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SUMMARY
(FELHE)

I. R&D Title
Development and industrialization of transgenic microalgae and plants expressing fungal

phytase for feeding animal

II. R&D Purpose

(1) Production of transgenic microalgae and plants expressing Aspergillus nidulans phytase
with thermostability and acid-resistance

(2) Transgenic microalgae and plants, expressing fungal phytase for animal feeding
supplements

(3) Experimental animals trial with transformed microalgae and plants to determine safety,
release phosphate from phytate and feeding quality

(4) Determination of the optimal amounts of feeding supplements for monogastric animal
species, the formulation of shape and the establishment of safety model

(6) Manufacturing template for pellet shape and enzyme coating for the mass-production
and the determination of its optimal condition

M. R&D Approach and Direction

(1) A nidulans phy gene cloning, its expression in Escherichia coli, purification of
recombinant protein(rPhy-E), and production of polyclonal antibody against rPhy-E

(2) A nidulans phy gene cloning, its expression in Nicotiana benthamiana, characterization of
the recombinant protein Phy(rPhy-P) and determination of phytase activity of rPhy-P

(3) Growth of Chlorella vulgaris under photoheterotrophic culture and effect of modified
BG-11 medium on the increase of C vulgaris biomass

(4) A nidulans phy gene cloning, its expression in C. vulgaris, characterization of the
recombinant protein Phy(rPhy-C) and determination of phytase activity of rPhy-C

(5) Substrates supplementation into a growth medium for the increase phytase activity of
transforemd C vulgaris cells

(6) Production of transgenic duckweed expressing functionally active phytase of A. nidulans

(7) Modeling of experimental animals using C vu/garis and duckweed expressed phy gene
for their safety and availability

(8) Formulation of manufacturing shape with transformed microalgae and plants as feeding
additives

IV. R&D Methods & Results

(1-1) PCR synthesis of A. nidulans phy gene and cloning into a bacterial expression vector

(1-2) E. cdli transformation with a recombinant expression vector and selection of
transformed colonies

(1-3) IPTG induction of rPhy-E and its purification

(1-4) Production of antibody against rPhy-E and assay of its cross-reaction with antigen

(2-1) PCR synthesis of A. nidulans phy gene and construction of a shuttle vector

(2-2) Digest a gene expression casette containing phy gene from the shuttle vector and
cloning into a plant expression vector

(2-3) Transformation of a recombinant expression vector into Agrobacterium and selection of
transformed colonies



(2-4) Agroinfiltration into Nicotiana benthamiana and determination of phy gene in
agroinfiltrated plants by RT-PCR and Real-time RT-PCR

(2-5) Determination of a recombinant protein rPhy-P in agroinfiltrated plants by Western
blot analysis and its characterization(glycosylation)

(2-6) Determination of a phytase activity of rPhy-P, its optimal pH, optimal temperature,
thermostability and substrate specificity

(3-1) Analysis of medium composition, culture condition, growth curve and growth rate for
C vulgaris culture

(3-2) Carbon and nitrogen sources and their concentration

(3-3) Effect of carbon and nitrogen mixture ratio on C vu/garis growth and analysis of
biomass and biochemical constituents under given condition

(3-4) Degardation of celluose from rice bran using cellulase producing microalgae symbiotic

Rhizobium sp. and production of alternative carbon source for microalage mass culture

(4-1) Digestion of gene expression casette containing A. nidulans phy gene and its cloning
into microalgae expression vector

(4-2) Establishment of electroporation condition and hygromycin concentration for C vulgaris
transformation

(4-3) Selection of transformed cells and their culture

(4-4) Analysis of phy gene expression in transformed C. vulgaris by PCR, RT-PCR and
Real-time RT-PCR

(4-5) Determination of a recombinant protein rPhy-C in transformed C vulgaris by Western
blot analysis and its characterization

(4-6) Determination of a phytase activity of rPhy-C, its optimal pH, optimal temperature
and thermostability

(4-7) Analysis of experimental animals administered with rPhy-C

(5-1) Modified medium composition to increase phytase activity of rPhy-C

(5-2) Effect of substrates supplemented into BG-11GH medium on the growth of
transformed C vulgaris

(5-3) Determination of a phytase activity in transformed C vulgaris grown on BG-11GH
medium supplemented with various substrates

(6-1) Collection of duckweed lines with highly efficient regeneration rate: classification of
species and their selection by callus forming ability
(6-2) Duckweed transformation
@D Determination of herbicide and antibiotic concentration, respectively, for the efficient
selection of transformants
@ Vector construction for nuclear transformation of duckweed and transformation
@ Analysis of transformed duckweed by Southern blot hybridization
@ Vector construction for chloroplast transformation of duckweed
©® Transformation by particle bombardment into thallus and callus
©® Induction of callus regeneration and PCR analysis for the presence of transgene
(6-3) Determination of a phytase activity in transformed duckweed lines and the optimal
temperature for the enzyme activity
(6-4) Mass production of transformed duckweed plants



(7-1) In vitro assay of phytase function
@ Effect of the phytase on mouse mesencymal cells during in vitro culture with phytase
@ Concentration of phosphorus in mouse bone with or without supplemental phytase
@ Growth effect of the broiler chick with phytase contained feed during feeding period
(7-2) Experimental animal trial with transgenic duckweed plants: Mouse
@ Experimental matrix for the mouse growth using transgenic plant expressed phy gene
@ Comparison of mineral components among treatment group in the feeding supplement
@ Sampling matrix in mouse for the phosphorous component analysis and growth of
mouse after feeding treatment with phy gene expressed plant
@ Safety confirmation of mouse by the genetic contamination PCR analysis from phy gene
expressed plant
® Mineral components of individual animal for the major mineral
(7-3) Experimental animal trial with transgenic duckweed plants: Broiler chicken
@ Formulation and composition of the experimental feed ingredient diets for 0 to 28
day-old broiler chickens
@ Growth of broiler after treatment feeding with phy gene expressed plant and effect of
phytase supplementation on the performance of broiler chicks
@ PCR analysis of liver for phy gene from broiler chicken
@ Effect of phytase supplementation on bone mineralization in broilers
(©® Effect of phytase and non-phytase supplementation on the broiler growth performance
and phosphorus concentration in the feces samples
© 3D-surface plot for weight gain and the influence of the factors ingredient formulated
for the broiler feed
(7-4) Experimental animal trial with transgenic duckweed plants: Layer chicken
@ Formulation and composition of the experimental feeds including the detail of
ingredients used during the preparation of feeds for layer chickens
(2 Pattern of relative increase in egg weights, shell thickness and Whole unit of the
treatment groups over the period of study
@ Comparison of overall mean levels of minerals among the phytase and non-phytase
supplemented groups in tibia of laying hens
@ Pattern of relative increase in body weights of the treatment groups over the period of
study
® Comparison of overall mean levels of minerals excreted in feces of laying hens among
the phytase and non-phytase supplemented groups
©® Trends observed for the FCR in the treatment groups during the period of study

(8-1) Animal feeding formulation of phytase-expressed Chlorella total protein

(8-2) Animal feeding formulation of phytase-expressed duckweed plants

(8-3) Pellet formular morphology of plant feeding by nano coating technology and enzyme
+ amylase coating

(8-4) Analysis for the moisture permeability after solidating of pellet formular

(8-5) Experiment pellet melting in stomach

V. Significance & Application

(1) Achievement
@ Transfer of the technical know-how for the platform technology: 1
(2 Domestic patent application : 3
(@ Publication of SCl-indexed journal papers: 3



@ Best session paper award in International Conference: 1

©® Publicity: 1
(2) Predicted post-project achievement

@ Domestic patent application : 0

(@ Publication of SCl-indexed journal papers: 4 / non-SCl-indexed journal papers: 3
(3) Application plan

@D Transfer of the technical know-how for the platform technology

@ Distribution of antibody and expression vector system to domestic researcher who has

an interest
@ Industrialization of Chlorella and duckweed as animal feeding resouces
@ Improved coating technology for animal feed resources
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M1g S7hMZaHe /e

1. a7MEe 53

7h AT HEER
(1) ot=H A2 UED2(Aspagillus nidulans)®] WL e W4k 1] EFobA (phytase) 2} 2
A AR 2 AE A

HefobA| FAA A mAERFT 2 AEY ALEE

FAAG AHEL FE A3 oA 9 QB3 EL&F ARV}

)

() 2 <l | A=

(4) 27 = w}e M;m AER FE LAY D D A A4S Y A4
5)

o AR - 8E) AT H
(H]“l‘l) &+ A] AE]—O].;(]]% ?_]_;( Zﬂ
@O ofxmdH 2 YETH2] YEAG e Ul4Hd IefolA] A #d vA R/ A4t

@ JeolAZl Aoz WA HE AT AR AL 9 o FE

® FAAT MAZFAN BER AefolA el Ay, NAH F Ed A AA

(BF1) B4 Il S FYHOT At By A

O ZEH RHE =U§ FetobA B A%

@ AerolA7t Ao I e FAAG BHz gl AW D s

® FAAT Pzl A WAL Mefolx] BLTA AA

@® FAAT Pzl A WA MefolA] W, WEH 5 Eh IR A

© BAAH RPzA Fetobd fAA B Eio Frf A A

(352 FetobAl FaA = wARF 8] F84 P AL 9T FEUY wd A
D AR FEZAC G684 BAL 9T FE AGLY 29 2 A9 AHH AZ
@ dus) Te 4 L AL 5 7 YA A3 BRASH A= Aok A
(B%3) At Fetobd #d NEAEE vAZF 2 28] 1ej5)

O vAEF R HEA AR A7 AR AY A7

@ 2 W g3 L AR MEe =Y 43 HHe] FAY 24

® oF A A A 2 a4 =8 AY E A L HH 24 39

2. 47 a4 ¢ B9
7h F8 ARAE g5 2 M4 5%
() /\].E;G-U A AL 8}

O "= 54 Az wEw 201120129 S, ¢, By, &9 2 A7 9 AAZH A
A 119 539 Eo 2 o]Fol 69 6 3WRE Eo] ARE FEEHIJF(TAAAEF] 57%)
@ "= A9 2012 W FTALAZF6H 9% 58T F; =4: Robert Couse-Baker)e] 21%7} At

B2 ARHAF
@ A WA LSt AlAZA ZSHFoR QI A AR s 2013 AlAIZA =

Ry A A — - =
= ¥g 575 29

>

_12_
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o] I a%

L. AE}OWH 284

O HZo FAASFRE Qg 34 B FHALAEAE FrEd®vto] ofye, AA Al At
7HA 299 #9E 'Vt dE LY

@ 249 7hed 53] ° R
= 7kl o] 8T F jle FH=E =AstEE,
o] H7] wi&el kel F7Ile AR d4<

@ IErotAl= 3 EAH(phytic acid) B I E4M4E (phytate) FEle] #7]9& Zalletes 42, &
AE=el Atmol H7bstd, 7h=e] /)l Free =9 ¥ okl = o]

A Hol B4Rz o|o] 9

o
fru
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m ©
rr
ag M
flo
M ™
©
X
30
rlr
[:op
B~
-
r-l
o>
o
kl

g g}ol A AlH E3F

A G NANGL 24 TEE F4 FHH o|F HlZYZ Hi(technical enzyme) &

ok 1298, 2F HI/MAEoke 89 28, 5& AR Eoke 29 g o2& o= F

Kl

@ 53] AR HUFEoke] FEtolAlE 59 He(wdlE ¢F120-15091 € /d) o] AAAH 71

= Ao deA A, IAFeRE O VA= wid 5% A=A SUHE

@ "= AF HAANEZE 51277 7600, T AIREOZ = 4528%H000E0] AY4tE 7]
ol oFH o= JetolAlE HITS B¢ AR ATE o= oiE

@ AAANZFEIL obA A3 AN vhe flou, e 5 FUhel w=e i
+ @A HetolAlE HIVSHA &g AR FeiAE BWE AAStE T A= &
7V ZstE L lo] dlEtobA| o Aol AHs| guiE Ao= ks

© &4 2z 70009 ol Fst= T FAR ARSEe 1S o A8 E A =Y

ToEHE F Ao=E AW

© &

ol A
73Tt A
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M2d =uel 7lside g

1. JEelotA AL FF

7b. vl E fre) TJElolA)

O FetolAls A MDBEAN AL Z2A7]7] A7 5 Ao 3l

@ FErobA] Ea Hel 2 SA @ ATE F2 AW, &R, A FU E45 FHo=
1990":]1'4] e ] AT 7]— %‘ﬂs] o] 204

A}%H }%

@ z7e F2 A 7o AgoAE Ao HZod= Al FH HetokA 2 A
vl glotA 2 gof

© AAFL 71EAFH vHlwste] @9 FYU) T Je ¥E o] FstEE AR JE
TEE BRHor BT

® dFYTS A% A" FHo #F ATFEAE A=Y A dFZT, vEE s, Adn

(Candida), &5 2 ofx=d A 2o thste] o] Fo14 [Lei &, 2007; Singh &, 2011]

L Az sletobA
1) axod
O A. niger JELOHA G phyA)E S. cerevisiaedll A & A2 9] 4], WAHAE pH(2-25 ¥
5-5.5), A4 (55-60°C), T3} [Han 5, 1999]
@ A niger JEFoA FHAE EHIE EANE Q] pPICZaAo] FEY 3+ Pichia pastoris®l &
AHEAZ] & BYMYHIA A 447 wigFste] Hdg A waﬂ A. niger®] I EOLA R
o 300008) €43 FUFSER AL, 90°ColA 51 7HE FolE 70% BAEAY FAE [Zhao T,
2007]
@ IEtobA FHA AR Ld
@b A niger NRRL 3135 3|E}obA] FHAAE |3} Aol AAHEE HEAWolslsto
Pichia pastoriso| 4] D@t A3 G484 3] 43 [Mullaney 5, 2010]

@ A niger SK-57 w9 dEobAl FAAE P pastorisol] TAANZ A3 HlwEte] phyARF-
B JEEA 7] AA, 2= HA3st @ FAH ASHee|l=E AAsesE Aol
P. pastoris?) @A A3 AT gaggdo] A7 F7HE [Xiong 5, 2005]

@ A. fumigatus 7T Z2H5E 1459 bp phy F+RAE @St P pastorisol] DA A AEe] &
H B4 ALk &3 Azt detobA o] AR 88 kDa, &4 51 U/mg, 2 pH 55, HZ
2% 55°C [Guo 5, 2008]

® 4 JHeolAl FRAAPphwOE P pastorisoll A EA: wE-E E3] A (Methanol- complex
Medium)ol A F58 AE9] 484 176 U/ml, L7 &FEE wRdA 58 a2
de 185 U/ml2A o ETE o0v] F71eh, #HZ 2% 70°C, HZ pH 75 [Zou <,
2006]

@b Bacillus licheniformis®] %73 Y EFOLA| F Al S cerevisiae®] a-mating factorg 23 &

AOXT Z22E ZHYA P pastorisoll A L@ HF 2% 60°C, F 4 pH 7.5

o
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[Wang &, 2011]
® Citrobacter amalonaticus®| appA T+ A5 P. pastorisol A & B4 42 mg/mL, 4%
43 15000 U/mL, #Z pH 4.5, #& &% 55°C [Luo &, 2007]
@  Eupenicillium parvum® 3etobA] FAAE 4 TPHER] pPICZaAd] 231
Pichia pastoris®l @2 LA G3}, FHLS pH 2580 F+&84, HZ pH 55, I

(2) HtHIE o} 2d

@ Buttiauxella sp.°] I E}orA FAA appAS E colil A AT Ay AxFuide] vgo}
A &4 HH pHE 45, A% 55°C [Shi 5, 2008]

@ Pseudomonas syringae®] phyM +AA5 E. colifl Al H& [Cho &, 2005]

@ A FErolAl FHA appAE F2Y5H Pseudomonas putich® A 2T Id: A
Z pH 4.0 2 2 2% 55°C [Dharmsthiti 5, 2005]

@ Bacillus subtilis®] phyC A5 Lactobacillus plantarunel A 2@ [Kerovuo & Tynkkynen,
2000]

By

(3) Aspergillus T E}obA] Fxzt A& 2y

O &y, olgpnlFAlL, Jheet, S5, &3, ZAL 8, A, diFF, 229, 23, 2 Sl
A dd [Li 5, 1997; Lucca 5, 2001; Ullah 5, 2002; Ponstein &, 2002; Ullah 5, 2003;
Brinch-Pedersen -5, 2003, Mudge et al.,, 2003; George -5, 2004, 2005; Drakakaki ‘5, 2005;
Jin 5, 2005; Chen 5, 2008; Liu 5, 2011]

@ AEEY ekl SEAIREA Y E87FA] Y ofle}, MR LHH E¢f dSs A
Asle A3 85 &S F U

@ A& Bgol FetolA fAAE FoiddstH ZHFY S48 S TV A EYCZEE
el F328-& =% [Liu &, 2011; Richardson -5, 2001]

2. AzF g 2 S FF
1) PAMZEF W
O S=249at B7ve 2 (Chlorella vulgaris)
@b ¥4: Eukaryota, 7l: Plantae, i: Chlorophyta, 7: Trebouxiophyceae, =: Chlorellales,
% Chlorellaceae, <5: Chlorella, &: Chlorella vulgaris

@ AEF FolA AT B FFde FHOE FYHOE HYEE HZXF(green algae)
(e)
[¢]

5
o 3 oA di7]el i o]4bStERA(COy)E violomj2s, @wld, 24, A
A EH (A FE2I)E W3 2] [Chisti, 2007; Spolaore &, 2006]
@ o9} e AUtY Y WAL mYgE AxEErt W] did ZxFe diFAitel] A
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Zt5 [Isleten-Hosoglu -5, 2013]
TEHEIYYS o 2HAAE DAt Yol 5279 AAE, vol ez 9 AAFFES S
2 g 7] " =2/ Helemze] AirtE v ¢ e A A B

[Cheirslip & Torpeee, 2012]

mAlZER FoA &g FEo] TEHIY WY 2 A8 F Ae AeE dHA=
o, thiot7t 289 £0% /% [Isleten-Hosoglu 5, 2012]

W S2F/7F FUIEEAES Bt EFFEE & F e Y HHTe A7EAAE Bl
UAIZF w27 Ao Az Agacle] obde 4Ae

ETFIVY 2HoNAE f7]1ek4 9 (organic carbon substrates)©] A& FXIFOoEH o =

T alolems E4E A =4

@ 53| 3] &8 Y(batch culture) A28 S2[/F ME F=o AA AibS A S7HA

= 7+ AFTF [Chojnacka & Noworyta, 2004]

of I EVHHEE EFIY =AM wigstd ATtF Folv Bt
ArROE § A&sA 44D o+ 7] vEol] S| A 7] (stationary phase)©ll
2ot o w2 uleleujx R A HES A4 [Heredia-Arroyo 5, 2011, Kong &
2011].

e e dE ZE=FH(glucose)= H7IS wiA|AA C protothecoidess EFFSF s o
7SRO E A-TF] 69% O S7FHJIL olitstgas 615% B WEF [Xiong

>

bt BN

~

Q) "A=F LA
@O B

@b {2l 7<(glass bead) & silicon carbide whisker %%

@ 717 34 (electroporation)

@ FHAF AP (biolistic particle bombardment)

€ polyethylene glycol(PEG) "™

ol ZuH g% Wi/ A} o] 24 (Agrobacterium-mediated gene transfer)
@ mAzF FEARS A9 A

eh & 2 rte] Al (bleomycin)

@ 23 ¥ = nfo] Al (spectinomycin)

& 2=E 3] Ento] X (streptomycin)

€ vtEwulo]il(paromomycin)
slo] L= m}o] 4l (hygromycin)
& 2 %9 Y = (chloramphenicol)
@ A stolL=2rtoldl BE A7 HixoM ddHe S=he AT
ep =2t 7hto] 4l (kanamycin) o] F175HA] g
W SEHges SEHAY S UAsHA g+



A 3%
<A 1 Hll'?—i’%ﬂb

ol Ay A~ HEHR2AY IJeolA| #HAA =Y, A TH 2
d, A HA(Phy-E) 2B A L SEIA A4

[Cloning and expression of Aspergillus nidudans phy gene in Escherichia cdli and

e
-
k!
Uz
4

02
=
Ol
pi=
I

Ak

production of polyclonal antibody against Phy recombinant protein, rPhy-E]

1. of2H AL YEF2 cDNA libraries
elobA (phy) FAAE FA8H7] Hste] &8F PCR W39 F3 (template)> vl A o 8t
A Zs A7) PR EE A FHE ofaddYya YET A 5(genome) cDNA
libraries©] .

2. PCR ¥4 9 2d9y 75
(1) dEtobAl FA o] Zeho] ™ (primer)

@ PCR &= #13l NCBI GenBank H|o|EjH|o] o) 555 ofasde s Yahro| phyB
A A71AE(U59803.1) S Farste] b3 o] atzl 54 AUV ES Zepolm =z
=483

@ 1 Ze}te]v(forward primer): 5-GAATTCGCTTTTTTCACGGTCGCTCTT-3

@ A3 zgto]r(reverse primer): 5-GTCGACTAGGGTAAAACAAGTCTTCCA-3

@ }7] Zeolv= EcoRkl AtE AL AGHL(LE), 3t7] Zgo|w = Sal AFEL

AR (EE) T

(2) PCR HH$

@ (1)o AAG op2H A2~ YETA cDNA librariesE F8 22 PCRS A AISAT

@ PCR HH-&-H(F 5010)2 5ul 10x $+Z Y (Dakara Bio. Inc., Japan), 2u0 DNA(H 5!
10ng), 4¢0 dNTPs(2.5mM), 1p0 247 1) 81 d8) Zglo] ™ (50pM), 3-9ul 25mM
MgClL(#H &5 %: 1.5-4.5mM), 0.5xL(1U) ExTag SHELE E3 ;]-Odt‘r

@ PCR B2 DNAE 95T oA (2%, 1AtelE) WA (denaturation)Al 71 §, 35At0] S A&
S (HA: 94Tl A 18, annealing: 58 C oA 24, 53 72 C ol A 31_)% e
npx|eto 2 72T A 78 FoF ] A3

@ ol MEd A A3, MeCl, w50 Aol B2 W=gl delotAl FAA7}
9593 DNA W= F7]E 1398bpE HZHATHE 1A).

(3) PCR =% JEtobA] F3A DNAE pET28a WHE FEY
@ pET28a ¥H: PCR ¥t o= FEH3F JEtoba] {2 DNAE pET28a ¥ E(% 1B)°l
Z293}7] 98] Novageno. ZHE F33th.
@ 224
b FAFHA AetolA] ZRYS A 7] 2-(2)0ll4 PCRE F33F FEfobA] 37
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DNAE A& FoRlT Salo.2 Hdsla(= 1C, #HQl 2), 5Ye AgaAa=
A pET28a W E|(E 1C, <l 3)9F A4 (ligation)= A AI3FA T

@ 94 vk A L o3 FZo] EFsaL 37T 441t RESAIZH.
- 1pb HEFOFA] 732 DNA, 640 pET28a W H, 1.5 10x buffer, 55ul 57, 10 T4
DNA &]7}o}A] (Fermentas, Canada)

@ YA NS N F 5AL€T§_‘ gt BL21ol H7be & d5o= AL &7 30%
A sAT7E 422TCoA 18 € T4 F Luria-Bertani(LB) HA X E H7}star 37C

S5ollA HlFE AT

€ 7hdwtolAl(30ug/ml)= 3 LB A Ao thES TEste] HAASE FE2EYUE
Adketa, Add FAASES LB(+7Hrtoll) AAufA| o] HFste] 37C 2ol A
Hlj oF sk o

R & FAS A AL dAEeste] e AAT F, IdE=S 28T High
Speed Plasmid Kit(Geneaid, Taiwan)E ©|-&3to] A Z2ALe] Ao wheti
AAE25FH Az SH2v=E E2AASIL pET-phystal WHIATHE 24).

F71eF 2ol AAEte 5H pET-phydll FA {4 IJefobA| 7l A=
AYEQEAE A7) A8 AMZ pET-phyo] ABEL FoRiT Salo2 223
A% BH /AR 2719 DNA ME7E SRIEATHE 2B, #H< 2).

@) €A =Z pET-phy DNAE FF o= 7] 2-(7hH-Doll AAZE Zeto]lw & o] &3t
PCRS 2AE Azt 37 DNAZF $AH AT (= 20).

AR Z pET-phy®] F71M L& Z2Ast] AFAAZE HEol A=z AU=o 2=
ZH Y (codon frame)oll ZA7} &S AT

ﬁ kﬁg

= 1. JeloAl 712 4 B pET28a ME £ 84 4. A of=ddyg 2 Yadx
cDNA libraries 2 %-¥ -45}0}*1] AR} Sold zZefo]lME o] §-3sto] JEolA
FAAE PCRE @48 H S353 & 1795 AAITH F ethidium bromide=
A 1% 0}7}iézé(agarose gel). REg-Hol A d3tut v w (MgC12) &7} 1545
mM(H Sl 14)°] HEE -3 $ FE3 BE pET28a WHE AL F 1%
o7t Aol A FRlg Ce I detobAl wAA et AR pET28a WEHE
AFEL FeoRIst Sal &2 Z47F HAdd & o7tz 2AolA lgt

A w1 2 3 a s B mw 1 2 C ™M 1 2 3 4 5
$3Kb

SKb

ﬁ “\:g “H_)-
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% 2. AZFEZH 20 E pET-phy 4 IAH. Ax o242 RE B 3GA T oA
FHAE pET28a W E | ddste= 4@ 1,35). B JelobA] Fdx7}
AzgZgan o] A4S FH8l7] Yol ATFEL EoRlF} Salo 2 Aesh(# ¢l
1& A8 pET-phy, @<l 2& ATEA A g pET-phy). C= PCR T4 & S|4
v elotAl FH A7} pET-phyol &A= 715 U

3. PhyAl 239 A (tPhy-E) &d 2 A4+
(1) IPTG 23 f= 9 &£4
O A= AetotA] FAdze] @uld BHS F2817] 9l pET-phyE I3 tid+S
LB(+7Fmko] Ay B uf & o] ODgoonm A1 0.6°] = wj7h=] Hj &3} S3 T
@ #3 29 E(Lac operon)ol] o8 =dH= did AHS Hs) 7 il
FEHEFHTEE 1, 3, 5 mM)E Isopropyl--D-1-thio-galactopyrannoside(IPTG) & 1l A| o]l
A7¥stal 37°ColAM 4AZE ¥ mi gt & HHz=de AAsAH
@ W AsEE 4833 10000 rpmoll A 5&83F A4l REEste] Hd=E
BAIE ?i‘%ﬂ%"“oﬂ =1 & oA A RSt Ad=S Tt

o A8 E FHIEA T
@ ATl ZF3H(15-20 pulses) 35 1% HE 02 43](30%/13]) AA AT
ol AEe ASIAEYT F AS5q3 AdE 302 47 U st
Aol EAStE FHHMAL F84 Y, AAE EXgte FENEE 284
3olzt sttt
h 88 28 B84 2Y@ELFT A 59)S SDS-PAGE #4133 th
- A4S Y 20mM Tris-HCl(pH7.5)

(2) Phy-6XHis &god A A
b (4)-D-pell A Dozl B&A B8-S Ao FX HlolA 1583 ARt

43 &5 A (lysis buffer) &2 FQl F Lo 158 F= &3 th
@ &f =S 12,000 rpmoll A 208 dAED} FEHES =3I

N

@ Phy-6XHis §d92d E28A= WA 2 (BM Urea)oll Al Al AR & 3ol whehA
st7]ol WA 37FA] hF A5 o] 83t Ni-NTA resin(Qiagen, USA) A EvE I3
o] g3t &2l
- S84 100mM A1JAHHYEF(NaHPO4), 10mM Tris-HCl, 8M 8.4 (urea, pH8.0)
- A AFY: 100mM A1JAHHEF, 10mM Tris-HCL, 8M 2.4x(pH6.3)
JAMGEF

- 28 ¢4F A 100mM A1JAAYEEF, 10mM Tris-HCl, 8M 8.4 (pH5.9)
@ SDS-PAGE &4): vt 9 FAoidd x4}
@ 4 )—@-@oﬂﬁ F=9 E9E B9 ol E9AA Ao 7 @AV 452 o mio
NEE FHt HARFTAS Hrista 3583t 7}%} < HA"E AEE EHdE
=

@ A71FgEe] ¢h5d F AL FuAEF &Y (methanol: glacial acetic acid: water, 5:1:5,
v/v/v EFHef 0.05% Coommasie brilliant blue R-2505 &3|AF) 0= H M5}
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ol AS Bkt
©@ SDS-PAGE 43+ 23}, Axgohdd e 584 E9dA H7HE IPTG 5%
daglol HulRAE Ay, BAFLE oF 56kDal®E FAEHJTH=E 3A). wEkA, A

=

2 gols 53 2eAAR H2TOUA(S 3B)S Phy-ER PHEAT AF T
S50 A7) 9@ FRo 2= HY

w2
)

A M1 23 45 6 7 8 BmM 1 2 3 4 5 6 7
kDa (S0 % =
— e : T P pe—p— +56kDa
i:)’_ = ".‘sskna o
= = == -3 - —
il - . —
30—
. e =
Pl - A e

Fig. 3. A= E pET-phy2 FAHA&3 ol A=A (Phy-E)S L3 skl
B AASHE #4. A Phy-E 28E& 53517 93 wiA o thfg 5o
IPTG(HI}] 1,5+ JEetokA] FxA7F Ao ® pET28a W E-FA 27, @l 2,6: 1ImM,
gl 3,7: 3mM, #Ql 4,8 5SmM)E A E3taL 37Tl A 442t i3t &

AL EY st ddS st & g &lEY] +84 8@
1-5)% E84 E@EIY 6-8). B MAZANA Ni-NTA resin AZvEIHIE
S A rPhy-ES 2 ZATHH Q! 1: pET-28a WEH 20 A A3 Az g+
S350 B84 BY(SAURT), 9l 22 ImM IPTG A& 3te] w3 pET-phy
FAAG YA &A= B8 &8, @< 34 BEFEHSE flow-through,
# 5= CHFTE&HoR AFH, gl 67 DETEHoE &&3H

4. A =FEWAPhy-E)ol g A A4 2 HA
(1) rPhy-E FAF 2 A€
@D 338 A (antisera) A4t
h &d: £egAE rPhy-E
b A435E : Sprague-Dawley F (65 %)
FAF 3325 14) 2 A (HT FA 152
b 12 FAE AZF A (FE 100pg)+=Z =2
adjuvant) = &

2 A GkE XA (Freund’s complete

@ 22 FAE AZFEANHA(TE 100w)+Z2ZAE S Adukg A = A4
@& 3xF FAR: AZFTHA(FE 100p)+Z2JE S Aukg F3A) = AE

® A AA
b e FEdH o 2HE Phy-IgG 2B AE fa 2l Zo](Millipore) A= F-E A
24 A 71 E(Montage) ¥ Prosep-G media® T3] A ZzALe] Ao wie} oS3
o] A=ttt
&84 < PROSEP-G mediag ©]-&3t] 10ml F2-¢+3 9 (binding buffer) A2}
4 & 3} (equlibration) 3t ¥, 0.22um Sterflip-GP F A& o] &3t & Ao EA|3t=
EEES AASAS
o A7H FEAHL FRAFTHAR A (1:1, v/v)st] =HZFH (spin column)ol]l A g
=

My oot
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gizatE EEES AASY] A8 10 LS HAE HUMeS
=
[¢)

= AEFHoE LAY
LA (500g, 54)F IgGE T 4T HS EoF Amicon Ultra-15 42 HE
A& o] &35t &Y (desalting) 2 FF3FAT
- BRAZAA: 1.5M glycine-NaOH, 3M NaCl, 0.1% ©}A =3} EF(sodium azide),
pH 9.0
- S ¢FAB2: 02M glycine-HCl, 0.1% °tA =3 UEF, pH 25
- F3F5HC: IM Tris-HCL 0.1% oM E3R}EE, pH 9.0

(2) rPhy-E°ll the 22 2] &4
D Al HAA SN 5 3

2 WH ﬂ]o](mtrocellulose membrane) .2 ©]-5 A T}

© # EOV* s %g 94111%} | #l8l UERAEZZ o~ flHHRl 5% FAY /5 Ix
PBSe 5o thE E27 &N (blocking solution)ol] F< &, n¥7| 9]l A 1A &<t
A 2lg & 0.03% Tween-20°] FFE 1x PBS ¢SHOo = A A3 .

@ 1x PBS &=8<: 140 mM NaCl, 10 mM Na,HPO,, 2.7 mM KCl, 1.8 mM KH,PO,
(pH 7.4)

@ dAFA = B5)-(HhHlA B GAT 1gGE 1X PBSE 3]415}¢4(1:1,000, v/v) A&
o|zt8+A = 1x PBSE 3]4{(1:7,000, v/v)3t goat anti-rat IgG alkaline phosphatase
conjugate(Sigma Co., USA)E A+&3I3A T

© LAFA B oA A= 42 1 A WAL, 74 9A F 33 Al AT

® UERAEZ X~ ”ﬂJ H & ?1-& nitroblue tetrazoilium/5-bromo-4-chloro-3-indolylphosphate
S A Z Ao AHejste] WA T FA-FANGS AEEAT

oh LA ZH: 100 mM Tris, 100mM NaCl, 5mM MgCl,, pH 9.5
@ 919 A=t ES Yo E AxdeidS &% A3, U rPhy-E9F 78kl
SHAl RESSIATHE 4). H19 AFolA 1tH rPhy-Eoll tid EFE2FA =

AHAAANA ot YET2 JElolA] AitdFE B4 ARd 5 QA T g49

54 7ol A8 F Aok =3 AR A EolA olad AR~ UET 2 JERobA|

ft AobE Az Phye] 484, HA pH, €44

i

7
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56kDa—

Fig. 4. rPhy-E°ll th3 A S AL & ZYAAT S8 gGE 1AFAZ A7
Al 2=&1 &8 (Western blot) 4. pET-28a MEH 27 A A tiFdd o= HH

& Tl 1) pET-phyE F2HE A7l QAAOZRE 5%
02 (FH 2l 2)

ofe
e [
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Jrudes Usaxss Weo fdA 224, 4% 0 24
32 AzIEHA(Phy-P)e E4TH L 54 73
[Cloning and expression of Aspergillus nidulans phy gene in Nicotiana benthamaiana for

the characterization of phytase activity of Phy recombinant protein (rPhy-P)]

1. ol A Y2 YETZL JEotA T2 cDNA S8
g gpobA] FHAE I st %L%Q PCR -3¢ 32 ot~y del 2 YeEd9
A& cDNA librariesZF8 43 & pET28a #WEle] 293 pET-phyE AH&3IA T

2. PCR &4 9 ME(Shuttle) HE T35
(1) 2 AFo| 289 Zetolne ofamdel 2 Usere Fetold §474 So|H
Zgloln] @ HEWEZS SAWo|gstE Zefo|m 2 #E19] A AT

Table 1. PCR ¥H&9)] o] &% =Z#lo]n

Template primer nucleotide sequences (53°—3")
pRTL2 MI-RTL-F! GAAAATTTTCACCATTTACGAACGATAGCCGCGGCACTCATC
MI-RTL-R? GATGAGTGCCGCGGCTATCGTTCGTAAATGGTGAAAATTTITC
pET-phy phy2-F* CCGCGGCAATGGCTTTTITICACG
phy2-R* GGTACCTTATAGGGTAAAACAAGTCTTCCA
pRTL2-MS-phy M2-RTL-F# TTACGAACGATAGCCATGGCAATGGCTTITTITIC
M2-RTL-R® GAAAAAAGCCATTGCCATGGCTATCGTTCGTAA
pPZP212-phy phy3-F CCGCGGCATCTCATGTITTGGGGT
phy3-R TCTAGAGGGGCTTCCGGCACC
N. benthamiana total RNA phy-domain-F” CAGAGTCGAAGAGTAAGGCGTAC
(mock and agroinfitrated) phy-domain-R’ GTAGAACTTGGCACCCGAATCAAC
N. benthamiana total RNA 5.8s rRNA-F® GTGATCTGT GGAAGGATCATTGTICG
(mock and agroinfitrated) 5.8srRNA-RS CGTTAATCATCCGACACGAACGC-

Wd7) ZetolmE AIFFEL Ned ADHE Sadl AHE(LE)E A= HEAW)E Y 3 9 zejojn
U] AY TekolW Sadl AVEL AURS(AEF) LT
Y37 98 Zatolw= Kol AREL HARY(LE) 2 F
471 ZElolw s AANIZEATG) B75 S FAEdwel s 23 9 o3 =Zelo)n
7271 Zglolwl= T EFOlA] domain A8 Real-Time PCR 28 @ o8 xzlo)n]
8371 ZelolwE 585 rRNA $4§ Real-Time PCR 33 2 3] Zejo|n|
(2) AEHEH =AW |(site-directed mutagenesis; SDM) T Z}<l
O ME9E pRTL2S] FHAEATIA E(gene expression casette; GEC)ol & A& A Ned
AGR 7} EA3H=(5-CCATGG-3), A9 d7] 5 ATG A 485 FEtokA|
Azt T A NANIZECZ T8z SATHE. 1a,b).
@ 2 SAetolA fAAe 914D BA A% 484 YolE 3709 Aed A9}
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A= E}J%}%E}(C 1c).

@ wahA FEQHo] PCRE A3ste] pRTL2Y Ned AEE-$2 271 971 ATE GCE
AGANA 2 %4 Sadl AEE-9)(5-CCGCGG)E WAste IS 1A th(=
1a,b).

3 Phytase gene
il (1392bp)

(b) (o)

H— Aval - 279 - CyCGr_ G

Phytase gene

~ACGATAQCCGOGQCATTCAT 3
---chTAchGcsccsrchA---s}"RTLMS""‘“"
Sac Il iI Cloning

§« _|GGCAATGGC-3
3-[EGCCGTTACE G---S}P“"“’““’“‘

~ACGATAQCCGCGQCAATGG G2

' TGCTATCGGCGC G TTACC G5 - =

6MUT&Q&T\GSIS — Pxtl - 863 - C_TGCA'G

; . Hl

~ACGATAQCCATGOCAATGGC-3

' TGCTATCGGTACC GTTACCG"-S}‘)RTL:'PM“G T ——
Neol

}pnn.ws Phytase

F— Dpnl - 1153 - GATTC

— Sacl- 1220 - G_AGeT'€
— ppnr - 1268 cATTC

= 1 o= dy 2 YED2Y AeobA FHAE pRTL2 vector® 4F4st7] #13 =
pRTL2 AL AT EE 355 Z = R E|(promoter), TEV A XA E(leader sequence),
AALEAE 9l (terminator) 2 S 24 % Ned F91E 33 U5 (). Nd
Bolo] AT 9712 GC @71E SdAMo|8t AA Sadl F-9& WAT (b). I EtolA|
FAAE 3709 Ned 7918 ZFF (o)

B) ME9H 12 =AWl PCR
@ 3F19] AAS MI-RTL-F&} M1-RTL-R Zglo|HE o] &3}4] pRTL2 MHE FHO2
PCR< A8kt
@ PCR BFSEA(F 50uL)2 5ub 10x 2HZE A (Stratagene, USA), 10ul 73 DNA(HZF
10ng), 1xb Z+2F 25mM dNTPs, 1u0 Z+2} forward ¥ reverse 3Z}o] ™ (50pM),
10250/ ul) PfuUltra™ DNA Z 38 24 (Stratagene, USA)E E 3319 .
@ PCR ®g-& DNA% ek HHEEFA S 95TAA(B0x, 1 AbelF) MAAZ =,
5Tl A 30, annealing: 55ColA 1%, SF: 68TolA 5&)

2 o
Ip
&
o[o

.

o
\O

@ 49} 2ol o%% PCRAFES Dpnl(10U)$} PruUltra™ DNA S E4(2.5U)S 37T olA
30% B 72°Coll A 304 A3k WY (methylation)® ¥ DNAS} sto]He=g
A A 8t e

® EAWo] pRTL29 EA)3t= Y (nick)2 £ coli XL1-Blue competent celloll &2 3HA] A
B33k

;.4 A3, AWM pRTL2E FA3H9 3, ©]E pRTL2-MSEaL HHSATHE 2a).
445 pRTL2-MSS] GEC H#-$loll 443l7] $18l & 1] A A3 phy2-FS} phy2-R

ga}o]tﬂg} pET-phyE F&O =2 o] &3te] PCRS +333th

qop

®
@

F
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(4) dEtotAl F3d4 FF PCR
@ PCR & ‘?ﬂ(% )‘_ 50 10x €% W (Takara, Japan), 20 5% DNA(HFTFE:
10ng), 4x0 AN TPs( FE25mM), 1pl 28 2 938 Zgko] ¥ (50pM), 1.5mM
MgChL(HEFFE), 0 ( U) 7Tag =& &4 (Takara, Japan)S X335t
@ PCR HHg-& DNATE: ?‘é}%f‘é} IFS S A S 95TCAAQE, 1 Aol F) MAAZ &
3540l & A5 WhE(HA: 94T oA 1+, annealing: 59 Col A 23, S3F: 72T A 3&)=
A wpA o g 72°C oﬂi 78 & O A
©® A3 23, 4 WMl dgokA] FAATE GAEFHJAL T DNA =g =7]= 14
KbE #Z5 ATHE 2b).

T 2 ofaHAEH 22 FEPobA FHAE FHE EAHO] pRTL2(pRTL2-MS) H E]
T3 (a) @%?i&ﬁﬂ PCRoﬂ °| %k pRTL2-MS ¥¥ 4 (2 1,2). (b) PCR TFH
g etobA]l FAZHE! 1,2). (o) ATFEA(Sadl L Kprl) = AE I efolA] {2k}
pRTL2-MS. (d) FAASE 4T XL1-BlueZ2HE A2 E pRTL2-MS1-phy
AL () HEtobA FHAL] EA FFE AFEL Sadl D Kpnl 02 32 ()
gEefobA FHAA] EA FFF phy2-Fe} phy2-RE ©| &% PCRE &< M: DNA
Attt2] (ladder) A

(5) FEtobAl 32 DNAE pRTL2-MS HH=Z 224

D @)olA EAMo Al pRTL2-MS el st (@)ol 4 PCR 223 slebola] 42 DNA
7+ k& PCR quick-spin™ (Intron, Korea)E ©]&3t] A ZAF X Z o uhehA
oprt A2 RY st

@ 7 DNAZ AdE2L Sadie} Kpnlo 2 A3l (% 20) 92S AA I

©® 92 RS g3 2ol EFsAL 16ToAM BHA AT
- 640 phy DNA(10ng/ 10), 210 pRTL2-MS DNA(5ng/ ), 2u0 10x buffer, 90 57, 1u0

T4 DNA #]7}o}A| (Fermentas, Canada)

@ WA F 5uE AT XL1-Blue FAHE ol o] 833t

® FAAZTE d FAHUA2TNA 1.58)S A&

® 7MY A D (B0us/me)e 13 LB LA Ao A& =Este J2d8 =Y
G

it
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(@ M 1 2 3 () M 1 2 3 4 5 6 Gy Mm 1 2 3 4 5 6

ﬁ——ﬁﬁ-— b=

6Kb =

52— 1L —>

IKb—>

T 3. ofaH Y2 YET dEtolA] §HAE T § pRTL2-MS2-phy 2]
HEAWol. (a) Dl o2 AT PCR 5 J ( 21 1,2,3), (b) tH+ O = E
221G A3 pRTL2-MS2-phy #E], (c) xﬂ StEAE HAASH( Hindll 2 Pagl)
pRTL2-MS2-phy. M: DNA A}t}E] (ladder) U}aﬂ

3. ALY 74, olxZutH 2]ol(Agrobacterium) A A ¥ E agroinfiltration
1) =LA Y pPZP212 773
O AzFEFeG2=rE pRTL2-MS2-phy 2B A& 4L HindllE A Elst] GECE
A TH=E 4a, B 2).
@ GECZ pPZP2122] T-DNAc°] A1st7] 943te] pPZP212HE & FU3E A
A A THE 4a, <A ).
@ ATdEA HE" 2 27+2] DNAE T4DNA Z7FoAE o] &3l AoA dAsATh
@ 942 W& HE A+ XL1-Blueol] HAAEE & 2~ =nbo] 4 (100ug/ ml) S 3
aA A o] H7bste] FEUE Ao
G Add ARSI FE LB(+2HEmvto]dl) A ufA] ol A v Fsto] pPZP212-phy S
YA AT S 4b).
©® pRTL2-MS2-phy ZH-E] fr2i¥ GECH-917} pPZP212-phyoll EAst=71E A4 38171 9130
AEA Hindlls A2 3Foh.
@ 1 A3} GEC7F Az E o] Snt2 Add A& A ATHE 40).
E10] BAE phy3-F} phy3-R Zelo]HE o] &3] PCRE B4
v epobAl FAAZE 4TS FASHAT(E 4d).

rok
F°1‘

RS

i

3} pPZP212-phyo°l

®) M1 2 3 4 5 6 7 8

too—> R L T ]

€) M 1 2 3 4 5 6 7 8
SKb=>

@M1 2 3 45 6 7 8

25Kb—>|
1.4Kb

T 4. A EWAWE pPZP212 T3 (a) Hindll2 ATHg pPZP212 HE| (<) 1)<k
pRTLz-Msz-phy% Hindll2 Hdste] faxpdaziAee] 2@l 2). (b) tdd
XL1-Blue2H-E] A ZTHME] pPZP212-phy 1A, () FAALTAIHES] &4
75 pPZP212-phyE HindllZ Hste] &<l (d) pPZP212-phy el EAst=
sefobAl fHAE phy3-F % phy3-R Zefo]r|& o] gslo] PCRE &¢l. M: DNA
Ath2] (ladder) vFA

(2) ot1=2MrE| glo} FEHE Y agroinfiltration
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O A8 AZFEFG2v =1 pPZP212-phy s A7 FHll 9|3l Agrobacterium
tumefaciens C58C1°l & A2 3HA| 7 T}

@ éﬁd}ﬂiu}omaooﬂg/mﬁ) 2 EFEv}o]2l(100ug/ml), AEFTFO] A (100kg/me) 2 2] F3] A
(50ug/ml) 4% YA FHH LB nAm R 9o #5585 =LA TH

@ TFE 27CAA Hige & AR F2YE AL

@ A FAHZAT T GRS AVl HAF 4FY AT ¥ LB AA 6] A o A
gk & AzFdEgav s BYAGAFATHE 5a).

©® AFEAL HindlIE Agste] GEC7T AZFHH A SutE A4dd & A AH=
5b).

® =% 1o AAE phy3-F& phy3-R Zgto|HE o] &3t dlEtotA] FHAAE PCRE

in

@ pPZP212- phye 7ML A FAASTFE 459 AT FFE LB A A oA
é;!Ok v ek & 6000gol A A A AT

AHRES ATE5 80 S0l 759 F5EF ODgonm=1.00= A3}t

@ #F5 vkl AAR 3ml FAIO 3L oY Nicotiana benthamiana 222 233l

FYT F(= 5d) HTAES AEAGH2AZ #, 26T)0l FATh

T 5 A7AFHAA oal Az E pPZP212-phy & Agrobactenum tumefaciens C58C1 0. &
FAHEA 7. M: DNA Atk (ladder) PHA. (a) 8 A8E ol 2ute g]ol2 5 H
pPZP212-phy o] &&]AA. (b) FHALATANES] EA {55 pPZP212-phyS
HindlI2 Hd3ste] &2l (c) pPZP212-phy Wl EA3tE I EfobA] F2HE phy3-F
2 phy3-R Zglo]H & o|&3ste] PCRE &%l (d) o2 E24Egots FUT Nicotiana
benthamiana %)

4. JElolA FRA AL HA
(1) RT(SAH)-PCR=E A EtobA] Fx2 Td AA
@ pPZP212-phyE i3 ol1=ZdtHge& FUYF F 154 ¢ W LT =27]9] 4=
T3t HEfolA] FHAbe] A A (transient expression)= RT-PCRE AT
@ o4& AAEALE vt RNeasy plant mini 7] E(Qiagen, USA)E ©]&3to] A A}
A Z ol ks F RNAE 83 § RT-PCRe o3 Zo] 33t th
@ HFEH(F 2040)2 500nge] total RNA, phy3-F(1u0)2} phy3-R(1ul) Z&+o]™E Maxime
RT-PCT PreMix Kit(iNtRON Biotechnology, ¥t=)°ll Z3Hgt & Z§3td ot |
@ o] WhgEFAE 45T oA RTHH-EGE0R, 1401 E)S T §F AU TAAGE, 14401 F)

<

-
e}
<
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RTRH8-& 843471 3570 & AL0-(84: 94Tl 1%, Zetolw annealing:
59Tl A 28, ZZ: 72CoA 38)S A wxgtoz 72CoA 78 S+ o X3tk
® A3 A}, 14 Kb e RE ABoA FZHAYTHE 6).

% 6. pPZP212-phy & 73 ol12utH glols FUT Nicotiana benthamiana 3o A
] glolAl mRNA H&d F5FE5 RT-PCRZ £4. @ 12 S ZTF(mock infiltrated
control), #¢l 2-62 olAERIH|EoLE FUF 1, 2, 3, 4, 5€ &3 1. M: DNA
Att}e] (ladder) ¥}

(2) Real-time RT-PCRZ 3] E}obA] FxzF od A
@ pPZP212-phyE i3 ollZHEgle& FUZ F 5dak A= de F&3ATh

@ %s o Zi]’é/\i o} shar RNeasy plant mini 7 _E_(Qiagen, USA)E o] &3t A=A
A Wt F RNAE £33 & RTE o3 2o ago}oiu}

@ WHeEFN(F 20;1/3)0 100nge] % RNA(clIZutE|ZolE #8 9 A8) 2 14
phy-domain-R Zz}o]™ &} 140 585 rRNA-R Zgto|HE 717 05#@(100U) M-MLV
AL 4 (Promega, USA), 40 5x RT buffer, 8uL dNTP, 0.5x£(20U) RNase
A A A|(Takara, Japan)E Z&3t3 L, o] HH-SEFA S 42T A RTHES (60, 1AM0]E),
9Tl A (5, 1At0]F) RTHHES EZASIAI AT

@ qPCR ®HZH(F 200)2 10 cDNA(Ing/ L), 1040 Brillant III 2x SYBR Green QPCR
Master Mix(Agilent Technologies, USA), 10 10pM %3] 3 Hd) Zgto]w(3E 1), 7ul
STHTE A

©® qPCR W3- Stratagene Mx3005P Al o] & ] (Agilent Technologies, USA)E ©]-&3}
95°C ol (155, 14F0]Z) B 404102 ALk (W A: 95T oA 10%, Zejo]w
annealing¥} extension: 60T ol A 40x) A 2|3}t

® BEE v ola=vtEglols F=UT N benthamaiana=4-E] $/33 585 rRNAE
WA A 272 o] &3kt

@ A= Hit C (= 7a)

eh detobA]l FRA S ol 1=ME Y =
@ detobAl F2; St ol 1=HE P %
@ SAYET 49 58s rRNA: 21.90

@ 0/\-111112:'1 el. 27171

@ detobA] 82 mRNA o3 8 5 sAAdET o Hlaste] Jjetoba] A=}
S ol 1RUHE g RS FUT Al 200 Hi

FHg o 1911
Tk o] 58s rRNA: 21.47

tlo o
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(a) (b)

1
1
t\
|
|. =0
o
i | / \
Al
2w
[
*
l Relative quantity (dR) I

% 7. Real-time PCR #4]. (a) Real-time PCR A3}, (b) o}12utH g3 F 594
AG-P)H SAWET A(N-P)S] FAetoA] Fdz B & Hud

@) Az=dES E4 o2 Axd A (rPhy-P) AA

@ pPZP212-phyE i3 ol 12 EgES FUF F 1-5¢ ¢ MY LT A7]9 A<
S5t A8 E FH]5Y T

@ AEE 1x PBSE whsta A4 & st FEHS

@ =" EAA s AASSAS HUbska 3-583t
SDS&+ 10% Zejot=adolrtol= A 27]¢] At SDS-PAGE 7] &< AA3FAT

@ FA7]FdEo] ¢4Ed F e AS FrAEF LYo E FAste giE S EASIATHE
8a).

© SDS-PAGE A7
Sk I P S B e

.9_.}_\- =
® HI5ClA s A7) 8 5% FAL EHE 1x PBSOl Fof wHE

o
El
=
N
do
=2
>
—_
>
o~
oft
r o
R
AU
o
o
o
o
(O8]
N
H
s
]
]
2
N
o
o
ll?i"
do
i, ©
—_
%
-
o~
N

%
AgA = tgFAA HE AZ=Fd Phy-Eol tis] A4HEE Phy [gGE 1x PBSE

conjugate(Sigma Co., USA)E Al-&-3} 3t
© SAGFA R OIAFAE A7 1 A WAL 2 @A F 33 AHSA
10 nitroblue tetrazoilium/5-bromo-4-chloro-3-indolylphosphate”} 3-8 A k59 o
NCME A gsle] @A A 7] & 32 a2 A5t}
@b 1x PBS &%-&: 140mM NaCl, 10 mM Na,HPO,, 2.7mM KCl, 1.8mM KH,PO4(pH
7.4)
@ FAZFA: 100mM Tris, 100mM NaCl, 5mM MgCl,, pH 9.5
D Asdel 24 A%, AZFTNA Phy-P ol L2 L FYF I BE
NBA5L3H A 2 DHAH AT, EAFLS F 62kDaoZ B2HATHE 8b).
@ rPhy-Pe] BA#E o|25 o2 A4FslW 51kDac]7] oo 10kDad] o]t
T3} (glycosylation)ll &3+ o= FHFHT
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% 8. pPZP212-phyE F+3t okl =utH lots FU37E Nicotiana benthamiana 211 A1
T2 Az getobAd @il A, () FrAEF AAE 10% SDS-PAGE ﬂ' (b)
TUT A@)e] Ax"FEE 24 M, AT mA; ER 1 s AuET 9 g9l 2-6,
ol 2utE golE FUZ F 1, 2, 3, 4, 593 U

5. A=A (Phy-Pe 54 3
(1) rPhy-P9] 23} #4

@ Shiff's Al oF A1
@ rPhy-Pe| @3 A=5 24317 HoH pPZP212-phyE 9-f¢ o2 E 2 as Y
59 & & st A

=
@ AZE 1x PBSE vhsfsta 2]
@ 10% SDS-PAGEE A A3l Xg% 50%(v/v) wlEkEoll 73]
A28kt
e AL SHTN 207 AAT o 2% H8 2 =4Hperiodic acid)ol 158 A 35l
ASAHTIE FRol 23] M FH S ATHRE/13]).
A& Shiff's A 2F(Sigma, USA)ol 8 FAo] vehd wf7tA] wwtetax |23 5 23]
SHTE AlAsdt.
AL 2%(w/v) T84 TH(sodium metabisulfite) ol B 7+ ATt
th A Ad, pPZP212-phys i ofIZ8E - T 5¢ T YollA FZ3 Phy-P
ool G E TS AFIAHE 9a, gl 3). LY (5)-@oll A AAIFH
BHow $Y3 AR PNGase FE A3 21& 29 3tEo] A EA] AUTHE 9,
A

9

o] &3 Azt A rPhy-P 4
& 43171 918l peptide-N-glycosidase F(PNGase F, Sigma,
USA)E Al 50| XM‘G}%{E}

B NEGOug)E T3 4540 50mM 1LY E F(sodium phosphate, pH7.5) &< ol 540
HAZ-EA(0.2% SDS, 100mM 2-mercaptoethanol)E F7}staL, 100C A 1023t
gl g S WA A AT

@ ¥rEEFAE 15% Triton X-1005 A2 skal 540 PNGase F(500U/ml)E H7H3F <
37°CollA 3AZE A2 soit.

€ 100ColA 51 dA st W= A7 10% SDS-PAGE B A28 &8l 245
TsA

A A, a4AY ARe §EEEo] of 56kDa MMEE #AAFHA L, FA Y AlEe
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62kDal. &= #ZEH U wetA rPhy-P7F B35 AeS oA ASEHATHE 9b).

a M1234 B mo12 34
70kDa —
70kpa— R 55kDa
55kDa— )
| — L

% 9. pPZP212-phyE &3+ ol 1249tEgots F4 ¥ 5U X} Nicotiana benthamiana % 1 A1
FE% Famdo A Z3tE rPhy-P B4, (a) Schiff's Al¢fo2 AAIE 10%
SDS-PAGE 4. M, A3 up#; @l 1, 2214 Ag Phy-E; &<l 2, 802
QoA FE3 TEWA; Gl 3, 5Y2 N benthamiana A4 FE53 T 2o
peptide-Nglycosidase F& F*2|; Lane 4, 592t N. benthamiana 2} ol
T Aol peptide-Mglycosidase F& A 2. (b) otL=¥ e 2olE FUT & 5L}
N. benthamiana A FE3 FEMAL FHANZTNA F23 FTEHHAE
A=eE3 £4. &< 17 32 peptide-Nglycosidase F A&7 Alx; #<l 29} 4=
peptide-Nglycosidase F A 2] & Al &

(2) A= d rPhy-Po] §484, H4 pH, HZ &&= 2 4344
@ rPhy-Pe] dEtotA] &4 2 H 3 pH
) FENd FEE: FAHANET o, ofa=HH Eol F9d F 5dA S
£ 7 A (blank)
@ RHEAFEY 4F
- 50mM =¢e}o]4l(pH 2.0-2.5)
- 50mM ZAMJEE(pH 3.5-5.5)
~ 50mM MES(pH6.0-6.5)
~ 50mM HEPES(pH7.0-7.5)
& 714d: ZF 458 300409 sodium phytate2mM)3} CaClh(ImM)< A FH o
e 71dE TR 4 ST &l Bl ANE10ue)E H7FskaL 55TColA 30&3E
A st
37510 5% E ] FEZ oM E4k(trichloroacetic acid)< H7}ste] ¥H&-& FTE3ATH
WA A kS 75040 H Vel 58 A 8]S4 T
- WA 55% Akl &g 1.5%(w/v) =8 R4 R (ammonium molybdate, 4
vols): 2.7%(w/v) 4HAIY A (ferrous sulfate, 1 vol)
W) EFFEAZ FFX 700nmol A FF A A3t EFF M (standard curve)Q] Fh
vl w =4 Sk T
-SRT E¥A FRAE

00= wE
- olazuE el 29 F 594 o F

o2

4o
)
o|N
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@ FEtobAl 1 FR(U)2 189 lumol Pis WE3shed Hogh §4¢0= 3ttt

@ Eol& & (specific activity) U/ug TEHHAZ 343 T

) EAEFL 2 B FAA+FZFHARE ASIATHAI RS 371 BHE /13] &4)

@ A3 A, olxaddey s YETS FAeolA 1S BHAZ N benthamiana®)
Aol detotAl o] FAE 7Hx AxFehuido] HakE A

@ o= AdY 2 UET: AxFod e Jetobd] 4 7]Edd R ofxvde ~
ZE°] PhyA(#3 pH 55) 9 PhyB(H#4 pH 2.5)%+= th4 Zo]7k Uit

&b %OH AT APz A 2712 HA pH (pH 4594 Ha 43 pH 55904 %

2 F)E BRI 10a).
@ rPhy-P«l defolA] 4 HA 2=

@ (2-Dol A H FAE UeERH pH 459 55 A HAH2x 2 YIS
Ao

@ FENE FE2E: FAUWET <, otka=vtH ol Y F 594 4 9 FHRF EFA
HH-g-9hZ 89 24P EF(pH4.5%9 pH5.5)

@ 714 271A] W3- 4F 8 3000°] sodium phytate?mM)Z}F CaCly(ImM)S

2%: 37T, 45T, 55T, 65T, 75T

YUz 932 1L2)-0O3 5Y3A

) A9 A 274A pH =0 FAFSHA HF Aol 45-55TCellA BZEH Y= 10D).

a8 Y 65-75CollAd = E4840] oF 1/3 =22 7254

@ 919 Az FelolAl FHAE Bl o5 doll digk RS o FUIAIACK &
ool Ades YA

@ oE Eol 7l A& ofrlst AES 13T ool Aot a2y AA RS =

4714 BRI dARls F97F 1y didelth

O[O }-}Jt

o
1%
=
>
Sh)
v

a
200 b 200
E E
S 150 =2 150
> z
= =
—— o
g 100 S 100
i @
[ ] w
: £
0 50 2 so
E o
a a
o 0
2 e we we weae B 9o B 37 a5 55 65 75
o~ ™ ™M ™M = - w0 w W w ~~ r~
pH Temperature (T)

% 10. ot EutH o} FY ¥ 59X Nicotiana benthamiana 14 Hd R 3|ElobA] &4,
(a) 2o setola] BAo] vA= pHe| &3} TFE pH Z710)A )
EABAHE 55C, 30 A & SAHAG AHEHE deEde e Ath
50mM glycine(pH 2.0-2.5), 50mM sodium acetate(pH 3.5-5.5), 50mM

MES(pH6.0-6.5), 50mM HEPES(pH7.0-7.5). (b) &&H¥ élgl T ElobA] Ao wX| =
=9 &3 G4BAL pH 459 55 2ote A 2% 37-75C 2 308 A7 F
ST HolEE Sold 40w RALHJYN Z FAE FHE+EEHA (0 = 6)

@ rPhy-Pe] &33} Aol m& &4 A (thermostability)
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b (2)-OlA H FA4E YR pH 45 ZolA 2% 3 293 AHgd g WEH &

W ToNE FEE: SANET o, ofa2dH ol Y F 5da I B/ F/HRF EF A
23l 84 PNGase-FE A3t Al89F T4 A8
& LT 8 2AUEF(pH4.5)
€ 714: 2744 ‘?_%%%*%"—1 300L° sodium phytate2mM)¥} CaCl,(ImM)= -FAl ZHth
&% A2 45T, 65C, 75T
"S- A1 7F: 10-30
@ YA ¥-2126)-OF YA
%}%@r A2 3FA] &2 rPhy-P= 45ColA 108 & A dla IJefolA] S o] 54%0l A
302 ¥ 100%°] =2sATHE 11).
- WHAo 293t A elH rPhy-P+ 45ColA 108 = A3 detotA] &Ado] 6% =
w43 AaEAG
@ &3t AgstA &2 rPhy-P+= 65ColA 10 & A2 detotA] &do] 37% =
FadA oY 308 $= 2% FAFA
- BHAo] 293t A2 H rPhy-P+ 65ColA 10& = A3 detotA] &Ado] 6% =
343 A A
@ 233t xelstA ¥ rPhy-P= 75TColA 108 F Zthz detobA] &do] 23% %
AR oY 308 = 18%5 FAISHATH
- Whdol g3t A2 rPhy-P= 75Tl 102 + i3] dlgtoba] &4do] 5% =
w43 AAaEAN
g 100 ) : B Glycosylated rPhy-P (45°C)
= W . @ Deglycosylated rPhy-P (45°C)
2 ) [ Glycosylated rPhy-P (65°C)
ﬁ L i gEg Deglycosylated Phytase (65°C)
% 40 h g P ZZ2 Glycosylated rPhy-P (75“2)
K e e a ] Deglycosylated rPhy-P (75°C)
" “H;naa ‘H}ﬁ’aﬁ i
10

5 11. rPhy-P2] IElolA] &9 detA Aol miA= F3t 2 2338t a35 45, 65 2
75°Cel 10 - 30 A8l & A3 dolHe JUgdoz TdHUT 4 FH =
H+ZFHAZO|Hn = 6). Hol gz TAE e Fo3k 2ol & YeER(p

< 0.05)

3) A=FMA rPhy-Po| 714 5ol
45 =24 7]d e g rPhy-Po| 5ol4& Z@—S}%{E‘r.
@ T FE= SANET 9, ofa=wEH o

N g
]I.O
o
Ul
e
4
Mo
W,
of\
it
RN
i
o
I
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@ YA 9-g22102(6)-0F LA

2% A}, (Phy-PE 45C 2 55Co|A FH9F 712 Sol4de Jehjgich

© 53] AMP, ATP, ADP, tripolyphosphate, pyrophosphate, acetyl phosphate, sodium
phosphatedl] & A& 4dS At

1 714 F tripolyphosphate”} i &4 & YeERH AT

a 1o ER

e b o g = I
L g h L e

80 4 £ = d d
g |& g
> cd cd d >
£ &0 bc ab a a £ 0 2 ab ab C b €,
T k]
© Ll
o @
2 2
& 40 @ 40
[ [
14 ['4

20 20

o 45 o 15

1 2 3 4 5 6 7 & 9 10 11 12 13 14 1 2 3 4 5 6 7 8 8 10 11 12 13 14

% 12. 45°C(a) B 55°C(b)°ll Al rPhy-P¢] 7] SolA. A3 BE 71H9 $5F 2mM<
AHESEA TS 1, AMP; 2, ATP; 3, ADP; 4, ethanolamine phosphate; 5,
O-phospho-l-serine; 6, B-glycerophosphate; 7, tripolyphosphate; 8, pyrophosphate;
9, pyridoxal-5-phosphate; 10, fructose-6-phosphate; 11, glucose-6-phosphate; 12,
glucose-1-phosphate; 13, acetyl phosphate; 14, sodium phytate. Tl ] E &=
Arjggos RAEYT 7 4AE BFewFEAAo| T (n = 3). vhr) 12 =0
FAE Lol ol AolE YERH(p < 0.05)
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FFEISF 2AA =24 AF H volenma FUE 9
& N=EE HiA

[Modification of culture medium for the enhancement of (hlarella growth and biomass
under photohetrotrophic condition]

7h PM R dZFu S 918 A BG-11H1A] =4
1. 9AIZF
1 =+

FzAze} BrVe] 2 (Chilorella vulgaris) AG40004E FH=-A) ™3 3-8}
Bofgtol BG-1181 X (pH 7.5)° w3t FAFFZ FA3H9

(o
Y
-
flo
O:Oé",
o
fil
i
i)

(2) BG-1181 7] =4

g/L: NaNO;3,1.5; K;HPO, 0.04; MgSO,4-7H,O, 0.075; CaCl,-2HO, 0.036; Citric acid, 0.006;
Ammonium ferric citrate green, 0.006; Na,EDTA-2H,0O, 0.001; Na,COs, 0.02; 1ml trace

metal solution(g/L: H3BO;, 2.86; MnCl,-4H,O, 1.81; ZnSO,-7H,O, 0.222; Na,MoO,-2H,0,
0.39; CuSO4-5H,O, 0.079; Co(NOs),-6H,O, 0.0494).

(3) WigF=A
@© X&) 7]
@ "WFe=: 27°C
@ 3]H4=: 170 rpm

@ 3%: 4000 Lux, 24 A%k

(4) 333U = (optical density; OD)o} B&&E &4

@ oFh (3), @) L G)l AAF A4 A FrolM wj g rHzF =4
et ERFFEAE ©1 85 FFUE(ODsos nm)E 578 3HATH

@ & (growth rate)S a3 22 32 [Huang &, 2002] 2= 52 & (proliferous rate;

K)3 % #AH tlAl7Haverage generation time; G)& Al4Fsle] #4314 T
logOD, —1logOD,
7 K=t T B 332 (OD¢ 7€2F OD%L; ODg: 0¥+ OD%Y; T; HiF713T)

@ ola) =22

©@ FAA E4< f8 A4 AYFEE)Y Baat vas 9H e gera
mutiple range test)oll &3] FojAo] AFH AT

_I

717 (Duncan’s

=
o

9 FEU(ImM, 3mM, 5mM)E A7h8 BGA1HA o] S} BrlesE 3
[e)




- 718 A o7 BG-11¥lA 9] sHfH A

it A2 0.0036% TA4H(citric acid), 42 0.15%
AMUEE, da+d4h BFYE 0.0006% TA4AHE G EH(Ammonium ferric citrate

green)°| 3¢

- WA BG-11HiA o e ©AYH HAade O FEFo] BEFy] " wAERRF

of A AsEA AEe FAseY AT

- WebA BG-11HlA o] ZEFS H7tske 2o d¥tE < [Zhou &, 2011]
C

o ]
Zeds Brlgal A Y] (L5 27

© , B W45 170 rpm, 3 4000 Lux, 24 Al
2yl A Hokﬂ‘”‘jr

@ FTEILE 1AM 7 Al T/3 WE Fds o, 7] OD ¥+ 0110152 =
AE A

@ A=A

b AFA3(= 1), BG11HiA o] F7H3k =9 s #Agle] S=det EVlg == Al
2 WA 20 A8E #% 1¥93HY Fx7|(lag phase)E AA F2]7](exponential
phase)= X 2= AT

@ 2242}t Brtgas E5Y SmMe H7HEE wiA A THE S5 ARS BAFAa
547 ASH FA7|= 25T o] ATl weba A A 7 (stationary phase)E %
= AT

@ Hide] F2deg Erlglas XEY ImMS H7Eg v R oA &utst 438 YEeERth
7F Wi 3¢ 3?— AAZ o =Estdt.

@ 1mM, 3mM % 5mM X5

% 1. BG11H A (A--A)o] B9 55

< Z7F JUkek BGIIA A W 7 & 2=
2]2~9] OD %k% FH7EeE BG-1191 %] 9} wlasted of 4u), ouj 31 159 = 2
SAH A

Absorbance at 595nm
o
®

e ——— &

___________

0 1 2 3 4 5 8 7 8

2 1mM(. .), 3mM(O--0), 5SmM(V—V)<
zkzk FArvetal S 2de BVt AE HEI T 793 wigstH A FSA = (OD)E 595
nmol A 583 A=t 2 AgF¢ OD %P 3HHE O WA +RFHAL

A% A3} £ 18 = 19 AFAFAY A gk

Y TEE 1mMoﬂA1 5mMZ 2—7}/\]2% S o, 24 7t
< R A AT
2%7}% B(}nuﬂzl% H] L;H% uj, Z2]E52 6nf

E% FFAHAIZES 1/681 SG=H AT

a1
=

<
5=
b
ot
filo
ek
N
o
o]
®)
—_
—
=)
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[ 1] 548 592 H7I3F BG-11H Aol A&7 S2de =729 S4E5(K)H
3 A T A ZHG)

=] K G

BG11 0.09£0.01(a) 3.34%0.35(a)

+ Glucose 1mM

0.25+0.01(b)

1.23£0.04(b)

+ Glucose 3mM

0.44+0.01(c)

0.6840.01(c)

+ Glucose 5mM

0.54£0.00(d)

0.55+0.00(d)

7] ghe WRGLEERA@=3) olm ()2ke] BA

rr
N

]
#ol49

rr

AFol & A 7H(P<0.05)

2 F71dae
O 771449 27 4
oh FIIALAFZAMIGES, A2 F, ANSEE)
71k BG-11HiA o] E2de} Bty ~E JITE
SHEE FAHAT
@ 224g Ertgas AR5 27T,

=
FEE(1ImM, 3mM, 5mM)E
7UZE it 2Y AR

ot
)
4
bt
—
N
(@)
~
o]
E
ot
=~
(@)
o
o
-
c
&
N
~

ofd

Zhell A vl = AT

@ FTEHEIE 24A 7 AHgF/3 wHE Fdsiglen, FStEE x7] W= 017-0.23
° g2 ZAHFHAT

@ A3

b Agds}, AAUEF(E 24), AAEHE 2B) ¥ AR H(E 202 7 BG-114)
Ao} FH7MeE BG-11l A oA Ak F2det Erbel 2o AAGdES vustdth. 5
2 sxo getA i S7HE OD ghe] S8 H At

@ AAIHE HudS u FH71E BG-11HiA A S22t Erlg2s WY 3¢ Fo
FA71E ARt 79 A 7FA] hRkstAl X3 = AT

@ ¥ 3 T/ FrIAAYES A7 HUES BG1IM A ANA Foix s #A Gl &
24zt BVt Y 19 FHE SA7E ARSt 394 AA 7] =23 £ 7Y
A7FA] hRbstA 7HAst T

@ MY 79 = 349 FJdf OD #2 FA 23 BG11M A&} vlaste] tha F71std o,
B A 2=F-E 7 BG11HA| oAl 589 OD #ke] ¢F 1/7 FF°lUth

olul %= BG-11H] A o] &A)5t= 0.15% A4} EF o)

e o RrAae] F/hH Hrte BashA 2 RO AwHth

Potassium nitrate C

A Sodium nitrate B Ammonium nitrale

Incubation pencd (days)
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[y
N

L F71E Y]] A EFA), AAHEE(B), ﬁAP%Eﬁ(C)g ImMM(@ @),
3mM(O--0) ¥ 5mM(V—V)& 717 B A=A FHryeta =P
BIHE| 28 HES T 793 vl FstH A E%L A E 595 nmoll A =43 A =o|th
zy A8 +-¢] OD 7“’ 3RHE-9] X Y

¢
—
CE T
59

Q@ HAE
op 4719l FNELYE FEER /1S BG11WIAIE FH71E BG-11WiAI9F Blwg)s
o, 2= Brg 29 FAES O 9@}, FHEAHALE © ZATHE 2).
W o] A= BG-110]A o A4F Aol L de o =E3dte] Ao Agrajle] HIS
< YAIgHH
[ 2] 5 Fr]1dAaYE HUISE BG-11H Aol A Ak S22 Erigl o] F4E
7 74 6141 2HG)
w =]/ = K G
BG11 0.09£0.019(a) 3.34£0.35(a)
+ Sodium nitrate 1 mM 0.05£0.02(b) 6.53+2.87(ab)
+ Sodium nitrate 3 mM 0.049+0.02(b) 8.93+7.39(bc)
+ Sodium nitrate 5 mM 0.07£0.02(ab) 4.69+1.34(a)
+ Potassium nitrate 1 mM 0.04£0.00(b) 7.47+0.30(b)
+ Potassium nitrate 3 mM 0.05£0.01(b) 6.71+2.58(ab)
+ Potassium nitrate 5 mM 0.07£0.01(ab) 4.3740.89(a)
+ Ammonium nitrate 1 mM 0.03%£0.01(c) 11.75+4.82(¢c)
+ Ammonium nitrate 3 mM 0.04%0.05(bc) 8.27+1.50(bc)
+ Ammonium nitrate 5 mM 0.04£0.02(bc) 8.02+3.02(bc)
ab7] e BEFREUA(n=3) oM ()] EAE Fel40E Aol B WA FHP<0.05)

G) fr7Idad(es, AE, &

fd

F%E)

O f71d4d T/ 9 5%
o) 2 §713849S s=E(1mM, 3mM, 5SmM)E 713 BG-118X]o F2de} Erig]
AES = 797 A 61%1 29 1A 2 FFIUEE =AY
W 224 Etgas X F71(25: 27T, W% 170 rpm, 3 4000 Lux, 24 Al
o A vl &= At
@ FFTEIF =olA A4 AEF/3 vHE FPsigion, FedE 27 M9 017-0.23
2 SAHAH
<l

o

©)
ox
B P O e e 2 1 ﬂ.llﬂl

@ 3, F71d s mEkM OE A3 BEE A,

@ Fr1AAY AFAFRY} §AEA 84S HUME BG-11HIX oA Ezdel Erlg)las
o] Exo wald EH71E BG-119 X ¢ vlwaEte] ta =719 OD ol A HA
(5 3A).

@ @8 FA7LD BGAINAS Wwae] AE(E 3B) W ERFEE(E 30) AL 5
(ImM, 3mM 2 5mM)E2 F7}3 BG-11HiA oA i 79 & &= 9 OD
ke oF 254, 4~458] L 6u] Z713 Ao = =AHE T}

@ 28 TEP-S #A71e BG-11M Ao 24" OD #Hel oF 1/25 4%l
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>

Absorbance at 595n

m
— 017\
N
/ }
= r—ﬁﬂ‘
bsorbance at 505nm
= & & 3
! \
i i
i \
\
b -
|
I
) \
| \
.- o
beorbance at 5¢5nm

= 3. %7]%_M$J°l ELﬁ:(A), H=(B), EE%%%(C)
5mM(V—V) Z}7 BG-118] A (A--A)] H
7A3t wiFSH A FRAE
3ukE-o] Ho A +EFHA}

-

t
H
a2
&

Hen 2Ede Brldss AW 5
g 505 nmolH Z4@ 4gEelth 2 qel e OD ghe

b ml

Q@ BEE
b 4714 %71@*%% FEHEE HIIS BGAHIA A S=2Let Ertg 29 FAEH
HHA AT Aol mpeba st ATHE 3).
G 2428 FEEE HUE BG11HIA Y ASEs Frjd4A9s
o} fARE AxE BT
€ AEY WolFEEo TEE ImMolA 5SmME Z7HA%] BG-11¥1X1¢] A-¢ Z=4g
Bl 29 SAES Ta F713 v HIFAgAIZES o st oy oA ¢l

AT

off

THEZ FH7eE BG11H]A]

o

[ 3] 54 f71d4&dS H7ES BG11Hi A oA A 24 Brte] =9 S4EK)H
H A AIZHG)

vy =]/ = K G

BG11 0.09%+0.019(a) 3.34%0.35(ab)
+ Urea 1 mM 0.07£0.03(a) 8.07+£18.49(h)
+ Urea 3 mM 0.03%0.3(a) 21.89+£25.87(¢c)
+ Urea 5 mM 0.02+0.02(a) 15.34+7.32(bc)
+ Peptone 1 mM 0.19£0.04(b) 1.68+0.41(a)
+ Peptone 3 mM 0.2940.04(c) 1.05+0.17(a)
+ Peptone 5 mM 0.30£0.03(¢c) 1.01£0.12(a)
+ Yeast extract 1 mM 0.1240.04(ab) 2.57%+0.72(ab)
+ Yeast extract 3 mM 0.17£0.049(b) 1.78+0.37(a)

+ Yeast extract 5 mM 0.21+0.01(bc) 1.42+0.10(a)

37 B FE#BEEFH2HN=3) olH ()Y A= Fd e AolE HAIFH(P<0.05)
(4) ot 4k(ZetolAl, &AY)
@ o4t T/ E F%
& 1A a9e 7 oAk FEE(ImM, 3mM, M2 e }f‘& BG-111] 7)o 222
Il
7|(%: 27C, §]7ﬂ’—'75 170 rpm, %: 4000 Lux, 24 A

el A vl = A
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gom, BIUT %7] HYE 0.17-0.23

o
ol
-

@ FFEHIYE =oA 4 AHEF/3 s 5

Pl eitell meka e gdgaidol #EE AT

2 3mME H71E BG-11M A oA 28 Brlel s dvd F47]

Y THE AHA 7o =2 Wl 5mME H718E BG-11H A oA S22

2 Brtelze WY 5UAE FAR FAVIYG 7AAE SIF B8 BATHE
4A).

@ FA 23k BG-11H1 A & wlwste] vjF & 7
Hl(3mM) 2 6.68](5mM)E 713t T

@ 28y 2eelAl 5SmM FE9 OD#E 7oA TEY 5mMS 3 7+e BG-11u1 %] o A
4% OD @9 ¢F 1/23 FFolUTh

LA A wrol BAR] 3U3Y] FEIE AAH SAVIE AEHATH(E 4B).

AU 1mM & FH7I3F BG-118 Aol A S22 Brlgx <
7U7FA A &H HbE) 3mMY 5mME A 7FeE BG-11H] A of 4
T 79MA = A4 SAVIE EAT.
FA s BG-111 A ¢} vlmste] wjef § 79 Fo] A E OD @2 oF 4¥](1mM), 64l
BmM) % 88l GmM)Z F7lsHA ).

a8 €AY 5mM 59 OD #e Ao LT 5mME 373 BG-11H] A o)l 4]
=HE OD #9 °F 1/1.9 FFolth

o

Ao

A OD #-2 ¢F 254I(1mM), 45

o

2 r[r
rkz
rE!
et

Absorbance at 595nm
e o e o o
P i & &
| \
| \
| .
. o
! \
! \
& L] a
| |
i
| I
# . o
Absorban n
o

Incubation period (days) Incubation periad (days)

T 4 f71249d Sl A €AY B)E ImM(@ @), 3SmM(0-0) & 5mM(V—V)
247y BG-11 A (A--A)ol] H7tsta E2det E7g] 28 AEe & 793 v stH A
FFAE 595 nmolA 43 A =o|th ZF A9 OD 2 34kE9
B A+ EEU A}

Q@ AHE

o) ® 49 YEeERE olu|xgt TR HUESE BG-11Hi A oA 2" Erlg]l 29 S E
I HAA A £ 49 A3 X AT
W 53] 5mM €A IS H7FsE BG-11H1 A &F F-3718E BG-11H1 A & Hlu S u, S &

S 438 =3 HAAYAIZLS 1/430 2 SdSH ST
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BG-118 A| | A A -3

2=zdz 2729

wj =]/ = K G

BG11 0.09£0.019(a) 3.34+0.35(a)
+ Glycine 1 mM 0.15%+0.02(ab) 1.9940.27(ab)
+ Glycine 3 mM 0.25%0.02(b) 1.21+0.10(h)
+ Glycine 5 mM 0.33%0.01(c) 0.9240.04(c)
+ Arginine 1 mM 0.23£0.02(b) 1.32+0.12(b)
+ Arginine 3 mM 0.32%£0.01(c) 0.94%0.04(c)
+ Arginine 5 mM 0.39£0.01(d) 0.78%+0.02(d)

“47) Fe BEFHEEUAN=3) oW ()L BAE FAPUE AolE FATH(P<0.05)

(5) Bad+aad
D AYT 2% @ FE
@ Ay F 22 s 43 P B3} G898 SAUS Ba99

U3 2ol &t

- AT 1: 5bmM EEZ+1ImM €AY,

3: 1mM EEZ+5mM &R

AT 20 5 mM EEZ+5mM YA,

A2

@ Zr AY7E VI BG-11HiA o] E=2d2t =7lg 28 AT §F 743 mFsiHA 2
d Ao E FIREAEE FASAT

@ F=2de EVlelae IEG7(5: 27C, 3AEE: 170 rpm, F: 4000 Lux, 24 Al
el Al FE A

@ FIFEHISF =doAA 4 AEF/3 e s on, FgdE 27 HYE 022 =
4= AT

@ A=A

0 2 A dole dad+dad =2 AT FoA 5mM ZEGH5mM EAES 7t
& BG- 11 AolA S22} 27t 2d4do] 7Hd 53 838 Hd Zo= 7|ds
=

@ 28y 943 28 5mM EEGTHImM EAPS HUEE wiR A F2HE Bt~
7ol 7Hd g4 ZAow AFEJITHE 5).

& FAzlg BG-119jA] o} vlaste] vk 79 Fo SAHE OD #t2 °F 208 F71stATh

@ mEbA B A gadd AU O/N Hlgo] F2d8 729 ARl mA=
- Fa3 2dddS dFEA

Absorbance at 595nm

e e e e —mm e ——— ——— &

1 2 3 4 5 6 7 8
Incubation period (days)
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5 5. BG-11H[A|(A--2)o] ZEY 5mM+EAd ImM(@ @), ZEY 5mM+EAd
S5mM(V—Y), L5931 M+?£ A9 5mM(0--0)E 7247 H7lsta =4
B/ 25 793 wlFstAA OD 595 nmol A &4 Aot z+ Xgl+<9 OD
A+

ghe 3uae Wy

=31 3
—J—'-ET’___\L ]-

T 5] #ad+E4AYd T 2FE AU BG11w A A AR 2 Bl 29

K

G

BG11

0.0940.01(a)

3.34+0.35(a)

+ Glucose 5 mM + Arginine 1 mM

0.54£0.01(b)

0.3140.01(b)

+ Glucose 1 mM + Arginine 5 mM

0.3940.01(c)

0.43%0.01(c)

+ Glucose 5 mM + Arginine 5 mM

0.5240.01(b)

0.3140.01(b)

“47) R WELEZAA0=Y) ole} () BAE F

=
T
B esd B, 9AU B 9

- A8 1: 5mM

Ad+4

N ALTFE

w M

£ WA H(P<0.05)

29 3ol F=dzt Brlels vpo] Qoo
zArEH Ao

x
- AT 2: 5mM €A
- AT 3 5mM E= 2

@ 2+ A TE BG-11 ®iA|o] H7ie & S EviglaEs HEsn g 79 & 94
#2(10,000rpm, 5&)3t] HjFH o= RE HEE F8ste] ARE AHESHAH.

@ 4 NEE SFTE 23] Al A5t EF(dry weight)= 433t

@ AFA3}, BG-11+5mM 5T &5, BG-11+5mM EAd @5 2 BG-11+5mM EE3
+ImM EAd &5 wjA A Agakd SR Evbe 29 vlo] eujE BG-11 HiA
A AateE wpol @m0} wlwate] Zhzk 294, 1.94, 6¥ F7HEATHE 6A).

el BG-11+45mM ZEF+ImM &A Y

ZEj A E wpol w2 Agbol] HAH xHo

2 B EHAT
@ A3lehd A& 24
b T84 FTEUAE FFo] 42 Lowry WHO=E [Lowry &, 1951] 438t 2 A

% 3]
73 ME EAAR AR Sug

2
145uL 9 297 89 800uLE 1.5mL YA EF

FHO 93, 25HAEIGH 7|2 NEE st &S & o 21 A4 208
7+ A X3}t Folin-Ciocalteau’s Phenol Al 9F 100uLE Z; HHo| YW, HES RS =4
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z749 Ao HAF F 560nmol A FFHXE ZA3HTH
ZFo] Bxe H»E(Anthrone) AP S Z [van Handel, 1985a] 2743}t
B F41% A% 5mg, 2% FAHUIEF(sodium sulphate) 200uLE
Y, 2FAZRH 72 AEZE FH 3 F 13,000rpmol A 5%
b AAREE] A5AS FEstET 16mL FHO ATd 1000LE £ F AxE
4 2mLE EFsHA 1283F 100CAA 7188tk AIEE WAAIZ $F 625nmoll Al

A A T #42 van Handel [1985b]3% Waburg & Yuval [1996]9] ®H-S ®13 st

3 HE FFAAZX ASE 1mg FEEEXEWEE(1 chloroform : 2
methanol, v/v) 750uL 4 100uL= 1.5mL °J*‘E—E] FHo| Y3, 25IA X5
72 AEE AT F L?go}gir:} EFAe FREZZE 2500 ¥ FFHFT 250uLE
F7Vsta £ 5 10 000rpmo1w 587 A4l & ATh —6}30“ 250uLE F&3ste] Al

FERE &7|3 A% & 55 G489 500uLE H7bsta Eskdth 39S 100T

Q)

oA 10& 7IE % ‘@7—}’\] Itk 100uLE T3t Al FEE &7 £ phospho-vanillin
W3-} 900uLE H7bete] A whgo] YEUYES 3083 A4 &3 = 530nmeol A
FRAE SAAT

@ 9o WHoe=z F33 AFAI(= 6B, 6C, 6D), BG-11 wjx oA A %Pf& i@a‘r 27}
g xo] gz A FAH173% AEF), TENA(14% HED), 2% A
%) ¥ A= A"l 3HEHAL, BG-11+5mM iE%ﬂmM 2 Xlﬂ %‘o;hlﬂxl o
A AR F=deg gﬂﬂl*«l *3:@}6”4 Qe FAABG% HET), THHH28% A

%), TEHTIEO% AEF) FF SAZ 4] AHEHAT

Ao 2 BG-11 HHX]Q} H| W3l BG-11+5mM ZEF+1mM EAd EgHujA o)A F
AL 330, TENELE 28, TEFIES 468 FUHEATH

gt FebrstEo] A FS BG-11+5mM EE9 A oA SAHEIAT o] Ade F
24z Brlgl29 g@43E o] BG-11ujA o] FU1gE AAYRTGE g4 EE
T Fxo A dFs @

J

b

rr

e e gAIEL

Weight Protein

=l n WHHH

Carbohydrate Lipid

ion(giL)
oncentration{ugldry weight)

C

s 8 & & 8

180 700

Conceniration(ugldry weight)
Congentration(ugldry weight)
H

@‘mﬂﬁm
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% 6. BG-11HiA|(1) el 25T 5mM(2), €A 5
Zyzy Zrveta ERde BrlgaE HES &

797 WFT F AR
S & 2t He Tl vholevlz, B, BraE 8 A4 FFE Muy

oy

. mAlzF AT ZzulE AEYoR A ol&ste HAe AE=
L2 £3 B o] o &F vAEF TS dad 71d A

mﬁ

1. MAZFERE FAAY £, 53 2L W&
1) 22 2w
O =4z
@ °] dEAE 10714
extract, 5; NaCl; 10, p
sk Th
(2) EX—]
O 29 7] st EGQEA 23 & 63 Zol +F
ofz7tA 9 TtFE A GAMSS By o), Aetel Rl SRS Byt
@ =3 16s tDNA 2402 drjAg8S 5
@ A7) FF9 e B2 W3tz EXNEAM D 165 rDNA 54 Eﬂr 2] 215
% (Rhizobium sp) 0.2 &<15 o], FATL 8] 4] (Rhizobium sp.) OS1°.2 %314t}

Rhizobium-OS$1 1336bp

Hi® ZF 10mLol =3
% LB ©}7k(g/L: Bacto-tryptone, 10; yeast
5, agar, 15) WA o] =@3te] FR2UE FAd= dFE

T g

NSENEUR!
olN o
u
ay
u
lo
1
rt

GGGAGTGGCAGACGGGTGAGTAACGUGTGGGAACATACCCT TTCCTGCGGAATAGCTCCGGGAAACTGGAATTAATAC
CGCATACGCCCTA \LGL:‘_:GC}\/\;\(.:ATTT/\TCCGL/GAAC GATTGGLCCGCGTTGGATTAGCTAGTTGGTGGGGTAAAGGC
CTACCAAGG! ATCCATAGCTGGTCTGAGAGGATGATCAGCLACATTGGOACTGAGACACGGCCCAAACTUCTAL

()(»GAG\:CAGF G "GAATATTGGACAATL:GGCG LAA( CCTGATCCAGCCATGCCGC (T(JAGTGATG AAG ()CFTTA

AGTATACTGTTCGGTGGCGCAGITA, LATTAAA CATTCCGUITGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGA
ATTGACGGGGGCICGIACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGUGCAGAACCTTACCAGUTCTTGACA
TTICGGGGTTTIGGGCAGTGGAGACATTGTCCTTCAGTTAGGCTGGUCCCAGAACAGGTG CTGCATGGCTGTCGTCAGCTC
GTGTCGTGAGATGT TGGGT TAAGTCCCGTCAACGAGCGCAACCCTCGCCCTTAGTTGUCAGCATTTAGT TGGGCACTCTA
AGGGGACTGICGGTGATAAGCCGAGAGGAAGGTGGGGATGACGTCAAGTCCTCATGGCCCT TACGGGCTGGGCTACA
CACGTGCTACAATGGTGGTGACAGTGGGLAGCGAGACAGCGATGTCGAGCTAATCTCCAAAAGCCATCTCAGTTCGGA
TTGCACTCTGCAACTCGAGTGCATGAAGT TGGAATCGC TAG TAATCGCAGATCAGCATGCTGCGGTGAATACGTTCCCG
GGUCTTGTACACACCGUCCGTCACACCATGGGAGTTGGTTTTACCCGAAGGTAGTGUGCTAACCGCAAGGAGGCAGCT
AACCACG

% 7. 8] 28| &(Rhizobium sp.) 0512] rDNA 7144

[ 6] S=2de} Brlg 22 RH 23 gl20 ¢ 0519 Assrd 54
H [e)

Ay 3185 EA] -5
a8 94 -
=54 +
0% NaCl +
. 2% NaCl +

H d 71 =)

LBuj Aol 718 NaCl(w/v) 3% NaCl "
4% NaCl -
718l 7hE-3) +
ofZ7HA|IQl TlE-3 +
Agte 7haE8| -

) =4
O 3T FAA WS 487 flete] HE2 E+d 359 FAAA W (timentin),
i3] A & (ampicillin) 2 7hiwlo] 4l (kanamycin) & FEE(HE %X Oug/ml, 250ug/ml,

d
H
>
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1 WA ol FA 28k

500pg/ml, 750ug/ml, 1000ug/ml)E B¢ LB A 3 -11
¢ g Hj st
3

2 BG

@ eFEdd sATS WA HFI F 28TollA 3L 3

@ Zt AT mFds FASI EFFE=AF ol 835t FF X (ODsw nm)a AL
AT AES AFE) 915te] LB oprt B Ao HF st 7Y BF3A

@ #F A, FAFY FAA AFAEL A wepA & 73 Zo] Y ARE BT
EWES A Es LB vlX ol A& 500ug/ml F=7kA A4S Hel wide, & JAUAE
223 BG-11 #jA ol A& 250ug/ml FE7HA A 3AdS B

© AFAIL A3 LB iAol A= 1250ug/ml S =7kA Add-E Bl wief,

[.4

FAAE Aed BG-11 WA A= 570 5 AgTolA d8 AFA S HolA LU
® 7tdutelils A g LB wiA ol A= 1000ug/ml F=7HA] A8 Bl R, &
FAAE A 2ld BG-11 iAol A= 250pg/ml F=7HA AFAES BT
[ 7] B 28] 0S19] A A4
Antibiotics / timentin ampicillin kanamycin
Concentration (ug/ml) LB BG-11 LB BG-11 LB BG-11
0 + + + + + +
250 + + + - + +
500 + - + - " -
750 - - + - + -
1000 - - + - + -
1250 - - + - - -

2. gxBF9 AEZ 2 X (cellulose) #3lls B AEH o|Z(cellulase) EAEA

1) AEZL2 Fils 4

O " 3 TFTE CMC op7F A A (1% carboxymethylcellulose, 1% peptone, 0.2%
KoHPO,, 0.03% MgSO, * 7H,O, 0.25% (NH4):SO4, 0.2% gelatin, 1% agar, pH 7.0)ell
=TT

© 2448 ARt F ER ¥

34 F5FE 05% 5alel =(Congo red)E 30& FAstal 1M
A ES o7 A5t 3

dl
A
R
ol
i

= 8. FA ZZEH]F(Rhizobium sp.) OS1 =YV} AZHIoE AEHo|=2E
of 7149l CMCE #3liste] R8s FAst= AR

2) MEANT F 7N sEo] BE AEHol=2 E484

O FAFTE Hod" CMC F=#(0.1%, 05%, 1%, 1.5%, 2%)= A8 = (1% peptone,
0.2% KoHPO4, 0.03% MgSO, * 7H,0, 0.25% (NHi):SOs, pH 7.0)0l HE3 F 48417 &<t
Hl| 3} A T

@ WiFHS YAEL (10,000 rpm, 10&)3t] A5 HE ZEALN A52 £33



@ AEgol= &AL dinitrosalisic ac1d(DNS) /\]‘?—F o]-83F] 50mM citrate(pH 4.8)
|9 &ald CMCEHE W=H= dde S48
@ z&4% 0.5mLE 0.5mL citrate -& <4<l 737}0}04 50%= A4 304 #2383l 3mL DNS
AoFE AN F 100‘301]/‘1 102 719 & W53 T=3ATH
©® A EE 540nmollA A EE A BE vhEH(EH ) #toll g FIF=
o

fu
i)
o
P,L
32
H

Agdolz T4 1UE M EED2 FEeter Bod Gagor FHIAYL
® 234 J4' Fold At FZANAHE 36417 2% CMC F=ollA e FAFF2
Aol g T FAo] AU

@ 1 o] 48 AZhol= Aol A Aase AT HATK
36A|3to] A

9).
oz Fulel

b

wetd 9o AFzAME 2H g et T
AAA3H o] A A H AT

Soabetion geried 665 ' o yroctnd e Eonsshen pmcied et

S S 4

ey sepiving il
5% R

ﬁw

j#9 E] £ £ ] ' i¥ 4 3
Fopbiad pevind 8 fraaian peripd el

= 9. XM 0S1ES F5H(0.1%:A, 05%B, 1%:C, 1.5%:D, 2%:E) CMC Al %] o] A
AZHE A wE AEgo|xo AL BT

() "7 H7F BG-11 viA oA v FAZ ] & AEHol= &

A7 dFE 1% vlZe]l H7HE BG-11 iAo A 48 AIZF F<b v kst ch
foFos AAEE (10,000 rpm, 108)3] F5 A S =3 g
dEg oz &4 42 2l PAS (29 B 2
@ AdA, 1% vl HA7FE BG-11 vjA| oA 47 HFE5 48417 vl gt Al

>

b

oA i

@ CMC 7183 %}El HH FAITko] FTheHel wheba AEHol= Aol HAat FUtete A
HIH= 10).

® wehA gl xzn]go] EujstE AEG oz o nPgorRE AEZo VL BEfHE
A& LA A

o

0%
EN
B
2
X
mm

Zdg BErlg] 29

CEPREL-ER- : 47
G717 S8 FARAR VS AT Ao TAFS A ste] m7el
FHRY BERO2E Eahtel TaiA YA ABAAY,
Q

BAY F Qe S AAHA Bl
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0

Nlo

2ol 224zt B2

Ho] @ ol 2] o] AJ4kell wi-¢- f-&

=i
=

4E, JopE

r
b
@

T T 3
T B B
- . -
(ruE/ryy Spagpn smdzagy

L]

Encubation period (hn)

-11 iAol A 2 x=H]5 0S19] Al

t BG

5|
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fxddHs Usw29 WAl fa49 HAzR o od
32 AzId YA (Phy-O)2 £484 3 §4 717

[Expression of Aspergillus nidulans phy gene in Chilorella vulgaris for the characterization
of phytase activity of Phy recombinant protein (rPhy-C)]

1. cl2¥ A2 Ysdae deold 494 224z 0 TdHAE 75
(1) obzm A2~ s Telola) cDNA ZE

SletobAl FHAE G SIstel BHHE PCR W FHL ofadAHs UE
S al

°] A& DNA libraries2%E A3 3 pET28a WEH| ZFEYste] ®HH3
pET-phy°] .

32
fr [

(2) PCR ¥4
@© depobA] 2k Zefoln
ep JetobAl FAA FA ZoolH = oA 2 YEes dEokA F33 5ol
ol = A ofzfoll AAISATHEELS Ned AHF-9).
- phyC-F: 5-CCATGGTGGCTTTTTTCACGGTCGCTCTTTC-3'
_ phyC-R: 5-CCATGGATAGGGTAAAACAAGTCTTCCAGTTCC-3’
@ 43 2 Aol oA FAA Y FHFS dAH ZetolH
- phyD-F: 5-CCATGGTCTCTCACGTGTGGGGGCATGA-3
- phyD-R: 5’-CCATGGTGGGGCTCCCGGCACA-3
@ 37FA &4 IetobA FHA PCR &4
) ¥ FAetotAl FHAA I
@ 4F JelolAl FHa B4 F95F9 A4
& EAHo] I EFolA|(algae optimized codon)
- 4 Aokl FHA B4 IR} Ao
7IME FEde BT A 85.7%(oHr 4t AEA 100%) 2 S H AT

4
L

@ PCR WFSE&FN(F 50u0)2 5ul 10X %Y (Takara, Japan), 10ul 5% DNA(HFTT%:
10ng), 440 dNTPs(25mM), 1ul Z} & 2 98 Zzglo|u(50pM), 3l MgCh(HF&=
1.5mM), 05/,4£(1U) Ex Tag v’%i (Takara, Japan)E 335t

@ PCR HF-g2 DNAE 73 WSEFA S 95TAAQRE, 1 AtolF) MAAIZ 3, 304k0]
Z A% ‘ﬂ'%(tﬂ/“' 94C°ﬂ/\ﬂ 14, annealing: 56 ColA 2%, 53 72TCA 3&)S AA
ARt o 2 72TCAA 78 ¢ © A5tk

@ AW A%, mA 9= A7 ANeholA F14 14kb, A& FefolAl FAA BA GoiR
9 9 EaAwo] FetobAl SAA BA GGRIE 247 08kbE FHHATHE 1),
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T 1. PCR % &9 1% ol7l22 719% A, FdelolA] FAx#HS] 1), B0
aetobA] A @=L 2), 43 ME}OW A dGEA = 3)

@ TEH9EH 74
DO 12 d =0l A ELIANE S T53Y Nicotiana benthamina =)&) 4 T E}o}A] L& o
AEE 39S w o] &3 HEME pRTL2-phyS &332 AZHS A
@ pRTL2-phy WEH A FAALAIAES £ & = 20 AAG Hie} Zo] L H
AN 7L A AT
@ pRTL2-phy°ll AF&L HindllE AJste] deobA] FHAE /3 TAMHES £
3 & T 33 o] pCAMBIA1304 W Ejo] A T)

pCAMEIA 1304

3

o diimd 1—3 | Bt 1}

A Hiad 11—

BRTL2-Phytase ~ Expression cassette
e from pRTL2-phytase

=2 Az HEHE 75 M= pRTL2-phy = F-E| HElolA] F28 £33t
LA EE Adste] pCAMBIAIZMAE S =Y

{c)

= 1%s Agarose gel electophoresis = §e Agarose gel eleci oplioresis
M; 1 DNA laciber M- Leh DA Inddder
Lanes 1.2 | pCAMBLA1304 Lage | pRTL2-pliytase cassetic

Ivtase casselie

eetr
M LEb DN A askder,
Laes 100 pCt ANRTL 2eplistise

T3 Az HdEHNY F3F () AT ZHE pCAMBIA13042] 2244, (b)
pRTL2-phyE Hindll2 A&ste] detotA] Fx2 dAIAE £, () Hindll=
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A pCAMBIA1304( Q! 1ol FAAZRATAE FAEQ 2), (d) HAT L ZEE]
Az FAME pCAM-RTL2-phy #2]4A

@ EE9 AxFHME pCAM-RTL2-phyoll JJElobA] FHA4e] {5 % k7] S8 aetol
| a7 Zete]mE o] 83te] PCRE AR A3 JetobAl F42 DNA WMETE 9443
HAI(E 4a), AFEAE HindllZ2 pCAM-RTL2-phy WEE A3t & delolA] A
DNA W=7} A3H o2 AdES SASAHE 4b).

)

(a) [P
Zkb.’

M 1 2 3 4 H [ 7 8 9 10
(b)

10kb mp

1.5kbmp)
750bpmp,

% 4. pCAM-RTL2-phy * Ei ZHE JJE}OM] XA DNA SZ (a), A%EAL Hindll=
detsto] vEtobAl A &< (b)

Z 5 (glucose) &% AA

@ AA 3g/L(17mM), 6g/L(G34mM), 9g/LGEImM) EEZ-S 77t BG11 #jAlo] H71e &

Ay FEHE BV 2E HEe, 19 HF02 543 & o
Ly

oY 2 3
T =3 o PR=A =]
B EEZH(E 5A)S o] §3te] Hlol o B FASATHE 5B)
A B
18 5
g 16 : 5 ncincit)
5 14 a 2 o
; g 12 = 4 isod . ind
own 08 o2 e
-'_-_:8 06 % 2
5§ o4 3 1 P
S 0.2 S . g e
0.0
0 02 04 06 08 10 12 14 0 1 2 3 4 5
Chlorella quantity (g/) (Days)

5 5. BG-11 HiA[ol M &3 opd S22} =rie] 29 volermx A& 93 2554
(A), =% 17, 34 9 51mM-& ZtZF H71sE BG-11 vl A|olA] 543t 44 =&
B7tg] 9] ulo) OHH.é A%

@ A B2Y F5 ) AT el Hol} foog, 22Y mME
Aeste] BG-1 iAol H7He ¥ FRWe Wb 2T st

@ X=9 17mM< 3713 BG-11 HHX]—‘;: BG-11GZ W3t}

H
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BG11 +
glucose 3g/L

BG11

10 days after
inoculation

5 6. BG-11 #iA ¢} 257 17mM< H71sF BG-11 HA|(BG-11G) oA B43 2=z}
E7tE s AEEE v

A

3. =497 E7lgls 248 9 FE A F(transformant) A
(1) 224z 2/l d2dd18S % A3y =4
O A=FHEHE drdgHoez F298 Briglas JAHAEAIZT
@ pCAM-RTL2-phyS =22} E7le]zdd FAASAZ 5 sto]1=zmoldl B HFFE
10ug/L, 20ug/L, 50ug/LE H7Fet BG11-G o7} Hix|o] =3t
@ & 1o AAE AVHAFTH HA2H1S o] &ATh

[ 1] & AAZ = (electric field strength)oll A S2Hg} E7tg] o] A% 8&

Field strength (V/cm) Transformation success (%)
2000 0 (0/33)
1800 46 (57/123)
1600 25 (17/68)
1400 41 (21/51)
1200 18(6/33)
1000 0 (0/26)
@ A3y A3, ste]aEuto]4l B 10-20ug/mL FEoA = H1E A A8+ 5 (non-transformant)
Aok Aol BAHGOL, s0ug/mL BRI FAABETY Aot Aol el

T 7. 2249t ErlEls AASAFT AES 913 BG-11G oF7F wiA| o] 7}
slo] 12 ulol Xl HZ T AA

() 22dg Erlgs FAASTF dAGS AT sto]1=mtold B w5 AA
@ o]del] Hud =& = YFHdAE FEASI} vAzFE= ste]l12urol4l B
7F WA oA v W P FHAE A A AT (transient  expression) ¥ - AFE ST
HAE T

S
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@ FARSNTF] A (1)

o) mAWA G g2l SR Briels PARFFE o] TR o]l B 50pg/mL
309 BG11-G HiA oA w3 A 3E10 U A o
W webA BG-11G A A o] TheFst w52 slo] 1=nto]4l Bﬂ-lOug/mL)% 2715k 11

AA A e LA E
~ oy ZEde) BrlEss

SHT5 AHTsh 1093 vl Fsksd T
sfo]1&2mto]l4l B 1ug/L FEoAE AR

S}t 2p

g/LFEI o] AA = Bug/LFE ALEEHZ] AlZtstain.

@ Aud 2z B2 dAASEF

3 BG11-G WA A= HF

sto] 12 rtol4l B lug/mLol A=

% 109 o4 A=

% 255-5#1%ko] dlo]1&mnto] Al B Sug/mL &
oy, FddddT
A2 AP ATHE 8).

377V-9 #4+

577V-9 Eal)

Wild type
Oy img

img Img 4mg Smg  €mg Tmg Bmg

e 0

255\' L

Smg 10mg

Fa -

lml Jmi ng Amg i i i Img  4mg smi

10 days culture after inoculation
8. That w=o| sfo] 12rulo]Al BE A7Ha BG-11G AW A ¢ 10 A3 ¥
HEEHS 9 A8 22492 Brlegs

s
a

Q@ uzgtA S=2Hg EBErtglx ¥z 4571 FE2YE sto]1Enlol4l B 5ug/mL<
A7+ BG11-G " Aol A 743t 14225t skt
h ARES TG T FZ2E8Y9B0mM NazPOs, 1TmM EDTA, 10mM B-mercaptoethanol,

4T
W FE F

hs

r*°

0.01% Triton X-100)°.2 #E3} T}

O FgqE LS o *SPO# T gF ¥ 10,000rpmoll A 5E3E A4 2] ek

& FANA A GSEFA (NG FAA EET Phy-E Az de] g FA)E o
Ny dHds J2d Bgloz A Ay 27 FF49%) A M=yt gAE A, o

MEE AzETNd Phy-Ceh B
@ 227) FFolA FEH Phy-Co ¥& ThtstATHE 9).
8 -
e -
e -
e -
S 9. rPhy-Eel U3 2EFAS o] 43 Axwl By BYOR ofxm AN s UEHA
AefolA & BHE FAAR FRde Bz A

@ FAAZFT QA 0] L 23}
b WetAl sto] 1Zmtol4l B 1pg/mL, 0.1ug/mL, 0.001pg/mL, 0.001ug/mL Z+2to] gt
BG11-G iAo A Adtd Z2de} BEriejs FAdStF 8704 573 v st

=]

s
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@ Add 292 EVbel s -G AFTE sto]12uvte]4l B 1ug/mL H7FE BG11-G
A oA vl FS A 27 RE AT =2 F 59 THRE HA AESIATH

@ Add 2 2rtg s FEHSAFE Sto]L=mol4Al B 0.1ug/mL 7 BG11-G
wj Aol A v FRE A3t 25 HE AA7o =2 & FAe] AU

€@ e 2 EVie 2 FEASATE sto] 12vto]4l B 0.01ug/mL H7HE
BG11-G Hi Ao A i Fet A3} 3F7E] AA 7] =27 F o] JAH AT

Adtd S249g Evlels YAASJATE stol2Emto]4l B 0.001ug/mL 7+
BG11-G iAol A i F&k A 37FE A7 =2stdov A4 Aart 7
EATHE 10).

Hygromycin

2.5

al M

T
5 10 15 25 30 35 40

Absorbance at 595nm

Incubation period (days)

. 1mgfml
EE oimgdml
—/ 0.01mg/ml
N C.001Tmg/ml

% 10. BG-11G HiA ol 7t =W sfo] L= nrtol 4l B(lug/mL, 0.1ug/mL, 0.001ug/mL,
0.001pg/mL)7F FEHE F2de} E7be] 29 553 AAol vxl= &3

® Az Phy-Col B A
@ 9 ARF 14 MFD 2t ARE £8e
9 o2egAs ogst danDy

- A3 A3, slola=nto]4l B wX°] wEkA rPhy-CE Tdste A%
gFstath 1ug/mL: 2 75, 0.1ug/mL: 4 ¥, 0.001pg/mL: 5 +, 0.00111g/mL:
6FF(= 11).
- 2298 EUtg oA B@E rPhy-CEAFS oF 62 kDal 2
ATHYY 4 BBP Phy-PS AT EATS BT
@ 919 Az ZASA shol1Zmtol 4l B 0.001pg/mLe] F71E BG-11G HIA| 2
BG-11GH wjA|2} wstal, ol& FA-ATF2 Al Foll AH-&-3FATh.

AARg & A=dS z)#3ste] SDS-PAGE

A\
oL
i)
2
—_
2
ri
=2
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B - — —

M 1 2 3 4 5 & 7 &
C madl wad]

w 1z 3 4 5 & ¥ g
D —

= 11 g4 559 sto]1zntoldl BE H7EeE BG-11 HiA| oA 253 A3 Fd%
S2dg BVl 2ERE F23 FENde J2dES B4 lug/mL(A),
0.1ug/mL(B), 0.001ug/mL(C), 0.001ug/mL(D)

® mAujA A Addt FAASHFT 10715 BG-11GH vl Aol HF3ha 453 wjdg &
ofgf e} o] HFsATHE 12).

@b 107 A =22H5E DNAS FE38] detobA] FAAe f+5& &st7] $s) PCR<
A3 AT
- JEtobAl F32 DNA: 2T 107 F 87 #FolA = AT

@ 107) NBEZFEH F RNAE FE38t] YEobAl #32 mRNAS] #F& &<lstr] 93]
RT-PCRE A AISIA T
- oAl F-314 mRNA: FAHEHFF 107 F 570 #FollA FAE A

@ 107} NE2HE F RNAE FF38t] HEfobAl #1074 mRNAS L& AEE &1l
218 RT-PCR ¥ real-time qPCRS A A|3FA T
- FEepokAl AR BT 57 FF9 FRA 2E ASE gdstda, I Foll 104

Fo] W] Mg Esdth

MPCWT1 2 3 4 5 6 7 8 9 10

RT-PCR

: marker, P+C : Positive control, W-T : Wild type
0.25

0.20
0.15
0.10 I
WT 2 4 5 7 10

% 12. BG-11GH iAol A 473 JAAS St Eviego #4: PCRE FHElobA|
T2 75 24, FJEFobA] mRNAS] 55 RT-PCRE ®4Y, JJElolA|
HHYEE real-time qPCRE 43

Real-time
PCR

(Pg/ng)

<DNA concentration =
o
o
&

=
(=3
=]

€@ 109 #F¢ FHldS FHE 3535t SDS-PAGE ¥ T2 EFAE o] &35t =™
£ 48 AT
- 109 79| rPhy-C= Wi 4577k EA H A THE 13).
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13. 2B E BAS o]gsle] FAAY
3

4. Az d rPhy-Ce vlglolA] &4
(1) A=F A Phy-Po] 484, -4*4 pH 2 HF 254
@ rPhy-Ce] detotA]l &4 2 HH p
D A= FEHE FESEQ2F Hoohf_L HEdAs S2de} Erlels, 25 wdd 24
=24t E7tE] 2 #10)
@ eS8 4F
- 50mM 2ol 4 (pH 2.0-2.5)
- 50mM Z2AMFEE(pH 3.5-5.5)
- 50mM MES(pH6.0-6.5)
- 50mM HEPES(pH7.0-7.5)
@& 714: ZF q-g-+58-4 300x°] sodium phytate?2mM) 3} CaCl(ImM)< 3H+A1FH T
@ 71dS TS 24 S AFT 8Nl 75ul A E(10pg)E H7FSEAL 55Tl Al 3083t A &3}
At
@) 3754l 5% ETFZZMELS H7tete W& TRA
@ WAA RS 75040 H7Vslal 58 A @] st Tk,
- Ak 55% 4k &g 1.5%(w/v) BB BRI EFEE vols): 2.7%(w/v) 4t

b EFFEAR FFA 700nmel A FFA SASEA FEFAG A HwFAHHT
- 9438 Ba FAAE 022 T $ HPHAS FEL BV 2E2RE 2%
ol FRAE A
- FEAGS FEYUY Brlels 35 9 E Y FEA = HPAAS 2 EVE AR
FH F=3 dide] FRAE W goE A
EEIAL A4S S48 FEHE 345 FFX 700nmel A A G T
@ dlEerotA 1 =1

) Hi B ‘4’5} =

O ANFR: TR FE=Q2F WGT MFEdd S22 &
=24 27182 #10)

@ HSHFEN: AU EF(pH 5.5)

@ 714: 27FA REg-2kE8 30000 sodium phytate2mM)# CaCly(ImM)< & Al ZA T

<+%: 25T, 35C, 45C, 55C, 65C, 75T

a
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ol ez Ae ()3 FYSHATH
_]

b

Relative activity (%)

. 14.

| 65Tl #Z=HATHE 14B).
ool §43] Zaskit.

100

80 a0

60

40

Relative activity (%)

60

20
50

T T T T T T T T T T T T 40 T T ¥ T L T
2 25 3 35 4 45 5 55 6 65 7 75 3¢ 3C 45C s5C 65C 75C

pH Temperature

(A) 55°C =& Bl 30& AgxzdelA st pHol W& sodium phytateol] o
rPhy-Co] Jetoba] 4. AR RESHFE&EY L tha3 2ok 50mM glycine(pH
2.0-2.5), 50mM sodium acetate(pH 3.5-5.5), 50mM MES(pH6.0-6.5) and 50mM
HEPES(pH7.0-7.5). (B) pH 5.5 % 304 A gz olA et 25(25-75C)el W&
sodium phytatedl] ™3 rPhy-Ce] JHElolA] A, HiolE & HHEd o=
FERHYL 2 #HE YAFLEZED(n = 6)

() AZFA Phy-Co| ABA B}
D 2F MY MFAAT 22U} Botese FAAS FEd Brbelx 4109 BAME

[

kd

2] A 2L} 2V 225 FE37 rPhy-Co| dElobA] &4

Sample

Volume  Protein Activity Specific activity  Total activity  Total protein  Total activity  Total protein

(mL) (mg/mb)  (U/ml) (U/mg) ) (mg]) (u/L) (mg/L)
wild-type 0.2 2.8 0.3024 0.108 0.0 0.56 6.54 62.03
Transformant 0.2 34 2.5534 0.751 0.51 0.68 36.6 7547

@ BG-11GH HiAo] &4293 AA9ES Hrlsta 25 wjdd 243 Fzdg Brlgx
#109] vlo] Quj 29} FEfobA] ZA
@h mpo] vl
- 3 wlo)oml A 10mM EE9H 2mM &7)1de #7138 BG-11GH HiA| oA =3

HAH=E 15).

@ JEetotAl 24

- A3 vlolowjAE 10mM EE% 2mM 271d-E H713 BG-11GH v A oA =

ol

HATHE 3).
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b

14000

~ 12000 i
>
10000 -
£
=
£ 8000 T
2
2 6000 -
H
E‘ 4000 -
o
2000 4
V] T v
Gliicose Gluc-os'e Glucclse
+ Agrinine + Glycine

15. dto] 22 ujol2l B(HFFE 0.001ug/mL)E 73 BG-11 wix|ol| #H7lg =
mM)Z ol =22mM 2719 2 2 mM ol A e FAZAF F=HEke
E7he] 29| Hpo] mj

[3 3] ste]a=Erto]4l B(HFTEE 0.00lug/mL)E &3 BG-11 Hix| o H7Fe =10
mM)# ofr=42mM ¥71d 2 2 mM =Ekold)dlA A4S M S=de
BVt 22 HE FE3 rPhy-Co] I EholA] &4

sample (E;rr%;trfight ‘(I’L?;SI activity (Trﬁga;upmtem
Glucose 10 mM 7343486 70.635 12299
+ Arginine 2 mM 1147243 110.364 148.88
+ Glycine 2 mM 10304.99 99144 17372
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FAAE F=2d B/t ofadAY A UEHTE FEOHA
S S7HA717] AR 7127 viA

o
[Culrure medium supplemented with various substrates to increase Aspergillus nidulans

ot ok

phytase activity of transformed Chlorella vulgaris|

1 of2HFH X Ygd2e] veloA w42 43 S22 2rlEs WS
7L AR 38
1) MA=4 = mF=A
@O BG-11GH HJA: 17mM ZE% + 1mg/mL 3dto]1Erto]il B(HF & E:1ug/L)E H7HgH
BG-11 #j #|(pH 7.5)
@ 714
5% 1, 5, 10mM
B FF: AMP, ADP, ATP, tripolyphosphate, pyrophosphate, pyridoxal-5-phosphate,
fructose-6-phosphate, glucose-6-phosphate, sodium phytate
© 3RkE/ 2} A 2T
€ 20mL WjF/ 2t A2+
B F=L&oF
eh X
v
& IS
€ 33: 4000+300 Lux, 24 A%t

O
O

H

==

71
0 2712°C
: 170 rpm

03 o&r_‘,_l

H ro

@

L

(2) A=/

O FHAAg =g EVbg X~

@ #ZF< OD
b AMP A 2] 0.13
@ ADP A2 0.15
€ ATP 27 0.11
@ tripolyphosphate # 2] 0.18
pyrophosphate 2] 0.18
pyridoxal-5-phosphate | 2] 7*: 0.08
@b fructose-6-phosphate A 2] 0.21
glucose-6-phosphate #| 2] 7: 0.18
@ sodium phytate #2]7": 0.13

1%

(3) 33 = (optical density; OD)<} B34 &
O 17943 9 A=



U, 23
(1) BG-11GH HiAlol] H71g 7|4 2 w5 g A3 #5799 A= 1)
@ w79 5 thx=7< BG-11GH Hj A ¢} Blalste] AMP 5mM< 3713k BG-11GH
iAol A FoiA o= of 138 F7FE OD #s& EAth
@ "WF 7¢ & =< BG-11GH HjA| ¢} H]w st ADP ImM-< 3713 BG-11GH i #] £+
FAGE OD @< B3t
@b BG-11GH HHX] of M7} ADP =71 =275 430 B A=A
©® i<k 7€ F tx=7<l BG-11GH Hjx|¢} vt ATP ImM< 3713k BG-11GH Hj#| <}
FARE OD @< Bt
@b 59} 10mM ATPE 713t BG-11GH wiA| oA FAAZ/FF] Aol A2 A=A
@ ¥ieF 7¢ % tix=T<! BG-11GH ujx| <}k H]J.LO]‘O:] trlpolyphosphate ImM= 37}
BG-11GH HjA| 2} FAFSE OD #<S EYoh
@b 59} 10mM tripolyphosphateE % 7}s BG-11GH Hi Aol A F A9 o] <4
sHAl A = AT
® HWlYF 7¢ F txz=7<2 BG-1IGH #Hix¢} Blw3lY pyrophosphate 1mM-< 3713
BG-11GH HjA el A 3t S7Hd OD & HA
@b 10mM pyrophosphates F7}gt BG-11GH uijA| oA FA Ao AAo] EsHA
A = AT
® = d#{ol pyridoxal-5-phosphateE 7}gF BG-11GH s Aol A FA XA HFF9] A
ol A oA H k.
@ HWiF 79 F =720 BG-11GH v A9} vlw3}te] fructose-6-phosphate 59 10mM< 3
7}t BG-11GH #j Aol A deiz o2 oF 168 5719 OD #< HEth
HjeF 79 & x5 BG-11GH #iA|$} Blaste] glucose-6-phosphate ImM< 713t
BG-11GH Hj Al A Fthd o= oF 138 F7Fd OD & EJth
@b 10mM glucose-6-phosphates 713t BG-11GH v Aol A FAHSH T A o] &4
SHAl A = AT
©@ wgF 7d F =T BG11GH HlA| ¢} Hlwdle] sodium phytate ImM< 3H7}s
BG-11GH HjA| A gtz o=2 of 1218 S7ld OD @< HEth
@) 10mM sodium phytateE 73t BG-11GH iAol A F A StF9] 7o) A
A A = AT
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ANIP ADP ATP
i
"
; ' x ¥ 1

£ & = 5 5 i
§ P g & »
2o = T L = 2 £
- ’ - - o a -
i iy £, A i -
:',; ./- ; i . - : . &
i G 2. R R B : .

2 op T a i =1

T s

Tripolyphesphote Pyrophosphate Pyridoxal-6-phosphate
]
& v & &
;"’ - -
- el g
i = o »
. = -
- - 2 - o
a8 8 0 a =
§ F == .
" =8 E " Z
& . £ I L e S PSR
— . -2 " T -
an
ation period (days)
Fructosa-&-phosphate Glucose-8-phosphate Sodum phylate
n - -
"
3 L3
/ g . o A
A : 47
T L e = - ¥ s e
/_/ - . g o =
5 08 5
3 oA B 3 = o 3 ’
£ oe s z L erll o e id
= Pt
S adst 5
02 g S "
o0 00
o ] o 3 s

= 1. gokdr dElolA 712 A7 BG-11GH HHX] off A vt B
Bl 2~9 AAFA. FFAE 787 ODsosm9IA S H RN ZF 3=

% gk EEA A n=3)

2. 714 #H71E BG-11GH ®iA| oA A3 FAXE SEA Erig 29 JeobA 84
7 As # y
1) AN 50
O 714 2 w5 AT g 7d F AREEHE)
op AAHAAE T2 bl 2o vt Eds)
@ 2L 50mM sodium nitrateo] FESF] 10000rpmol| A10E3F YA Ee] & A5H 5
bl
@ Z=dA F=Z=d A5 E Bio-Rad A XA kitE o] &3] Zoald A3t

(2) AetobA 484 A
D Ferrous sulfate-molybdenum 3
o) 2o FEH AF(75u0: 10pg FENA)E 300 71 H A7 &3
- 714 &9: 2mM sodium phytateE 313 50mM sodium acetate, pH 5.5
@ AL 45 5 55T 30 WHEAIR
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@ 5% trichloroacetic acid(375)E H7Istd ®EEE FTAIZIL AIASHA
phosphomolybdate & A 2f(7500) & & 713
- WAAICE 55%(v/v) F4tel 1.5%(w/v) ammonium molybdateE &3ll: 2.7% ferrous
sulfate &% = 4:1(v/v)
@ 5% F TANIS EFFEAE ol &5t F3FX 700nmolA 8

kel
h=N
ST RT: ollE Zrda Brlgs xdwd 2z

H|

)
2

@ Standard curver KoHPO, §9S FE¥HE 3 A3t &3FX 700nmol A =4
- JEPolAl 1 FH(U)2 189 1lumol PiE WE3stcd 283 4SS 2 $4HE

U, 23
(1) BG-11GH HiA|oll 713 714 2 sxo] 2 FAHS F39 §/\%LH(1: )
O FHi Z42EAH2 1mM tripolyphosphates 3 7}g+ BG-11GH i A o] A %
FAASTF
eb thZ7%0 BG-11GH #iA ¢ A3 a484E 11.3%
@ =<l BG-11GH =9} Blmsted 8.6uf <7}
@ 24 EAEHL2 10mM fructose-6-phosphates 713t BG-11GH vl Aol A 73gt &2
Agkt

@ 3HA EAZA -2 5mM glucose-6-phosphateE 7+t BG-11GH v Aol Al A7q &
St

100 hp

def
e

40 bed bed

be
2

LT

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
= 2. BGI1-GH ®j#oll H7be et 718 2 e57F dAeobA] &4 mx|=
@ F(sodium phytate, 65C, pH 5.5). BG-11G HiA|(# <l 1), + AMP 1, 5 and 10mM
(@ 2-4), + ATP ImM(# %] 5), + ADP 1 ¥ 5 mM(#}! 6,7), + tripolyphosphate 1
mM(# ¢l 8), pyrophosphate 1 & 5mM(# %] 9,10), fructose-6-phosphate 1, 5 %
10mM(& ] 11-13), glucose-6-phosphate 1 2 5mM(&#| ¢l 14,15), + sodium phytate 1
2 smM(#EI? 16-17).

Relative activity (%)

=}
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o] TEFTUA AF & F glovg Z; vjA A tigte] 6F EFo oA AHx
Aedd A s8s 2AEA

@ 2 A¥, 6% T Ndelo]l PTHIA|(Pretreatment medium : WP medium containing
1.5% galactose, 50 mg/L dicamba, 2 mg/L BA)°l|Al 25 wjY & CIHjA|[(Ad 2= 75
Callus induction) ¥ CGHiA| (R &2 BA; Callus growth)ollA o F3F wjFst= 7459
CIoi A (1/2MS medium containing B5 vitamins, 1% sorbitol, 3.5 mg/L 2,4-D, 15 mg/L
dicamba, 1 mg/L 2iP)olA 6~7F uj¢3 = CGHiA(WP medium containing 2%
sorbitol, 1 mg/L 24-D, 5 mg/L NAA, 0.5 mg/L TDZ)E &7 widsts F 7Fx %o
Al AR AEE AY2E FASHATH

@ RGN E ABejzoh FARE 22 Yolg g FAsII o 2o ul¢ A Estar
st SA A= dal AR T3 HA ot £ E.' of Ab&sHAl AT
b FEAS Aol AHEst= A 2s, CHIAYAA 6~7F Wl 3 & CGHIAR &7+

o2 FE3kH

v

® AR zE FYPA A71E A FYFE, HUeele] A5 DN BEFT =
AN e wel, QPAZ BE AiE Belste] CGMACIA WY T W AR £x

wigo] wel AnAl Wwa e AH %7)7 Do

® CGMIAANA oF 25 WjFHE Ao %717 QojAW wi} wE AR} APH =
2 olFe AgelE £ F 3Folue] A4 AH~E o] &AL AFol Wad A
28 @7 9ol 1Mo AR R AH2E FRAATHE

a, C1-9015%9 b, CI-2020%

=1 73

@ ofdedolA F=E AH2=E AL A7 Ak 5 7FAS] FR¥|A (Frond
regeneration medium)E P3RS W WPHIA] o] 0.5% sucrose, 1 mg/L TDZ7} H7}4€
7d9-7F WPHIA] o] 0.5%sucrose, 1% sorbitol, 1 mg/L 2iPE H7IstAS W BHod J3AE
ol A= 2-a). A A5 F8A Hos gyt F43] fFEH Ages A
o] & HATH= 2-b).
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= 2. BHx Aewol line 228 =9 Aj&E3 A

2. Fgxo AR
1) E&F0 FHAASA ALES AT AzA <} FAAAY HEgs= 2H
O FAdsd Mz As 9t ofd 3 F9 %9 PPT(phosphinothricin)}
2 g eutol ol tigk S &l skt
@ PPT 5%+ 0%H 1, 3, 5, 10mg/LE A3t =¥ =rto]il2 0FH 50, 100, 250,
500mg/LZ A& AT
@) 71—“&:HHX]—t— 1%°] sucrose’} H7He WPHIAIE AR&&tlom A=y JAAE A
Fzol A vkt dEskAn.
@ 1A, ofdeple FAAe] A% PPT Smg/LYE 74412 BTt 2oz #a
7t AREE7E Eo U0
& 28 $H3] TAREA E%eH 10mg/LolAE FAT AT ZH-e U
oy &8 ASA = 3T
@ ofdetelel A= PPT7F 1mg/L7F H7bd wiA 8 Aelxrb S48A gken &
Ao 2 WA AAIATHE 3-a).
@b o dgtde] 5mg/Le] PPTAIAME Ao} & wb
TASEAEE o] A= cfdeilo] ekl

\

o
Ol

]_

Aol Al T F=2 HjA oA

be 2d bsAe AAd,
@ 23 wrtoldo] HrbE WAel GHAE AT B HUe ¥ BGPAR T A
2 4gse BYPAZE B A4S RN DAEE Ao B3

b QA= 50mg/LFE I Emntol il o3k W3tE YEll =)
FAAZA o] Aahuf R o= 100ppm o2 2] s T
© A= AA 50ppmol A=, Oppmoll Wl =7]7F AsjE A2 Gojg] 2o 3=
7} ekstElE dAbo] vEhg e M 93 2HExntolle] FEE 100ppmlE AA
SFATHE 3-b).
® &Fehele el IS A8 AEE HERAT (FlolE mlAA).
Al mg/Le] viA el A R3] ARSI o™, 2= E erto] Al 50
ppms A RS Wl Ao aASATH
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Spec &% Oppm 50ppm 100ppm 250ppm S00ppm

= 3. ojdetele] PPT & 2 E|nfo] Al ZHpEA

(2 FHx o FHAHEE WA 2 FAAS
O FHzx 3 JAASRE A% ANEHE AZSHr] st FHR7|BAA EFEL T EOLA|
A5 HEHIG2e] =935t AP AAE WE IG2PHYE ¢H33HATH (Fig. 4).
eb o] WH e FAASAMEY AEnpARZ AxAANZTE F2AQ0 PPT FHAE 7HA L
on, EXxfAAe HdxH ZZREE ubiquitin ZE2EEE AMESI QTh
@ WAL g5 & 7 479 2 =Y FAAE GUIAE 2RSS 53 st T
o E] H]A|A).

355
PPT Pass
BElw K=

Arcs AnPh
I:,:f‘:[:t.lp'.l i

P35S Intron GUS e _'
Foby-4
:>‘m’ﬂ (2093bp) | Gaibp)

o Y3t Ry HAAAZRCcZE 58 AT EFsie FAAZ

%]\
) 1A= AFrde T & ATHAA 7] FHIT FRAGHER] ohazRtH Y ES v
Me G4A AHEYHE A Vunsh 5(2007)0] Bk Aejx Y-S 242 A&t h
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B S Ao E 3 F3A A EUHS dHAE SRR S o] &t A
A& Wi, 100mg/Le acetosiringone®] 7} of1=utH ol Ao FAd A
AE A= WHoE TPt

@ 2 Ay A FHAE DAt wE e

(GUS)2 =i s 31k 43 Bz F4dA

HATHE 5).

b o] A=, FAAS A olaEdH Y MY 7IGEY) T, £EEET wE
—r%‘zﬂ olul 2 WA 3% AMEL GEAE 7] "ol AEAAANA A=
FAE, AT H MExe FAHAZ| HA e MEIT EAEE 7]HE

z=3d 7}3—5‘ AE MAE 5 Tk
ZHal7] A A =22 B9 AUES B4 o FUt Adol Hesitha

—

chimera)

Ty

g5 ekl el GUS B4

rﬂ

gebole] Mg o] &3 BWz FAMIE Vunsh S(2007)0] 1P FAA3

=ol7] {ste, FHAAF EAFH (particle bombardment) &
AHg3sle] DNAE F®ESHA ?%% T UAH(gold particle)Z Az 2o FHE W F,
IG2PHYE 7H2l At EHA105 #F & HF 33t

B CGHiA|ANA 3L3T FEH]<F 3'.5—, PPT 5mg/L, cefotaxim 300mg/L”7} H7}& FRH|A
A 27 HACE HiAE wEstEA = LI vt ATHE 6).

€@ A3t Ho] B JEAE PPT 5mg/L7F 7M. A WP 1% sucrose B Aol & &bl

Fate] ZANATHE 6-0).

Fig. 6. Fdd%=d ojdziel Ao 2o A3}
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< o= depobA FHAS GUS
A 3 A, BE FRAANA FEAe =Y &1 H

)
[l
Wy
i)
rO
2
)
ol
ok
2
6]
R
e
=
o,
[0}
X
(T
e
o Oko
et
N
N,
o
e
@)
=
o
it

Phytase - o o e | R R e e i —— —

GUS e ——

185 - -——— e - o —— - b . - ol o - .- b

wt p¢ nd 23 M XM M X J@ M 3 3 X X M IS wtpt mc 38 37 3 319 40 41 42 21 10 M

® BEE FAAR] GUSHHAS] Id BA4S F3)
skl 8l sl BRax mE gl disted G

ATHE 8).
@ BGEA Bode SgdAAAT ddo] #AFEHE= HEo] v gl
om, A A GUSEEC] &elE = F3ASH GUS Ede] 3 &

12129 134035 134059 1264128 13038 1311058
A o B S e - S

B | g i ! 2
31 [ e JE | el 31-2-1 %

L A, s

T WA A

3o [ asie, ) 3, | o)
S o \ ot
it - = g
- =S a3

P R (( )

34-2 | ol $';, ox
. .x\_ \.'!I,’:_':

% ¥
- T, / e
% e
3l-9 | 1:,‘:_.'.:.‘“;'1
e/ WA
- -
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= xR, " =
&, - C
o =il \ /
o i AR - |

1305

O FAHS FHzAAMY =4/ B EAl(copy) 5 &Ll Hste] F 817 FEAG

Rz gl tiste] AdES TP
@D ‘?‘}ﬂ, AuBe 2o a3t 2 DNAS =237 98k 20029¥ Yun Xiali So] 9+
F3 =20 e ol &tk

@ HADLE o]&3td FA 4T Z2F o S LFH{25mM Tris-HCl(pH8.0), 50mM
EDTA, 05% SDS, 2% B-Mercapto ethanol(v/v)}E *2l3taL 56T A 20%& o] ¥k
N,

@ FHxole= g3 duido] gk x3+= o] Y] ol &8 F 13
PCI(Phenol-Chloroform-Isoamylalcohol=25:24:1, v/v/v) & 23] ¢]
ClI(Chloroform-Isoamylalcohol) 2] #4}4-& 33} AT

@ oF¥¥F FAAG ofdTiQ] FHEEREH FE3I DNAT BanHle o] &3t dd &

1% ot7t2 2> Ao FAZF FFst] A Al DNAZE &3] 285 =5 st
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@ gwdst, ", T3 AAS AR A DNAE 20x SSC(0.3M Sodium citrate, 3M NaCl)
4 YERAEZ 2 WHYRI(GE Healthcare) &2 £33t

@ Bar9} I EFOIA] 32 A Dol EAFn R (hybridization) S = B3 7 (probe)+=
system(Roche)& ©]-83F PCRYF-&& A /433t o™ A= Anti-Digoxigenin-AP, Fab
fragments(Roche), &4 7] -2 CDP star(GE Healthcare)E A}-&3}3 T

Dig-labeling

355 polyA Bami 1

Nos polyA
— /‘_|_,—|, X \
7’#@3 < BAR if\ 35S pro ‘Arbcs ter | Ubi pro | 355 pro | GUS /\—*:@—//L
|
2.6kb I 5.2kb
BamH I
355 polyA Nos polyA
A
- % k BARR 355 pro )—!Arbcs 1erk Phytase Ubi pro H 355 pro\ GUS —
— — _ 14 ¥
|
4.0kb ' 5.2kb
T 9 Yz 9 JAAFTE WEH IG2(7), IG2-Phy(h<e] T-DNA 94

)

AEH) T2z Fa SRS A9sta AT F 817 AT @ copy’t =dE A
3370, 271 E?QE 227H 37/ =42 1570, 470+ 370, 570= 470, 670= 270 4] copy”t

e copyrh S948 209 FAAAE F 718 A AEAAE 10),

® Ae2=g A HiA] FAANA FAHEE ofaRdH PR ORE TH A & BAZ =274

HE2 o] HiFstlr] wWiiEol 2 Ae s xZ4eA E3E FEASAE 44 SH4Y

gE0] &

@ el -1, 2 3121, 322 FYF Aelx FHAM WA ARsE FAA s R
At FEAE FEsH7] sk ARgE =Tl 8719 a}ol(312-1, -2, 3141, -2,
4P20-1, -2, 4P22-1, -2) 5 2709 291(314-1, 314-2)> A EE 3 Ay ZHed A
° 2 e
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C wt 4P2 4P3 4P4 4P7 4P11 4P8 4P9 4P15 4P16 4P2 AP3 4P4 4P7 4P11 4P8 4P9 4P15 4P16
kb kb 1 1 1 1 1 1 1 | 1
23.13 23.13
9.42 9.42 il . : B
6.56 6.56 ! E} lJ
4.36 4.36 [ "
2.32 232 —
2.08 2.08 =—
Bar probe
C 4P53 6P1 6P2 6P3 6P4 6P5 6P6 6P7 6P8 6P8 6P2 6P3 6P4 6P5 6P6 6P7 6P8 6P8
Kb kb [ IR TR R R TR B R |
23.13 23.13
9.42 9.42 -—
6.56 6.56 - et ——
4.36 436 / -
A
2.32 2.32 —
2.08 2.08 =— .
Bar probe
‘b C 6P19 6P20 6P21 6P22 6P23 6P24 6P25 6P26 6P27 6P28 6P31 6P32 6P33 6P34 6P35 6P39
23.13
9.42
6.56
4.36
2.32
2.08
C 6P19 6P20 6P21 6P22 6P23 6P24 6P25 6P26 6P27 6P28 6P31 6P32 6P33 6P34 6P35 6P39
kb 1 1 1 1
45 Thos i - ; —_——
9.42 —— —
- ==
6.56 e
-
436 55 o
o 2 e
2.32 -
2.08
Phytase probe 3 -

LW, G P =T
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=
O #Hxe] 42A FAADL AP WS A3 5] '@%*8%%2 FANA
F 4 ME] CTVGPE

2 dEE 44 AxF F9(homologous recombination site)?] trnl®} trnA F9E
2 Ao, FERAF RNA ZZEE(ribosomal RNA promoter; rmP)=
=35 = A L”}ﬂ 2 e mrpoldl A 7R aadA, BlE2H FAAHGFP), HEF3
EfobA] 7} thA| 2~ EE 4 (polycistronic) kA A= o] STt

@ ZF AARY 2 =9 fAAE U9 AAHS E3 PCR L77F f1SS st

o2
d
]
e
=2
N
N
A

2L
rO
H

AP A

o] 2 o
H = T
¥ vyl gloee=w
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e
ot

e
2

o A
iz & o

o

A MAZHE T, GAAE oIS BT 7

g3t

A FARBS FYa7) Ao, SHEH A 1
Fol Az Th2r] WEd dqudde Fi FA4F BARAL AEste] BAA

SUE ECES DL IENE DR ER))

@ A, @A AR BAsE PHAAE, A Aol AR BAE FYstel 3U7

oz
41

fu

©
Lo e
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O fFrAAE BAE T3 Ae2s 393t dxddA FEMF F 100mg/L 23 E] u}o]
Aol F7kd CGHiA ol X738t 25 tA 2 v E wdsta 37zt AdadgdS 7
# 100mg/L 2~ E]zwlo]xlo] 7be FRuf Ao 2435t A L3S F=3519 T

® LA AL wWr] AR A JRAE 25 R sto], % A JjAE A

2o ol gsta, UmA AY 2 JAAE AE PCRE ol&3te =dFxAe] FF

M AP

@ I éﬂr A AMA A FrFHAL SHS AAT F UAHE 13
b FAll, FAAE BAA AREE W E2tav| =T A 2o X
AbsE7] flsked WlE o] FEA Alm =R A2l EAste dudd g FHA
zZeto]lME o] &3t PCRE AT 23 Soilerl SXHA F5< & :
& 377k AA FAAT BAFE SRy, 43 AR ALSEs FAPDAE
dedle 4FskA Zakid.

M pcncWT1 2 3 4 5 6 7 8 9 1011
PHY

M:100bp plus ladder maker

pc : positive control
(CTVGP plasmid)

nc : Negative control

18S : Internal control

GFP

185

Fig. 13. Putative §EA P2 A8 FHg =z A oA o =d/AA &

o

© %, B AT CTVGP HE Azl AHE-d J A4 FEA A SN E(CTVG) e <&
=, Bl A=A A= °§7W°d(16SRNA% it*é o] &L wY)E F¥ Aztd
(universal) M=, RIH O 2 B A& Follx 7led HEHE 4HA Ut
I8y P 2E GAQAEE, AAGEAEY Fiete 95 driAde] s F
o, BAAQ Axdol dova JA FE 7HsAEAE HiAE 5 flth
w 9 =AE sHdstr] flste, FRXERYH fHsks d5A Awel DNA®HA
(homologous recombination site)e FZ3to], W E o] H7|A A3} HuEA, o]& E
e PFEx A8 G54 IEAASIEHE A2 A&t Ao
0 F=AFFTATACZRE £ S CIVG HEde G54 AEo=2o FeAzds
st GulFEA A= 16Srrn-trnl, trnA-23Srm A E-& 38t ok
b I8y NCBI A A Lemna gibba, Lemna minor®] tml, trnA<S <3 THll(Nicotiana
tabacum)®] Y F9ES PIWSHAE trnlY A2 9F88%, trnA FHL FBA%E, EHA
oro A= oz ol AZF ¥MEs Wl s=Ao] 9Th
O gebA BFE2d BEEXE9 16Srrn-trnl-trnA-23Srrm P H S FE2YSY A7ALE S v
Wt HFHOoE ofdeiQloE HE H5A FEHEE HEHE AASS
W Zt7he] FHzeRlo 2Ry A DNA% FE, NCBIOA fojxl d7IMde Edje =

oo L

o o

&

X

m{m

of
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glo]HE A A3t 16Srrn-trnl, trnl-trnA, trnA-23Srrm @S PCR
14),

@ FE29d<s T3 oA E7IA<EH NCBIAA HME Lemna minor(Lm), Lemna gibba(Lg),
Spirodela polyrrhiza(Sp©l trnl-trnA A E9| A5 4dS vluste B3t 243, FH = o}
A7} il Y FolW Lemna gibbalBt Lemna minord 7Vs/de] Attes Ae &
T AAHE 15).

@D l'?—gé el Spirodelaty Rt Lemna®ll 717454 gibbatl minorel &2 obd

2 dddEn.

o

sl

olN

Z oG rh=

>,\l
O>.’

&) 5}7PE}J% Spirodela polyrrhiza(SpY 7Vsdol AW, F4A= FH=9 FAstL 7
Z9} o] oo B E JHR SRl LemmaR T Spirodela 43 #A7F 71 7k9-2
ofdeie] W el E AR 8 T d ZAo=E AdHTh

LA LY LD

16S rrn-trnl

{H Z LA LY M

trnl-trnA ——>

i: Zoysia japonica
. Lemna Aewol

: LemnaYongsoo
M LD [H SH M ZJ LA LY /D /H SH LD : Lemna Daejeon

LH : Lermna Haga
<«—ftrnl-trnA } trnA-23Srrn SH : Spirodela Haga

5 14. B3 %9 16Srrn-trnl, trnl-trnA, trnA-23Srrn g

12
olN
I

Identities LA LY LD LH SH Lm Lg Sp
LA - 99.84 9623 9676 95581 99.73 9937 9581
LY - 96.07 96.61 95.66 99.58 99.21 95.66
LD = 939F 9292 96.13 9571 92.97
LH - 98.11 96.51 96.15 98.11
SH - 95.56 95.20 99.69
Lm - 99.31 95.86
Lg - 95.41
Sp -
= 15 ¥ ¥ 2 45A A= trnl-trnA 9 vl

LA : Lemna Aewol, LY : Lemna Yongsoo, ID : Lemna Daejeon, [H : Lemna Haga, SH : Spirodela Haga, Lm
Lemna minor, Lg Lemna gibba, Sp Spirodela polyrrhiza

@ A, ofdetd tnlet trnA IS Abolole Sprl A7FE A Q1A BL7F SA 8t ol <
1637 2] rrnP/aadA/GFP/psbA 7HHE @S Sphl 14 F9o Adsie ¥Hoe=
SAHAEZFARZ gl JEA Am F7IMES ZEE AeCTVGSE AeCTVGPE A
st

2oy

X2
oy
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@D AA, AL WEZ FAAE BAE 59
[e]

sto] FrhH o R AEA
= A Foll AT

FAHSA Y A=

EcoRI HindII
“ i UGS vector 355:GFP:inos fee
pGEM T-easy vector
HindII EcoR I
TR P
EcoR I EcoR I L HindII+EcoR I cut
: = Ligation

BbelI SphI

pUC18 vector

CTVG vector e PstI Sacl

v \/
pUC18/19 ;

16Srrn/trnl m

CTVGP vector

PstI Sacl
BamH I

BuC18/19 16Srrn/trnl mrya

PstI Sacl

© amHI+PstIatoBlmting

AeCTVG "AeCTVGP
Bhe I Sacl

BbeI SacI

pUC18 vector pUC18 vector
Hind

EcoR I HindIl

PstI Sacl EcoR I

= 16 RWE oYkl Q=A FAARE W AZ 77

3. §IAY RHzoNA Y Tetohd TABH AF
(1) SefolAl EaBH BAzEd 3

O YA FHzA Y detotale] BaBHS A8 AR &

= H
-, SensoLyte MG Phospate assay kit(ANASPEC)< ©]-§3to] TElolA] &
245 Y= 17).
b AES 55TCAlA 3Y o] =3 & HAAbEE B3 ofdE 2 3
< o]&3th
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protein crude extract

HERY 10mgT Imle| HEHHE 98, shaking incubation 10min
SIa B2 15000rpm, 20min, 4°C

71 #a

HEY 2000 5=, HEH O 9mM sodium phytate 28,
HHE 2 0fM incubation 30min

wgel Fo
400pf 15% TCA B&.

)
SOUfE B[4 BHESY 800 MG
reagent 20 W&
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Phopate @ L
- -

wHELM)

=

=19 A Pz ojdeilolA e v Ee mE vEobA &4

(2) FAXZ FHzoA 9 FEtotA] S &
O A3 APA A= AEY 54 G4 2l d F299 AU EF 571 200mM

d o, Syl 55CY W HA AL YellE Aoz yephyt wetba A g ol A
Zamz FZHq RAUEF F5 sta, HhSeEE TE Al fARgE

EF & =
E AFS FYFIHE 20).

37°CH ofygl HALEel 55Tl A

AzEY Ingd 20u 2] protein crude extract ¥ P2
ShakerE o] &35la] 1587 5% & 108 #F
Y4E8 15000rpm, 15min, 25T

A4

BN
ox -

4

"

Substrate treatment & Reaction

AEA 34

37C == 55 TollA] 5& o<

”"’“4 %9 9mM sodlum phytates} &3
A D3 o)A 3083t HEE-

L4

8o 3 FaFe] 15%TCASF &3
AA1E2] 15000rpm, 15min, 25T

\ 4

W42 1000 34
2] H el 40 &+ MG reagentl0pl &3 F 1024 A3
1004 1M HCIZ 314 ¥ ODyp=A

= 20. =9 FEd0) detobA] S SAY
7N =)
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@ 55CAA AxE BPZE gAALS

M EEelg 0u B F B
595

il
) AP A= Lol A5 e HBE F==9 sodium phytate 352 H &gt
@ FAABA A5 oPF A M & w FHEIE =99 BAEL 70 B
118 =9k 55CollA= AL FAREFAT

ar .
€ 3, JJEPOW FAA =dE SRIELS 37T, 55CAM Ha 144 =2 3 veR
Atk 10709 Edeele]l F REE2% BFolA ofF Hlaf 2u) ol e FAHE
YEFH AL 55T el = R &oll Hls) &Aool ofF 3u] £ = U3
@ JezoA FHAAEA /oYL FHA A A5953kS WTS A595# 02 e AL
2 ZF gl ¥ oy g A A dFElolA] AL Ve
W25 55TolA A595%ke] vEtobAl FAA7E =UE epliEwt ofugh opyd H

THEIE =19 2Rle] BeAAE Eokot o Est Aoz wusle e 7
o] U3ttt ol FetolAl FEuTh wo o5 Fr|ste] fElE Ao Aad
H= 21).

gzs i .

""" trjwt 37°C

15 T tr/wt 55°C
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@ AZMEL o] gdte] Ao BAHL A ojfE ARZ e sun T W A=z
FHz7F vz JeHRY B33 FHgo] £ol8hy] wEelth
@ 2B AFRAGETAR)NA Az e tetA 2t 34 28 ndzuEe] &
2 gAS FUIE FALAHE 22)
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w gol T3kt dEEtAth o] %o AL A2 EFH T AT
O AxHA G FHEE AFE 27, FHEHV 2999 BHRIES o EH 2R &%k
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58888 copy
—=—tr/wt fresh
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b@:@, AR R & @3’@& @&@‘&: %@3'\’ @@:Q@/\ (eqa??’ b@??’
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%24 =98 $34 59 Hefolal BAel W
() ¥Hz NFEA
D Rz 22 FAsEE 288 A 28 AEoly] wEel, vho] L)
2 ALk HE AR A2 A4 vgo] vl A7 st
@ FHzE Aol SWF AHol} guz} BaskA k.
4) 2y ze) AzEW A=z
Rz HFSAE st v MgEE o8k, 1ahd =l YT
HAo A=A ¥ Ad=2 508 uﬂooké}ggu}
@ Aumd Al Sl BFE2s A Al vt 55ToAM H2A21 & H57
ol AlFstAT
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A FEAY =4 A

4 459 784 2 ¢A4S
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$HE AR ICR vh§-2=9] W&o EFAZZRE 2T
AT A AR FEtolAle] AME2EA EHE FH5ATH
Al s ko] bgste NEZE AESIGon, £
T ICR k929 FAFE7IMEE o] &3t AAR

o
iul
o
X
fo
o
é
o
it
X
o
A\
oxl
ol
N
do
ol
£
4»
08{:",
ol
32
£

i

o
ol

@ £ A AT FEolAlE AP LR ME v E AHE JHEd AFEE T
BE g

@ AAlz B A79 13} =] ARG A7 S AP ARRET] Aol
APz BH 21e ASeH7] st s

Q@ FRA47(= 1), A=xW W F4 dldE2 43 Bone gla protein(BGP)o] &

RT-PCRE &3l AT

b BGP= HIEIY k-o|&EH Zg5 2%
g o o},

@ B dAFolAes o] @AY BH {FFE St Il Az FAHS HFst
FF Aol H7F - [ o] w Ao Fojst= 71AHE Brs| LAt

e 59t

MATA 2ZAEY} 7] MG wS Fa%

4

i

o
o
A\
N
Hyr
92

® AnHos AYYEe §FORE 2 A8 Holx Y YA F& FAH
oAU 1 MAYL ASIE Bdo] HE AL FAT 5 YU
b Ao o2 setolAt W FHol FEAAE ul BT WA HAL A=
Aol BAD fAA FPE 2FORE VAHE AL X & A
O #F ARz ANHUNL W oHT AHE PSATY AetopA o Am ) WrbES
ARste] AAA §Fe AshiE v FoW AWE B WL B AL 5

AT

Bone gla :_ ! "—J

protein (BGP)
= F 4 |
B-actin i l —

5 1. 54 JEtobA|(sodium phytase) H7HIA A AAFH ] FFE7AEZE vl A
JelobA 7} v X= &3 #d 1-6: 0.5%, 0.3%, 0.1%, 0.05%, 0.01%, 0%
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2 A= HA7HE A2’ A

01

o

S 2. JE}OHA]

D £ Ao Aus B9
el W&o o P

o] mofAe] Q1 gie] W}

M Phosphorus
concentration{uh/1)

Dunit 100unit 500unit 1000unit

A7t ABE AT AR W FiE A9 =

A % £H«l Abzo] H7hE algtobA] o] A gl o
Jo) 2 Bl mE UEehd E) oo,

h A2 AHEE 7|12 2593 % 533}05{0@ Z AgoE 5 vt E T¥st AdEe

ANGT AP F =

@ A= o2, WEfolA] o

4n

& W Qo] 4R AT,

AHEEE A% R (G50T)AN A 1AIZE 3 EsgE & Ao =

D = 20 ASAY AeholAlel A2} STl we} Qo) Pekol FAGE B T -

@ o] AF AAE EdE A4 B AFoA FHo= s JANE AEA ] Aol o

AoE wE gRsy] A% sz ARZA A9 fond AHE AL & AT

() 348 A=F FetolA AR A ol 5T AF

B Qunit
B 100unit

B 500unit

B 1000 unit

Day 7 Day 14 Day 21 Day 28 Day 35

t FetolAl H7F AR A9 AR A= A
T 10075 FA8k] FEtobA] H7F AFRE o] 83}

AerobA A7t AEE Bl 712 AP KA
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e

ol-&3sto]

) sA 7
A }l‘i‘iﬁ}

@ Ty detetA o e AL STAAE ST WE Aol A YERA
ok

@ A A= LA = FAHE Au Aol Ao detotAle] o] &go] A=
Zlo] opd7t AAHM =3 AFE Foto] BEo & Jow ARdn

€ WY, FEtobAl o AW o] &Aoo dAHFEAA AHE Szt Hpd B AFRe] ¥
AZ T el A o] dEtobAl ] A TH o] Ae ApolE SO AR
A7 Al 9g€S & F e AeE Asdn.

1:}

_%’:‘

= mefolAle] EHE AT FAY TN SFAsA UL e

ft

2. 3AAE vElobA RBxE o8 F=4F
1 3 23
DO w29 A= APH LR/FE E07] st Fovh29h Al vhe2E Pt
AH8-3H At
@ AgTFE IH AYE v A5FS 10g02 2
A8 dEefobA] Hd FHAAE BHx AxF
=0 APl wet AAsin

sha Fapel BEo] IFW B ATA
2 ARsgom e £ APaT

® ® 1904 R vie} go] PETE Uuk AR FAAT dolHA e Pyzw
TAE Qo FAAS FetolAls Yt A8 TElobAl e} E9} Zo] A 25t
w2 349 o,

[ 1] SEolAl $47 Bd FAABAEL o] 83 A2 e 9T AY WEgx
Quantity Group Al Group Bl Group C1 Group CO01
Feed 10 g 9999 g 5¢g 5¢g
rPhytase 0 0.001 ¢ 0 0
Transgenic Plant 0 0 5¢g 0
WT plant 0 0 0 5¢g
Total 10 ¢ 10 ¢ 10 ¢ 10 ¢

Group Al: 1 (control, no treatment)

Group Bl: 2 (treated with rPhytase), 500 U/ Kg feed. rPhytase 5000U/g

Group Cl: 2 (treated with Transgenic phytase-plant/ TG-plant). 5g of plant/ day for treatment
Group CO01: 2 (treated with WT plant). 5g of plant/ day for treatment.

@ 9 o84 BHE AT 2t HYTERE AR SHS obd) Table 29 2ol 3

® =@ oY FHe| Tk UFE)E Agstel 7 AYTE AFES SHRADE 3,
= 5).

® 1 dstel nAgg Ys) 2

[*F

g3 s A7hAS A7 ERE FRAAL Ao
AT ST AR AR BAE EF oS
% = 4o14 B uhsh go] Fa Bt vl v Zel A K, Mn o F9E AR
AgolA A Ve glon] weel Zno A9 oY Rz} O we

Ao AT



W oldg 7|22 FEHE ENE AT S FHATH

@ B dFolAe T 457309 A5 AL 232 AHolA E49 A= 194
AR BAS B oo % 59 E 29} o] 4%7te] AAS e AEHoE 7
AP FANAN =2, &, W & AHS 44 dATE AR wg E7sta
EAHA HA

£ 29 ASe F ALY AETF AE MEY 2 (matrix)E UEFHIL oW i
59 A= 194 AFES BT Aol

© A= AetobA7E H7bE OF Bl 3 FEAS A EAQ ClolA B IFoART

W 29A A3 Al F71 A Elg=
Major elements Minor elements

450 s

400 0.05

£ 350 1 g’ J'

% j;l . i = 'ﬁ?om i —
£ "WT 0.03 I

E 00 iy g I [— s
£ 150 T; g 0.02 | § B “ Rphy
100 hl } & i |} g | | ——tinear(wn)
B 0.50 ik y : |

o st | I et L] Lol g |8 3"S%

p K Ca Mg Na Mn Fe B Cu
Bl e Elements
T 4 AE AT vuE A& vl
[ 2] & TAE 24& A% AR 2AANR) HEHS

Item Group Al Group Bl Group C1 Group CO01
Tissue 5 5 3 4
Bone 10 10 5 5
Muscle 7 7 5 5
Feces 10 10 10 10
Total 32 32 23 24

[3£ 3] FEtolAl Id AES Foldt 3 AFe +H A4

Item Group Al Group Bl Group C1 Group CO01
0 week 19 18 17 17
1 week 20 20 20 19
2 week 22 24 23 20
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W0 week
1 week
|2 week

GAL GB1 GC1 GCOL

% 5 JeobA] B AEe Fold A AT 4

0 o] &4 ddo] WA= st ATY
AEEA Y MY ATl F8 AT
TR
b AT THAZRE AL ARE vhe-2o AN F dF vhe-29 31, 25,

o 2Re] A e FREE DNAS F£31aL o8 o] &3t ofg &= 6o Yer
DNA =Zzlo|r| HHE o] &3t PCRE ’“63%}%1@.
@ FY3 A= 69 gon AFfzow FA
7104 s dletobAl AL HEHA S5
ATl ARERE WS THE )b
EARE Tt AH=E e 2HE BAFAT
@ 2y AA AE3E s v A= s &A]—ﬂ- 993k J—?‘—-—E—_Q.E 5 A7
HFoR A E THAE AAlEEY A=
Easian

5 AANA FAY FAAS AT HEEE
gmoly] WEe] B ATAE oo t@ AL

R

ey = ey oy S
- i e e i L B

1347 bp

M1- 100 bp ladder M- 100 bp ladder M1- 100 bp ladder

Lane 1- Phytase positive sample Lane 1- Sample A1 {Liver) Lane 1- Negative Control
Lane 2- Sample CO11 (Liver) Lane 2- SampleA11(Muscle) M2- 1Kb ladder

Lane 3- Sample C011{Muscle} Lane 3- SampleA11(Intestine}

Lane 4- Sample CO11(Intestine} Lane 4- SampleB11 (Lver}

Lane &- Sample C012 (Liver) Lane 5- SampleB11 (Muscle) PRIMER DETAILS

Lane 6- Sample C012 (Muscle) Lane 6- Sample (Intestine)

Lane 7- Sample C012 (Intestine) Lane 7- Sample B171 {Liver) AnPhySmadS: CCCGEG TTATAG GGTAAA ACA AGTCTICCAG

Lane 8- Sample B12{Muscle)
Lane 9- Sample B12 (Intestine) AnphyBamS: GGATCCATG GCTTIT TIC ACG GIC GC
Lane 10- Sample B12 {Liver)
; s . : Lane 11- Sample G11 (Muscle) T ANVEALING: 66.4°C
PCR analysis ofliver. muscle and intestine for ane 12- Sample C11 (Intestine)
phytase gene from Nude mouse Lane 13- Sample G11 (Liver)

Lane 14- Sample C12 (Muscle)
Lane 15- Sample C12 {Intestine)
M2- 1Kb ladder

l

)
r ]
=
ox
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o
do
r

T 6. FEtobA] A AES Fol AFHY e A 2F AR
PCR #4
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© & SFARAN Y TAT SAE AGIA FELAAN 2 5 WA
ol gl B3 AgS ENEEA B BB UYL T &
O AT Aste] tste] FoART FoF Ae A Art

b 5, AEolA U AAE FAAS AR BRI
F7 @3 QPN AT o] AT HF b5

© 28T FAAN B AT Ave BE HPTA A
AEHA gobA mlS nRH < Aoy,

@ 2el3 B Apeld Aeld ABAT S| AA WelE WA WA DI} Tkl

BEET W NE Ao AnE WA RSk mgkn,

@ ARH o 7k AYFolAe] HFRre 2 Aol e waskA TP, 54w B
B UA IR EQT HEA JE2HA Fool st et 4 Utk
BZATHE 7).

O 2eER oo U 7 AT WRY o AzHE,

1 1 [ 13
B2

24 Mg
i = Na

Group A Group A Group A Group A Groop A Group A Group A Group &
fatl  Rat?  Aat3  Rard  AstS  Ret6  RAat?  Ratd

I
WP Con
B Con
= CaCon.
B Mg Con
B NaCon.

Group BGroup BGroup BGroup B Group BGroup BGroup BGroup B

19
HCa
Mg
mNa

Group  Group Greup Group Group Group Group Group
€01 €01 CD1  CDIRat CO1 Rt COIRat CO1Rat COIRet
Ratl Rotl Retd 4 5 3 T 8

=7 4 MA =8 F8 vvE 78
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-
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2 sA 24

@O detopa] Hd A FHEE o] &3 SALI L §A FEFo2HE 1¢€H
HotelE 2009 Tdste] AFigtal F& AGAEH S50 s EHAT
b & 48} o] F 47 AFSE Uil FollA K uiel o] FEste] dES
T8t
@ AN 71 AR FAHRAE & 49 2T} o] FANA A 2T T ErolA <}

,\'i]ﬂ-ol-Xﬂ -&];éx—]j?j_ H_\lﬂZ_,] 7<‘]7]' 7]%% ;g

satA TRk 785 of

A= “dE ol A

10g) YubatEel sefold] WH HH2E BFste] AR AFHAL
€@ =3 A AFRO FAL F 5ol BAIZ AEHE A APl FLEA A AdVte
T3t 2 8H A
[ 4] ekl A HH FAABHELS FoIT A 4%
Quantity Group A3 Group B3 Group C3 Group CO03
Feed 20 g 19.998 g 10 g 10 g
rPhytase 0 0.002 ¢ 0 0
Transgenic Plant 0 0 10 g 0
WT plant 0 0 0 10 g
Total 20 ¢ 20 ¢ 20 ¢ 20 ¢
(£ 5] 48717 B¢ 89F KA FoIT A4E FHE L TEeolA
Ingredients Experimental diet (%)
Control (A1) Bl C1 C01
Maize 65.00 65.00 65.00 65.00
Soybean meal 30.00 30.00 30.00 30.00
Deoiled rice bran 0.60 0.60 0.60 0.60
Salt 0.20 0.20 0.20 0.20
Vitamin premix* 0.10 0.10 0.10 0.10
Trace mineral** 0.10° 0.10° 0.10° 0.10°
Calcium carbonate 1.00 1.00 1.00 1.00
Dicalcium phosphate 1.00 0.50 0.50 0.50
DL-methionine 0.14 0.14 0.14 0.14
Lysine 0.10 0.10 0.10 0.10
Sand 0.08 0.08 0.08 0.08
Poultry oil 1.76 1.76 1.76 1.76
Supplements
rPhytase’ n 0.2g of rPlant/ .

Phytase t-Plant’

WT Plant”

day/broiler

2g of tplant/
day/broiler

44 lant/
day br01 er

* Vitamin premix (U/kg diet)=

Vitamin A, 15,000 IU; D, 3,000,

ICU; E, 100 mg; K, 4 mg; Bl, 2 mg; B2, 15 mg; B5,

25 mg; B6, 8 mg; B3, 60 mg; B12, 0.25 mg; Folic acid, 2.5mg; Biotin, 0.2 mg, (Bhanja et al, 2005). ** Trace mineral
(mg/kg diet). °Co, 10; I, 1; Se, 0.2; Fe, 50; Mn, 70; Zn, 100; Cu, 10(Rousseau et al., 2012). "Co, 10; I, 1; Se, 0.2; Mn,
70; Fe, 50; Cu, 10. 'Recombinant phytase; *Transgenic plant with phytase; “Wild type plant leaves powder.
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[£ 6] HEtokAl H77F §A A&l vA= &3

Age of birds and duration treatment

21 days
28 days old 35 days old 42 days old 49 days old
Group old
(1*week) (2"week) (3*week) (4week)
(0 week)
w* wit b2 FCR Wt FI* FCR Wit mt FCR Wt FI* FCR
51.50"® 114.87"° 20.33 261.5"° 27.22 416.89"° 80.06 73143 95.41
0.31 013 021 0.14
A +04 +0.29 +0.42 +0.80 +0.28 +0.68 +1.03 +0.83 +0.56
50.28" 157.88° 1829 226.7° 26.06 543.97° 80.43 980.84° 98.69
0.16 0.14 0.16 0.10
B £0.3 £1.5 +1.08 £1.8 +0.61 +1.2 +1.09 +25 +1.15
475° 158.88° 171 297.5° 25.3 542814 78.39 993,04 107.78
0.15 0.10 0.15 011
C £27 £221 +0.70 2,02 +0.69 +268 +1.83 264 +1.29
5172 148.7° 184 312.9° 3143 428.264 67.66 775.28% 106.19
0.18 012 0.17 0.14
D +0.75 £28 +1.14 +18 +0.75 +1.22 +1.11 +24 +0.70

Values are Mean + SD
* the unit of the weights was measured in gram
IW- Initial Weight of the broiler; Wi-Live weight of birds at the time of experimental period, FI-Food Intake,
FCR (feed conversation ratio)- FI/ W -IW
bedMean values with same superscripts in the same row are not significantly different (P<0.05). NS- Non significant

AT

oh P xoh AT

| —
| —
—
—
—
—
[—
s

W1- 100 bp ladder
Lane 1- Phytase positive sample
Lane 2- Sample A (control, no treatment)
Lane 3- Sample B{treated with rPhytase)
Lane 4- Sample C (treated with TG phytase-plant)
M2- 1 Kb ladder

=8 A9 3t =

450 AA 49d 7]
=5t "ol 30

M2

M1- 100bp marker
Lane 1- Sample CO (treated with WT plant)

Lane

2- (-)Ve control

M2- 1 Kb ladder

2 wj7bA] Ykt

Toh 2T Fo)H ol B

A7V P BHz

A @ A2l T Do
kA el ARt setobA Ml Aol A

42
uﬂ—or Za@ 29lole Basta.
=k

2o A wEtobAl 314 PCR &4

o] F &l wet - F

AESE AR

Aol B Aol vt & A%

@ I3 Avdes A3rF AT DA FHx Aol dit

AE

Y%

R GOl A oFZE AR dRelA Fd 29§

opAl &
T

E
< AR

-
LA

A

o]

B by

@ & Aok
ATk A

AAS 2Rz APANA A A5
2527} AR BAAY 75

Ae AT ASh AT 4L Holm YT
o] ME AL

FAE 4E Holx
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|
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FHEE ARE AVEE As ARD dof SA9 FA= AT Co B FAL B

Aol mlsk] WA Alzts it

@ 2y 15U AUHA ARES £=7b FASA YEEA 22T B FAE

delolAe] a2 E 4 d= Ax7F JEYS JFS 4+ 9.

@ AL AA| AFFZIZEe] BA AHE T B 9 Coll U =
Res [EHT F AATH

o] ARE EQE B AFdANE F34 <
Atg 7 A2} g4 delobA] Wb FAMZ By zo] AU AR E& oS
ArE & So] A% vEtolA] AZH ZUsAL 1 oo Z o= A Fol

g 5
AT,
® o AT A= FF, FAFAY UM FUG EFAUY ARANE AU
8% AT A ¥ 5 Jou, BEol YPFI J1Ed IF AL Ao
AEAYEe & 5 Ark
b 53, ¥R ATIME FARAAN WS e FA5PL HAD gon
U gelA ol g3 9 4Rl AU 4EHAL W FIFRE FFATE
58 A B ¢ At 308 B AR 2o I+ dnka 4240
O PRz 44 £% B 019 Wby Qo] el AH £ F 9lu olE
Azstel Al AR AEZ ST F AE FET FR Aol 2T 5 ok
® oleld a7E F2A57] 9% WeEAL PARDE A4S 94 1Y & At
Getd B ATAAE ol AFH] Astel Aol TR A 27 F T 23S
FE3o] DNAS B3te] 9% setoba] H24 29 ol%§ PCR WHOE AAstith
(= 8).
b ANE AR FYRETA $HE AetobA FAA4E AP FFo] Hi uhd,
AEANE A8 FFol 87 B S FAFHL 1 9 AE 09 54 T
g SHUETANE A8 A2l B4 BRSS HA T 5 Ut
@ o) Avke A4 Agt HYIE ANAE O FBE A N1FL Tl AAE
slof SAA W, AP FEAAE odHA Yk FA T AT
® o A%E ENE FF, 44T AP I ATE Y T F AL A2 AzEY

[3% 7] detolbAl H7E7b SA9 &33H(bone mineralization)ol] V| X]+= &3}

Groups
Mineral A B C D
P 8.34+0.78¢ 8.53+0.77¢ 9.22+1.31° 8.51+0.61¢
Ca 17.82+1.10¢ 19.55+1.80° 20.16+3.13% 18.12+1.59°
Mg 0.28+0.04° 0.29+0.03° 0.30+0.04° 0.27+0.02¢
Zn 0.53+0.07° 0.53+0.08° 0.45+0.08¢ 0.51+0.05

Values are Mean + SD
The unit is expressed in percentage
bed\Mean values with same superscripts in the same row are not significantly different (P<0.05).

@ AN 87 Ade 5T F SAY 4 AgF=RE e Jxd e

o

CREE
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T 10. A-E. A9 AF %7]' 2 AR FAE 821 IF EA4S T 3 =R
A) 2 ¥HTE FH3H(zero leve)H S W SAFZEH IEotA Hd FHAHAS
Z7F AFS7kl ]7"]"‘:— B (B) & HTE X3S W S5 Ao 2@
d FHAAS FHEI AT 7}01] Hx= 93 () & HT-E Id33s o 94
vgtotA] B FAHE FH 2T AFSIte A= 4% (D) e HTE 33

o o weF ey g seoldl B FAAR Tz} AF
DE WAE GHskle o ven E4Ea scel

Z7bel Ve 4P

ATE Eolo] By o FHFL SAD A AYL oA g B

W@ 154 F 4—r«] AFRES 7HA AL FHH R FAstoF AES WE F AU
@ 71 A+ AF} [Greiner 5, 2006]2} ¥l a3} T
- A duate] A9 FUIMH TS dAE 5 AW A& ES BRoFa
AThar E3xEskA T
-gFoE £ o 4y FFFY 15% TF9 “/F%* gl el 2 JElolA &

WASES AR o] Lotk ABIE KA A 23EE FEIA FAAUG
T3t
B AT ASoE folHel WEE HolT id $F F7h AP APH &
Aee Y+ 3le 2 2o

(3) At&A 43
O £ dFolA 71 T avE de 49 $A4Y
1=

| o]t
) FAY Aol A@7NAA™H, A7

]9 FrolA FrlolA HE FHo 28U FH
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409 <tell BF ZE3)str] wiiLel ©r)ztel] AAAH 7HxE dojokvt A stel A 83Ut
7+ stk
@ 2 AdAe] FE BE A4S A&se] 19 AEE BEeY] Wi A%H &
FE st 47 A AL T 5
b AFEA Y] A ol BHAA AP S HARJIATH
G AAPHE SAd LT 2doA T AFVIbS LR At ZAr]AH
Ads =F}EF s
= 8] AP717 Bok ARACNA FolT AT TAHE 3 LBl
Experimental diet (%/Kg)
Ingredients A B+ Cre D
Maize 65.00 65.00 65.00 65.00
Soybean meal 30.00 30.00 30.00 30.00
Deoiled rice bran 0.60 0.60 0.60 0.60
Salt 0.20 0.20 0.20 0.20
Vitamin premix* 0.10 0.10 0.10 0.10
Trace mineral** 0.10 0.10 0.10 0.10
Calcium carbonate 1.00 1.00 1.00 1.00
Dicalcium phosphate 1.00 1.00 1.00 1.00
DL-methionine 0.14 0.14 0.14 0.14
Lysine 0.10 0.10 0.10 0.10
Sand 0.08 0.08 0.08 0.08
Poultry oil 1.76 1.76 1.76 1.76
Supplements
© 1.2g of rPlant/
rPhytase - day/ layers - o
X @ - . 2¢g of t-plant/ -
Phytase t-Plant day/ layers
WT Plant* L L L 44 g of plant/
day/ layers
Nutrient composition
Crude protein (%) 19.5 19.54 19.62 19.62
Crude fat (%) 5.0 5.0 5.0 5.0
Crude fiber (%) 7.0 7.0 7.25 7.4
Calcium (%) 0.7 0.7 0.7 0.7
Total phosphorus (%) 0.9 0.9 1.1 1.07
Non phytate phosphorus (%) 0.3 0.3 0.3 0.3
Methionine (%) 0.5 0.5 0.5 0.5
Lysine (%) 1.15 1.15 1.15 1.15
DCP (%)* 16.8 16.8 17.1 17.1
ADE (kcal/ kg)$ 3,550 3,550 3,550 3,550
Phytase activity
(FTU /kg) 0 500 500 0
® aY3 = UAY ASE Lo FLol BT AetopA Y TAE AFSH] el
<, ¢4 2 EFUS ANt olE Fsted B AFolA o =FWA dlEtobA] A
3 Pz Aol tstel AET 5 ATk



D UA, £A APH 2L THOR UET AMARE A ATE, AL Ax g
oA E B M2l T, MefolAl BE FANY RH2E C AT, Uv FH2E AT D
= Wesa Age A

o

@ A Ad7IzES Tl 2ol A= F 9o YEAH

€ FolA Huieh o] abtAle] o] M2RE FE3 FHdA 4 AT T 74
< HEHA AU

53], & A7 oA B FEHE Rz AP FoAs B AT Aol
£ 24T + gldo

2wl FEE A e EG BA Yol B Aot A 2ko|rh YA sk
o Qlo] A= ozt w2 AAXE HAAT FoH< Ade= YERRA kS
gl & 5 AR

@ 28 AT S Ade = 11004 vebd A3 2ol ofzt Aslets AxE d 24971
D@EFRE ATERY] B 4738 FH)S Tt FAD + U

SA A= 2 ARACdM = dRe] oln] & E FEjolA bee] AlFEZ] wE
of ol A= vHE Aoz AAEW Al FH F2Zo] AT FI7HF oty
ol BAZA 7AAE o] AAE AL AT ¢ = S Aoz A4En

@ 1ga getetAl o] Hrb Ede FA T Hste] e 2AE Sk ASHUL
o] A7} AtdEAY AATFA QL , 3 B ERY PAE e B48 &

@ = Rl dFe Eabe 2A vehbA ggrou, vzl i folde me A
GJehde 1ezg Satel B 5 ok

@ APIYAE FHE AT C % DA
g % gled, detokd HUT 7 BA deha U
$Pxo ARIANE AES 2 W dere] 7 A& v A% A7)

g o]
AZAE AsAol JA $e7h AZete] &5, AT A4A7L FEeITD AZa

sié
Iq

2

9] JEtolAl MelTol FAET ARE Fold WA ATel FHE vlulTel Aw

B FF Bl

. Groups
Mineral
A B C D
P 6.36+0.53° 7.14+0.29° 7.33+0.22° 7.07+0.61°
Ca 13.24+1.10% 16.11+0.28° 14.63+0.62° 12.20+1.19%
Mg 0.25+0.02"° 0.28+0.02"° 0.26+0.02° 0.27+0.02"°
7n 0.79+0.05° 0.62+0.03° 0.62+0.03° 0.61+0.05"

Values are expressed as MeantSD.
bedMean values within a row not sharing a common superscrip tletter were significantly different, P<0.05. Mineral levels are
expressed in percentage.
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1st week 2nd week  3rd week 4th week
=11 23713 s AT AiE AT S FES 2T FYAUE Aol
(P<0.05).
A: dElobA]l FA e 4 A}L( 12ALR, AFA)E 353 AHEA

Ll

Uepd

B: ol A EA3 A =% 3 oA (Biomin phytase 5000, Biomin, South Korea)
C: JjEpobA] Td fﬂ?éﬂ% Byzol o Bure HUI3 AARE FEI A
D: ofAE A FHPx o BES HIE ARE 3T AHEA

Group AZ: Negative control, (n=5). Only Feed

Group B2: Supplemented with rPhytase (n=5), 250 Ulkg feed, rPhytase 5000U/g.

Group C2: Supplemented with Phytase transgenic Plant (TG-plant) (n=5). 10g of TG plant/ day/ Laying Hens. 5 days/ 50 g/ total dose.
Group C02: Supplemented with WT-Plant (n=5). 10g of WT-Plant/ day/ Laying Hens. 5 days/ 50 gf total dose.
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[32 10] FElotA] AT FAEF AEE Fold 4AdAe i wEd vuEy by
B+ T vl
. Groups
Mineral A B C D

P 2.8+0.19° 1.8+0.2° 0.84+0.3° 2.4+0.3°

Ca 5.2+0.29° 43+0.21° 3.8+0.44° 4.2+0.37°

Mg 1.9£0.25 N 1.6£0.20 N° 1.5£0.14 ™ 1.8+0.12 ™

Na 2.2+0.20° 1.7+0.43% 1.7+0.13° 2.4+0.11°

Values are expressed as Mean=SD.
e\ ean values within a row not sharing a

expressed in percentage. NS- Non significant.

common superscript letter were significantly different, P<0.05. Mineral levels are

2.6 1
2.4 -
2.2 A *
2 1 ——A
T 1.8 - -5
=
16 - et
== [}
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1.2 A
1 L) 1 1 1
1st week 2nd week 3rd week  4th week
= 13 Ad7IzE )b ATl #FEE ARHRGE(FCR) FFEe 2Tk Fol4%0e A
o] S UEHH(P<0.05).
A: JEobA] FA 2 A AR AR, AFANE 3FT AR
B: tiAwoll A LA g A 23 3 EFOLA (Biomin phytase 5000, Biomin, South Korea)
C: SlEfolAl BE FAAG FHzo] O BUS HH ARE FFS LA
D: oM ® FAAF Byze] o) BUG Al ARE T AT
© Aoz APAL AZAdA 27t AEF FeropA] B FAPE FHE AHYIF
ol 71 Ao el Qo] AR
b AA Moz tE Fede FfodAE w2 AESHES EoFa Ut
@ AFol AT W d s=7F =4 Sk tE EAVF Anta 4w B Aol
A RdE o F4 58S @4 AT C A FEAY B@zolA AR BA e
I USEs #F FZ F UdATh
@ A3E 249 BE AR A9 A TA A feHoR AL olfE 2o
9 THol F5E 0 AT AAAA W) B E AR 2 9T
S 713 AoE FAHHAG
@ & dHE Tt ABACME Ge] FH Fdol B AFelA ALERE dEAS
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*F 94 =F WHE(Best session paper: Stable expression of Aspergillus nidulans phy gene in Chiorella vulgaris), 5" International

Conference on Medical, Biological and Pharmaceutical Sciences (ICMBPS, 2014), Penang, Malaysia
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a) 4] 7] <= A7) A AnasAs 2 o E
Do) 71& AT BA JxFaudd g FAZ T ATASoA FF
2o e [NEE MEE ez e T ATAENA ATl B RoklAe AT 8
=08 7
@9 7% [E8EY 2 QA s el A(TATES o] £3 ZrAdu U =)
o e EEOAA D Ao AR Ak Gde] o AlRSHE JUS PES EE AL
@9 71 2o Au
®9 7% [53=9
G0 e |FHE FBE BE ATAG] V&S RAGORA WM} Ee $Px A
T e g4t g
Do e [NET AHE BaE S Fl ARSI AFe] # RoplAl AT B4
sl 7]
B e |TBES AR W astel @ ARSH 9% ARG EF AR AWS
= (AT A A
9o A TR AAT WA AS SAAGAA BAH AL WS we £ e
|z A s 2 o)A o9
L prEAle ARl o3 4 o Has 2 w7t &g Mol i fAA B a)
e 7= A Aok
O] 71%  [7}5HE =gl s Atsla njTds) S8
@e] 1% |4 AMAZ JEow FEAH AMA AL E o st AAeA e
B 71&  |11E ;Y &S Nz wEY z:y 7E A
* BF, F%, =E 5 A4 ZuAY 5
() A5
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=
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1) &4 phytaseE itste FEAE PP A=
2) FATE o] & S NFFAH
Bl = 1A

1) PVJ-14-208(SCIE) and entitled “Impact of a novel phytase derived from Asperigillus nidulans and expressed
in transgenic Lemna minor on the performance, mineralization in bone and phosphorous excretion in laying
hens” (Pakistan Veterinary Journal)

=R FH S

1) A high-efficiency Agrobacterium-mediated transformation system of duckweed

2) Production of phytase in transgenic duckweed, Lemna minor

3) Establishment of Chlorella vulgaris transformation for the transient expression of Aspergillus nidulans phy gene
4) Influence of supplementation of transgenic Lemna minor with phytase gene on growth performance and tibia
mineral composition in broiler chicken

5) Effect of supplementation of transgenic Lemna minor with phytase gene and its safety in the animal model
6) Effective phytase supplementation for the thick egg shell formation in the lay hen without any genetic

contamination
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Med GAAMEZSON =L o2tz 8E
1. JetobA 4 AE R 54 54 R
1) X+
O A=z Eulistes T3] el HetolA = Aspagillus ficunell Al A5 FAE S, (phytate,
phytic acid, myo-inositol) hexakisphosphate [Ins/%], pentakisphosphate [Ins/Z%],
tetrakisphosphate [Ins/?], triphosphate [InsPsoll W3l ThFgt XSS 713
D A ficum FEFOLA] EAE 21E 9 7]E} WA E] JElolA BT} sodium phytate,
pNitrophenyl phosphate, sodium B-glycerophosphate, fructise-1,6-diphosphate & T %t
718 tiek %k 5ol 8 WA e 7HA
@ pH 2.5-3.0 & 4555004 32 A4S Holr] WjEol 7t5e g4 e A= pH
20-3.004 = &30 = A3
@ bRl AAs= A2 Pstd Azst=H, HVMEE A ficum Y EFOAI= 80T ©]4
7t Folx 5484 o Wit fle AEE WEd 7
@ A. niger 307
eh 50€d %™ TAE HFTHoz wWigIde W Hof e B
@ HHEAH pH 259 5.0, FH 2% 56°Ce} 58°C
@ A. niger ATCC 9142
oh A ZL) ] vlEtotAl o] EAFL 84 kDa
@ HASA pH 5.0, AH L= 65°C
@ A. niger van Teighem
eh g3, pl 3.8
® A. niger NCIM 563
eh Az o] &H] FEtobA] 23 Phyl % Phyll
@ Phyl SDS-PAGE’dellA 4% 66 kDa, A of Z}(gel-filtration) I Zr}E 1243 of A
A 264 kDa, AFEFAZ 74, FHAT pH(1.5-9.0)014 F+EZA, HA pH: 2.5, pk:
3.55, BRI 7|54
©@ Phylle @A, &A% 150-160 kDa, pH 3.5-9.0 Tl Fa2&4, #2 pH: 5.0, pl
3.91, sodium phytatedl| ¥t 712 Eo]4, ImM Ag*9} Hg* ol 44 3] JAH
® 718k Ae] ) EpotA
@b Mucor hiemalis. S35 AH A4AHE &4 (acid phosphatase) 241 A 24 pH 5.0-5.5,
HALE 55°C H WEA(B0°CollA 58) © FHLS pHolA F&E E4 el
@ Schizophyllum commune 3 EFokA| o] HZA &4 pH 5.0, H 2% 50°C, W&zl A]
11293 2712742 38% FA1%
@ Rhizopus oryzae I E}oLA| = EATF 34 kDa, H &4 pH 15 % 55, HZ 2= 45°C
@ Cadosporium sp.: HEFoFAl= EAF 32.6 kDa, HAZ4 pH 3.5 HALE 40°C
@ A niger®) TEtobA SRR PAE FEYY F o] FAAE A A nigard
FAAGANA dEtobAl AL 108 T3
©® FFolE 08T A= v dexE k2 Hy #io] offtes ©io] len,
Ade ol 8T BFe T40M B4 Ze= etz BYEAY AlZEe] EHl7F

Z] &k
=

olN

om
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LAt AEE FERolA] AAE FEIA Eihe EAA
® PR dEHaELE FF, A4, g4, 7|FAE, WA 7, pH 2 we}
T84 9 A g
b A F=9] (1-5 mg KHPO,/ AW A) H7MA A carbonaris®] /37, D EFolA] A4+
=4 A

! QAR X" HbE, EE(50-100 mg)2] ¢ A FFAAAE, a4 -
(3]
h

23] 7
@ wAel H7hE o] TR B wxol wek AolH: A ficumel A Co* B Mn*t o] H7b=
X8 Wk, Cu*'eh Zn*'e] Hrke o9y a8 AT

(2) A<
O HetotAlE &¥lske NT7t Bacillus subtilis, Escherichia coli, Pseudomonas sp., Klebsiella
sp.
@b Bacillus sp.: @ EtobAl = B4 44 kDa 2 124 kDa; 2 @4 pH 7.0; H2 2% 70°C
@ Gitrobacter braakii TEFOIAE M ZU] &4 ZA BAZFE 47 kDa, H 2 &4 pH 4.0,
HA L= 50°C
© Klebsiella pneumoniae T EFolAl = B2 45 kDa, {224 pH 40, ¥ &% 45°C
© Lactobacillus sanfranciscensis. M E}oMAl= A% 50 kDa, 34 &4 pH 6.0, A4 2=
45°C
Mitsuokella jalaludinii. ¥ BFotA| 2] H 22 pH 7.0, &% 39°C

() B

@ Candida krusei A|EH ol x5 T EfolA|S] H A& pH 25 9 55, HA L= 40°C

@ Kodamaea ohmeri M| Z 231 I EfotAl & EA45F 98.2 kDa, HA &4 pH 5.0, HA 2%
65°C

@) Saccharomyces cerevisiae M| E L8] 43 IElolAl= A o ¥ ABvtEIY HA &
A% 630 kDa, Endoglycosidase *12] % 446 kDa, SDS-PAGE| A &At%©] 55 kDa,
HZ A pH 3.6, FZ 2% 40°C, ImM Fe*'9} Hg*'oll 484 23] 2AE, 5mM Ba™,
Co™, Cu**, Fe*, Mg*", sn** A g Al B84 ZH3(AY 91%) AAH, FHAST
714 &) 4

4) 2=
O W, d, S, 73, Ad, &8, 45, 57 A7 LLdFTA, Gl Sl R,
@ B FetotAls Bl AA A 27)e] B8 Pl66 kDa 2 124 kDa; #2 &4 pH 6.0;

A L= 55°C) & PI(96 kDa, 2 &4 pH 5.0; 3 2% 50°C)2 T4
@ M (Corylus avellana L) SAo] JetobAl= &3l A iRl aasAs HA &4
pH 5.0, ¥A&2 72 kDa, B3}
@ A2l FelolAl= EAF 67 kDa, 2 &4 pH 5.0, HH =
€@ zho| vElolAlE BEAH 67 kDa, HZE4 pH 60, HF =
Zaf o] dEtotAlE 4 QIAFEBEARA BEoA ERlEE E4 B

- 109 -



@ YurH O FAwelA etold BHZIE P TE P
® AE Fo setolAE P /1A Sol g e Uehy

2. MAZF vl 9Y9E R
O ¥4 (carbon source)
b Fr1eadd FrieAd
W T&v, A8 (sucrose), °FA E4t(acetate), <4l4k(succinate), = 2] A € (glycerine) 2
=8 M E(glycerol) ¥ 2 F7|9AUS PAZEFY viol e~ LS FXIAIF]
@ g-H 3ﬂﬁlﬁ(dissociated type; HCO5, KHCO;, CO5?%)# 3l 2] @ (undissociated type;
COy HyCOp) o2 BREE F7|84AdS S22, ANaA 2 3848 AAS S
[Richmond, 1990; Tsukada -5, 1997, Kong 5, 2011]

@ Z71¢ Z2 i TR sE0 wEA mx2F/ dlolediz, S22d 9F 3 A
el A dFES 1A

EHs 2R EFIY Mtz s matd S 2} Brbe 29 Al 247
T3 4&s FYP3

& Y, 01% TEFL Hloleulxg F22Y FdFS FHUALL 05% TEFTS
Hiol o =9k A 2 FVMAIIY 222 T2 AAEAT 2% EETS
Hho] @ mj 2~ YAkS SXAZIU, 5% oS 23] Hpo] w2 AakS AAISHAH [Liang
=, 2009]

@ # 2 (nitrogen source)

b A 7Y A& vlolemx, A I B FEREY FF FFES Fv 24P F
HAZ 23 FY¥Y [Richmond, 2004; Brennan & Owende, 2010; Virthie &, 2010]

W s mAzFY A FF2 dA 7]ok(starvation) A 23] U 0 RIS
)+ [Converti ‘5, 2009; Dean -5, 2010]

@ AaY A= F718aY{8 4 (urea), 3 E(peptone), M O}5ZE 5 (malt extract),
#3117 FZE (beef extract), EEFZEE(yeast extract), °}7] =4t 5134
F71 4 AL {H 4 2 F (ammonium nitrate), 4 B (ammonium sulfate),
A4+ (potassium nitrate), E4AH}E F(sodium nitrate) %}OE TH

@ 527 LIS il AHEHEE F 7HA 2AYe TR sl wEbA wigA
FAHES AT o5 Foll AU EE, G EE, HE 2 H|FEEL FEEY
E7He 2 g pHE 4 o8tz AlstA wae v, A0 3 84+ wYfde] pHE

e 249 vl 29 nlojoms A H S22

Ao FAA] FEFS A WH A4 FFS FIHAY

g, EFIYF 20dA e T SZEHGE SRS W 249 WHolFEES

52 A EF Blaste] vpo]l euj e} AL S o FUAZAT viA 9
AN ES FUbet] FE2dg Evre 29 v Aol ARE, vho] v 2, nlo] omf
AL 8 A FheFel AR YS5HJL 845 HUMet wjdet B folle EREE
St 2 Aol AU E & 53 [Leesing 5, 2014]

D e THY A71EAYL otu| Ao 2 A FEd M+ (cyanobacteria) B ol AF-8-gk
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A2y [Rawson &, 1985 Rubin & Madgan, 1986; Hustede ‘5, 1993; Merugu
| e

w2 F gl AE A naEA Uy
S 592 Ztamglon

%, 2010], — =TT
AL S 1/\ _]Oi O] St=

FFAAATELE AFEEAmM ©]3}h) ofu|i=ike 2
Wl A= Fo webd 3 [Neilson & Douduruff, 1973; Neilson & Larsson, 1980;

Vashampayan, 1982]
@ As= ofw|iite] FAM e Ao aFHAR, e = ofv|ethe 4

[Rawson &, 1985; Klemme -5, 1989; Merugu -5, 2010]
@ Aol gt &4 HAHE(C/N ratio)
o 2 ZF dio] Quf 29

b PMZFY 7884 CH17004No15Pogoos s LHE o] B2
10%(w/w)7}F A2
o

oA 20%(w/w)7F ©AY o2 T8 ==t [Osward, 1988], WZ}A]
Ao g g4 HAHN &S

oF 5~100.2 323 [Cho 5, 2011]
W ol THA eAhdy AAYY C/N B &2 MR STHFIY A AHE,
Ao 71 Zasdk goF a9l

ol u A~ FeFa} AYARA T;H}\]_/\]-% 3]
@ oAE EW hlorella saccharophilia®l B} 719 ¢ Wl SN TEZ+HE 52 =
FTE &2 vlo]uf 2 A e @FS vF [Isleten-Hosoglu 5, 2012]
@ o2 o= Bl o uj kA =S 2 FH7}3t Bristol Hi A A &=

EERACIEFS) 3 pE 2
Chlorella zofingiensis® T %

A S+ E

N

A& vlol euj FFo] FE5EHUE [Wang & Peng,

2008]

@ =g e Fo FEdes MIFd FPolE 01% APIEEFS R/ Bristol ¥l of
A7Me £29 BEE 2%04 4%2 S7HA7IH vtol vl 2ok A FFel M}
THEReY, T FES 5%E SR Aol vho] v e} vho] o v 2

[Leesing 5, 2014]
l':‘:(0 6%) FEAHdF (potassium bicarbonate)
ALk Hj & ol A who] 2wl 2 A4k o] M= H 54
= “‘:}i%ﬂr @i%ol U A 72| Hpol w9 Al o] Fagt
FHo =Tt AUAA =& AFole a7 e
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