GOVP1200515223

Z O

2 b
a
H
k.

i+ HEO|=E& 0| &t
1es Hag HAe dM47= JHE

(Production of Soybean Phosphopeptide Calcium)

{u



sl

A

iy
o

)

KO

k-
Ho

ol #d A7 HAY FFRIME AEFFUY

2002\ 11€¥ 23¢9

—_—

o o o B oo < ol T R T

B s

FRPPWEDIET o
w 4

HEW & olMow o T %
BN K o H P FFER
o P W oP
~® R DG
Sttt iaiial il il il s el
BB B B B
7 A o bo Yo
M T BT TR



ko
1
M

.4 %

F fElolng o8 nE g AuAAY AVl A

O. A7 524 9 HdgA
B Ao e Hok wdwAsst @ ars 71 7|eg ol &3te, AA
A calcium-peptide A A& #F ZFdR9 gy o

MAZRE Aoz M $98lE  calcium-casein phosphopeptide

e e 4, ootEs B AA AL A

m A7/ ug R 89

]_

rir

2 da7e 2w A F4E 3/E £ de Za HEHEE
g 2 BAo] gldh ZEg ¥rId & #7149 FHE HASAS
i £

5
AED HE A7 HelH B84 JdES

o oo

RS
2%

’

—_

L

FAste Aoz 28EA Jed
2% 23 ATRE 9, 294 24 §58 AAAE CPPS 2ol w
Aol BE 7t4ENEQ oligopeptidest A%d F&A e Felst M AF
& Aoz 44 ok wEM ZEs AFE + A& phosphopeptideE 7 A
Hog Bdozy A FF7 08 nUs Za AAES Widstn #E
Azt A opn At R Qs 23S FHIden i ZaE
Aepolme 23 AXYRY FrEe 28 VRS ALAd 2F FFES
2353



V. @7Ad 23 g 28 dig 19

e A% Qs fgEtol=o Az glojA AxEE ARt AQ4ts v
9 213 g zadd v& g A 89 A3 248 2R 1
23 o Jeel=g QA4S g ditstd el Zg AT B
o glojA F4 o2 FEIF T2 247 AN FRG HE
2o} oprlimdl F2VF T3 g Aoz AUHUG AEL A4S
Aetolmsl AFAL o F89) 9 QMY EA 24 & ME AAHR
®al w2 $HEE FAIUE ZAAE AU HAZ TE HNEE o]&F
o Fok 54 AN Zaol 2% AE WE uptakeH =
gAsAck webd 242 iﬁ Fetol =z AW F5 AFAME JAH
@i 8 ZEe FHE AT F S Aoz BAY. o A
Edz At &3t 7E Al AFFdE 29, af¥o2 By
77t 75 FHe Zg AAE AN F £ A A 7E AEFHE
g hA A" glon 4 diAY adE | Aoz vddEn.

i)
mlo )y
)
o
_0_

o L

oft mo\‘
Hm

A



SUMMARY

Calcium works as a second messenger as well as one of the major
components of bone minerals. In order to increase the total absorption level
of calcium during the intestinal absorption, a sort of soluble mineral
calcium was prepared with peptides derived from isolated soybean protein
(ISP). The ISP was modified by tryptic digestion and chemical
phosphorylation using a variety of polyphosphate salts including sodium
trimetaphosphate, and followed by calcium binding. The optimum conditions
for the highest solubility and binding activity of calcium were established.
Calcium binding property of the soybean phospho-peptides derived from
ISP was compared according to their sizes and amino acid compositions.
To investigate the calcium binding properties of the peptide hydrolysates in
detail, the proglycinin expressed in E coli was also purified almost
homogeneity by ammonium sulfate precipitation, ion-exchange
chromatography, and cryoprecipitation. In general, shorter phospho-peptides
showed a-pronounced level of calcium binding activity than longer peptides
without phosphorylation. The hydrophobicity of peptides does not seem to
correlate  with the calcium binding. It was observed that the
phosphorylation on serine residues was crucial for calcium binding activity.
The level of absorption of soluble calcium phosphopeptides through peptide
transporter was determined using a calcium sensitive reporter in animal
cells. Our goals are to establish a new approach in the in vitro screening
system for the absorption of various forms of calcium. These data may
provide a role of the human intestinal oligopeptide transporter in the
calcium uptake in addition to the potent application of calmodulin gene in
the calcium absorption assay with intestinal cells. These results may lead
to an efficient approach in improving oral absorption of calcium or its

derivatives.
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AAE FAHE 2718 F /MY Be ¥ AAsE TIARS 2L B
F deou, AR F e ge F9F 94 ARN Fa% 98w
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2 7lsd d3te Aile ZE AAE 982 3t guEl
9] oligopeptide®t ZHgpo] Atz ca]cium~oligopeptide (COoP) dHe
ZeAAZE aFdY B Al ez 22 Helels & ofvxi
19d AEE 7 Z2ESAES Based 719stels 2o 89,
ol HF9 AAWY 2475 dig A7t G4 EHEA gF 2
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=
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M3 & A7 +

o2t

g % 23

13 2% A 43 Aoz Az

L4493 42 9y 2 A7 e

W wme dif dude] Jdd AR o, e, F0FF a9 5
G 7Isdel dte ATAR £4 2T Y e T 2ol 4
Ashs AAdFE 4G AR ugo] wow, ojxFetie] FiE T o
2 2% AE & 4, LDL 2 28E 43 7ts4 i, 49 A, 8
2% 71 R ZR VIS (AANNT vebd) F4Y 2t dv Aew #F
Hi 9ThE-10). ol @ A7 Al o] FU At Yx w1 AAH
25 7 dF @Us g Jeolns 4 vudz AgsAnh

e

Zg AT Heolme YHEM Isolated soybean protein (]38} ISP)o]gt &
o

AgSHAT BTN e oA wud mre 2

o

P YT

std AES & A2 BFHE L Ade] YRR AANC Yoz
£ ogEe Ay wagRe)n, HF Az A AL 2 $8WAY} B Yol
g HaFd AhEE @

2]
A F & ISPY AZ+E minimum-heat treated soy flourE YE 2 A}&3l=1)
MA, pH 89 of dzte] Aol soy flourE &3jA17]2 94 Relste] B4

& AAZT F& G5 A pHE 458 FFol 54 AAL 45
st 4" curdg ¢ o, 2dE 2YAY NaOHZ 48 & &
spray dryAlA ISPE A3H oz d¢ 4 o Azxd ISPE A iz
globulin(90%)# trypsin inhibitor, cytochrome 59 A&A%F YRSz TAH
2S component(10%6) 2 FEEH11). ISPUY @A e F2 glycining P
~conglycinin®. & T/ =0 =d globulin® Hwh o4&

B-conglycinin®. 2 HE Ejste wHozE 94 AeoA grie

Lo/

2}A] 8= glycining
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glycinine] A& #Ase QadS o] &3 cryoprecipitation® W& ionic
strength =7 A pHell we} glycinin®} B-conglycinin®] £ E7} e 4
°] &% isoelectric precipitation®] W& Ab&3dta] AL Ao trypsine @ F
A7l A 98 dFeHds 48 £ JATHI2 and 13). ISP Az
=2 ¥4 AL fig. 1-3 EASITY. o] AF 8o dojNE Az
ISPE AH8atx aA4Y Agzdd wet glycinin7bA] e8] @3 vz
ISPE ASdFEZ ALE37|= 3t ISPY S8 A ZF7HA7]7] 9
ste] ISPY wx9t &3 N7 52 g@dste] A¥aget A AE yge
G oA lEse ah ddE A4 20 wEow AT FEo) 10%
(w/v) =5 FHF A7 ¢ 83414 10.000 rpmell A 4083 DA E g
g B 784 dHATS REd & #4444 T @A NS g Heol=
o du= AMEAC.

ISP9| preperation?} FAlol thF @¥ A I subunit A=A
o A9 FE E Glycinin f2#l ZE B0l Helo| =9
202 glycinin A1Bip, subunit®] ¢cDNA7Z} cloned¥ plasmid&
AT st LEAA diFge wwAd F8E glycining 91 3Fc
(14-19). 2o SR AS A7) YahA proglycinin transformed E. coliol
inducerd] IPTGE H7FiA 2% 2dAz F FAE g4 A7z AR

oft

2 8 2
of

=4 o;:lﬂ.,”i
r-~

o

o
2

Qs

X

2
=

E T3 d9WAS 28894 Ammonium sulfate® o] £35te] 43t= gwa

e AN F HAAES I5stn 42 AHEY 92 4 (dialysis) S
s AART. FAsY 3d5d @A $ZEAS anion exchange columng o)
€38to] FPLC (Fast Protein Liquid Chromatography)2 %@ 3l3 wjxjgto 2

Az
&

d 3 EL cryoprecipitation©. 2 A ) 3o},
. ISP 89 &S =o|y] Y3t HAH A TY

[SPE el &% Za A% fgo=g *2546}71 AT HA =8& AAste o
ol 7hA 8 E QA Fe AdolA dRE ISPE 4% FEF AHEAch 2y
ISPel ¥5& ARt A= #4a ol £ F/MJE 290

T ASER ISP =& T AF Y 2AL

e
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Defatted Soy Flakes (15 ky)
1;4-——- HyO (1:16)

| Adjust pHto > 8.0 stir I brat
20°C.

1
: 2

Centrifuge in 8 Sharples centrifuge with 5700 rpm bowt sped, 4000 rpm
backdrive pinion speed, and 250 rpm transfer pump speed

l ¥ Supernatant
Precipitate sturry
l‘“"‘” H0 (1:5)

Sur (.5 hr 2t 20°C & centrifuye in & Sharmples centrifuge with 5700 rpm bowl
speed, 4200 rpm backdrive pision speed, and 250 mpm transfer pump spoed.

Oven Dy (70°C) | € Precipitatc € l

" Supormatant v
!nﬁzlgb}e ,L%-w——-— NaHSO, (0.0IM)
Adjust pH to 6.0 & wiore 8t 7°C overnight.
Centrifuge in an Alfa Laval centrifuge with 9800
pm speed, 450 rpm transfer pump speed.
Desalt With RC+ |, wewurnti .
100 membrane ‘E—M Pmm«——i
& spray dry Supernatant
* ¥
Glyciais Adjust pH 1 7.0. Concestrate with RC-
100 membrane, and wash protein with
0.02M S0y salution and water.
Spray dry
p-Conglycinin

Figure 1. Simplified separation process of glycinin and B

—conglycinin. (13)
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Defatted Soy Flakes (15 kg)

$—— 1,0 (1:10)

Adjust pH tn 8.6 & stir 0.5 hr st 60°C.

v

Centrifuge in a Sharples centrifuge with 5700 rpm bowl speed, 4000 rpm
backdrive pinion speed, and 250 rpm tranafer pump speed.

lv - Supernatant
Procipitate shury
r"“*— H0@:5)

Str 0.5 br at 20°C & centrifuge in n Sharples centrifuge with 5700 rpm bowl
meedﬁmﬁqunbackdﬁvcpiuimmeed.mdzsmpmm;fuwmpspwd

Oven dey (10°C) | €— Precipitate ¢—— l
“ Supernatant L
Insoluble l‘“

Adjust pH 10 4.5 & cool to 4°C and hold 1 br

!

Centrifuge in an Alfs Laval contrifuge with 9800
mm speed, 450 rpm transfer pump speed.

Sy | Llization mm‘_.l

Isolate ~ Whey

Figure 2. Production process of soy protein isolate in

pilot—plant scale (13)

_30_



Defattex] Soy Flakes (15 kg)

$—— HO (15 0 1:10)

| Adjust pH 108.5 & stir 1 hr 2t 20°C. |

v

Centrifuge in a Sharples centrifuge with $700 rpm bow! spond, 3000 epm
backdrive pinicn speed, angd 250 rpm transfor pumyp speed.

‘ — Supernstant
Preapitate slurry
“""_ H,O (130 or 1:5)

Stir 0.5 br st 20°C & centrifuge in a Shamples centrifupge with 700 rpm bowl
speed, 4200 rpe backdrive pinion speed, and 250 rpm transfer punp spesd.

| Oven dry (10°C) | #— Precipitate ¢— l

Supematant 4'
sl | A r————
l Adjust pH t0 6.4 & stoce st 4°C overnight, }
\d

Centrifug in an Alfa Laval centrifuge with 9800
rpm speed, 450 rpm transfer pump speed.

Deselt with RC- - | Neutralization o . o
30 membeane & e v
speay dey Supernatant
‘ $ENCH 025 M)
Glycinin Adjust pH 10 5.0 & stir 1 hr a1 §°C.
Cemrifuge in an Alfs Laval centrifuce with 2500
. rpm spead, 450 mpm - transfer pump speed.

30 membranc & W’ Yeutralization Precipitate * v‘

spray dry
T
1 i (4
I ediste Dilute 2X with H,0

Mixturc Adjust pH 0 4.8 & koep at §C overnight. |

Centrifug in an Alfa Laval centrifuge with 9800

pm speexd, 470 rpm wransfer pump speed.
Desalt with RC- | weytralization
0 membrane & | g Progipitate
spray dry
* Whey Priteins
F-Conulycinin

Figure 3. Modified separation process of glycinin and B

—-conglycinin in pilot-plant scale. (13)
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ISPE 747} 5%, 75%, 10%, 15%9 sx2 d7istd  Z4zbE 3AMF 5
stirringshH A F2el A 3ok &3d ISP 42 AL E F8h ¢844
d gt 2o —?‘F Bradford assay& %3 @#d ¥=& FHIAAT &

Ll

. e BAE o8 AN UF Aol (SPPY A

A F AR dE 5 9

S E3 QAagd ohg istE uiF dwAg JHAA FF F a2 Tt
FEAN(WE KSR, enzymatic hydrolysis)Al# SPPE &= #Hyola g &
s A FES ®OV H& WA &k st BHE T dF g
< oligopeptide® A&A 7] ¥, A8t g SPPE Felsille el ¥
o] A gAY ofpjnat A7) Eo] ¥ro g wmEEA Hol AitsA s

e
>
i)
>
il
A

MEERX 1 wg {‘_es‘ﬂ pyrophosphate &€ polyphosphate’t
& 2 gAsior sk ofglgol Ak o HFol U A=A
st nA Ak wEkAd sty Qatgel EgAl stSRE F kA Y

to to (Z

4% T2 FHFN 5A F 2N FASFUYEEFS o] &35
At & A T EFE F 10,000RPM £=2 94 £
#gate] Fedes dol & F QA STMP (sodium trimetaphosphate) &
1% =2 W7tsted pHE 1158 FA5HUA 35TAA 343 F AR
o ol IN g4t& o] 83te] pHE 82 A3t E YN (trypsin)& ©]-§ 3o

gejste] 3AzF ek veEHa, g F AESE A
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dtA e} vhg 5 AJAEQ pyrophosphateE A A7l A FHFSFAA T
Aet (MW cut off size : 1,000Da)& o] &3t 12412 o4 T4t}

2) 43 2 #9 9F 99 EYA RS A

=8 dF @S 4% R FHF BA F 2N FAIEES o) &3}
of pHE 82 A8 & Azt B¢ EF F 44 2ste dojdl A5 9
ERAE o1&ty 7tEad £ IN FASUYEES o &3t 1152 243}
o AAl 17 o] STMPE ol &3te itste AA s F4& AA s
e Qo

®
i
=
e
o
fol
B
N

Freslgnd e aus gue) 24

- &9 714 8 & AH3
ISP & &g oA F84 Gl dy FEE YO
g 2% ez F£&& Fol7] 94 ISP%°“—°4 %Eﬂ—‘-:—

A 27& Y39 9ld EXY 34 2

Qs 21 ] YA E a4 AYE %—3}1 O}Ul
F et &ae 71d9 H&E 2a st 7R E QAT F A
Aste] Axg SAGAY Ehdd g 712 vl go] & 1:250 9 1:5
00, 1 : 1000 (E : S)9 Ml &= Aidsed A A7 58S A3k

e 10250, 1:500,1:1000 (E : S)el H &2 7R AAE A8
A8} 7A] o F-oj R Al s 7—-_}15 2% & FAsAh A5 A F] Cal
cium chloride (CaCl:)& #7t3 ¥ pH 6.0, 37Tl 127+ ¥k¢A17) & TCA
£ 10% 9 352 H7I3 4ColA 1243 o)A wx]8 ¥ 10,000 rpmol A
2093 24 Belsto] Agelel Bue Fug
otometer (ShimadzuAhE& ©] &3l &A3dd.

i
ot
oX

ok

woE

o
i
i)
2
o]

Atomic Absorption Spectroph
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4) A A ey ZE 29

olr

Bl

< ¥237] YA HEFHE dojdl s BB a2 49
250% 9] 14 sFsts G2 F(CaCl)S A7bsta AW 2FF7A9 37TA
IAZE ot & AT v ¥ Helolme AR Lwe & A 4
a4 TCA (Trichloroacetic acid)E H% 10%9 2 H7lsta 4TAA 12
J'I?SP"} AAAND &, 94 Besta Fs5dd A4 2e s A

<Calcium concentration =% >

o Protocol : EDTA chelate propriety.

o Principle :

EDTA chelate %< ol-&ste Ageeid e F& ARsA
TERAGE dgo] EAT A4 B FENAAN AN g AFRES
W= e, ol EDTAE H7HehA =W A 24S di FE848
HA Ak o2 @ Y2 E o] &Ft Age EATE BEo] & HAHA
.

Ca'® + Dotite NN — Ca-Dotite NN
blue red
Ca-Dotite NN + EDTA ‘ — CaEDTA ? + Dotite NN

red blue

Calmg%)=TxfxDx(100/s)
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T : expend quantity of EDTA(ml])
f : factor of EDTA
D : dilution ratio of sample.

S : Sample quantity (g)

0 Reagents :
0.4% EDTA - 2Na - 2H0
metallic indicator -
Dotite NN
10%NaOH, KCN powder, calcium standard solution

0 Method :

1. Determination of EDTA factor

Calcium standard solution(lml=lmg Ca ; Showa) 5 ml + D.W. 10
ml + 10% NaOH 5 m! + KCN powder 0.3 g + Dotite NN powder
03 g

— propriety by EDTA

; end point : color red — blue measurement of sample.

2. calculation
Calmg%)=TxfxDx(100/s)
T : expend quantity of EDTA(ml)
f @ factor of EDTA
D : dilution ratio of sample.

S : Sample quantity (g)

5) QAEtE §4 EYAY Zd FHE A
TSNP E EYAC o8 Feol=R The Ee

s}
kv
N
al
S
2
1)
o
huj
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o=t QlAtE WSS AX #g AT FAQFA Hed FEolm shpRs
A AEHRNE Efiloe] ul#Ad s} =R ot g A AAHANM e
#7F ok olAE Iy st Y &3 Agste EE 9HE
BSA(bovine serum albumin)& o4& Z# ¥ Al EYAle] A& oA
gotr gttt BSA ol EYA M@ 27 BSAd STMP Az, & 43t
SAZ & EfgA Hy & A& SDS-PAGE(sodium  dodecyl
sulfate—polyacrylamide gel electrophoresis)& ©]-&3} v xlsj ¥ Qkc},

o

|

o

il

=

2. W% wede) q4g
1) QAsA

Aatst WHele ZA ZAAHQ BPF 345t o] glrk EA A3}
peptide?! ¢ CPPe 7ZHS, A E caseino] AXA (endoplasmic
reticulum) & B 7& Fol FA| Ao EA 3= casein kinaseol &3 14HE
7} o] FoAh(20-22). et HFEREEH @A Fole oiF dHEl
7bE AA Sl A QAbste] A 3x Fx R e #HS FAHE
s EAZE Q7] wWEe g4 wydds o# ol Advk webA FAHY A
A= Bt Feld 38HA el WS AHEst At skld

3}etA ol A3lA| 25 phosphorous oxychloride (POCl3) ¢+ phosphoric acid,
phosphorus  pentoxide  (P:Os), sodium  trimetaphosphate  (STMP),
miscellaneous reagent %°] ATH23). olFoNA E3], STMP= #Hl=
FDA(Food & Drug Administration)ell & 1€ 2% H7/MAZA H4de] glu
dulgel MNHE FUAINA o FAAHo= ek g g
42 AE dogA G d8A 9] dECd B AA AAsARA
AHE-3Ea1AE dkth. STMPE A ®(Serine), E# 2 d(Threonine)® 24l (Lysine)
F7le) QB E ATl Aox dEA Avh2425). 53 AdH Efgede
hydroxyl groupo] ¢14+3}& A)7]+=d primary hydroxyl group2 X &3k A&
7l dH o2 s E AZlY) Fig. 4 oA B £ g%l ¥kge] W

® ¥ phosphoserines} %] pyrophosphate7t 4@t} o] W& 47149

o
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PR
‘g '00 , PIO
Ser-0-H » o—p" N -0 '~.0
f {’0" 0 \ — 6r-0-P-0" o on ?H
% o G'g% RO Ty -g-
0 o
Srireresde SR O-Prosphosaine  Pyrophogohate
resicle
9 ,0'
ey 0 0
é T\ = I g H R ' ‘0.
e ol S ‘?“’\
o ¢ ¢
Lysine residue STWP N-Triphogpholydne resicle

Figure 4. STMPol ] A4tst 34 (24)
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ZZM n7tgH o2 APt STMPE Mo % BHeE SAT 2 A
M Ald7]e] Q4 s FHoz HYe dystdr.

oppl =it EAo uhet Qats whEo HH2AL sty st ol 7]
=% WZ STMPE At83tn A Fdxd g 248 58 &8 ny)
Aol TEEF 2L ANSAE ALY wastda o2 3E ISP Az}
E A% J4 23 FHE 5+ du

STMP9] ®h& A 2142 ov] €A Atk STMPE Sodium dihydrogen
orthaphosphateZ 530TC oA 5AI1%F B¢t 7tdaiA A&t dojd STMPE
A7 M A se 21E 27 de 449 pH, &%, ¥EEE dg)
£ QAAEA Al oM FEEY AE AFF L Lol YA o
AASAE AL&3 Z4zhe] Ze AF T28e FAste] B Ao wgx
A2 STMPY ®HE HA 213 TAdstA A8k th

et dF gige] g AgEe SRS F7FAA7] d STMP o} 9
o BFn>4) JAE FHAE oA QNPE o)ty T AYFL M
AR, o] Aol Agd AAFAZE  sodium  trimetaphosphate
(STMP), . Sodium metaphosphate(SMP) - Sodium  polyphosphate(SPP) %}
Sporix7} gt} ©] AAEAE thF FHAR o] FojW Ro2R Zr] e F
=8 AL dAA ZE @?J-% 71318 S7HNE Ao AAHDE AR
HA.

2)

o,

SEEEE T

0 49 24 AL O3 2o Q45 YgEPEeE Az AR
sodium polymetaphosphates (n= 3~18)& 43 ¥ AAHE FAELE A
0¥ FEEE 2AH9Y , :
Sodium polymetaphosphateZ A Z3t7] 943 Wi o2 (93} 29to g2 U
Az APLE Ak A1 29t dg ol Mee] ol F1 gom w
odium polymetaphosphate® A %3}7] 93 RAo)r},

g 92
o
flo
)
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AT EENaCO)# A2HHPO)S FYURE 3l Y=
< Agsgon vrgAe g3 Zo
NaCO; + HsPOq = Na3P:0q

- d8F %’&45%— 64 kg <A 32 kg EFEA FF2:
2 H3-g F5td Ao film FE
AR B4E A& F3d B2 o
) Al 29
- 988 g} EFo] old MSP (Sodium phosphate monobasic)E
£33 Wyoz 1¢ Hoe B8 ABE @Fd Ax T F 3

NaH,PQs + HsPOq4 = Na3zPyOq

- Qe FYFE 193} FUR Fo SAH] FHLEE 500

550 TolA 17 2 Al 59 B3& Fated dojA film Feje 2
AY A EdE T 2LE AT

g ge) o BgelM v]Ed AXY dF @Al Jasts s
Wid 28 &A= H]%l 719 =&& 93 A A% unfolding
AN A 219 A

74 2o sk 9o,
(pHDQL 814 AAAT ol ¥ WA ustel STMPZH HH A4
A Aol LAA Yot B HAME wu 101 ohd @A 74
9 Heo|=§ AHSSER Tl BH BF

d 05 WEo|=g th N FAFUEFS o]%s}oq STMP7} 288 4



UE #HA pH 21& 27 93 pH 68914 1152 7t A3 A8 &
o STMPE M7 AUSE HAF ¥ 542 Axste] 3F Aol AAY
BRTL ol + ANA ol FAo) STMPE AH£35HA &3 thE ool
AAHe A1 9t phytate® o &% QNS W AYE o pHAA
st ANSE Wetol= AHEBL Bastel Aol W F Aze 4YE
o Qs AEE Blusts] A5t A AFL YA SAT

l“l

o2

<{1 phophorous concentration &% >

A FFL Ao FHFH A FUdTHo2 v T A 7
FAFAN Zad A#9 ratiod AF Ad BAEG. A FHAL
Molybden blue ¥4 ®-& o]83t A3t}

Sample 3 Ammoniummolybdate, hydroquinone, Na;SO3& E§3ld
Na;SO3E 71k A7+ 71F 0.2 A&3| 30 min 3F ¥2A1A 650 nmoll A
BEE SHA

Lok

© Protocol: Molybden blue H] A
© Method :
50ml mess flasko Sample 2mi®} Ammoniummolybdate 4ml& 7}3} 4
TEI YA
— hydroquinone 4ml, 10% Na,SO; 4ml& E§sle =87 A
— 3rd. DWE EX71A A F NaSOsE 7M1 A& 71F0z2 A
23] 30 min 3t ¥EE
— 650nmel X FRE=ZA.

— blank® D.W.E o] &3},

]
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44

Ca-phosphate®] 73 9-9 B}3to CaCly, CaSOs HEje] A5 Eo g &3

Aol Fo} 2o FAHol foldET 3] CaCle ZF HEo|=9 Z&Hdo

2 E}E?S]'-TLZ} St $EE R RS HEAIIAY AL QA A, FA4
o2 Aestd ZES FEATH

—?*%l'i— L RO ZRE calcium® ¥7] A FA, A4, G2, #Fd Fo
2 HYgdsed S %54 =0 Ca-phosphate?) A $oles %

A AU ERAGIAE P87 dEd free ZES FREI] o SE

CaCly, CaSOs HEHZE FET A5 Eo e &30 Fo} 59 FAH A

&8t7lo) golstArt.

7hH FAd $EE MAL AFE ¢ F BEtd Iz 25 800TAA

IAIZE2A L3RI EQE E3tE A7l S8 332 &% 1000ToA
INZE 23N <t 3 3g 29 /7183 @9 E, £ 2 (Fluoride)
g AAT F A, A, 44 #3459 202 At B
ZEs Az e THe 93dg

W) =& 800TCAHA 33e & SR Exd dHFel 22 Zx %
Qo FFo] @7 i Fr1ZES AX st A E2E AA

- &
stedof &= FAL thA] AHol st WAZ o] Y& uhA, 1000T ol
A 353 $FRLE o) vl 3P AE

2) CaCLE ol8% #tg 2% wg

B Wetolmel BE APl o AWHY Faye A Asted ¥
Mg zANH gz 48e 4ASAY BE AFEe Ads Aeolms)
AWBEA e Herolmel F 71 2AsNA ZFH A
AZE ¥ Wetol=9} As AT Aetol=t A4 BE% AGHA BF
4% A4 Aetol=g FHs Bk A4 Asols £8AL F4 pHE
24% F 7ze] Aol #4900 IRBES 4 FEUR WSS BH
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A% W3g QYN F DH AGFS 2F A2 Bkl ANHAT
e}
A=}

dES A 327t 1-3% (w7 952 3

o 3 o B lyphosphate7t ZtAsf g1}t
Z4°] B7F9W calcium-phosphate 24 A A& FAZA714 HA Lo ik
st Jepol=o AFT 713E FAANA HEZ Ag AP FAE dexl
o ZEATE AYHoE FE&H7 YA = calcium-phosphated] A4 ol

E EAE #AAsoF Aot " CaClZ H7bsid 28-S fxdr] oA
o pre-precipitationA] A Ao ISP} A§H A e ANAS AA}T 1
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d o e HHE ASEoEN Yae HEelo=wke B AAsedH £
g g el th(30).

HATozR Y 2d AAE AH Addd EYA Jh5 BHELS AiE 3
%o m2} HiTrap chelating column®. 2 23t}

1%

fe re

- 42 -



Table 1. FPLC operating conditions.

A. Proglycinin B. Phosphopeptide C. Peptide fragment
purification isolation by IMAC isolation
Injection volume 7mé 1002 1mé
Sample 65% (NH1)2S04 precipitate phosphorylated proglycinin proglycinin
(5.03mg/mf) hydrolysates (0.83mg/m¢) phosphopeptides

Mobile phase 35mM Tris-HCl (containing 20mM Sodium acetate 10mM  Tris-HCI
(containing
50mM NaCl, pH 7.6) (pH 5.0)-binding buffer 50mM NaCl, pH 7.0)

Gradient buffer 35mM Tris-HCI (containing  200mM Sodiumdihydrogen- 10mM Tris-HCI

(containing
0.5M NaCl, pH 76) phosphate in binding buffer 1M NaCl, pH 7.0)
Flow rate 1mé/min 0.5m¢/min 1mé/min
Detector UV (280nm) detector UV (214nm) detector UV (214nm)
detector
Column Mono Q HR 5/5 1md HiTrap Chelating 1m¢ Monoc Q HR 5/5 1mé
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¥4 0IM CaClg columnol A3} A7 & FF8vje} £E 88 o] &3}
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dFaid fFA48 29T 98 E 2dsEE A 28y diFd
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AEd] mel A2(ABi, ABin, AiBy) 9 A3(AsBs, AsAB3)Y F 1FSE
g ETH(16). 19873, d£] Udaka d-+1F 3 methionined o] HliL
A F5 AuBin® ABLe cDNA7ZL 29 Ho] diZdFdA ¢ 1% &2
FEAHASo] B HADG, 7). 2 F, Nielsen#} Goldberg A-F1E] o3
0gE glycinind®MA 50| 5709 FHA ofs] AAPHA FA o5 HA}
(transcription)d 7128 FEHo=z W45 46, 17). & HIFHLL
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200kDa”
97.4
68

43

. < Proglycinin

Figure 5. SDS-PAGE analysis of proglycinin samples at
different stages of the purification. Lane 1, molecular weight

maker ; Lane 2, non-induced JM105 [pKGA1laBl1b]; Lane 3, induced JM105
[DKGAlaBlb] ; Lan4, crude extract ; Lane 5, fraction with 40-65%
saturation of ammonium sulfate; Lane 6, Mono Q pool ; Lane 7,

Cryoprecipitation
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Table 2. Purification of Proglycinin' from
E. coli JM105 (A1.Bw)

Total Total purification yield
protein proglycinin
[mg] [mg] [mg] (%]
Crude extract 714.6 875 12.2 100
Ammonium sulfate 409.3 76.6 18.7 76.6
fractionation
Mono-Q pool 25.7 19.7 76.6 225

Cryoprecipitation 55 53 96.4 6.1
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Tes A7, pHE 2eisted dilld o7t 52 A- 248 Yo
1) ISP 5=

ISPE 77+ 5%, 75%, 10%, 15%° ¥=2 #H7bste  Zhzhe 3A17F &<
stirringdt A A &4 =k &89 ISP £ 4& ARYE T3t 584
a9 Agrs £33 & Bradford assayg® £3 9#d 22 249 ¥
E7F wobyel wet d¥A xR FUstE RS $#AY £ dAS 2y
10% o} dollde 98 d Fxo F7F A=rt A% 3 [SPY 45 7AX
A HEZ HY 28L& 10% 52 AA A HTable 3, Fig. 6)

2) &3 Az

ZkZy 30%, 1217, 2417, 3A17E, 6AIZFS. 2 stirring 3F $o @A
78t AH(Table 4, Fig. 7). 94 stirring timeo] vHlEAA &= =
A EA HAd 3A7 o)F2E A FTrt AA FolXA P E WA

Aol A7l Wi HA stirring timeS 3A17He 2 AAJA.

i

1o .

3) pH

Z}z}el pHE PBS (phosphate beffered saline #9492 pH5,
6, 7,8 98 HAY b dWF $rE Z43JHTable 5 Fig. 8).
pHe @& @wide] F& ol ax Ferg F4 pH7 Az
Hotth, wH pHE @2 2R ¢x 33 FFF 59 ISP §9¢
TE A
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Table 3. ISP sX° @& dWd {3

"concentration of ISP Conc. of Protein

Wiy %) Ase (Bradford assay) (mg/mi]
5) | 0.248 40
15 0.336 55
10 0.474 78
15 0.610 100
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Figure 6. ISP %X o & ‘:}E'!é_‘l] S
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Table 4. &3] Azt @& G S

time AR5 Conc. of Protein
(Bradford assay) [mg/mi]
30 min 0.394 64
1 hr 0.463 76
2 hr 0.594 98
3 hr 0.630 105
6 hr 0.737 123

- pH7, ddH20, RT, 10% ISP solution
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AlZtoll ke Bl =

Figure 7. £3l% A|7td] & dido S
- pH7, ddH20, RT, 10% ISP solution
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Table 5. pHell| 4 & gl do] g3x

A595 Conc. of Protein
pH (Bradford assay) [mg/mli]
5 0.176 27
6 0.183 28
7 0.220 35
8 0226 36
9 0.265 42
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Figure. 9 Determination of isoelectric point of
phosphorylated proglycinin Lane 1, purified proglycinin ; Lane 2,

phosphorylated proglycinin
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Figure 10. Calcium binding activity of phosphorylated
tryptic hydrolysates
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| Non-ghosphorylated hydrolysate
Phosphorylated hydrolysate

T : Btandard Deviation

Bound Calcium (%)

+:4000 (E:8 }

Figure 11. Calcium binding activity of non—phosphorylated
and phosphorylated tryptic hydrolysates. After TCA

precipitation, the Ca conc. of the supernatant was measured. The amount of
added CaCl2 is 2.5 ug. (Bound calcium (%) = Added Ac conc. - Ca conc.
of supernatant / Added Ac conc.)
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Figure 12. Q143l% 54 EgA A A =3
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Table 7. % @9 74 223 A% g% o
Arpdage 26 AFE R (Y 1)

HA7EE ol did fetol=of Age
Zao v&(%)

At I )
H] & (w/w)
o) 5 o1 A3l diF oY
Ve BHE Ve BEE
1:250 5.46+2.86 16.12+1.82
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Table 8. d+ 9% 74 £3i
zdE 2w 2

H7he Bl e Aeolso] AFE Bael WS (%)

"o 71de HE

(w/w)
g Fd vk BEE Aaks) diRdd st 2IE
1: 250 9.63+0.13 51.97+1.16
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Table 9. d5F @9 7} £3h&9 & (249 1

IRRLER FoaNA,
Fetol = ZF H3(mf) | E}o] = 9] T (%)
=% (mg/me) % (mg)
a2l o) oy 11.72 100 1172
214k 3}
o5 shg 1.97 520 1024.4 87.41
L

_64_



Table 10. i @9 74 Ea &9 & (43 2)

chul g Z gua
HElo|ExT(mg 3= 23 (me) F Elo] = 9 T &(%)
/mé) % (mg)
e o) ek 5.68 100 568
Q14ks}
i Fgul Jhe 0.71 520 369.2 65
g
* Akt diFad 7l B E vj& 1250
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Table 11. Concentration of phosphorus in total sample

P (ppm)

Elements AVE" Sp?
Y1 21.26 0.45
Y2 31.72 0.82
Y3 235.4 2.18
Y4 255.4 8.86
Y5 355.2 0.42

blank 0.042 0.10
peptide 235.6 1.82

"Remark : Samples were analyzed three times and averaged. ("AVE")
’SD : Standard deviation

Samples : @ Y1 (trypsin 0.1% 2hr)
@ Y2 (trypsin 0.1% 3hr),
® Y3 (Ca-pep.—® at pH 35)
@ Y4 (trypsin 0.01% 2hr)
® Y5 (trypsin 0.01% 3hr)
® Blank
@ Sample-BLK: . pure peptide (treated 0.1% trypsin).

- Model : Jobin Yvonl38 Ultrace

- Source : Argon plasma (600K)

- Spectral range : 160-800 nm

- Resolution : 0.005nm(UV) and 0.05(Visible)

- detection limit : numeral ppb- more ppb

R HEE L LR RS
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Table 12. Sample ¥ ¢

Samples Concentration
Non-®, Dialysis, Et—-OH 47.44 mg%
®, Dialysis, Et-OH 21.5 mg%
Non-®, Et-OH 48.39 mg%
peptide 21.5 mg%
Samples : Group @ Non-®), Dialysis, Et-OH

@ ®, Dialysis, Et—-OH
@ Non-®, Et-OH
@ peptide
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Table 13. Sample ¥ 9 A3 Fa 9 HF

sample protein (mg/ml) P(mg%)
Blank 1.28 -
A 2.25 , 83.72
B 2.22 466,67
C 2.22 450
D 2.13 127.06
E 1.06 2160
F 2.32 -
G 2.68 490.91

Samples : Group 2

Blank : 4% ISP solution,

A - before dialysis at phosphorylation,

B - after dialysis at phosphorylation,

C - supernatant of final product at phosphorylation

D - ppt. of final product at phosphorylation

E - final ppt. of crud supérnatant at non—phosphorylation
F - supernatant of final product at non-phosphorylation

G - ppt. of final product at non-phosphorylation
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Table 14. Sample ¥ 99 A I 25 9 QA FF

calcium conc. P conc. protein conc. Yield

sample
(mgCa) (mg%) (mg/ml) (%)
A 0.6 201.89 19.05 93.28
B 1.2 101.89 18.72 93.16

A - 14k A" £ 3% CaClZ 7}gF sample, Non-dialysis
B - 948 A & 3% CaCl.& 7138t sample, dialysis
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Table 15. Q143 A0 @& Zda AFso] v

A3 duo ¥k

AT (ug/mb)
sodium trimetaphosphate (STMP) 67.3
sodium metaphosphate (SMP) 135
Sodium polyphosphate (SPP) 5.0
Sporix 13.1

_72..



100

g

&

=

E 80 A

2

2

<

Q

]

g 60 1

[=]

[aa}

[

3

a

5 40 1

e

=]

=

2

g 20

<

8

=

<

o ,

0 L '
SMP SppP Sporix
Phosphates

Figure 13. Calcium binding ability of phosphorylated ISP
hydrolysates prepared by the reaction with a variety of

phosphorylating agents. Phosphorylation of soybean peptide was
performed with various phosphates under alkaline condition (pHI11.5, 1%, 3
hr, 35 E). 1% CaCl2 was added. STMP: sodium metaphosphate, SMP:
Sodium metaphosphate, SPP: Sodium polyphosphate.
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Figure 14-A. Effect of pH on phosphorylation level.
Concentration of peptide and peptide bound phosphorus after
phosphorylation at pH 6.8-11.5. Phosphorylation was increased continuously
by increasing pH of reaction solution. The reaction mixture was
continuously shaked at 35C for 3 hrs before checking the amount of
phosphorus.
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Figure 14-B. Effect of pH on phosphorylation level.
Concentration of peptide bound phosphorus per 1 mg peptide.
Phosphorylation was increased continuously by increasing pH of reaction
solution. The reaction mixture was continuously shaked at 35C for 3 hrs
before checking the amount of phosphorus.
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Figure 15 - A. Effect of pH and STMP concentration on
phosphorylation level. Concentration of peptide and bound

phosphorus after phosphorylation with the various concentration of STMP
at pH 6.8 and 105. STMP was added to the soybean peptide solution as
various concentrations at pH 6.8 and 10.5, 35C for 3 hr with shaking.
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Figure 15 - B. Effect of pH and STMP concentration on

phosphorylation level. Concentration of peptide bound phosphorus

per 1 mg peptide at pH 6.8 and 105. STMP was added to the soybean
peptide solution as various concentrations at pH 6.8 and 105, 35T for 3 hr
with shaking.
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Figure 16. Effect of phosphorylation on calcium binding.
Concentration of peptide bound calcium per 1 mg peptide. Compared with
nonphosphorylated ISP hydrolysates, calcium  binding  ability  of
phosphorylated ISP hydrolysates was increased with increasing the extent
of phosphorylation. ISP hydrolysates was phosphorylated with 1% of STMP
at pH 115
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Figure 17 - A. Calcium binding ability depending on level of

phosphorylation. Concentration of peptide and bound calcium after
phosphorylation with various concentration of STMP at pH 6.8 and 105.

Calcium binding ability was increased with increasing the extent of

phosphorylation. After phosphorylation, 3% CaCly was added.
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Figure 17 - B. Calcium binding ability depending on level of

phosphorylation. Concentration of peptide bound calcium per 1 mg

peptide at pH 6.8 and 10.5. Calcium binding ability was increased with
increasing the extent of phosphorylation. After phosphorylation, 3% CaCly
was added.
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Figure 18 ~ A. Effect of pH on Calcium binding. Concentration of

peptide and amount of ‘bound calcium in various pH. 3%6CaCl: was added to
phosphorylated soybean peptide mixture at pH 5-11. Unbound form of

phosphates was removed by pre-precipitation using 1% CaCly.
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Figure 18 - B. Effect of pH on Calcium binding. Concentration of
peptide bound phosphorus per 1 mg peptide at pH 5-11. Calcium binding
was increased with increasing pH. 3% CaCl: was added to phosphorylated
soybean peptide mixture at pH 5-11. Unbound form of phosphates was

removed by pre-precipitation using 1% CaCl2.
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Figure 19. Calcium binding ability depending on various
concentration of CaCls. CaCly solution was added to phosphorylated

soybean peptide solution as final concentration of 1-5%. With increasing

CaClz concentration, the amount of phosphopeptide bound calcium was
increased.
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Figure 22. Calcium binding activity of IMAC fraction

(E:S=1:1000). After TCA precipitation, the Ca of the supernatant was

measured The amount of added CaCl2 is 5 ug. (Bound calcium (%) =
Added Ca - Ca of supernatant / Added Ca)
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Figure 24. Calcium binding activity of Mono Q fraction.

After TCA precipitation, the Ca of the supernatant was measured. The
amount of added CaClz is 2.5 ug. (Bound calcium (ng) = Added Ca - Ca of

supernatant)
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L34 92 9 2 A7 ue

LA WAl Zgo] FFHA &t olfre 2% e A ANFH A
B84 AL HEV] dEojt. £ ZEd 43 FEetoj=d gk At
AoIA 7HF EAA HAD e QAabs uhg Fom &9 o A st <
Mol H7te dstEEd vt A do= Aol Arh(34,35).
B fAoA $E7 EE2 42 R F9 st Qan Zae B IA
< A7 A 584 Heol=g o8¢ g ZielArh ISP peptide
g o] g3l 84 HAgol=g Yz F44 TE Helol=9 AzFGe Y
A 23& 24392 Q43 Hfetel=rt Ay A¥/S ST E AHE

49 Fokel dold & YA
oSt ge AwE T AuFY EA FAAE BF AF Berolsst BAs

A @5 FEYS FATGE AL LD} oA ISP peptide’t A F 9
Asvte FHAJD FA 2 5 AAE oA diFd ¢ FAF

A7) ¢35t FElol=9) size, olr Al 2o T E A8 FFo HE
Abgatd Al AEE A

o

)

mlm mlo o
(oL

L

A A 218" o8 FHe 718& O-phosphoserine, Ser-Ser-Sert
13 amino acids (Ser-Asn-Asn-Gly-Thr-Ser-Lys-Ser-GIn-Tyr-Ser-Ser-Ser
), ISP peptide ©]t}. 13 amino acids® =712 33A TN FA e
o] AYelA QAist AMUE A & Hfeto]=E STMPE o] &3t9 33}
oz A4E3 £ prep HPLCE o] &3te] 4tst feto|=xhg Eestdirh.
Fd g4 HAgolms g9 #AS ¥l in vitro calcium binding
assay & AAlsSt

ztzte] obvl bt Wetol= & QlAbahs} H]QlArE Hefol=

D:.
2 789 20 ppmolA 200 ppme] FES F& FHZ FH
o AeAEE ol &3t INTESL 35°C°ﬂ*1 Zg 23Ee A9 e F
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Zad 2% Helolm HElo|m 9] ?}?}5} 8o phosphate buffer (pH 8.0)%
A7bsted 4T A 1AM B WAF F 14,000g0 4 3087 ARG 4
TARE A F£&Y W Heol= A AEY TEE FHI

2. 9472%

7t Q14kst HElel= ol Qi A A - P-Ser, P-SerSerSer vs. Ser,

SerSerSer

HA P-Ser# P-SerSerSerd Ser# SerSerSers} ®liwalel AYPsr
P-Ser# P-SerSerSer?] Zr# Ad5°] Ser®t SerSerSerdl Hld] H5aA
7}3}% A& B F HTable 17-20 and Fig. 26-30). ¥ollA Zzsdd 2

Al ol QEst Fastade A dxstE Aol 4ats HEol
594' A% g F849 JHE FA7] dE o Qe A oM E
ddstAl ¥ew. Serdt SerSerSere| Zrg ZAd 5ol A @ A A4

Al SlolA Qs d-EAS sa4EE *]’“" RoFE A3

b
+ Q.

(I n&

]

L, 14EEE HElo)= o] Qlatzbg A A&} - P-13 amino acids vs 13 amino

acids

13 amino acids+ Ser-Asn-Asn-Gly-Thr-Ser-Lys-Ser-GIn-Tyr -Ser-Ser
~Serz FAHIYT. o) Mpol=t AURIE 674 Toake 13749 ofrlx
Aoz FAH S o] HAEelmE AT FHEE AE o9el EFod
(Threonine)& E &3] 8hAIw o] opm]:Abe QIibsiuhgo] & JojuhA|=
gt STMPE E#d24d9  secondary hydroxyl groupHtis A e
primary hydroxyl groupd] $43le Ao daldy Auh(24).

o] M E A 2t fetol =7t H]QAE HElolmof wle) ZE 2

Tol A9d SUHE A FAY 5 AAnh FHEolmy R FAASE

Lol vl Za A V17t AAEE Le AfeE F7hshe e 2
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Tablel17.The inhibition of calcium phosphate

precipitation (Ser)

Concentration of bound calcium

Concentration of Serine . .
(Serine-Ca)

0 0
20 0.8
50 09
100 0.7
200 0.8
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calcium [ppm]
()]

| & -

o—"

0 20 50 100 200
Serine [pom}

o J
Y S

Figure.26 The inhibition of calcium phosphate

precipitation (Ser)
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Tablel8.The inhibition of calcium phosphate
precipitation (P-Ser)

Concentration of Concentration of bound calcium

P-Serine (P-Serine-Ca)
0 0
20 6
50 9
100 22
200 | 47
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calcium [ppm]

0 20 50 100 200
P—Serine [pom]

Figure27.The inhibition of calcium phosphate
precipitation (P-Ser)
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Tablel19.The inhibition of calcium phosphate
precipitation (SSS)

) Concentration of bound calcium
Concentration of SSS

(§SS-Ca)
0 0
20 08
50 0.9
100 0.7
200 0.8
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calcium [ppm]
N
()]

o
T—
*
4
4

&

0 20 50 100 200
SSS[pom]

Figure28. The inhibition of calcium phosphate
precipitation (§SS)
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Table20.The inhibition of calcium phosphate
precipitation (P-SSS)

Concentration of bound calcium

Concentration of P-SSS (P-SSS-Ca)
0 0
20 6
50 16
100 28
200 4
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calcium [ppm]

0 20 50 100 200
P-SSS[ppom]

Figure29.The inhibition of calcium phosphate
precipitation (P-SSS)
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60

—&— Ser-P-Ca
—~O— Ser-Ca
—w— SSS-P-Ca
—— SSS-Ca

50 1

Concentration of Peptide-Bound Calcium [ppm}

0 20 50 100 200

Concentration of Peptide {ppm]

Figure 30. Effect of phosphorylation on the inhibition of calcium

phosphateprecipitationininvitrocalciumbinding assay. Calcium
binding ability of various amounts of Ser, phospho-ser, Ser-Ser-Ser and
phospho-Ser-Ser-Ser up to 200ug/ml were determined. Compared with
non-phosphopeptide, calcium-binding ability of phosphopeptide shows
increase in 10 folds. Calcium binding ability was performed after treatment

with 3 mM of CaCly followed by addition of 10 mM of phosphate buffer
(Na:HPO4, pH 8.0).
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T A (Table 21, 22 and Fig. 31-33).

13 amino acids®| H¥ A A 49 Seroly SerSerSere] #A$-9 tig 7
Ste] Serolu SerSerSerdl A& AA3H A ¥gt7) wEol AFT BE9 X
7} 3 ppmol&t 2 w9 AR 13 amino acidd] Ao B2 o3 WS
a2 sforstzl A% 6 ppm H =R Frlete RS B 4 gl olgd Ax
o] A=W ojd £A oinjnile Ao AFHoZ AP F U7
Y#Ed Aoz Azdgd 5+ ot

flo

ot Q1ats}l #elolz=el Aabza AA A - P-ISP hydrolysates vs. ISP
hydrolysates

ISP hydrolysates= ISP ®-#1¢] EJAlo] oa} 7t+i3] © HEelol=o|t}. u}
#A o] Feto]=o] F&g A7 olmlite] 2L & F Qith Qo A
% vp7bA 2 ISP hydrolysates 9A QArshel v]QAsl 2 Ure] Ay &9
UHTable 23, 24 and Fig. 34-36). vl 7}A 2 <1413} HEefol=o] H S #HElo)
= A% 2gd v57 FUhstE e BAT & Qe &4 soHE I
A8A Fn gae Az fFAEGn A9 $ 9k ISPY A$T A
dgo et o Fokse

o] Zgol A% F v 54 ojvmAL TFatn U7 BEQA Aoz A

¥¥ & slvh

>
o
e
>
32
ar a
=
2
iA
2
o
2
2
1
s
2
3
A

olgh 2 AsE T4 A QoA A F2AT Qs 4
2 4 AE 5F olulxie AU A Fa4e oA aW A I 5
291},

- 117 -



Table21.The inhibition of calcium phosphate
precipitation (13 amino acids)

Concentration of bound calcium

Concentration of 13 a.a (13 a.a-Ca)
0 0
20 09
50 2
100 31
150 4
200 5.7
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10

Bound calcium [ppm

0 20 50 100 150. 200
Corc. of 13 a.a [pom)

Figure31.The inhibition of calcium phosphate

precipitation (13 amino acids)
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Table22.The inhibition of calcium phosphate
precipitation (P-13 amino acids)

. . concentration of peptide-bound
concentration of peptide [ppm] .
calcium [ppm]

0 0
20 3
50 5
100 11
150 13
200 22
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calcium [ppm

N w
(] (]

—_
o

0 20 50 100 150 200
peptide [ppm] '

Figure32.The inhibition of calcium phosphate
‘ ~ precipitation (P-13a.a)
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25

—@— 13aa
—O— P-13 aa

Concentration of Peptide-Bound Calcium [ppm}

0 20 50 100 150 200
Concentration of Peptide [ppm]

Figure 33. Inhibition of calcium phosphate precipitation by a
moderate size of phosphopeptide in in vitro calcium binding

assay. Calcium binding ability of moderate size of phosphopeptide
(containing SNNGTSKSQYSSS)is superior to that of non-phosphopeptide.
Calcium binding ability was. performed after treatment with 3 mM of CaCly
followed by addition of 10 mM of phosphate buffer (Na:HPOs, pH 8.0).
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Table23.The inhibition of calcium phosphate
precipitation (ISPhydrolysate)

concentration of peptide-bound

concentration of peptide [ppm] .
calcium [ppm]

0 0
20 2
50 2.2
100 36
150 5
200 7.8
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Bound calcium [ppm

—_
O

[&)]

0 20 50 100 150 200
Conc. of 13 a.a [ppm]

Figure34.The inhibition of calcium phosphate
precipitation (ISPhydrolysate)
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Table 24.The inhibition of calcium phosphate
precipitation (P-ISPhydrolysate)

concentration of peptide-bound

concentration of peptide [ppm] calcium [ppm]
0 0
20 6
50 o
100 16
150 21
200 2
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Bound calcium [ppm

w
o

0 20 50 100 150
Conc. of P-ISP hydrolysate {ppm]

Figure35.The inhibition of calcium phosphate
precipitation (P-ISP hydrolysate)
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30

25 4

Concentration of Peptide-Bound Calcium [ppm]

—&— |SP hydrolysate
—O— P-ISP hydrolysate

T T

100 150 200

Concentration of Peptide [ppm]

Figure 36. Inhibition of calcium phosphate precipitation by

phosphopeptides withmultiple sizesin invitroCalciumbinding

assay. Calcium binding of phospho-ISP hydrolysates was better than that
of ISP hydrolysates itself and the result is similar to that of CPP.
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34 B2 9 22w o3 24 Arlolze FH
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L A9 42 98 2 AT e

2 AACA £ F 9iE olgd #a AY Heol=g AasHan 7

)
% %5}0157} Qopird 24 o
A
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24 -E monitoring ’5} TE f‘ﬂﬁ°ﬂ Sks ’“a”ﬁgl 7H‘i‘=}—% gAY F8 A
s

=
Yol sl FF ALE o]8F VWL BHYo gE VY T4 A2E %
A FEE S+ Aok YA oy 24 A% w9 $E dgozt A

g3 2% AXUR THol HYAYEAE drle 44 FoU BF ALE
% 4L 2w §5 AEE 4FF & & A oHel AT

g Aeolme FHE 299 YIALE o AY A ool Aty B
AN E 23 ALY Caco-28HE METE o83 F4HE F8 e

il

wo g A3, Caco-2% human colon adenocarcinoma cell24 Z+4
& A (Calcium transporter) ¢} FEbo]= 524 | (peptide transporter)E& EA]

of X3kete MEFo|tH(36-38). Caco-2 cello] FHElol= 4445 %dsn
A7 SHAIT over expressiond 93 HFrlol= FE o cDNAZ cell W&
transfectionA] # t}.

= AYeM ZEe FI4E
AR EAS gy Adgss
EX o wEE7] i 7
& HHor 4 5 o #R
lucifersase genesS 233t vector® Caco-2 celldl A W&AAF)=d ZH4o] cell
WZ uptakeHH cellflolX &9¥ ZAH9 A= wa calmodulin-luciferase
7b de] d Ro = AAstn AFsgrt
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7y 23 <

Cell growth media, glutamine, penicillin streptomycin and serum<
Sigma (Co. USA).ZH¥ TYs93r Caco-2 cells, human colon
adenocarcinoma cell € American type culture collection (ATCC)Z K T
At} Caco-2 cells¥ 3.7 g/L sodium bicarbonate, 100 U/ml penicillin, 100
mg/ml streptomycin, 2 mM glutamine, 10% heat-inactivated fatal bovine
serum (FBS)E X3%3}l+ Dulbecco’s modified Eagle’s medium (DMEM)¢ A
H) 4 ¥ ot

Cellse 37C, 5% €029 humidified atmospherexZolA wWl%E YR
adherent cells®] trypsinizatione cells®| healthy status& x8}7] 93 9=
dell A AAsdTh. RE 2P & passages 5-20904 AFHAG. 2| g
< 9% labwarew Falcon Labware (Beckton Dickinson Co. USA) ¢ NUNC

(nalgen Nunc international Co. Denmark)& A}£ 39t}
1}, Plasmids

Human peptide transporter plasmid hPEPT1 2 Bryan Mackenzie(40)2 %€
AF wom Plasmid CMl-Luc, calmodulin promoter fragment in a

promoterless luciferase expression vector= Sonja L. Toutenhoofd(41)Z 5 €]
LRI e =

t}. Transient transfection

Caco-2 celldl 24¥ & ¢33 hPEPT1# CM1-Luc® transfectionA] AA T4 %

g SA4staA st

Caco-2 cells Plasmids for expression of human peptide transporter and
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calmodulin linked to luciferase gene®. 2 lipofectamine (Gibco BRL U.S.A)&
A8t transfection® $1th. The cells transfectiond}”] 24 A7k Aol 4 ml
of DMEM mediumol 94 60 mm culture plated] seeding3}ith. Caco-2
cellst 2 pgof plasmid® cotransfectiond$ 3L incubatione 3 ¥-° 4 ml of
DMEM (w/ FBS)& Zt7ztel plated] #H7bste FAdh Cellst= 37C CO2

incubator®ll incubation®} %t}
2}, Stable transfection

Long-term cell line® establishment® 93 transfection®] calcium
phosphate methodZ %3] A &% dtl. Calcium phosphate method®] 2% 3}
A& g3 2tk Caco-2 cellst transfection 3t ol 60-80%2] confluent
2  100mm plated) seeding® %lth.  Transfectiondt?] 3+ Al A,
transfection solution& - &H| St DNA . mixtures= 10 pg of hPEPT1
expression plasmid, 10 gg of CAl-luc expression plasmid®} neomycin
phosphotransferase genes X33+ 05 pgg of pCl-neo mammalian
expression vector (Promega)$t 60 ©£2] 25 M CaCl2Z mix¥ Fo A-oA
20% 7 incubation¥tt}. 1% th& mixed solution®]l 1 ml® HEPES buffered
saline (HBS; 21 mM HEPES [N-2-hydroxyethylpiperazine-
N'-2-ethanesulfonicacid] [pH 6.95], 150 mM NaCl, 0.7 mM Na2HPO4)& #
7}ét}. Neomycin phosphotransferaset= transfected cell s A G418%
selection® 98] A&@E ot Z+zhe] DNA-CaCly solution2 Caco-2 cello] &
7 ml9 growth. mediumol 21 37T, 5% CO2 incubatordl A 12A]7F7}=F
incubationtth. Incubation ¥ medium$& A AT thE cellst= PBS® washing
33 serume EE3%F fresh mediume ¥ o}& ). Transfection¥ ol neomycin
resistant colonies¥> &3 Z-& Ao 9sl selection® U} Transfected cells
¥ 29 AL fresh mediumol A incubation ¥ ¥ 500 pg/ml geneticin (G418)
(Gibco BRL U.S.A)& ¥33% mediumo. 2 A 3}, Selection mediumel Al 2
T Mg e e 5 colonies= sterile cloning cylinder_Oﬂ trypsinization.o.

2 collectiondt 3l 24-well plates® transferstt}.
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v} Cell treatment

Transfected cellss DMEM containing 10% FBSZ dilution® calcium

chelating agent?l 1.5mM EDTAZ treatment® % 2A]7F %<t incubationd}t )
t}. Calcium absorption studyol A incubated cells® 24 A|7FH5<Q o8 FEe
calcium peptide (P-Ser-Ser-Ser-Ca and P-Ser-Ca)& a3t} Control
cells= calcium peptide ™4 phosphopeptide® A&t A& 31 o}

v}, Luciferase assay

60 mm culture dish®] cell& cold PBS buffer2 washing3t ¥ attached cell
< scrapd}9] micro centrifuge tube® transferdtd 94l st cellgtg
A3ttt Minimal volume? cell culture lysis reagent (25 mM Tris pH 7.8
with H3PO4, 2 mM EDTA, 2 mM DTT, 10% glycerol, 1% triton X-100)%
cell& 3087F 4TCAAM lysis? 3 extractsE A EF £33l dojuir}. 9
A8 3 supernatant™ NH3A Lo M freezingstel 70T B &3l Cell
extract proteins®] ¥ X+t Bradford assay method® A9k Cell
extracts®] F#H2 ©WAS 5] volumed luciferase assay reagent

(Promega)®} mix3F3ith. Luciferase activityy= lucifferin® 2 &3}= luciferase

9] %S scintillation counter® A 3sle] AA S
2. A+ A=t

g F759 FHE luciferase assayE B3t A3t n AEo] ALL3

ZHg HElo]| == Ca-P-SerSerSer# Ca-P-Sero] 9t}
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7}. EDTAS 5= AA

Zg TFE2E ZAHsied do FA7 gQqY9 HLE cell growth mediumy
| A8 gl Ao)UT. Growth medium® 2 A% DMEME &
sbdE& 0265 g/Le] =2 X ev] o Zol cell HE uptakeH
g Yepol=9 uptakeE FF3] FHE 5 . WEtA mediumWie Z
S AAFHrAed ZEFES chelating & 4 = EDTAE AL&3t9 AAS
& M3t EDTAE o8 552 #riste o) 243 e
A 0 mMAlA 06 mM$& Ab&aA A&t medium e Zgol dviet
AA HAeA #FA8t7] Y] luciferase assayE AAsAT. ©hS-9
Table 259 Fig. 37914 & 4 U%o] EDTAY ¥ X7} Eol&A+F luciferase
activityZ7} Z+43%le 222 Hol EDTA7ZF medium Wel A chelating #&$
2 e Aoz FAFAUT
0 mMAlA 0.6 mM7FA] AL L&A 7 06 mMo A = luciferase activity7t 3 Al
UElt o2 EDTAY E 52§ 9 tr] 438 ch(Table 26, Fig. 38). 0
mMAA 2 mM7AA] 059 Aoz Agsided 2 2% 2 mME AHSE 73
F cello] F& A4ol vt webA 2 mM o3 F 15 mMe EDTAE
chelating® 202 Ag3tA =t

0%
i)

R O

i

L}, Ca-P-SerSerSerd] 4% &34

o] A¥oA AE¥ hPEPT1S A2AAMEA Caco-2 cellsolr L@HE
peptide transporter2 di/tri peptide™r& M ® 2 o 2 yptakedth(42-44). o]
<789 tri peptidedd Ca-P-SerSerSerg Zaoz WA Agslgd. 28
U A% A3 Ca-P-SerSerSert uptake’t & dojux &= Aoz ey
t}. SerSerSer7} tri peptide®) 71 8t %t Ca-P7} Z@3le] tri peptidett =
sizeZ7t 8 o A S12Z size specificdt peptide transporter® E#}3t2 &
st A Z2oh ohg9 Table 273 Fig. 399 vehigdch o] AHo|A peptide
transporterd! hPEPT1¢] &#& A9sr] $sl hPEPT1HA  backbone

plasmid®] pBluscriptZ transfectiona} < t}.
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Table 25. EDTA ¥ %(0 mM-0.6 mM)ol] @& Zg 2] Chelating
EDTAE ZF =82 A8 3 & Caco-2 cells?] luciferase && g luciferase
assayZ A9}

EDTAY &%(mM) Luciferase activity(RLU)
0 89.2 |
0.2 81.3
0.4 .5
0.6 69.5
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EDTAS 0| (k2 luciferase activity

= 100 | |
— | ‘
z |
> 75 i

= f |
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© 50 !
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w ‘ :
w ‘ |
3 25| |
Ks) : ‘
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0 0.2 0.4 0.6
EDTA SX(miv)

Figure 37.EDTA 5 %0 mM-0.6 mM)e°ll o} & Z 4 9] Chelating

EDTAE 7 =82 A7 3 E Caco-2 cells9 luciferase &3-S luciferase
assayZ &4 &},
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Table 26. EDTA 5%=(0 mM-2 mM)ol © & Z4 9] Chelating
EDTAE 7} =¥ 2 A8 3 3 Caco-2 cells9 luciferase 232 luciferase

assay® A3t

EDTAY % (mM) Luciferase activity(RLU)

0 85.5
0.5 65.03
1 52.1
15 45.3
2 34.7
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EDTA &0l 2 |uciferase activity

%

2 60 |

= 60 |

©

(O]
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@

kol

S 30

—

; :
0 0.5 1 15 2
EDTA 5 (mM)

Figure 38. EDTA %0 mM-2 mM)d @& Z4 2 Chelating
EDTAE 7} ¥xd¥2 A 3 & Caco-2 cells? luciferase ¥& 2 luciferase

assay® A sl
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Table 27. Expression of calcium dependent
calmodulin-luciferase in response to extracellular

concentration of P-Ser-Ser-Ser-Ca. hPEPT1, CMl-luc, and

Bluescript were transfected into Caco-2 cells and then treated with 1.5 mM
EDTA and various concentration of P-Ser-Ser-Ser-Ca as calcium source.
Expression of calmolulin was determined by luciferase assay.

Plasmids Ca &% (ug/ml) Luciferase activity
pBS, CM1-Luc 20 11.65
hPEPT1, CMI1-Luc 0 15.06
hPEPT1, CM1-Luc 5 14.15
hPEPT1, CM1-Luc 10 16.28
hPEPTI1, CM1-Luc 20 17.28
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20

Luciferase activity (RLU)

20 0 5 10 20

pBS, CAl-luc hPEPTI, CAl-luc

Concentration of calcium (ug/ml) .

Figure 39. Expression of calcium = dependent
calmodulin-luciferase in response to extracellular
concentration of P-Ser-Ser-Ser—Ca. hPEPT], CMl-luc, and

Bluescript were transfected into Caco-2 cells and then treated with 1.5 mM
EDTA and various concentration of P-Ser-Ser-Ser-Ca as calcium source.

Expression of calmodulin was determined by luciferase assay.
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t}. Ca-P-Serd 4%

e

3

Ca-P-SerSerSer®] uptake’} Atz Uojux] £&t7] Wi Ca-P-Sers Z
FH92 2 ALE3Y T Ca-P-Ser® single o}vjx:Ato]7]= dxut Ca-Pol A
HO 2 sizeol oIA de/tri peptidest FAEIERE FE47F /M58 Aoz Azt
HAt.

49 2738 B8 H7he Ca-P-Serq ko whe} luciferase activity® Z7F
T JH(Table 28, Fig. 40-42). o] AL Ca-P-Ser? cell W& 9

57 dojdde RS @8l o] Q18] calmodulin-luciferase’} W& @i

o]oJA peptide transporter?] &E&E AZFsnA Ca-P-Serd FFEE
hPEPT1-& over-expression*?] cell} 2% A &S cell& Bl 23l luciferase
assayE &3t &tk thg-9 Table 297 Fig. 43¢ A#& JelUQu}
hPEPT1& over-expressiond | %t over-expressiondtA] &< cellit A7 =
A B2A @, ofutE Caco-2 cello] A4 o2 hPEPTIS 43% @&
3t & Roln wrekM over-expressiondttl s ElE 1 Zolsb =LA e

ST Aoz Btk A 1 AN dF Helolze #g A #%
dE FH3t9 = (Fig. 429 mechanism AA]) F4% AP E o

=
F Brebel St obd p-Serg AHSSATh T4 AEelE: ¥AE 2Aow

peptide® ©|€% FTE TS A Z& Helol= Aty dxshe AFo

2 & & QA
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Table 28. Expression of calmodulin-luciferase in response to

extracellular concentration of P-Ser—-Ca. Caco-2 cells were
transfected with CMIl-luc and then treated with 15 mM EDTA and

various concentration of P-Ser-Ca as calcium source for 24 hr. Luciferase

assay was performed to determine expression level of calmodulin.

. Ca % Luciferase
Plasmids . o
{ug/4 ml media) activity
CM1-Luc 0 22.25
CM1-Luc 10 36.82
CMI1-Luc 20 42.77
CM1-Luc 30 49.78
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60

Luciferase activity (RLU)

Concentration of added calcium [ug/ml]

Figure 40. Expression of calmodulin-luciferase in response to
extracellular concentration of P-Ser-Ca. Caco-2 cells were

transfected with CMIl-luc and then treated with 15 mM EDTA and
various concentration of P-Ser-Ca as calcium source for 24 hr. Luciferase

assay was performed to determine expression level of calmodulin.
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Table 29. Expression of calmodulin-luciferase in response to

extracellular concentration of P-Ser—Ca (Caco—-2 cells). Caco-2
cells were transfected with CM1-luc and then treated with 1.5 mM EDTA
and wvarious concentration of P-Ser-Ca as calcium source for 24 hr.

Luciferase assay was performed to determine expression level of
calmodulin.

. Ca 5% Luciferase
Plasmids ) .
(ug/4 ml media) activity
CM1-Luc 0 87
CMI1-Luc 10 126
CM1-Luc 20 144
CM1-Luc 30 154
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X1000

hPEPT1

P-Ser 10 20 30

ug P-Ser-Ca / 4 ml media

Figure 41. Expression of calmodulin—luciferase in response to

extracellular concentration of P-Ser-Ca. Caco-2 cells were
transfected with CMIl-luc and then treated with 1.5 mM EDTA and

various concentration of P-Ser-Ca as calcium source for 24 hr. Luciferase

assay was performed to determine expression level of calmodulin.
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Table 30. Expression of calmodulin-luciferase in response to

extracellular concentration of P-Ser-Ca (HEK293T cells).
HEK293T cells were transfected with CMl-luc and then treated with 1.5
mM EDTA and various concentration of P-Ser-Ca as calcium source for
24 hr. Luciferase assay was performed to determine expression level of

calmodulin.

. Ca =& Luciferase
Plasmids C .
(ug/4 ml media) activity
CM1-Luc 0 422
CMi-luc 10 418
CM1-Luc 20 416
CM1-Luc 30 497
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Luciferase activity

200

P-Ser 10 20 30

ug P-Ser-Ca / 4 ml media

Figure 42. Expression of calmodulin-luciferase in response to

extracellular concentration of P-Ser-Ca. HEK293T cells were
transfected with CMl-luc and then treated with 15 mM EDTA and

various concentration of P-Ser-Ca as calcium source for 24 hr. Luciferase

assay was performed to determine expression level of calmodulin.
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Table 31. Expression of calmodulin—luciferase by the amount of
P-Ser—Cauptaken through cellular peptide transporter. hPEPT]I,

CMl-luc, and Bluescript were transfected into Caco-2 cells and then
treated with 15 mM EDTA and various concentration of P-Ser-Ca as
calcium source. Expression of calmolulin was determined by luciferase
assay. Control : 80 pg/ml P-Ser, 5 mM phosphate buffer

. Ca % Luciferase activity
Plasmids .

(ug/4 ml media) (RLU)
P-Ser, P 67.93
10 56.79

Bluscript, CM1-Luc _
: 20 77.46
30 . 1255
P-Ser, P 68.77
10 62.73

hPEPT1, CM1-Luc

20 87.52
30 142.5
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Figure43. Expressionof calmodulin-luciferase by the amountof

P-Ser—-Cauptaken through cellular peptide transporter. hPEPT1,
CMl-luc, and Bluescript were transfected into Caco-2 cells and then
treated with 1.5 mM EDTA and various concentration of P-Ser-Ca as
calcium source. Expression of calmolulin was determined by luciferase
assay. Control @ 80 gg/ml P-Ser, 5 mM phosphate buffer
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Structure of Calcium-Phosphopeptide
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Figure44.Mechanismofphosphorylation and calciumbinding of
soybeanpeptide

- 148 -



H 4 2 Zxdds 2 pdH2okole 7| E
1 3 1xd=
1L a5 53
T AF AR ER A WE 92 He
-OiFgE 2 g (] 948 giFdudy) Ao £ 2
A A QA a4y 2y
D ogiFgade] e 4 A
@ ISPY A=
Y & minimum-heat
treated soy flour
28 9 AA: soy
flourE€ pH 89 A
| A7 AR,
THAH AAE FEsHH
I A48 curd 35, 22
(19;-9‘;_ A% 32 53 ¥, spray

- s}
Fgeto|=o) A%

dry
@ Glycinin®] #e 2 AA

- Cryoprecipitation: 0-4C
AL A T4 & XA
% AAA glycining 34

- Calcium precipitation:
5-125 mM CaCl, €%
AHg

- Isoelectric precipitation:
10-30 mM Tris buffer

59 <€ jonic

- 149 -




- ZHE-SPP A Bl A A F

Az

strengtho} A glycinin®}
B-conglycining #2)
2). #AwE9 a7 2 A=A

QUG FHA AZ 2 A
QS 21 FY
D Add 834 Alx

Na-phosphate @€ 2] n=1-3¢
A gl AAFE A%, HA
712418

2). 1Akl A7

)
e Fop wkgA

EEER R R

proglycinin fEle]=of £
AAE dEs Agste 249
gt 43

rir

coH] A AE A

- 150 -




2. AT HeH
Grtel Aobd 9 A=
S -
x+ o} A} 8 Zq =
(z%’*
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FHoR A &3 F AAEHE BHA 1L ATHE B, iR
HEAQA EYAS ol &3td Jleastda. JAAEE AT vEE HA
st QA wgEZR F Zg Afste 2 AAo] WY Fojvt. A, E
CHAAEE QA W Fo d9 TES AFAINE TAE WP
WS-z F &&= QAd(sodium phosphate) ™ ¥+¢ R AMES AA
3l7] 9alA FA 2 (dialysis membrane) 0.2 HElo|=F A A= A

W4EEE proglycinin®l Z# AF HA} : oFTAN UTFgNd

subunit FAAE HHAA & 159 A proglycinind trypsin H 2 &

o
&
R
B
5
: 3
0q
3
[©}
=
w
(it
tjo
Mz
i)
L3
i)
o
i)
i)
ot
g
>
gl
o
&
o
i)
i)

AUB WS A5 2 Wl AMA R FEATY FAYAS 2 BE
EATS BAT A3} we &4 glol BEN AP HFH ANIS Az
2 + 99

o Zg Ao oA o Zade ANYFEE FHsuA IA T=W
‘pH ¥ Wi g %3 % 589 2% 2 peptideZ 98 F AN

a4y Bobd 7edAd e Vo=

Y #Zs 9825 57 #gd F

E 71E & A4 By Jid

2

()

ME g3te] AR B s AHgdte] @A, s 2 989 A T
7k 7,000€ (kg B A 7HAZAE Ade nFZY F71 ZHe] Bl
2l

bedby 97d 712, Aa AA Bobel ZTuAgal f=x

5770 Ah 91 dA 22

R Al 712 A8 ?l 71 Zu& TH ¥ 7 o

- 1583 -



odF @ st V& tiF glycinin 99E £ O ZS B b
E9 oligopeptided] thd &&Z AA3s 7lse FHE
Y AA 448 dasol B Ao HF AFd Fag dAs o #

r
-
dr
o
oX.
o
-
)
Lo

F HWelol= FAHA YoM Axstet Zg Ao Yol HH 22U FYPL
compact ¥ BFEZ foldingHo] & o8 FTFA AF dddyg £4 4 7
A FFE Y3 38 modification (o oA E 3 )9 A& Y F o

ouf o) 7l&9 H§ A AFW wude FxAN HHH @ 24 AT
2 % dvkm AsEh

9 fFAR Az 71ES o83 A FoZRE UF glycinin, & Zw 2
& 75 dF peptided] WiF AL 7E: T"r{ AzxE 71e2 Zg A%
SPPe], WA B A oiF Aol H4E H A AxFH #FE& °]%§} 7%
’d peptide®] WF Bd 7S AP ZH T Az & ALt
Hopol AN U 7IES ATEH i, 2 AHEY W qFefol 77]":]'%7‘]
% %‘41 T AFR Al 71E4 BE T AEFS FANE & AS Ao

m)l

PRIESHTHECIZA | gegwge ouwgde 2 7

2% zol we Aus FEe A3
(2000) s s 4% Z2#A g}
#E A Aol A4 A5 A% x4 w4
s D A8 FHA Az

- Na-phosphate 3 ej 2]
n=1-39 A%5% ¢

FEZF0>3)9] VA S

- 154 -



=K

il

e 4% MY
3). A4kt Flete]

=)

o
TO

X

{n

B

&<l

7

i

b
o

Al
»H
)
v

b

ol
T

{o
~i

!
of

EA% pore size @ AHE EAH

%3

AAY

o

Rl

4 T peptide ¥

Ao e of

T

o] 243 proglycinin

2
i

frrs
e

A
R

- 155 -



2. 4 Bk HH

kel Aery B 4
T i A} =
394 @
(B4
FYEW QWAL olgAE vAL | 40
Aarst wrgel HH xd 2
. S QUars} W AE &9 o] 40
23 (2000 A % FEATY PHA
%4
e PR I ERE 20
3. AFAE BEY YYE
7t FgEY Q3Ee olgdt wuld AW wee A4 24 ¥

D o galde) opul M E 3 Fa] me Axts Aol B4 3

Za 4% =4 g4

otk itel 4o uwheh <latst ubge] HAzxAL HAYsty
¢l HZ STMPE Agsta A

o] 2 5B ISP peptide?] 2413 & 9% A 2AL AYSY £

2) WA wasts
4 83

l'N

- 156 -

st
FUzd 244 4% 59
7] 918 F¥=7F ¥ sodium polyphosphate, sporix% Abg3te Bl
ARt

R R-]

HAE mE J4st Az EX34 A 2g A%
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