7.6 7.6 76
SEM 0.92 0.87 0.40 0.59 0.19 0.20 0.30 0.19

SEM-=standard error of the mean.

Table 16. Effect of phytase type and level on the haugh nuit(HU) and yolk color of

layers
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HU Yolk color (1-15)

Treatment

2wks 4wks 6wks Mean 2wks 4wks 6wks Mean
C 84.3 83.9 31.8 83.3 77 7.6 74 7.6
P250 84.9 82.0 83.2 83.4 7.3 i 8.0 77
P500 85.8 84.6 85.4 85.3 7.3 7.6 8.0 7.6
P1000 83.8 83.4 84.2 83.8 74 7.6 77 7.6
N250 35.8 87.0 35.1 86.0 75 7.6 7.8 7.6
N500 87.0 84.1 84.7 85.3 7.2 74 8.0 7.6
N1000 84.4 84.2 85.7 84.8 74 75 79 7.6
Mean 85.2 84.2 84.3 84.5 7.4 7.6 7.8 7.6
SEM 1.12 1.51 1.39 1.05 0.16 0.09 0.22 0.04

SEM-=standard error of the mean.
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Table 17. Effect of phytase type and level on the egg shell strength and thickness of

layers
Egg shell strength(kg/cm®) Egg shell thickness(mm)
Treatment
2wks  4wks 6wks Mean 2wks 4wks 6wks Mean
C 3.2 3.3 3.3 3.3 36.3 36.1 36.7 36.4
P250 3.2 3.1 3.0 3.1 35.7 35.0 35.6 355
P500 3.2 34 34 3.3 36.0 34.9 36.6 359
P1000 3.2 34 34 3.3 35.8 35.6 36.2 359
N250 3.3 3.1 3.0 3.1 355 345 35.9 35.3
N500 34 3.2 3.3 3.3 36.3 35.1 37.2 36.2
N1000 3.2 3.1 3.2 3.2 36.2 35.1 36.0 35.6
Mean 3.3 3.2 3.2 3.2 36.0 35.2 36.3 35.8
SEM 0.06 0.15 0.18 0.10 0.31 0.52 0.55 0.38

SEM-=standard error of the mean.

Table 18. Effect of phytase type and level on the egg shell color, and blood and meat

spots of layers
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Egg shell color (%)” Blood and meat spots (1-3)™

Treatment

2wks 4wks 6wks Mean 2wks 4wks 6wks Mean
C 31.7 32.4 32.2 32.1 1.6 2.0 2.0 1.8
P250 29.7 30.7 29.7 30.0 19 2.1 2.1 2.0
P500 30.7 31.2 314 31.1 2.1 1.8 2.3 2.1
P1000 30.4 31.2 30.8 30.8 2.0 2.0 2.2 2.1
N250 30.1 32.1 32.1 315 2.0 2.2 2.3 2.1
N500 30.9 32.4 33.0 32.1 1.7 2.0 2.3 2.0
N1000 31.6 32.6 335 32.6 1.9 1.9 2.0 1.9
Mean 30.7 31.8 31.8 315 19 2.0 2.1 2.0
SEM 0.73 0.77 1.29 0.88 0.20 0.14 0.13 0.11

“Egg shell color: black=0, white=100, “1-3: 1=none , 2=a little, 3=much, SEM-=standard
error of the mean,

3. AA2A WA E A

7b gL ol & &

¥ A SM2 phytase®] 7ol we HE, 2ol x3F 3 < ol&E
Table 1904 Hi= wpe} Zrh AE o] &&2 Agitel Fo% <l Aot gldt}. A, ¢
WA o] &8-S SM2 phytase’} Natuphos phytase®.th =921 phytased] o] Z7}
go] mel ZamEe] o] &8 % FUFSFATHP<0.05). 39| o] §&-2 phytase H7F7F
TR Fgoy H7FgEEel= phytased HA7bHEo] E71ge] whel 23] Eo o] &
o] F7tstAth 1 o] &&-2 A FFolA P1L,000H 2 17 7HE E=9kow, phytase?] #7b
Fr = HUbEe]l kg we S8Rt &3] SM2 phytases 500 FTU o] 42 F
g e} Apol7b glo] 9 FHEFS 30% #FAFE A5 500 FTUE #H7bete Ao & A=

=l

7.

D

4 o

]
3

v
X
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Klein &2 718 02 H7bstds we] ¢ o] &&0] 47%%1 2.1, phytase®] AH&
o7 Qo o]§&o] 64%% T dler (79), Klis &= Ab&AA FI1E S
Abg3E R ¢l o] &8 223%F oM phytaseE 500 FTUZS H7lsld ¢l o] &89
51.8% % F7hem uwhebA] Q1 wiAd e oF 16% 2wttt skt (80).

Table 19. Effect of phytase type and level on the nutrient utilization of layers

Item C P250  P500 P1000 N250 N500 N1000 Mean SEM

Dry matter 81.9 807 816 822 803 802 817 814 068
Crude protein 657" 666 673" 681" 61.1° 621" 654 659 291
Crude ash 58.0° 540" 56.6® 5770 524 533™ 535° 551 2.28

Phosphrous 767 729° 760" 779" 681¢ 71.8 758 74.2 3.43

SEM-=standard error of the mean.
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12 R - R
ARA B9 AE ulAd Fe phytase?] FRoAE 2 A SM2 phytase7t Bko
oA = Aol okd e, phytase®] H7bpEE7keli= phytase®] H7baFo] F7hE
of whel & wiA e FASHATHP<0.05). H, Ao wjAdwe phytased] $HFol FHE
of wel Fae mjdFe Aoy Fofde stk
A A # FA YR phytase H7H7F WA "] # 9l phytased 3 7Hgtol
wpet 9l Wi S A TH(P<0.05). ¥y phytase®] FfF1tel= Aoz itk # S
© ¢ FFAES NRC £7%9] 80%= il phytaseS 500FTU A7behdl @ 7 %S NRC
o] 100%= & Aol vs] ¢l widas of 27% FaAA & Jdoka s Ed (77), 2 Al
o A ojet dAsh= A HolFa vk 3 phytase H7bFEol S7HE S

i Fol ¥ il Simons 5 Al@A I (69)9F A= AdFE Heol Fa ik

ol

J
e

Table 20. Effect of phytase type and level on the nutrient excretion of layers

Item C P250 P500  P1000  N250 N500  N1000 Mean SEM

****************** g/birdd ~———---—-----------—-
Dry matter 28.48™ 31.34*  2878™ 2827 2990 2828 2748 2893 1.29

Nitrogen 1.60 1.67 1.57 1.52 1.70 1.64 1.50 1.60 0.075

Phosphrous 053" 050" 048™ 045 050" 047> 0.43¢ 0.48 0.036

****************** g/100g egg mass —————————————————~-
Dry matter 50.00 56.62 53.24 51.26 53.70 52.61 51.60 52.81 1.988

Nitrogen 2.81 3.02 2.90 2.76 3.05 3.05 2.81 2.89 0124

Phosphrous 091*  091° 088"  0.82™ 090* 087"  0.80™ 083 0.052

SEM=standard error of the mean.
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- 7N % phytase®] A% 3
(i

- /N phytase®] sEALY Al

3. A7 %719 FHebd

7h 142 479 H7HgE 32 J7hE
1) $X phytase?] &x: gH {FF
2) ¥ X phytase f+4x-2 u: Fw {5
3) EAXIE s BR gy gy g s e

4) &2 A A
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A

phytase?] H| &4
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rd4s 278 20 49 77

o

5)

Y. 29z A7 HrEE 9 FJry
1) WeEAd 2 WikA phytase 71

- e 2 A phytase 7 A

- 70T 1023t &
- pH 30014 3087+ 2k Fo] wolgs &4
50% °]’d ]
2) MFE 2~ g2 o5 A
- MFE 2 DN TF Y

- AxF 79 flask v el A

3) EHHolA phytased] %7 AA3} A9 Y
o 39z A7 HrtEE 9 FIy
D WEAL 2 Wik phytasee] v&4 3 7=
- g2 2 g 5

- wild type phytase H|2
- 70Tl 1027 I8

o] oFAl3 phytase &4 <]

A2 F9] phytase 4] okAE phytase &2 100% FA

- pH 3.0014 30%7F A2 T WHolg4a Aol ok E phytase B4 2
50% ©]7 A
2) MEFEs A 75 A 2 g
- NgEs AL 7 R i
- 100 U/ml F59 54 AAES grsgh fgas a4 759 e
- 150 U/ml %9 &4 ALdS Fug dgxy 34
3) MFEr TEAYAE
- SEAYAE FE
= AEA AFEAIE E gIAA RS Se Tl a A A d &% 37t
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A 2d TN 89 2N E

AFAA ZE-E phytased AAstE UAES BFASY WEAo] v Wik o]
o7 43 phyatse WA #+FE HEFH o2 1] AWl i, Bacillus licheniformis
X A4 B 55 B. licheniformis SP4R Y3}

Bacillus licheniformis SP4 w9 H|gd o ZHE ultrafiltration, Q-Sepharose
column chromatography, Ca-phytate affinity column chromatography ¥4 %3t 44
kDa =7]9] phytase @ AS <=4 E#3 At} Phytase?] Ca-phytateo] w3l affinityS
o] &3k FAe AAle & HAE St A Al=d WHOoRA 7]EE phytase] FAl ¥
Aol n)3te] A w21 =314 phytase= FA = U= Aoz HridE)

AA E4E o83k phytasedl AAe7bA 54 FAeAT. 2 A3, 2 A
phytasei= 60C<} pH 8.091A4 #Hiel &A1& velWLh Z28]al o] SP4 phytase® Y2 p
NX = FJA ASHAT 75C7HA g tar 80Tl Al 1027 WAt 50% o]/ zh&E

T

FAS Yet7] wiEo] HAA phytasezZA] AR H7FAIE o] A do 93 A8 A=
s At Adstdnt A RE 35 o]ake] v pHel A= EQbAste] A JlEFe] 28
3 Ao g HriE el T3 SP4 phytase:x sodium phytateo] EojZo® =& i

1B om myo-inositol phosphate %ol 4 371¢] phosphate®?t <3l 3} %1

o/l A whe} o] A7) FEo] HxE 100% Akt FrhE

2. Phytase 3¢ 29 2L EXFE4

E A9 phytase AT (B. licheniformis SP4)Z%¥ phytase fAxZ £
sto] ool RS shalaL, o phytase fdzkel AVIMEE AAste] 5L
A5 38t9}t. B, licheniformis SP4 3 phytase F3= (phyd)= 2F 1,15270 9712 open
reading frameS TASt qow 383702 olr|=4kS dE st AU 2 A9 SP4
phytase A= H3o] el 9] phytase + =2 (phyA, phyB), E. coli @9 phytase
A2 (appA)et= FAHE ol A AR th2 Bacillus 32 phytase #A=x (TS-phy,
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3. 2ANEI|= o HEAY R HAA phytased] A2

A7 317]%  (Directed molecular evolution)S A &37] 9dlA+= random
mutants library A z=7]E3} o9 tlEo] g A3 FHA HolAlE FoAA dat= f
Az HolAS Hstw, waw gigor AWE 4§ 9JE= 14 B4 (High-Throughput
Screening, HTS) 7]&°] w9 T3ttt & A9 phytase MFS A T4 71« ¢

FHAT7| B ofn A (F) A ExH oz d random mutants library A F7]ES

it

AgetAark. w3 2 A AFE Fste Aol FdlE phytase mutantE &4 S

NET 2% FAVIES FYHY

e 4= Q& nitrocellulose membraneS

1-22d% A5 Sote] EF Satdlel Ax EAxstE Fdste] HE SM2E

g WEA - WA phytaseE 7HEsAth. SM2 phytase= 25C, pH 3.0¢14 2] b4

o] wild type phytasel H]3}o] 1008] o] S7Fst A, 37Col A% pH 3.0914 1A]7F WA

s W 80% ol E& IEGAEE fFASEATh 2e]al SM2 phytase®] WA
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ofN

oft

ol

= W3o=Ed &
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Aow EAN, FeFE=l o HHAR = T phytate®] 7FFa]7t o] FoiA Al =
279 T4 pHSF F2ollA =2 HFAdN BluA 7% dodds e
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N SM2 phytaseZt AF=28& &AM F8&4d¢] wi¢ Soid Aoz dddy. 53], & 3
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constant (Kn)7} 0.38 mM=& Rl¥ o] #%o] ¢ phytase Bt} 7] 3} o] thi v
< Ao AU s, HAHO] vEEAS AW AR H7HE phytaseE JHEstr] 91380
e 2 A HEA - WAk phytased] HIEA J=Fo] Hesh oz oy a1y, 2

ATEZ ol 98 2 Al 3AdE AGE okl HZAde] 24v7F SUHE HEA - Wl

v

- 108 -



2
o
o)
=
<
—t
Q
wn
D
23
o
é
ﬂl
=
mU‘.
ot
=
N
L
%0,
k]
k=
o
A
2
ofN
frl
>
o,
r o
o
2
2,
=8

2, ul
ZIHE T F7ATE Sote] WA ol FxlE I -
YA phytase ®lol A7} /WEE A AFEH7EAIZA Q] 7Fd o)A Q1 phytase - A 0]
Mdd Aoz Zdent 3 WIEA - 4 phytase®] &4 S A it wid

Ao Ea MY B/ BARE AALA HER AP made] A4S FRY S e

2 A9 B. licheniformis sp. SP4 & WEA - W24 7l = phytasee] A A+
AdFeNAel g 8488 HSsH7] AalA FEAITE S AAIS vt dth Phytaset™ A ujell A

== T phytates £3}sHA Kot @elEE (53], "lA 2 W)S AT AARHTMAZ A

oF Q1 8ol Wolx E A I phytase®] T H7H7F ©l folstelEtal #eta)
AZE A E I lol A FEATY
o Al 9] phytase 8757} & HolAwE o= B F 2o tist F=F FA17F Al =]
AL A ok FEab]lel A 9] phytase 87 E=7F vleRd Holal 23] 7 A3 59| o
T2 FANY (53], AEA)IA phytase &FE7F Wl =S A A FFS aEEA
71 wjZolth, aelew & A ME WEd - A phytased] AlEAS W7l #laA
HA FE o]Fol AEs WFom T FF FEAFC Bad Aow pekErt g, £
A AT AteA FEAY Aol H|Fo] B K Aol YIEA - WA phytases b

O

off

B B ohuek $7 ¥ FEARC AAStelw Wast oo AseS FAAA Dl
QA9 WEFS FIF Ao JlhErh

Al 24 BadTdde &8

B IA A5 Foto] FuATIHelA SxFom Ed EAdErEss A8
3to] W<EA phytased WAt S 7|40
£ E3te] gdd EAsvIee] o &
WA o] o] HErtEsty] wEel 1 gdgadst HdEd Aoz vgiEn. 53], w4 7

st7l= = A& (2= DNA)S| 7h&Fel 4§ 7heshr] wiiel stehedd, o8 &

L

rlo

- 109 -



SAEATE FaHA F7E o

1
.

214 719l

or

1998w o] 8%

il

=
=

WAl A=

ol 10~20 el

3Z
=

°]

i
A

1=

3|

o Al

=
=

U s

=
ol &5 50 ol wl=roll A At

24dE A=t

ok
=

ol

B
=

W2

= sheA

N

1
il

o

X

pu—

o
i

™
%0

=

ol
£

N
o

3
|

—~
1o

50%= A
o] ]

0

wjr
o)

o

|

Al Sgs 3 Rk o ey dA e

3Z
=

Ho
o

= A7 271wzl st

2l

=
T

I 2574 A Aol

AICE

7] 23]

=
Eae=

o

o

o o] %oix] kot 5

R=2
o

Ry

3t

dARelE &

ol

Ho

Hno =z

=

]

7@10

A%

714l

1

3]
1

d 1ol

3=

2 d%

o]

o
Hi

—_—

190} &-of
g gloix @A

1
.

19970l 1709 =<l 3L 2000 ol

s

A2 o

oo™ 71Ee] A

dd

s

2 F

Rne

il

3y o
=

84l A9s A7IH = Aol wEA &

me

NFste] 1 7]

KN
=

)

=N
o

|, Growth factors, Cytokines

_/,\_33}_
il

o] Fjute] 7}

0
Plo

oy
Jjo

o

¥ ohueh DNA

o] 7N =R

CER Lk

o

g

03
</

oF
th

=

S i A e P il e s A

Aolth, 1A

2
2} W 3}714S Post- Genomics <

el

%

d

o gT

il

B

g Aoz 7w

=
<)

w5 5H

1
.

o

ﬁ_

- 110 -



it

& Ale] AFR A 7HS phytase el mE Tl R OAE 2 Aol Fejstan gl
= 719AD o ZA(F) A A EtE Fske] o AR Tleolde A4

SR FREAL o] Fo Ul ANS ERSFALA T

D)
it
N
B
1
M
df

ol frefel phytaseZb AFRAH7HAE EAAEAM JhEE o] &
35 2ltt. £3], Novo NordiskAlE Aspergillus niger subsp. ficuum phytased &4 2
Axfe] #gk 535 HArstal s B9 ofyel F3o] phytases: THALE AAFste] Al
A A oF 50%E At k. o2 3 Novo phytaseES &3 W2 BASFALE o] A ufo]
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=20 - 122 =78 94
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Phytate 19| 43182 Td G44 i ofsiy= 2R 7t ARl 2+ 3ol

wow 584 calcium phosphate 7} @A ¥ =2 A phytate 919 ©] o] HAadtta H
IHEAT. McCuaig 5% =2 39 Mgy ZF9 H7be 99 4394 phytase <

alkaline phosphatase 9] @458 FAaAZIAIRE Q9] gh&fo] =& 7ol Ao gl

Jongbloed 52 SAEow =A% By, ¥ Ar]|L 2L Aol phytint] <19 o] &
B2 717 12, 40, 34 2 1% olloy, 59k vlFdhe] phytind] 12 F Q19 A35t&S
23le AAaATE Aol Jdvha AT St gk vhEe wiFALE AZEA oY

Ask aude F FRACEA A AAHOE 713 Bol AHE HEBAY AR $54

jus)

=

5Fuko] 9= <l R E phytate FElE EA32E phytate I <& phytate A}
25 E ortho-phosphateE 3]s 4 9= phytase’} =317 wfjFEol njHlFEr13=d] glo]A
T 11 o] §E°] 53] Yrh. NRC® Cromwell 52 #lA ¢} 22 @97t5S S+ U 9
NS @A 10-15% whe] o] & ZhsatH oiFuke] Q1 25%whe] o] & Zheoirhal stk
(92). L2t W75l lojd = WEE9 W] WA=E 7Hedl phytaesE AAitets M E

Tl &

©}

s

)
astg dolA Bal7h B Qe ngold FiEd
B S5, B FEEE 9 FE 249 ool webd gebeh McHady 5 4

= o] 83 jn vivo Al d9 FFE ileumEHE jejunumel A E=ua o,

+

3] 9lo] A phytate phosphorusE ©] &%

AL
Of

, ©°] &4+ Vitamin Dzl ¢

A=)

Harrison 5 vitamin D3t duodenum® ileumol A9 &F48< #AA2A7]12 jejunumol] A 2
E4E HAysteta a9tk Gueguen 5 2 Partridege 58 21o] A thFo e A9

F7F A deda ddoen, Rl A 1 <A AlREE F9E9E wes ta Aol
7F Q= olwol = vitamin D] &= A9 flar SE ARl kel o d FUF 4F

ool A o] wAAYGI gt

Al 44 Phytase 3z +%

Kostrewa &< X-ray crystallography® ©]|&3}o] A. niger NRRL 3135 phytase
°] phyA @A +x (Fig. 39a)& ZAsta A48ttt (81). 152 phyA @l AL o
domain® a domain®® TAEUZL, ® THE histidine acid phosphatase®]l rat acid

phsphatase @& F+2 (85) (Fig. 39b)¢} ¥]ag w]l o/f domaindl EAs= RHGS HD
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motif7} phosphoester Z3He] 7k afoll lojx A olekar 53t

Lim 5 active site mutantE ©|83}4 E. coli phytase?] ©@¥d F+xE 9r3ith
(86). E. coli phytase-phytate H & A& EW active site®] F¢ o thFF positive chargeE
W ofm| =4k 1F o] loJA] negative chargeE W phytate®t 7 binding & 4 vt 3
Tt T3 metal-phytate E3AE= electrostatic repulsion ™ &0l phytase®t €174 binding
st 4= ¢l 2% metal-free phytate®o] 7FFE31E &= Aot 9ot (Fig. 39c).

F o Bacillus w+e1¢] WEA phytase?l Bacillus amyloliquefaciens DS110 4 A3
A= phytase  (Ts-phy) @#d  Fx7F AAHEJC  (80). Ts—phy w@HzaL
six-bladed-propeller?] H3T+x5 st Q2™ B propeller= 57§2] 4-stranded propeller<}
1719] 5-stranded propeller’t g & o] p WEFF+xE sta Avkar aSivk (Fig. 39d). ©h&
B propeller 7+Z¢ ©%] Ts-phy B strandel & ¥E% conserved sequence”’} 1t} Ts-phy
Gl ARz = B 7709 Zhpol 9] bindingste] A=, 1% 270 (Ca), Ca)v @A
oo, 171 (Caz)= FAol, A 47] (Cas, Cas, Cas, Cap)= =AF Zrdj7]eol &A1)
Activedt Ts-phy phytaseol & 25 67019 Z40]2 0] binding® o] I inactivedt w2
o= dEEAe] Hdi7lel = 370 (Cay, Cas, Cag)®l Zwol°] fli Z& Ho} active

site?] Re2 FAHAY, F Ts-phy ¥l do= 67012 Z% binding site’} EAst<=d 2

tad)

Z=o| A Caj, Cay, Casx high-affinity site®4] phytased deAAo] #olsta, YA Cay,
Cas, Cag= 849 Ao #Asga sl Tye 52 B. subtilis VI'T E-68013 (phyO),
B. subtilis 168 (168phyA), B. amyloliquefaciens (TS-phy), B. licheniformis (phyL)2] o}w]
wANS vus] B A3 6719 Z4 binding siteE A StE 25719 olm| Al Fo A
168phy Aol Al 171 (60L—V), phyLolA 371 (60L—V, 339I—T, 340D—E)& A|¢|stal m ]
= BEF 2tz A ol FolAd 60 27]= high-affinity siteQ! Cap siteol]l <3}
3399} 340 #7]| = high-affinity site¢l Cas sitee] 43&}o] phytase & <¢HAAO #AHAT}

w59
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Fig. 39. The structure of the Aspergillus niger phytase (a), rat prostatic acid
phosphatase (b), E. coli phytase (c), and Bacillus amyloliquefaciens phytase (d).

Al 54 Phytase 54 A+

1. 33 pHe FF L=
st 2] phytased A pHe} HAXEE T33FH Table 210 gz2lgt v}

S
Zolol A ABAkE = phytase® A pHE 459014 56 Abeledl Utk 1%

2] pH 4.0914 7.37bA1 9] 9ol A

ok dree #

A. fumigatus phytaset™= U2 +3%°] phytase}=
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Table 21. pH and temperature optima of various phytases

Phytase source Temperature (°C) pH
A miger MARL 3135 a8 2.2: 5.0-5.5
A miger ATCC 9142 65 5.0
A ferreus 70 4.5
A, carneus 40 5.6
A onvrae 50 5.5
A. fumigaius a8 5.0
A nidulans 55 3.5
Penicillum caseoicolum 45 3.0
Ahizopus oligosporus 55 4.5
Peniophora ko a8 5.0
Thermomyces lanuginosus 65 6.0
Schwanniomyces casfelii [ 4.4
B8. Subtifis (natto) 60 6.0-6.5
8. Subtifis 168 85 7.0
B. Subtiis VTT E-6B013 55 7.0
8. Licheniformis 65 7.0
B, amyioliquefaciens 70 7.0
Bacilfus SP. KHU-10 &0 6.0-9.5
Echerichia colf 85 4.5
flebsiella asrogenes g0-70 4.5, 5.2
K. terrigena 58 5.0
K oxytoca 55 5.0-6.0
FPseudomonas sp. - 5.0
Enterobacfer sp. - 7.0-7.5
Citrobacter freundii 52 2.7.50
Maize, germinated a5 4.8
Soybean seeds A5 4 5-48
Legume seeds - 8.0
Tvpha latifolia, pollen - B.0
Hat, intestinal mucosa - 7.5
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rlo

1l
<H

ofs

0% o)A &AS A st pH B S zta 9t} Bacterial phytaseol 4l Bacillus
e o] phytase T4 pHS! 6.5-75414 7HE £ 248 Yebllal AdATh
HE  phytased] HZ 2%+ 4H5~77TC2A FFo] 9 phytases HE
Bacillus ¢ phytasedt} H|Z] & 2noa] HZF FAHS Uetith TEAEY
pelleting& & =% (65~80TC)lA 7Fa=7] wZol| Absel H7bE = phytases deol <t
Aatolop ghrh. Aw7hA ezl Fe] frulel phytase T A fumigatus phytase’t 2ol
Fgske] 100T A 2047F WA 8t 90% AL HESAH S {8t (54), YA F%
o] f#lel phytase 739 EHAHOR =2 2molA fHA A& (52, 55). o9 W
W= Bacillus 3¢ phytases WY& Lol <+A3Itl. Bacillus licheniformis w319 phyL
phytasex 90TolA 1587 HA3A%E 61%9 AEFAS YelWar (56), Bacillus
amyloliquefaciens el el TS-phy phytasex= 90ColA 1057 WX slS W 50%9 A&=3%
S UERAT (39). A% Bacillus r#1©] phytasei= calcium-free “GEjol A= 53] &<

goto] AdM= f4A dgsts Aer Hol Zgolo] phytased @ HEA obF F

ofl

p
i

sk o] el phytase™ Bacillus 21 ¢l phytase® .t} & A Aol Holx|+=

HFE Al A F 4TA 40A17F BAT Foll e A 100%°] HELS e (57).
Bacterial @19 phytase 5 E. coli phytasex= pH 2.0~10.0914 <¢tA3 &AL Fx 3t}
(58). 3A"F B. licheniformis, B. amyloliquefaciens, B. sutilis VTT E-68013 <
bacterial phytasex= F/d4% <9 pHAlA <= oFF Sty A oy pH 4.0 ©]3Fe] w2 pHollA
= w438 2gstsl
2. 714 5olA
dH-E o] phytases Hl L4 Y& 714 EHo|AS ztu 9t} Phosphate ester 23t
S -3k 71" FolA ADP, ATP, p-nitrophenyl phosphate, phenyl phosphate, fructose
1,6-bisphosphate, glucose 6-phosphate, a-, B-glycerophosphate 2 3-phosphoglycerate=
TZA o2 phytate®t @Wol thEAT FFo] F#e] phytaseol & JheRaEn. A
Bacillus 2 ¢l phytaseE *33 H7FA F7 9 phytaseito] phytateo] theh %2 5olA4
o] QojA thE phosphateE 3 7142 A3 7tewsle 4 9ok Al niger NRRL3135
pH

= pH 5.0 optimum phyA<} 2.5 optimum phyB, pH 6.0 optimum acid phosphatase
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(APD)E A4t} o] A7FA] &4 9 myo-inositol hexa-, penta-, tetra—, triphosphateel] t
3t Kea/Km value® ZAF8E 23 phyA$} phyBi myo-inositol hexaphosphateS A& 4 o
2 72 Baeslr] wEo] o Fr7lA &AE phytase® WA TH (87). API &4

rr

myo-inositol phosphateel] thale] olF e 3 ES zte=d Ko/Knol =814, phyAS
100% %= H]xLA] phytated] Hsf&o] 0.06%°] E33ct (88). wabA, o] &4E acid
phosphatase§l ©] 3ttt E coli f#19] phytaser Kea/Km7b 4.78<10'M 'S'& 4] phytate
of thale] H& 3G zhu v} (89). Phytase? specific activityS FAMe] . A3 &
Fo] el phytase = A. niger= 103 Umg ', A. terreus™ 198 Umg ‘2] Bl 4 =9k
A9+ bacterial phytase % E. coli 219 phytase’} 811 Umg 'l AL A9 8}3L Bacillus
e phytase® 87~369 Umg '&4 ®lwa wgith ofe] 7kA 79 phytase® Kn
value®} specific activity S & F3Hd Table 2201 Ael¥ v} 2o

Table 22. Km values (for phytic acid) and specific activities of various phuyases

Phytase source K (pM) Spacific acthity
(U mg-1)

Aspegiiius niger < 5 103
A. lemeus SA] 11 142
Baciflus swtifis (natto) 500 8.7

. amyloliquelaciens 550 20

8. fcheniformis - 23.6
B, subtiisVTT E-6B013 - 29

g, subliiis 168 - 36.9
Escherichia coli 130 211
Kiebsielia sp. 2000 62.5

K. terrigena 300 205
Hhizopus oligosporus 150 5.47
Hat adult 213 -
Tvpha latifolia, pollen 17 0.1
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A 64 715l 3lolA phytase ¢JAIE &

1. 5

AR S55eh oiFdola] Hx9 2 aFas FHAY F s AER TR

Qo] Eo] YA Q19| thi-o] phytate FEIZ EA3}7] wito] E}Ho 2 o &

ot 238y Nelson 5 (90)°] mAE oA FZE3 phytase?] H7IZ SA Aol 549

g Fuke] 9 o] Eo] TUFEIA U HaE 3 ol X9} Hel gloJA phytaseo] &l ¥
3 Ayt e e E A

AF 15-35kge] S =

© 912 15%, gy Fute] dfE A 5% A=A (92). webA 23tE A e ko) 9l
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ofo
it
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fE
do
A
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ot
Ho

of $om wAHEY, oud Ade BATAG ANAA B W FRA% mgo] FRa
A ®Ea, AR AFUES e oY AGelM BALY BAT BANI FRE
z70] Hrk. e FANE T WF He

= %
me
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&
=
4z
1
lo
av)
Ho
offl
o
et
1o,
[
o
ra i

A8 (91), wekAl phytaseE 3 7Fsh
Ketaren 5% §4 ol Aol ti+1 W 1] A Ast&S 42%% wekor 1,000 FTU
o] phytases 7k A% 19 A Ash&o] 69%%E A FAEHATIL AT HFH
phytase 27l g A A3t 7, medy, 2ea AbgholA Ba g np AR 43}
Aol &3t phytaseZ <19 o]&Eo| = vrolA]l phytate <19 A& u]$ s
o] drh. webr] A EA phytase] o]-&olut Al phytase®] o] &RHTIE o] A &
] ABE wjFell 9% phytase®] Az B o] geol g A7l ol weol AlEHI S
Cromwell 52 SFF-tFa FARA A 19 &3S NRC &% HT} 20%
o 40%E HaAA FoFd Ad, FALFH = At BF Ased 500 FTUY
phytase® 713 23 SAFS 279 Y39y & A=
< yrETE E7tsd oy giERFET 9ok A7 5 250 FTU,
500 FTU, 1,000 FTUR F7HAFH S W 4G5 & ZdEe Ad4o= Frtetdna \
239t Young S5& 55F#Hd HAE 10-2lkg HE A=A g EA FE3F
phytase®] H7l= FTAE, AAEE &S T7F AR, A o] F715 oW metatarsol
o] 3Ry ¢lo o] Z71E o phytase H7tel 3k &3= calcium phosphate =
HH S 17 g/ke olvt F7F wolske ek Hzeittar &kl
Lei &< phytasett J1FZEAE H7FE AR H7bekA &2 AFsE AFHT S

9] phytase”

= phytaseE 7R &k

:L
fd
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e
o
_EL
(]
5
<
a‘T
e
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Ao A Zg 1o #FE A= (93), 19 A9ol oA phytase H7FTE dlE
Tob 4 AR AAFE Hzsi oy 19 ol &E2 50%u =Al SAEAL, WA g
2% AA SAEAJer ek Folel] tidk o] &&S HW phytase H7F o 79
63% ™ 28%= phytase H7F7-7} thx o H]&] 40%
U g =2 Aem Yyt iEaA oo AFHES TR 4%4 =2 A
= veistth 22y b2 g Al A 7h = phytase F7bRel Wl 9 k= wjAdE = <l
Fol Z4zk 2.1, 72vu =of Q1] AW FHES @A 7% =2 HoE YT AH#
&2 phytase F7Fol H3) 15%, A & AW F4ES 18% AA dHetwth o
4 Za AHFLS phytase H7HoF 2T Abolell= Aol7t gl Ao YERaL
%77} phytase H7F¢] 50% FEolAth Plasma §1¢] =% A2zt 2ol 7}
ZgS Aol7k flvkar stk e o2 Aol ot IAF FHFol
e Akl Zh2E 750, 1,050, B 1,350 PU/ge] phytase® &w 3 A3t
o]}9] phytase 3w dGTAL, ArRAAZ, A58 3B plasma Q1o &
m A Eapdon 1,050 PU/ge] phytaseE woleh A9 SAZFS 033%] F7]0& #
7Fe 2T ALE ] H]E]A Zolrt gtk sl Simons 5 (69) &4 -tlFE 9
Abgo] 1,000 FTUS phytases ¥al A3 ZFo 4Ast&S AN A3, 9 Askgo] ¢
26%74 = 7kt sklem ERE sl Ao A phytate 23t&S F7HAI717] 19 v AE
phytase ®7} Alge] A3} <o) WA A23&S 24% F7FetA v s = Qe %S 35%
Hasdtkar stk
24 o] 8F 9A| phytaseE Fo3] Z=o=M N 23S A g w3 g2 3
4 Mg, Cu, Fe, 283 Zn HA] SFF-tF9 9548 W] phytatest #Hdo] glom,
ol5 F=4°] o]&& HA| phytased H7tel & sHdETha stk 1y e A
FEd 52 phytased EHE ZIdar]dE UF =2 HER S350 7] wEdd 44
oyt
H X 2] 9o phytaseE FH7lstd <le] ujdaFo] £ HoX|= ©|, Simons 5
(69)2 70%, Pallauf < 48%, Lantzsch®} Wijsti= 58% 28] Beers®} Jongbloedi= 55%
Ao updFS Fol=dl 7]olst, Hoppe 5+ 5649% F=2 & & & A= Ao

ehal skl
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2. A8 A3A

Simons & (69)2 <l gaFol w2 Woby] Abmel 375-2,000units/kg
ot skgich. ko), Edward (83)= ¢lo] AHE Al®
2 o]9lo] x| HEattla Ut} Perney S (84)0] <
RC &7 #RT} 16% AZ=7A] @& 4 dvka 3
ow, WEd A3 FHFS S/MAHTL AT Mohammed T2 HE A
phytases H7}gt AlEE 59
AaAA ddth 39 eH, Nelson 5% phytased 7M1= 45, A3 2 wel 353
Fol T/t Hustl &, ol#d A3E A8yl Ul phytase’t phytated A= 5-E

FIE) 13 ZEs YA 2 ol&E&S STMNH A wellkE FEd HHS 312

phytaseE #H7}stHd FA &) /A=
o} e 9] phytase IA7ME 23]

St phytase®] H7F= Q1o &S

Z

—

St-¥ AFE oA phytase H7FFo] S/ S wldde] a4 g97F FElekA vt <
A& oA FESY FFo] FUMEFE I FA &) FUFsEl v, phytasell
a3e gle A gle gheFo]l 0.32%< Absol phytases FH7bshA &
Toll A Q1o Agel ofg S4S wgva 3l Scheideler 5 (71)& 2=2Y¥
Atzel Q1 S NRC 8799 1/3 olat= AgAZl QI AFA=e| phytases #H7bshd
SAE, AReTE B AESo] JiAHdeH e A HRaEua e
Martin® Farrell (72)% o]} v]=d A5 H st

Simons & (692 HZAdo|A phytate 1] o] &&S

phytases 7k A3, <19 A &3t&S 60% ©l F7het
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KoL v E = Qo &
soll H7hstel Al Folst
A9l FAEo] 40% 4% MHATIL st o o2 & 14 mAdFE avE FoEA
o] AT AtE e =S Fria 59t} Phytased H7FE Zgo] gk o] & F I
oF Zg-Q1 FF A AAAE AR ZAE FES AN FEEY BHE F Ao B
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e

Summers 5& SFF-t5FH Y FALE 9 canola meal 15%E 92 AFeHA] AR

!
ZE Fos 3% 5%% 253 phytateE 0.2% H7HeE Al@ oA canola meal H7H+9] A
ol fFojAow Hahstdon, SEF-thFut YFAR HE] canola meal T-7F, #
#F 5% Tl nl8] 3%77F, phytateE 9 A @2 ol Hl3] phytateE ¥ FolA 79
Aol v tial skl
Schoner®} Hoppe: 219 &S thx+o] vlal 18% HAAIAE 500 FTUY
phytaseE H7Fst® 219 o] &Fo] °F 10-15%%57tste]l 19 FAEo= zol7t gl
3T Schoner Toll olatd BRAdefolA A g B AFolA 1 o]&&o] oA thai
o] zoli= YA F7lHl Q9] o] &ES 47+4% HEI A 7] phytaseE H7ME A
64+4% = F7ketel of 17%°] ©]&& S7H7F Aot siadvh webA 21 mid e o5
Zasto] phytase H7HE shA @2 Froll Hlgkel A7l A o wiA S oF 50% FEL
= =Y g dgTa s (79). AbgAle] dlojA = Klis 5 (80)2 S-S 1AL
2o kg 3 g9 ¢1& FFEE o] 7H&dH 25 g& phytate® 333 Al & o
phytase® 7}= 19| o] &&ES FT7HAAA] Fo2 wAdE= Qo & of ARl 3 olg=
AaA T AL S Simons 5% fr7EiQle] FrE Absel 1
1 450 FTU® phytase® #H7betd Abeg, Uz, AlRQ7&o A=A sk
Perney %5 (84)2 phytase?l #7l= plasmat] F718] <1, Z3) &, & AL SoA] 19 o
a1, B Qle] widgE Fo] FH A
omg IH <¢loz Foa] FU ALEoA] phytases}t o] #FHEE TE JYAE Z A

FEom WM Folst: Arzel Aol wyAsitin st

o
R
>
il
=
-
>,
)
N
iy
ol
Ag
N
fass

- 126 -



L.

o7 F

ilal
ok

I =

IUPAC-TUB (Commission on Biochemical Nomenclature) (1977). Nomeclature of
phosphorus containing compounds of biochemical importance. Eur. J Biochem. 79,
1-9.

Johnson, L. and Tate, M. (1969). The structure of myo-inositol pentaphosphates.
Ann. A. N. Acad. Sci. 165, 526-535.

Blank, G.E., Pletcher, J. and Sax, M. (1971). The structure of myo-inositol
hexaphosphate, dodecasodium salt octama-contahydrate: a single crystal x-ray

analysis. Biochem. Biophys. Res. Commun. 44, 319-325.

4. Kim, Y.O., Kim, HK. Bae, K.S., Yu, JH. and Oh, T.K. (1998). Purification and

10.

11.

properties of a thermostable phytase from Bacillus sp. DS11. Enzyme Microbiol.
Technol. 22, 2-7.

Costello, A.JR. and Glonek, T. and Myers, T.C. (1976). Phosphorus-31 nuclear
magnetic resonans—pH titration of hexaphosphate (phytic acid). Carbohydr. Res. 46,
156-171.

Ready, N.R., Pierson, M.D., Sathe, S.K. and Salunkhe, D.K. (1989). Phytates is
cereals and legumes. CRC Press, Inc., Boca Raton, Fla.

Beers, S. and Jongbloed, A.W. (1992). The effect of supplementary Aspergillus niger
phytase in diets for pigs on their performance and phosphorus digestibility; 44.
Tagung der Ges. F. Ernahrungs physiologie in Gie Ben. Anim. Prod. 55, 425-430.
Berridge, M.]., Robin, F.I. (1984). Inositol triphosphate, a novel second messenger in
cellular signal tranduction. Nature 312, 315.

Boitano, S., Dirksen, ER. and Sanderson, M.]. (1992). Intercellular propagation of
calcium waves mediated by inositol trisphosphate. Science, 258, 292-295.

Allbritton, N.L., Meyer, T. and Sttryer, L. (1992). Range of messenger action of
calcium ion and inositol 1,4,5-trisphosphate. Sci. 258, 1812-1815.

Thompson, L.U. (1986). In “Phytic acid: Chemistry and Application.” (E. Graf, ed.),
pp. 173-194. Pilatus Press, Minneapolis, MN.

- 127 -



12.
13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

20.

26.

Sabin, R. (1988). U.S. Patent No. 4, 758, 430, July 19

Graf, E., Empson, KL. and Eaton, JW. (1987). Phytic acid. J. Biol Chem., 262,
11647-11650.

Sabin, R. (1992). U.S. Patent No. 5, 112, 814, May 12.

Graf, E. (1986). Chemistry and application of phytic acid: an overview. In: Phytic
acid: Chemistry and Application (E. Graf, ed.), pp. 1-21, Mineapolis: Pilatus Press.
Erdman, JW. and Forbes, RM. (1977). Mineral bioavilability from phytate containing
foods. Food. Prod Dev. 11, 46.

Ellis, R., and Morris, ER. (1981). Relation between phytic acid and trace metals in
wheat btan soybean Cereal. Chem. 58, 850.

Elwood, P.C., Newton, D.J., Eakins, D. and Brown, D.A. (1968). Absorption of iron
from bread. Am. J. Clin. Nutr. 21, 1162.

Simons, P.C.M., versteegh , H.A.J., Jongbloed, A W., Kemme, P.A., Slump, P., Bos,
K.D., Wolter, M.G.E., Beudeker, R.F., and Verschoor, G.J. (1990). Improvement of
phosphorus availibility by microbial phytase in broiler and pigs. Brit. J. Nutr. 64,
525.

Saylor, W.W., Bartnikovski, A., and Spencer, T.L. (1991). Improved performance of
broiler chicks fed diets containing phytase. Poul. Sci. 70(Suppl. 1), 104

International Union of Biochemistry. Enzyme Nomenclature: Recommendations 1978 of
the Nomenclature Committee of the international Union of Biochemistry. (1979). pp.
242-247. Akademic Press, New York.

Shieh, T.R. and Ware, J.H. (1968). Survey of microorganisms for the production of
extracellular phytase. Appl. Microbiol. 16, 1348-1351.

Peers, F.G. (1953). The phytase of wheat. Biochem. J., 53, 102.

Mayr, G.W. (1988). Inositol phosphate: Structural Components, Regulator and Signal
Transducers of the Cell-a Review. Topics in Biochemistry No. 7-1-18, Boehringer,
Mannheim.

Gibbins, L.N. and Norris, F.W. (1963). Phytase and acid phosphatase in dwarf bean,
phaselous Vularis. Biochem. J. 86, 67.

BASF. (1992). Phytase: Interasting facts about Natuphos. BASF, Edition 29.

- 128 -



217.

28.

29.

30.

31.

32.

33.

34.

30.

36.

37.

Suzuki, UK., Yoshimura and Takaishi, M. (1907). Bull Coll. Agric. Tokyo Imp.
Univ. 7, 495-512 (cited from Mellanby, 1956)

Bewley, J.D. and Black, M. (1982). Physiology and biochemistry of seeds. In relation
to germination. Volume 1. Spriger—Verlag.

Bitar, K. and Reinhold, J.G. (1972). Phytase and Alkaline phosphatase activities in
intestinal mucose of rat, chicken, calf, and man. Biochim. Biophys. Acta 268,
442-452.

Copper, J.R. and Gowing, H.S. (1983). Mammalian small intestine phytase. Br. J.
Nutr. 50, 673-678.

Yang, W.J.,, Matsuda, Y., Sano, S., Masutani, H. and Nakagawa (1991). Purification
and characterization of phytase from rat intestinal mucosa. Biochim. Biophys. Acta
1075, 75-82.

Chi, H., Tiller, G.E., and Dasouki, M.]J. (1999). Multiple inositol polyphosphate
phosphatase: evolution as a distinct group within the histidine phosphatase family
and chromosomal localization of the human and mouse genes to chromosomes 10g23
and 19. Genomics 56, 324-336.

Williams, P.J. and Taylor, T.G. (1985). A comparative study of phytase hydrolysis in
the gastrointestinal track of the golden hamster (Mesocricetus auratus) and the
laboratory rat. Br. J. Nutr. 54, 429-435.

Pasamontes, L., Haiker, M., Wyss, M. Tessier, M. and Van Loon, A.P.G.M. (1997).
Appl. Environ. Microbiol. 63, 1696-1700.

Mitchell, D.B., K. Vogel, B.J. Weimann, L. Pasamontes, and A.P.GM. Van Loon.
(1997). The phytase subfamily of histidine acid phosphatase: isolation of genes for
two novel phytases from the fungi: Aspergillus terreus and Myceliphthora
thermophlia. Microbiology 143, 245-252.

Ehrlich, K.C.B.G. Montalbano, E.J. Mullaney, H.C. Dischinger, and A.H.J. Ullah.
(1993). Idetification and cloning of a second phytase gene (phyB) from Aspergillus
niger (ficuum). Biochem. Biophys. Res Commun., 195, 53-57.

Piddington, C.S., C.S. Houston, M. Paloheimo, M. Cantrell, A. Micttineu—Oinonen, H.

Nevalainen, and J. Rambost. (1993). The cloning and sequences of the genes

- 129 -



38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

encoding phytase (phy) and pH 25-optimum acid phosphatase (aph) from
Aspergillus niger var. awamori. Gene, 133, 55-62.

Tye, A.J., Siu, FK.Y. Leung, T.Y.C., and Lim, B.L. (2002). Molecular cloning and
the biochemical characterization of two novel phytases from B. subtilis 168 and B.
licheniformis. Appl. Microbiol. Biotechnol. 59, 190-197.

Ha, N.C., Oh, B.C., Shin, S.J.,, Kim, H.J.,,Oh, T.K., Kim, Y.O., Choi, K.Y. and Oh,
B.H. (2000). Crystal structures of a novel, thermostable phytase in partially and fully
calcium-loaded states. Nat. Biotechnol. 7, 147-153.

Dassa, J., Marck, C. and Boquet P.L. (1990). The complete nucleotide sequence of the
Escherichia coli gene appA reveals significant homology between pH 2.5 acid
phosphatase and glucose-1-phosphatase. J. Bacteriol. 172, 5497-5500.

Mullaney, E.J. andUllah, A.H. (1998). Identification of a histidine asid phosphatase
(phyA)-like gene in Arabidopsis thaliana. Biochem. Biophys. Res. Commun. 251,
252-255.

Craxton, A, Caffrey, J.J., Burkhart, W. Safrany, S.T. and Shear, S.B. (1997).
Molecular cloning and expression of a rat hepatic mutiple inositol polyphosphate
phosphatase. Biochem J. 328, 75-81.

Maugenest, S., Martinez, I. and Lescure, A.M. (1997). Cloning and characterization of
a cDNA encoding a maize seedling phytase. Biochem. J. 322, 511-517.

Hegeman C.E. and Grabau, E.A. (2001). A novel phytase with sequence similarity to
purple acid phosphatases i1s expressed in cytyledons of germinating soybean
seedlings. Plant Physiol. 126, 1598-1608.

Mullaney, E.J. and Ullah, A.H. (1998). Conservation of the active site motif in
Aspergillus niger (ficuum) pH 6.0 optimum acid phosphatase and kidney bean purple
acid phosphatase. Biochem. Biophys. Res. Commun. 243, 471-473.

Schenk, G., Guddat, LW., Ge, Y., Carrington, L.E., Hume, D.A., Hamilton, S. and
Jersey J.D. (2000). Identification of mammalian-like purple acid phosphatases in a
wide range of plants. Gene. 250, 117-125.

Uppenberg, J., Lindgvist, F., Svensson, C., EK-Rylander, B. and Andesson, G. (1999).

Crystal structure of a mammalian purple acid phosphatase. J. Mol Biol. 290,

- 130 -



48.

49.

90.

ol.

52.

53.

o4.

90.

96.

57.

201-211.

Kerovuo, J., Lauraeus, M., Nurminen, P., Kalkkinen, N. and Apajalahti, J. (1998).
Isolation, characterization, molecular gene cloning, and sequencing of a novel phytase
from Bacillus subtilis. Appl. Eviron. Microbiol. 2079-2085.

Kim, Y.O, Lee, JK., Yu, JH. and Oh, T.K. (1998). Cloning of the thermostable
phytase gene (phy) from Bacillus sp. DS11 and its overexpression in Escherichia
coli. FEMS. Microbiol. Lett. 162, 185-191.

Tambe, S.M., G.S. Kaklij, S.M. Kelkar, and L.J. Parekh. (1994). Two distinct
molecular forms of phytase from Klebsiella aerogenes: Evidence for unusally small
active enzyme peptide. J. Ferment. Bioeng. 77, 123-127.

Wyss, M., Brugger, R., Kronenberger, A. Remy, R., Fimbel, R., Oesterhelt, G.,
Lehmann, M. and van Loon, A.P.G.M. (1999). Biochemical characterization of fungal
phytases (myo-inositol hexakisphosphate phosphohydrolases): catalytic properties.
Appl. Environ. Microbiol. 65, 367-373.

Wyss, M., Pasamontes, L., Remy, R., Kohler, J., Kusznir, E., Gadient, M., Muller, F.
and van Loon, A.P.G.M. (1998). Comparison of the thermostability properties of three
acid phosphatases from molds: Aspergillus fumigatus phytase, A. niger phytase, and
A. niger pH 2.5 acid phosphatase. Appl. Environ. Microbiol. 64, 4446-4451.

Powar, V.K. and Jagannathan, V. (1982). Purification and properties of phytate—
specific phosphatase from Bacillus subtilis. J. Bact., 151, 102-108.

Pasamontes, L., Haiker, M., Henriquez-Huecas, M., Mitchell, D.B. and van Loon,
APGM. (1997). Cloning of the phytases from FEmerricella nidulans and the
thermophilic fungus 7Talaromyces thermophilus. Biochim. Biophys. Acta 1353,
217-223.

Berka, R.M., Rey, M.W., Brown, KM., Byun, T. and Klotz, A.V. (1998). Molecular
characterization and expression of a phytase gene from the thermophilic fungus
Thermomyces lanuginosus. Appl. Eviron. Microbiol. 4423-4427.

Shimizu, M., (1992). Purification and characterization of phytase from Bacillus
subtilis (natto) N-77. Biosci. Biotech. Biochem. 56(8), 1266-1269.

Yamata, K., Minoda, Y. and Yamamoto, S. (1968). Phytase from Aspergillus terreus.

- 131 -



58.

99.

60

61.

62.

63.

64.
60.

66.

67.

68.

production, purification and some general properties of the enzyme. Agric. Biol
Chem. 32, 1275-1282.

Golovan, S.P., Wang, G., Zhang, J. and Forsberg, C.W. (2000). Characterization and
overproduction of the Escherichia coli appA encoded bifuctional enzyme that exhibits
both phytase and acid phosphatase activities. Can J. Microbiol. 46, 59-71.

Nelson, T.S., Shiet, T.R, Wodzinski, R.J.,and Ware, JH. (1971). Effect of
supplemental phytase on the utilization of phytate phosphorus by chicks. J. Nutr.
101, 1289-1294.

Hoppe, P.P. (1992). Review of the biological effects and the ecological importance of
phytase in pigs. Th e4 th BASF animal nutrition forum. Ed. 30, 3-15.

Jung, K.H. and Pack, M.Y. (1993). Expression of a Closteridium thermocellum
xylanase gene in Bacillus subtilis. Biotechnol. Lett. 15, 115-120.

A.O.A.C. (1990). Official Methods of Analysis (15th Ed). Association of Official
Analytical Chemists, Arligton, VA.

SAS Institute, Inc. (1985). SAS®™ User’s Guide: Statistics. Version 6 Edition. SAS
Institute Inc., Cary, NC.

Duncan, D.B., (1955). Multiple range and multiple F tests. Biometrics 11: 1-12.
Wyss, M., Pasamontes, L., Friedlein, A., Remy, R., Tessier, M., Kronenberger, A.,
Middendorf, A., Lehmann, M., Schnoebelen, L., Rothlisberger, U., Kusznir, E., Wahl,
G., Muller, F., Lahm, HW. Vogel, K. and van Loon, A.P. (1999). Biophysical
characterization of fungal phytases (myo—inositol hexakisphosphate
phosphohytrolases): molecular size, glycosylation pattern, and engineering of
proteolytic resistance. Appl. Environ. Microbiol. 65, 359-366.

Kerovuo, J., Rouvinen, J. and Hatzack, F. (2000). Analysis of myo-inositol
hexakisphosphate hydrolysis by Bacillus phytase: indication of a novel reaction
mechanism. Biochem. J. 352, 623-628.

Shin, S., Ha, N.C., Oh, B.C., Oh, T.K. and Oh, B.H. (2001). Enzyme mechanism and
catalytic property of B propeller phytase. Struct. 9, 851-858.

National Research Council. (1994). Nutrient Requirements of Poultry. 9th. rev. ed.

National academy Press, Washington, DC.

- 132 -



69. Simons, P. C. M., H. A. J. Versteegh, A. W. Jongbloed, P. A. Kemme, P, Slump, K.
D. Bos, M. G. E. Wolter, R. F. Beudeker and G. J. Verschoor. (1990). Improvement
of phosphorus availability by microbial phytase in broiler and pigs. Br. J. Nutr. 64:
525-540.

70. Schoner, F. J. and P. P. Hoppe. (1992). Micobial phytase, a tool to alleviate
environmental phosphorus pollution from broiler production. Proc of the XIX World's
poultry Congress, Amsterdam, vol. 3, 429.

71. Schiedeler, S.R., SI Ivusic and H. Al-Batshan. (1992). Effect of phytase
supplementation on mature weight broilers. Poultry Sci. 71(suppl. 1):176.

72. Martin, E. and D. J. Farrell. (1992). phytase addition to duckling diets. Poultry Sci.
71(Suppl. 1):62.

73. Roberson, K. D. and H. M. Edwards. (1994). Effects of 1,25-Dihydroxycholecalciferol
and phytase on zinc utilization in broiler chick. Poultry Sci. 73:1312-1326.

74. Peter, W. (1992). Investigations on the use of phytase in the feeding of laying hens.
Proc of the XIX World’'s Poultry Congress, Amsterdam, Vol. 3, 627.

7. A, #AAE, Y], des, "1™, AR, AR 20020 ARRW A=A
phytase(Phytazyme) H7F7} Ab&kAlo] AbA 8 ]l o] &4l wA= d& =A<~

44(1):55-60.

76. Um, J. S, I. K. Paik, M. B. Chang and B. H. Lee. 1999. Effects of microbial phytase
supplementation to diets with low non-phytate phosphorus levels on the performance
and bioavailability of nutrients in laying hens. Asian-Aus. J. Anim. Sci. 12(2):
203-208.

7. A L ARE, ERS 195 See-uF 5 AR

’ L p=i 9 1l U
phytasee] F7b7F AaAlel 44, F%x o8& 2 o wHZel vAE 4T FHA

8. &5, AJE, A94. v|AE phytase2] H717F 4AbgA o] A4k ol wl X &k 1999.
79. Van der Klis, J. D. and H. A J. Versteegh. 1991. Ileal absorption of P in lightweight

white laying hens using microbial phytase and various calcium contents in laying

hen feed. Shelderholt Pub. No. 663. Het Spelderholt, Wageningen, The Netherlands.

- 133 -



80.

381.

32.

83.

34.

80.

86.

87.

88.

89

90.

91.

Klis, J. D. van der and H.A. J. Versteegh. 1991. De ileale absorptie von fosfor in
lichte witte leghennen bij toepassing van microbiell fytase en verschillende calcium
gehaltes in legehennenvoer. Spelderholt Uitgave No. 563.

Kostrewa, D., Gruninger-Leitch, F., D’Arcy, A., Broger, C., Mitchell, D. and van
Loon, AP (1997) Crystal structure of phytase from Aspergillus ficuum at 25A
resolution. Nat. struct. Biol. 4, 185-190.

Sayor, W.W., A. Bartnikovski and T.L. Spencer, 1991. Improved performance of
broiler chicks fed diet containing phytase. Poul. Sci.70(suppl.1):104.

Eardaman. J. W. Jr. 1979. Oil seed phytates: nutritional implications. J. Jntern. Med.
77 760-764.

Perney, K. M., A. H. Cantor, N. L. Strau and K. L. Herkelman. 1993. the effect of
dietary phytase on growth performance and phosphorus utilization of broiler
chickens. Poult. Sci. 72: 2106-2114.

Schneider, G., Lindgvist, Y. and Vihko, P. (1993) Three-dimensional structure of rat
acid phosphatase. Embo J, 12, 2609-2615.

Lim, D., Golovan, S., Forsberg, C.W. and Jia, Z. (2000) Crystal structures of
Escherichia coli phytase and its complex with phytate. Nat. Struct. Biol. 7, 108-113.
Kenneth, C.E., Montalbano, B.G., Mullaney, E.J., Dischinge, H.C. and Ullah, A.H.].
(1994) An acid phosphatase from Aspergillus ficuum has homology to Penicillium
chrysogenum pHOA. Biochem. Biophys. Res. Commun. 204, 63-68.

Ullah, A.H.J. and Cummins, B.J. (1988) Aspergillus ficuum extracellular pH 6.0
optimum acid phosphatase: Purification, N-terminal amino acid sequence, and

biochemical characterization. Prep. Biochem. 18, 37-65.

. Greiner, R., Konietzny, U. and Jany, KI-D. (1993). Purification and characterization of

two phytase from Escherichia coli. Arch. Biochem. Biophys. 303, 107-113.

Nelson, T. S., T. R. Shieh, R. H. Wodzinski and J. H. Wore. 1971. Effect of
supplemental phytase on the utilization of phytate phosphorus by chicks. J. Nutr.
101: 1289-1294.

Pointillart.,, A. 1993. Importance of phytases and cereal phytases in the feeding of

pigs. Enzymes in Animal Nutrition. pp.192-198. Proceedings of the 1st Symposium.,

_13)4_



92.

93.

94.

95.

Kartause, Ittingen, Switzerland.

National Research Council. 1984. Nutrient Requirements of Poultry. 8th. rev. ed.
National Academy Press, Washington, DC.

Let. X. G, P. K. Ku E. R. Miller, D. E. Ullrey and M. T. Yokoyama. 1993.
Supplemental microbial phytase improves bioavailability of dietary zinc to weanling
pigs. J. Nutr. 30 1117-1123.

Jongbloed, A. W. 1987. Phosphorus in the feeding of pigs. Effect of diet on the
absorption of phosphorus by growing pigs. Thesis, IVVO, Lelystad.

Cromwell. G. L. 1980. Biological availability of phosphorus in feedstuffs for swine.
Feedstuffs 52(9): 38-42.

- 135 -



N

TH7IE AR ¢

i3

Ha-oll A Al

A E

Ut

e urslol

A%

ksl

IR

223

3. F7 e 71 EfA ol

QREE-IR1=




	구조해석과 DNA shuffling 기술을 이용한내열성 및 내산성 phytase의 개발에 관한 연구
	요 약 문
	목 차
	제 1 장 연구개발과제의 개요
	제 1절 Phytase 개요
	제 2절 연구개발 목적 및 필요성
	제 3절 연구개발 목표 및 주요 연구내용

	제 2 장 국내외 기술개발 현황
	제 3 장 연구개발 수행내용 및 결과
	제 1절 실험 재료 및 방법
	제 2절 Phytase 생산균주의 선발
	제 3절 Phytase 유전자의 클로닝 및 염기서열 결정
	제 4절 분자진화기술에 의한 내열성․내산성 phytase의 개발
	제 5절 분자진화기술에 의한 내열성․내산성 phytase의비활성 증진
	제 6절 개량효소 고생산 균주의 개발 및 발효

	제 4 장 목표달성도 및 관련분야에의 기여도
	제 1절 연구개발 목표 및 평가의 착안점
	제 2절 연구개발 목표의 달성도
	제 3절 관련 분야에의 기여도

	제 5 장 연구개발결과의 활용계획
	제 1절 추가연구의 필요성
	제 2절 타연구에의 응용
	제 3절 기업화 추진방안

	제 6 장 연구개발과정에서 수집한 해외과학기술정보
	제 1절 축산 폐기물의 감소 방안
	제 2절 인 배설이 환경에 미치는 영향
	제 3절 Phytate phosphorous
	제 4절 Phytase 3차 구조
	제 5절 Phytase 특성 연구
	제 6절 가축에 있어서 phytase 의사용 효과

	제 7 장 참고문헌



