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PN % Sy iR 2 g sE & L C Pseudomonas aeruginosa H3K LasB_ME4 2313 5 11T 3289,
FAEITHARECTH 2 2 5, A IZINICESHED 2MEVEZ BB L 72, P indica Hk
%% (LasB_indica) 1%, LasB_ME4 & H#g L 11 f5OAEERTF Ry v 7 Ex B o3 1V, K
e cid, EHEERTF FOMERITCKEIS 2 REHBE L U, (b - BERAMIC X > R
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B ik
(1)rLasB_indica o Fq#1

BER O e 19 rLasB_indica HBIAWGHE #8528 L, #IEE 0.1mM & 7% % X 912 IPTG %I
Z. E51220°C, 140rpm I TH#E L 72, MR L 72 Bk 2 RS A € 2 F 4 % — Q125(QSonica
L.L.C., Newtown, CT) T 1 Zr[l#8 &R L, BABEHIRIC 72 b v Z2/RE 25% (v/v) L& b X9
WAL, 30°C. 70 rpm D&M FTI5 KA ¥ 2 R— +§ 3 2 & CEAKOHEEEALZ 1775 -
2o DOWT, BT ZFTo 724, DEAE-Toyopearl 7 9 L7 ua< k25 7 4 —I2fft L. SDS-PAGE I
TH— NV N DSy % Iy i@ A rlasB_indica BEEW & L 72,
(2)rLasB_indica 1< & 2 SN AR o Ik 53 fiF

20mM Tris-HCI buffer (pH8.0) (26.9ml) (2 %F L T, SNk {4 (450mg) . KEIEESE (17U) 2 3 L
30ml 1 L 7%, 45°C, 140rpm, 15 KD T TA v F 2 X— b+ Lz, £ 6 107 O K o i g
Yot 0y (13,000rpm,  10min, 4°C) T EEZEBIL., 7 4 V% —23(0.2um) & L V=0 50t (3
kDa) B DY v NI oW THIEMER 7°F R4y (DU, Fraction A) & U7, Mk fEICE 2 3 ol
WilgF + U 7 LR BEIARE (ethanol, acetone, 2-propanol, ethyl acetate, hexane) D25 Bz, |
WOFIHRIT T 56 50mM 8 X O 25% (v/v) DERIEZIFMT 2 Z & TR, FalsftE T oK
RE X I OWTD AT v 7%, Fig. 1 1R L 7%,

o, AR TR, EBD7 4 V¥ —2W\EE X O 21— =S X ) BT S 7 INa iR
X7 F F(LUF, WP) & DLl (REER 7T F ) & Vo 2Dy 2o i B BNGES) 28T -
726
Q) UALERT7TF FE LY v 87 EOERE X VEXKEIIC X 2 @hT

AR 7T ik, = v e FY Y IB(GlyGlyGly #a55) ic CER T % & & b iz, Tricine SDS-PAGE,
A RPR 7 v 7774 —BXOWMHIue b 77 7 4 —ICTEEST L, —H, YV 308
1%, Lowry 7 (BSA #a5) ic CERT % & & b ic, SDS-PAGE Icfit L 7=, TBAIkENZ. ATTO #-8i0 B
7)1 (P-T16.5S & X OV E-12.5%L) & X O VKB HIRERERK (AE-1415 EzRunT £ X Y AE-1410 EzRun) %
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v, AR <= 2 7ILIcHE > TiT - 72,
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Jat/ DM (3.0kDa) 12 & > T & 7l (Fig. 1, Fraction A)# e —% 1) —Z NFKL —% —IZT
FZRE L 7%, 10mM FEfE 7 >~ & =7 LA 2ml 12 Coe s iffidte . R CF#ifk L 72 Toyopearl
HW-40F (2.5%50cm 8 Y —#R ek, H50) 107 77 4 L, AR E H v, Jid 19.5ml/min ©RE
Wy v EE X NRTF FEBEH L 72, 156 a7y (5ml/tube) 12DV TUUF Tl % A B
BEfrotz, 72, WPIZOWTHERRIC 160.5mg ZHEE T €= LAARICIARE L., 7419 —3
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A 7 I YMC-Pack Diol-60(4.6x300mm) (M &t £ = 43 ¢ . HHR)
TRBER : 100mM KH:PO4-K:HPO4(pH7.4)-7 % + = k Y )L (80 : 20, v/v)
ViRl 0.25ml/min, #EHY - UVag
LfitHra< 2797 4 —]
# 7 L : COSMOSIL 5C18-AR-11(4.6x250 mm, 474 7 A7)
TABIERE : Solvent A : 5mM TFA /AR ¥ X OF Solvent B: 5mM TFA-7+ + = k V)L (4: 6, v/v) (Gradient,
Sol. A-Sol. B(100: 0, v/v)— (75min) — Sol. A-Sol. B(0: 100, v/v))
ik : 0.5ml/min, Y UVas
(5) A= B g U
a. FuyF—YHEEERE - Fus v 43 LDOPA ZE L LT, ¥RV F—X¥DE/ 7 =
J 7 —=XRIEFERIZY 7 2/ 7 =¥ Ib%WE 450nm % 7213 475nm 12 BT 5 I ZE HIE T %
ZETHN, F, AFRICEBVTIE, v vy ab—adikDF v+ —+ (Tyrosinase from
Agaricus bisporus, AbTyr, Sigma) % i Jf] L 7=,
b.ABTS (2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)) 7 < 4 Vi 22 1% ik
B : Malunga & Beta D /535 1fE > 72 1V,
c¢. DPPH (1,1-Diphenyl-2-picrylhydrazyl) 7 2 7 )L 34 2 15 P 54l : Veenashri & Muralikrishna o 512
o 7212,
d. 56 - #&E 6 (FRAP, ferric ion reducing antioxidant power) 0§ : Benzie & Strain @ =/t - 72 9,
e. L6 MR~ D 79V 2 — ZAHLD iA AR W« BUEAE U 72 L6 S Ml SN itk R 7' F % 4
REEHEE, RT, ZVva—A7+urThs2-74%> 7 NVa—2Z(2DG) % ImM T 20
SEEH S8 72, MIFEA~D 2DG OHLD JAA R IZEERE 2 o CHE L 72, BB E LT,
[FRDOIREKZE ., B E LTid 100nM £ >~ 2 ) v 2l fEH & 2 72,

[ T S
(1) IN o i ic 5- 2 5 € a dliffilig + b V) 7 A8 X VS RA IS 522

Eaffifig s by L FMEIER I, KR 10mM £ IR RIS RS o8 2R OB
VRS NT, —T. TRICEZ 2 GBI O EE T3, hexane Z N L 72 SUG R Tld A BEA
BERMO 2y ba—)L L IZIEABOHEESY V7B X R TF FEDE S A5, ethanol,
acetone, 2-propanol, ethyl acetate [Z%MT % Z L2 X > TEMEIFIET L 7z (Table 1&Fig. 2).,
@)7Fgi 7 a2 b 777 4 =X 3HEERTF Ryl s SECH A X7 v~ b 757 4 —

I K 2RI DFNT

Fraction A 8 X X WP D u[iEER 7°F K/ % v R 2 E D 554i % SEC 94 APk a< k75
7 4 —IZTHIR 7% (Fig. 3(a) & (b) . HRFEME X OVBHL) . MIR2> 5. Fraction A IZI1&AK73fif o lEME:
RYRTFEBLELEENLDICH L, WP I3 FEiEbkDa fifg 2 EiIc R Y R7F FELOA Y I
RZF IR L EEN T 2D b o7z, Fraction A B X O WP 0 & D i 8 O @i % 7 )L
OB L (Fig. 4(a)&(c)). o7 7 7 a iz \» AT %2 37 L 72 (Fig. 4(b)&(d) .
Table 2), % DfiH, Fraction A (2l PG ZRT X TF FBLCEENTVR LT LD
foo Fho, ENGMEMEIICOWTIE, SECH A XY/ v~ t 75 7 4 —IT TN HKR, 0.5kDa 2>
5 5kDa DR 7F FThH 2 I Lbd -7 (Fig. 3(a)&(b)).
) TR T F F /5 v EDORGE

Fraction A % SDS-PAGE ¥ X O Tricine SDS-PAGE 12t L 7z 454, 3.5kDa 2> & 10kDa O #ifH Iz 4
DNV PR SN2 &5 (Fig. 5, bands a-d), =7 b Y D7/ LEHR % HIZ LC-MSMS-Mascot
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fENT 21T o7, ZDFEHE, WRRERENL <MY v 7 2% V878 TH % ovocalyxin (NP_990831.2)
BLOWHY v 2780 —FTdH % Cystatin (NP_990831.2) » — A3 Fraction A lZ& FNTWw»
LZEDBHeLERS, B, N Fa-dwTnicB8 Ty 7 F » (type I cytoskeletal
cochlear, NP_990263.1) i I 7z, =7 VKT 7 F » & Homo sapiens KR 5 v 8 7 E
(NP_004684.2) & 7 = /L X)L T 66% (307/462 a.a.) TH 355, Vv NSO 2 v ¥ 2 DOTHE
HbEZ6N5,
@t rae b 7774 —ICkBXTF ey LS

PR IGIED /L & 117214y (Frac. No. 25, 28, 36 in Fig. 6(a) &No. 21 in Fig. 6(b)) 22 TR 7%
fide, Frac. No. 25, 28, 36 IZIZfi42 DR 7F FREEN T L I &by o7, ZIT, HHIRH
407 £ CTE B EITML, IRMZER ., UG Z 7P, SiEMElE g w72 ek d o T,
—J. No. 21 IZiFFH AR —27135 >BRETH - 7%,
G) HAMIC 31 2 2L 3 — ZHLD JA B EE IS TE

WP %2352 iIck oz EMP X, 10 X 0 20meq/L D EECHEIZ L6 &M ~D
7V a— ZHD AR & i X 8 % (Fig. 7(a))'™, Fraction C (22T 5, 50, 500, 5,000 meq/L T L6
BN D 7V 2 — 2D JABNRZ X7, ERE T Tk, Ml o, 7va— 2 DA
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B 5 %
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FiiGztiL, 7a7 77—z iiES 2, FRiAGDOFZIC X 2 nE LI 2 85T L 72 #5258,
F L&Y E 10mM F TIEREEK AT IRy iR 2 e U 7223, Z 0l EoRECIIZIFRIZH ok
(o tz, LasBITIZ ¥ v S 7 EHENICY AV 7 4 RG22 fifTd D, BAET 2 Euiitiig ;- F V) v
LADMRZRIGEI L R TPRING, o, BEET 2 RLEYIEHE < EBENRIC O 2 B
XI1E$ 2 &H 5., LasB_indica T X 2 FEFR BT IC BR 25000 & 22 OALANC X 2 WEE KB L b
%, Pseudomonas JEHK LasB 1%, LasB_indica % & & CHBABINYEZ R T, # 2 C. AHABAE
TCRIEZEITH 2 L CINBEOMGEZ 2L 3¢, KR TIHEHL 2w X ) BAAERT T F/8 %
7B DM AR L 7, IR E iR U ClEER X 2 wd, BB L 2L 72 RSB R TR, R
HHE— I PBIEEI N (Fig. 2), 7, Log PASIEICAR D, ZOMEPKEL BBICOoNTERT S
FURIEBIORTF PRI 72 (Table 1),

Fraction A 8 X QN WP O VAR 7' F F/7 Vo 2B IZ DO W THIER L 72, KR 7F Foo1Esy
6, WPIZRED D FHEDOXRTF FORGEN TS Z Licxf L, Fraction A 30 FEHENKE
WHDBEFENT VLI ERTRIND, APIFETIE, Fraction A PO IEER 7 F FlcDWwWT o v
NIEREZT O, WRBEICEEFNLEEZoNDZ Y VN EZ 0 L 2HBRET S 2 LW
T % 7-(Table 3), Collagen type I(e.g. Accession no. P02467) % trypsin Tid{t L 725, #ii F&E 38
a.a. residue FTHOXRTF PB4 L 23 Z 6, LasB indica ik > Ta o =4 VR EDHEZIT T
WitlE, LC-MSMS-Mascot i@ TR TTRE & b 223, F—D#HED X 7F FOERB D 2D d
H Lz,

P LIGER F 0 o F — LiEERE» © . Fraction A D AIEEER 7 F B/ % v o8 2B D139 3Gk
WKHGTER7F R EENTwEIEREZoNS, LoLuds, EoX ) IKEAETIE
O g b ) LA EHEIERBROMHE L 722 2 E3H D . IRINEOFEL L ENREDHETH
%,
YN AL O A BIEEE R & R 7°F PR (AT eE) o i, SN b ek e LT
MIfEDFRR T 2 2 LIlc2% 5 2 &6, BEETHTIEH 2203, SOD BRIG 77 DK
Lactobacillus J&=> Bifidobacterium JEFIE DL B REF R IOV THSHBIAL I Lz,

[ ]

Bric W U 72 P indica W2k LasB %z FH\ > TH I i 12 G- 2 5 s B 2 X, Iy v o8 78
DY ANT 4 FiGzARAT 2 E0lifiE -+ ) 7 20 E2HS I L, —., GRIEEIX,
WRWERTF R/ 7 R B EEEZIE L 2o, BoNLHEERTF B2 o8 7 Hilsy
(Fraction A) & WP IZ&EF N2 X7 F RO FREOMLAMEEZL i L 72, WP & gL, Fraction
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Table 1. Effect of organic solvent on ESM hydrolysis

Organic solvent Log P2 Protein (mg/ml) Peptide (mM)
None — 1.3+£0.011 1.1+0.011
Ethanol -0.24 0.25+0.020 0.068+0.0050
Acetone -0.24 0.17+0.054 0.023+0.0016
2-Propanol +0.05 0.11£0.0047 0.025+0.0062
Ethyl acetate +0.73 0.44+0.025 0.27+0.0090
Hexane +3.5 1.2+0.031 1.1+0.037

a) yeference (B. Jaouadi et al, Int. J. Biol. Macromol., 60: 165-177, 2013)

Table 2. Antioxidant activity in Toyopearl HW-40 fractions from EMS hydrolysate by LasB_indica(a)
and WP hydrolysate (b).

(a) Fraction no. ABTS (mM) DPPH (mM) FRAP (mM) Tyr (mM)

25 1.09+0.04 1.07+0.01 0.14+0.003 0.24+0.02
28 0.31+0.02 N.D. 0.21+0.004 0.10+0.01
36 0.97+£0.05 0.22+0.004 0.46+0.006 0.29+0.01

(b) Fraction no. ABTS (mM) DPPH (mM) FRAP (mM) Tyr (mM)
21 0.28+0.003 0.29+0.002 N.D. 0.08+0.007
34 0.31+0.004 N.D. N.D. 0.16+0.008
39 0.18+0.014 N.D. N.D. 0.08+0.008
45 0.12+0.007 N.D. N.D. < 0.005

Table 3. Identification of soluble peptide/protein from EMS hydrolysate by LasB_indica

Band no. Protein Accession no.

a Not identified

b, c Ovocalyxin NP_989865.1
Cystatin precursor NP_990831.2

d Not identified
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20 mM Tris-HCI buf. (pH 8.0)

<“— ESM 450 mg
“— Purified Enz. (17 U)

Incubated at 45°C for 15 h

Reaction mixture (30 ml)
<1+ 13,000 rpm, 10 min
| |

ppt. sup.
v

Centrifugal
filter 3.0 kDa

<1+ 13,000 rpm, 10
min

I
I
1

v

| [
Filtrate Residues

<3.0kDa > 3.0 kDa
Fraction A

Fig. 1. Procedure for preparation eggshell membrane hydrolysate by LasB_indica
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Fig. 2. Size exclusion chromatogram of soluble peptide from eggshell membrane.

Eggshell membrane was hydrolyzed by LasB_indica without and with organic solvent, such as
2-propanol, ethyl acetate, acetone, hexane, ethanol. The soluble peptide fraction (Fraction A, see Fig. 1)
was fractionated by size exclusion chromatography on a YMC-Pack Diol-60 (4.6 x 300mm;YMC CO.,
LTD., Kyoto). The HPLC column was equilibrated with 20% (v/v) acetonitrile in 100mM K-Phosphate
buffer (pH 7.4) ; peptides were separated at a flow rate of 0.25ml min™'. The peptides were detected at
216nm. The molecular weight maker is cytochrome ¢ (c, M.M.=12.4 kDa; Rt=9.7min), bacitracin (b, 1.45
kDa;12.1min), N-Hippuryl-His-Leu (h, 430Da, 12.8min), and Tyr(t, 181Da, 13.8min).
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Fig. 3. Size exclusion chromatogram of soluble peptide fraction (Fraction A) (a) and WP peptide fraction

(b).

The hydrolysate by LasB_indica and WP peptide and their fractions by Toyopearl HW-40 gel filtration
(see Fig. 2(a)and(c))were analyzed by size exclusion chromatography on a YMC-Pack Diol-
60. The molecular weight maker is cytochrome c(c, M.M.=12.4kDa;Rt=9.65min), bacitracin (b,
1.45kDa;12.3min), N-Hippuryl-His-Leu (h, 430Da, 12.8min), and Tyr(t, 181Da, 13.8min)
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Fig. 4. Fractionation of the hydrolysate from eggshell membrane on a Toyopearl HW-40 column for
further assay of the bioactive peptides.

The concentrated peptide fractions, soluble peptide fraction (Fraction A) (a) and WP peptide fraction (c)
was loaded on a gel filtration chromatography column. Every fractions were used for further bioactive
assays.
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Fig. 5. Tricine SDS-PAGE of soluble peptide fraction (Fraction A). Sliced bands, a to d were used for

LC-MSMS mascot analysis.
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Fig. 6. Reverse phase chromatograms of fractions separated by Toyopearl HW-40

The soluble peptide fractions that were separated by Toyopearl HW-40 gel filtration were analyzed by
reversed-phase HPLC on a Cosmosil 5C18 AR-Il column (4.6 x 150mm ;Nacalai Tesque, Kyoto). The
fractions, no. 25, 28, and 36 derived from Fraction A and no. 21 derived from WP were loaded. The
HPLC column was equilibrated with 5mM trifluoroacetic acid in H,O ;peptides were separated with a
linear gradient of acetonitrile at 0.8% per min at a flow rate of 0.50ml min™. The peptides were detected

at 280nm.
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Fig. 7. Effect of Fraction A and WP on glucose uptake in L6 myotubes.
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