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(Abbreviations)

ANS: 8-anilino-1-naphthalenesulfonic acid

APB1-42: amyloid B 1-42

C: chalaza

c-Lz: authentic HEWL

DSC: differential scanning calorimetry

ESM: eggshell membrane

EW: egg white

EY: egg yolk

FITC: fluorescein isothiocyanate

HEWL: hen egg-white lysozyme

h-Lz: human lysozyme

HS-OVA: heat stable ovalbumin

N-OVA: native ovalbumin

SDS-PAGE: sodium dodecyl sulfate-polyacrylamide gel electrophoresis

S-OVA: stable ovalbumin

TEM: transmission electron microscopy

ThT: thioflavin T
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BLIE FR

BRI A EE D BT, AN TROEE RS T ThD, B MTIA
RIZIZ 10 TR ZEA 2 NV EBFELTWND EEZ 2 b, TRENNE
ERERZEH L TWD, Z "7 EITBEFEINIGES T, 7 BT F
REERIZL s TRI AT F REEFK L, 2 S HIC 2 KA, 3 kidE %2
T DI LI Lo THED D b LD, MEITE RO X —v R oh
D08, BRI TH Y . RN TITEHE R L 72> T D,

Z U7 BITEE . DF D DNA OFEY Tod % mRNA OELFNZHE > THRK
SH, HEEOHE, Wb T — T 4 T DBMTbIL, Z U3 B OHARNE
WM LR, Taky v S ERTHED D X VST ENER SIS, Z
5 LI Tk S e 2 Vo8 BIZ B ORI ~BE L, Amitsho & L
725 (Levitt et al, 1997), Z D X HINHEGINT= & 37 BHITMIIANA CHE 25 T
DI, HEERZDESMSIL, T e BRI D WILERIT SR
END, —H., WD D Z T BIIINIREIC LD RESEbET D5, Wi
MIEER, LB ER B X OEYERIC L > THEEZEA L2 Y | E LW
DEED D VIR WG L 72D, ZOXIRIREEOX LRI EXT VT
—/L K (unfold) & B\ MEI A7 4 —/L K (misfold) LA L7=Z 7L S0

. EEATEIESCICRE SN D, WBEIRER & U CRRE (EiE, KR .



WO JET). EEI. SR, X END D, ALFERYER & L CIsREE - R
WL RFE. AR, FUmTEMER]. BR{L - EooAl EEBRREBHY ., Y
MER & L TIRRESMAEMIZ L 26O H 5, ¥ o7 EORE TR0 T
Ur—hebDThHY, ARNTIEE LWEEOMERE AKX b, RIERREGED
HORERETHEENMED > TS, DEV, TUo 75— T 4 IRIRT
a2l /A BN b SR/ Y s s i SRV N = S Nl o R G Sl Pl G
. BAESND, LLARBRL, 73—V T 1 7 HReho T2t OIFHESCH
IR F AN, T A Y —AITET, SINTH N EE LT
DAEEZPACD Z 2D, —H. 2O L7+ =T 4 I RHRT, 7
T+ =V FHLINEI AT +— /L FORETHfRSIT, REZ U RNI7EEL
THIFARSMCERET 25D b E< B D, INHIFZ VR TBEOFREHEIC L > TH
N5 b G2 5B LR L0, DRpoTHIICT A—V%
T EEND, HL DT AT 4 VTR EMENDEBIZIELL 7 4 —b
T VTR IR T 2 R ENAERN TSN TICERY . EEORRE
L TR D DA, WD Hp-7 v ZAHEEZAED | BRI e HEIREE R T 5
TIvA R L, MICEECHEEL B TEZ DD EHL T2,
TIINA 7=, N—=F YRR v A T ) Y a TR E D% O

BREMREB, NI ATALF o)V F—L2OERAERNE T2 T I



A R=vZARHY XN TEORBPER TR Z 2BIIZMEETEN
5 OIRFFITIREEIC X 5 ST 5 (Tadanza et al, 1997; Picken MM, 2020),
BRI BEDI AT =)V T 4 ZIXFEIFLl Uz & 9 2R BRI TR 2 5 235,
ARPIZED XD IZIE LW, DFE D KA 7 ¢ THEEEHERE L T2 D)8
R FF oL D, Bl 21X =7 b U OFATIL IPIE 38°C TIWEMIZ ERIR SN D,
FAEDHEDIZWITEE L, FTLWZ R ERER S, ERIC X D58
SiThbihd EBbinsd, LirL, SIACINED X X7 BITEB AR LTS D
ThHY ., PN THEDIHIET 2T LWREICH D LB X BD, IIEF N
JEIXT I BRI E LTHER S, BMOBRICEENICEDND LHETED
. INEOZ NI BIZEOEEINEHETH O . BN ET 5 £ TIINIZEAF
LTWh, MR, 7I/BEE LTRIASND D, Th b3 R4 SRR TR
FANCHEEREE ZH-TEBY, Boay ha—L FIZH-oTH U 7EHEL

THERET % Z & TIRDO R R ICEFE L TV 5 (Fig. 1.1),
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Fig. 1.1. Circumstances of egg white during embryonic development



I X R BD 5% % 5O DLARTNT I T otiiEe a4 o4
RIFTHLIN. 7aT7 7 —EA e B X —DIEEN2 2 & 55 non-inhibitory
serpin J& (25348 & 71 (Remold-O’Donnell E, 1993), FEES, HEFEICHOWTIIARIHATH
e LdL, MBAENETTHLEART AT I VIEIRAT 4 7L EDbN D N-
FRT N7 I (N-OVA) 7> bF#E D % PO HS-A R 7 /17 X 2 (HS-OVA)
70 IREREESET, £ L TROBREEDOE N S RT LT I
(S-OVA) (T#a#a L T <, 72 b, o LIZE%D) 5 HS-OVA ORI AA
F O, FEAE 48 KEMZICIXIFIE HS-OVA L7800 | Z L TH0NI S-OVA L72o
TA7< ., N-OVA OZEPEIREIE 78°C, HS-OVA I3 82°C, S-OVA (3 86°C TH Y |
DFVIFAEDETTLHZ LI Lo TAZERMIZZLL T 2 ERmbITY
% (Fig. 1.2) (Shinohara et al, 2005), HS-OVA [ZH AL E 2 B, Z D)
WA OO EL RIFT EEZEZDND, ZORZEM~OEEIILIT
DEITFHHASINTND, BAEDOREEIL3 DO — D7 T AZ— (A,
B, C) BXWZENnbHZHEY HEe S fHDa—~~V v 7 A & REITHE X H LT reaction
center loop (RCL) & FRZIN D ~T'F RN H D, 1HEH 7 7T 7 —EN RCL DN
DT X BELANZ YR 5 Z LB IRERT AR E Y | SRR EL complex
DIRBET RCL A3~ — k A NIZ loop insertion 32 Z &1Z X » CHEEHE L FIT5E

A% (Kahnetal, 2011), B &L BB NIV T VAEE TLELTEY .,



FEBREREIZI R DN D, AR T INT R v OBE ERI~DlRHE Z O RCL OER Y
insertion (& & % Z & A3 5 22 & 417 (Shinohara er al, 2007), ZHE TEAE
1% RCL DN~ insertion |2 L ¥ Latent Bl /L 72 & 72 0 | BV TEMEN Y
FTLHMEINTND, RU LD ICHEBENET & ART VT I D RCL IT55F
RSB E BRI S, BEEDR KA T 0 7L 0 Bk L TREICR Y |
MR °C LA E ERT 2 EBZ NS, 20 EF/MIZEWRT 5034
ThHB, WRAEFIZCZOX >R NI H2DITINAEZ T &< B LWERER
R A EBbnD, ARTIVT I IS TICHEE S N Z D 2
IR END N, BENRHTH D Z Enb, IIAY /37 B THRED iR
ENTWDLX U RIEEROE S Z TR X R EOREMNE VD FREIC

WOfTe Z LUK D EB X BT,
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Fig. 1.2. Changes in heat denaturation of HEWL during the early embryonic

development (Shinohara et al, Bichim. Biophys. Acta, 2005)



VY F—NIIRA Y LRI ED 3%E KD, O 7T ARG E O M~
BT ATV THHN-TEFVLATIVEEEN-TEFAZ LI D
7 3y REEE K fR$ 2 3% T D (Manchenko, 1994), Z D 7= O HiE
g, IR Y Y F—2 (HEWL) 135 F&EN 1 T4 TL/WhERZ "7 BT
HY . TR 4ODSSHEEFD, LB EED S WS NI ETH
5o HEEMICIZo-~NY v 7 A b7 Do- AL L BAEENBRDHB- R A A v
D2ODRAA UEEEFFS> TR, W RAA 2B SEBIIR T Y Fo X
NI oTEY, 222 20 EZH L5 (Fig.1.3), 2V 35%
HoZ a2 g (Gluds) & 52BHDOT AT X U (Asp52) TH Y,

FRIEDRIBEIZBS 5- L TV 5 (Grisham and Garrett, 2007),



Fig. 1.3. Three-dimensional structure of HEWL: It consists of two domains, an
a-helix-rich a-domain and o (3-structure-rich B-domain, and the active center is situated

in the region connecting them (red circle).



ZoOmEREoOMEKIC, WETHL T T AT U B ntkED | mEEICE - T
7Y ay RiEGBREEEns, Lol b, HEWL OAT I ¥ —BIEMIT4e
TDOT T LGHEEO 7 ) 22 NG 2K T 5 6 O TIEew, £72, HEWL
ZRIGE 72 &ED 7T AEMEIZIL, SMANZ Y WAV Y > T A REETesMEn
fFAET D12 DHEER TRV EB X BT D, HEWL 1337 7 U 7 OfflifnkE
AU 5 2 L THIEEM 2R3 2 L DISMT b HEWL (TR ENE 2 o)
HThHO, Z779A(BH)CTF v —V LIEERE RN TV T D<A T X (-) M
R & A A L. B ORI /X (pore) Z BHIT CHIEE 213 S5 2 & THLA
ERZRTE BN TS (Derde 2013; Zhang et al, 2016), & 512, A S
WERIEMEZ R LN T AEEEOABTZMET L L b LR SATH
% (Ibrahim HR ez al, 1996)

Fl, B MUY TF—ANTEBEENERICIV2GET I R—V A EZRIET
52 ENHMBIL, HEWL & H D RO T TIET I v A NIRRT 52 &
BEURIEOT I v NRMERRET VX X7 e LTAL, RELL %R
XN TW% (Swaminathan et al, 2011), & F VU V' F—LDOBEGEHEEGMET I v A
R—=3 AEFIET DAL B-F AL P ANEDERADOT X VEEOERIZL -
THEIDZENMBIL, BUE, 7TIvA =Y RERDSFEHEDOT I/ AR

DHE I TV D (Pepys et al, 1993), B- R A A UHIZIXT 2 v A NERHERZRL =
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THEBEEWD 9H DT X BRSNS Y . ZOEIBIEIRA T 1 7 ORFILS T
ENEIZH D0, BRICIVEENE L, 5 FREENEN O REICELT 5
ZENRT I A REEERICEDo TS EBEX N TS, BRARZ LTz

VY F— MIEE LT <, REERS VNI B E e o TREIIZIZEA LT
kT2 b0 Bbns,

HEWL (XM 50FC, 55°C B2 CRIR L7236, 2 BMERETT I v v Mg
MeATRRT 2 & S, =& 7 — 1O XD GRS EIEEAITHL T I n A
RHRMEZ AT % (Sassietal, 2011), ZAUTZ 9 L7ZAWEIZ LD 7 2 v A RiR#E
o2 TR ORE~OFBHNIEZ D, 7 I a4 REHEERKE 2o Tn D
(Swaminathan et al, 2011), 5Eif U7z & 9 IZIRFEAE TIE 38°C T 3 AMIZ ERIE S
. Z U RIEIZE o TUTRRRFEME TR, v iainiuiisE 2 s i
CTHAREMIIREVWEEZ NS, ARTNT I U FEEERICEIER S, K
A Latent B 272 > T <, HEWL TliX, VY F—AFED I Il TV
S DM, HREOWFEIR X L XV ETH DO B LT W EEZOND,
b L. WIS e SHEREZ IRFF - Ml L TV D 72 BITTHZ 0 & 5 1Tk %
DML FEEEACHE Z > TN DDTHIILT I v A FEHEIIIZR S 12 D72
VY F =L RBIZ LI RIIREREEREL D LB XD,

Z T, AT, 2 B CIX, HEWL ORFEABR TOZEMIT DN T
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BIE LT, DE Y 38°C DREFHIDEREE T, HEWL ORIEIZZ(LZE Z 2 D,
WL T I X —BIEM L PIEMEIIZ E DO L S BN H L OMIER L
T gt aHED -, F72 85 3 ETIL, & 2 EOMFRIZIB VW THAEHFE TO HEWL
IIHEERYIC B RERERYIC b LI L EME SR S 72 D T HBINTIT & 3
BORELRFTLDERNDBDH D EEZ, BINOSZ X7 E O EMIZIER LT
ezt 7z, HEWLIZT 2 u A FEfEL BT 52 "V ETHH I LD
T InA FEHEEROET NV EZ R E LTEELIIMRES N TR Y, i
e =2 7R OFE L ST % (Dobson et al, 1994; Tokunaga et al, 2013) ,
F7-. HEWL 73 FHIIET I v A Rk 2 B SO/ ER TR I TEB Y
(T. Ueda FAfF) . BRAEFEERBHE IR T F ROZREIDRPFFSNTWD, Lo TH
YMZH HEWL O#HEZ R 2B CER DM > TW\WD & B X, HRINZ X7 B D
ARG FRY) (7T R) (IZ3EH L, HEWL ORRHER RN SIE 1- OB 217572,
ZORER, T FELIFAOXTF NICHEMEERZ T2 b0x /R Lz, &
Slzzhbize )Y F—2A (h-Lz) LN amyloid f1-42 (Ap1-42) OT 1
A REHEFERL b BT 5 Z E B BT/ 5Tz,

AKFwLIE, Z oI BOREME ZUTED 2 BRI DOWTHING 37 F

EETNELTELDELOTH A,
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FToE RABBIZBITAIEIIAY VF—24 (HEWL) OEZEN

2.1 HHY

=T MU OFKAEIZE T HIPAOEENL, FARBOIRCINE L R#ET 52 &
RE~DREZOBAETH Y . KR Z 7 BOFEENTRE W, JIAZ 37
BIIZARTNT I, AR NT AT 2D v, FRLIA R, ARLF 7R
EOIAFH DX NGB R, TNENNEERBE AT L2 LICLY,
RFEAED D ESHEITLTND LB Z BTV 5 (Freeman, 1974) . FEAEIN % pliz
S bS5 £ TR 3. 38°C HiltE TIRIET 2 MENH 5, frili L7z,
INE® pH IE, 237 v VANZEAT L, 4 Bk, IR S 2 ERHE &
AT % (Cunningham, 1974), 2D X 9 RBREOH T, JFEZ N7 ERED X
DNTHEIE EHEREZ HERF L TV 2 O FBEIBREWRIE TH 5,

FARTNT I AFFAWFRIT, MR 78°C @ Native B 7> 538 YT ITZ
PRI 82°C DA D HS B Z D% AP L 86°C BVZEMED S BYIZHAHA L
TWL ZEARENTZ (Sugimoto ef al, 1999; Shinohara et al, 2005; Shinohara ef al,
2007), ZAUEFEABFEFIT AR T LT I 2D reaction center loop (RCL)2N AR T
VT X ARRIT partial insertion & L C, Latent O E 25 Ll &z, =

DEINTHARTNT I IHEEA L TR ETRINZ 2 D73, & ORERED 701
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BHanThRWeD, EEZIZHOWTIEAHTH D, ZD L) RIEAEEETO
B 7 B OREEIAL EBEREZALIZ O W T ORIZEIZIF & A 1T TR LT,

ZZTIIEREN LS B> TWDHINA Y V' F— 2L (HEWL) (DWW T A it

(ZBT D Z T B OREEEAL L BEREZE I OWTIBSE LT,

HEWL /&, A7 X4 —BiEMz bbb, HLED T T LGRS 2 EE
HAERTZEDBHEEDZ X7 B E L THBILTUV S (Manchenko, 1994)

LT A —BIEMEITHIEBEE AR CTH DT F K7 Y I o OFES O N-7 &
FNLTGIVEEEN-TETF AT VI I D14 7Y 2y NiEGEZOIMT 2

(Skujin's et al, 1973), Z OFUSITIEL, {EEDOHFLTH S Glu3s & Asp52 D 2 D
DT X BIEAENBEG L TR Y . MKGHEEF S SIS Tv % (Grisham
and Garrett, 2007) , HEWL I[ZHIEE OXT7F R 7 U J1 > MUK RS 5 2 & Tl
BEZUSEL . M ZER ST D L Snd, —T7, ZRITMATY Y F— LIdEE
FIEME & BIfR R < FUEER 2R3 &0 ) BER 2 4T 2 (Tbrahim, 1988;
Ibrahim et al, 2001; Nash et al, 2006) , U ' F— LNTHEE RS 11.1~11.3 O 5
BZURNTETHY . prREE (+) Ea LTy, MEoMaEo (—)&E
fif & ERINTHEG L. MIRLBELZ pore ZPHIT 2 2 LI2 Xk 0 . MIEE O MR 23
ZEEZ L, L TLE D & TV D (Derde, 2013; Zhang et al, 2016), = 9 L

T2 b7 A —BEESCHIEE AR AR TEDO L) ITHER SN2 0 H 50
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FALT 2, RIZE > THERBETH 5,

FABBICBIT D2 XV EOEEOET VL LT, =T Y OFABET
1338°C & LAy @R E TRIFFR SN D Z L1372 7 BOREICE - Tl
B REECTH D L EX bV, AEIOMETIZET VZ /X7 & LT, HEWL
RO, RREART. BERIETER KOO R b 2B Lo, T ORISR, A
BHNCOE LB Z D, VY F— AR Lo b O ORERIEE, K

fEVE, FEFE SIS PRI ARER L Tz,

2.2 MBBXUOERFE
2.2.1 JRAOFHEH

L 7 AR— RO A FEIN (f& M WL LB Y. V1 58 £2 g) A 38°C,
80%TA v Fax—hLT, £ FaX—h gD 0HHENPGHINIS HHEETD
A% 7T ORI LT, A OB ZNENOINHOER, ¥/ 7 H

IS OV TR Al e B 43 i 1 2 7 L7

B

2.2.2 HEWL DO}Hl
R LI A ENEN 2 B EO/KEZ I ZEE L, =058 (12,000 rpm, 15

min, 4°C) 21T\, 707 Y R EOREWERE LT, £O%, EIFRz Fk
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CpH 6.0 [ZFHFE L, =057 8(12,000 rpm, 15 min, 4°C) L CAREMZFRE LT,
WIZ, oz BIFREERR T pH 4.0 IHRFE L, FEELDBEEL T, N
BRE ML BIEIR A 157 15 DAVofL BIER A 30 mM U Vg B Y U AETEIK (pH
8.0) ZHWTEAMT Lk L7z, [FIREMENR CH{E L7z b 3 /3—/L CM-650 7

FZL (RJY—F) ., 3R 2HCCHA A T LIa~ NI TT7 4 —%FTo

Teo BN EHWAER, [FFEE T T NaCl £ % 0, 0.1, 0.2, 0.3, 0.5M IZ
B2 C stepwise TRICTE Lim X v X7 B R &E7-, HEWL & Bbh 5

EIEMED H D % v /)7 B 1X 0.3 M NaCl T L 7=, %IZ HiTrap CM FF Sepharose
71 7 2 (GE Healthcare Life Sciences Co.)& FWN Tl & 1T o 72, [FIFEMER . 0~
0.4M DEMAI NaCl 77 V= METHEI SE, 72, a2 hr—1L & LT
WD Y Y F—A(c-L2)lE, HERD Y ' F— L (Wako Co.) % L 7=,

Z N7 EREDOREIL, HEWL OUOEARE (E1%280 nm = 26.6) ZfEMH L
7= le 353 X O Bicinchoninic Acid (BCA) Protein Assay 1% (Thermo Scientific Pierce
Protein Assay Technical Handbook 2010) TAiT->72, # > /X7 EHOMEREIT 15%
TR RT g ) o A-RY T 7 VLT I R VERKE

(SDS-PAGE) (Laemmli, 1970) 3 X T 8% 7 /L Z M\ 7= Native-PAGE (Lewis et al,

1968) TiT-7-, 7O YetalX,. Coomassie Brilliant Blue T{T - 77,
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2.2.3 BREHEB IO T Y 7TIZxtT 2 idEE S

RS /2 HEWL 70 7813, (K FAR#E~ — — (Bio-Rad, Hercules, CA)
ZfEH LT SDS-PAGE IZ L > THRE LT, VY F—LORERIGMEX, HEE L
TOINVFLES A Y TFATTR— b (FITC) K&k Micrococcus lysodeikticus
#ifasE (EnzChek lysozyme assay kit) ZffiH U CHIE L7z, ZOWEIT, HifukE
LaZPED N-TEFNVATIVERE N-T BT A-D-Zath I U EEORO
B-1,4 7'V a2y NEEEOUIW 2T 5 2 L TENEHRTHZ LK FETH D,
AR L7 M. Iysodeikticus 35 X OFEEERR D M. lysodeikticus ORINLEE DIRG W)
. PTEORKEIRE (1.5~50 mg/mL, k& IEEFROH 1:20) THE LY
DEIEEKRE Lz, 2 5H120.05 uM @O HEWL 2345 2 &1 L 0 BRI
JSEBE LTz, #t~A 7 7 L— kY — & —"C 485/530 nm D Jihil/ & e A I E
L 7=, %35 kinetics @ Ky 33 &2 OY Vipay 13, GraphPad Prism ¥ 7 k7 = 7 (San Diego,
CA) ZfHA LT Uiz, M. lysodeikticus OFMIEEIZ 4 2 IR ETEMIT., EE

(600 nm TONFEE) OBWZ I > THRE LT (Imoto and Yagishita, 1973;
Ibrahim et al, 2001), {47 K 7 ERE Staphylococcus aureuss (S. aureus) (JRSLATEL
TN FEAM B I B A X 0 FEIE) 38 X VKNG Escherichia coli BL21 (E. coli)

(B 7154 F(KK)) (kT DR E A 7LD 2 & THEER 230l L7z, X7

F U T (S aureus 3 L OVE. coli. 1.3x10°CFU/mL) 12, & AT —I 6 DIE
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1% (S. aureus W2k LTI 0.2,0.6 BEX O 1mg/mL. E. coli L TiX1mg/mL)
EWIL, 37°C TIEM T LA o Fa_X— kL, ZhnbZEREI 10 ul £
&V | Luria broth (LB) 55 #1 (R U =7 k> 1% BERE= 2 2 0.5% . NaCl 0.05%.
pH7.0) X7 L — |k (Agar, 1.5%) |ZHfE L C, 37°C T4 FEfREL, 2 m
=—%BER LT, HOFERTIE, ERROBEAT RUEREA Ny 7 O 10 pL B2
% (1.3x10°CFU / mL) ZZN 24 3 mL OF 72 LB U L, 0~2 mg /mL
T 16 FEfEIRE R L7z, 2D O (600 nm TOWIEE) ZHET L Z &I2LY
FEE OO A OFRE A BFA L7, FAEE OB 1L, HEUE S O (600 nm
TORIEEE) Z#ETLHZLIZE>TRHMiiL7z, b DER%Z 5 BV IRL

7’9
—o

2.2.4 2RI BOEENEERO ST

IREEREE (DSC) OHIFEIX. Microcal ZA&F+ (VP-DSC. Malvern, UK)
ZHWTIT 272, Img/mL O Z 37w Q0mM U T R U U LREREE,
pH7.4) ZPiK L7c#. 1° C/min OINEGEEE CHIE L7 (Shinohara et al, 2005) ,
FKHBKMEIL, 8T =V /-1-F 7 XL 2R (ANS) Z W THDE A
7 MVEMNETDHZETHM Lz, &2 7 B0 (50mM U g k

U U LFEMER, pH7.0) % 100 uM ANS LiRE L., %% 380 nm Tt L., #E
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400~600 nm O A7 hLZRPE L7z (Tokunaga et al, 2013) ,

[ — {4 (Circular Dichroism: CD) A X7 kL ix [ — @ 5 EGE (Jasco J-820)
Z T 200~250nm OFEH TAXZ ML ZFLEk LTz, &EHE, 20mM D U >
FefR . pH 7.0 T 0.1 mg/mL ([ZFH% L 7= (Sugimoto et al, 1999), RV 7~ 7 7
VAT FVORIEIEL, 0.1 mg/mL (20 mM U »EEF R U T AR, pH 7.0)
% IR & 295 nm, # G R 310~460 nm & L CT{T - 7= (Tokunaga et al, 2013) ,
TI7UNTIRICED N RT 7 CERIEROMATIR, F N7 B AR
Q0mM VU el U U AEEHE, pH7.0) 127 27 VAT X REERKR (10 mM 2-2 7
BAFUNT I - H U AVERVER, pH 9.0) VBT OMZ NG, RU T
N7 7 v OENBELREST D& TITole, 727 UAT I ROKKIREDN 0
~05MIZ D X HICRE LTI, IREWEELICEY | {BE L. BEHTT S oA
YFa_—h L7, 295 nm Thjk L, #O6IE 300~500 nm TAF v L7
(Tokunaga et al, 2013) , H#Y:{Ht7 — # 1., Stern-Volmer 52 : FO/F =1 + Ksv
[Q] (Molla, 2009) (24 TEHDHZ EICE>THHT LT, ZZC, FO L Fix, %
NETAHNCAIOIFAFAET EAAE T TORNFRE TH D, [QUIE/MAHICAIIRE T

H V. Ksv I Stern-Volmer {HYEEE TH 5,
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225 HREHEAT

T RTORE5HTIL, IBM SPSS Statistics ver.21 2 L7z, 7 — & ORI,
Tukey’s multiple comparison tests T{T> 72, 7 —# 13 + EHEHER2E (SD) &L
THRLE, BAEOBIZHT D KnB LN Ve EOFEZOIEEZ, P<0.05 &L

7’9
—o

2.3 MR

2.3.1 A vFax—varhofians 7 EERELEHEEN.
JREE, 0 A BHOBERAEN & 3,5, 7. 11, 15, 18 A HOXZFEIIAHEY H L7z,

18 A B3 koD 3 ARTOZKEINE 720 | MRERDT2DDRFBIZINANMEH

H7c, BELTIISEBEThH-T, TNENOIIAE (g &, F\VE

&, M.lysodeikticus FIOBEIZ 5 D BETEMEZHIE L7, Fig. 2.1 12T X912

ArFaX—va VABERENTAEEHIZ, IIAEDL., Y UV EHELH

N

W LTe BIRDY Y F—ADOIEMITIK T LN, ¥ X728 Hon ) I —

LOIEMIE, 1T & A EZREDRRBD BN Do T,
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—oO6— Total activity (units) (x10%)

—@— Activity per total crude protein (units/mg)
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—J— Total crude protein (g)

|
=

Fig. 2.1. The levels of egg white, its crude protein, and bacteriolytic activity in the hen
egg during incubation. Fertile eggs of white leghorn hens were incubated at 38 +0.5°C,
and sacrificed on indicated days shown along the abscissa for the collection of
egg-white specimens, which were measured for the total weight (%), total crude protein
(m), and the total bacteriolytic activity against M. lysodeikticus (O). The calculated
levels of the apparent total bacteriolytic activity per total crude protein are also shown
(®). Seven independent experiments were conducted using one egg for each time point.
Each value is expressed as a simple average, thus on a per-egg basis; error bars indicate

the variation of the data.
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2.3.2 WLFOINBY VY F—hDRR

0. 7. 11, 15, 18 H HDOXKEININ G, 43HE LN E & > /87 B A pik o J7ik
TpHEL L, A A a~ NI 7 4 —%1{To7-, EHIZ, HEWL (&
Hi Trap CMFF Z (i L Tz T o788, OABOEY—2Far ba—1o
VY F—hb—EL, TOBRZHEINORENELITHIZD UV F— LADOEHH
HTEEL 70D 2 & DR S L= (Fig. 2.2),

TNENOE—27I121F, VY F =LA B D M. lysodeikticus DHIFIEEZ 53
T DIEMENH D Z LR S NT=, b Ok % SDS-PAGE (Fig. 2.3 A) &
Native-PAGE (Fig. 2.3 B) Tt L7, Fig. 2.3 A BV TiE, £ ToORBR L=
YRTBIZBWTCY Y F—L LR U & 14k Da R L7, UL E X DGR
X HEWL & %€ L7-, Native-PAGE TIZRAEDHEITICNES T, UV F—AFR

SR 7 B LTV 2 ENBIE SN (Fig. 2.3 B),
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c-Lz

Day 0

Day 7

Absorbance at 280 nm

Day 11

A — Day 15
\v

| | 1 | , Day18

10 20 30 40 50 60

Retention Time (min)

Fig. 2.2. Purification and electrophoretic analyses of the proteins from egg-white
specimens on the indicated incubation days. Elution patterns of HiTrap CM FF column
chromatography which was the final step of purification. Each sample showed a major
peak eluted by ~0.3 M NaCl, and the fractions within the region of the major peak had

the bacterolytic activity against M. lysodeikticus (cf. Fig. 2.4).
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Fig. 2.3. Purification and electrophoretic analyses of the proteins from egg-white
specimens on the indicated incubation days. A, B: SDS-PAGE and native-PAGE,
respectively, of the specimens after the final chromatography step. c-Lz, authentic ; +,
anode; —, cathode. Arrowhead points the end of separation gel.
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2.3.3 BRLLYYF—Lr0OBEEE. BE. HEEFEECOVWT

0 HH~18 HHDZ¥EIND SRR L 7= HEWL (2 FITC 7~V M. lysodeikticus
MMEBE A SET/ & 2A, MMERTDH I BB INTO THRIEEL A
9% & L 7= (Fig. 2.4), % A7 — Y D Z N EIEESR kinetics #1772 & 2 A,
0HH. 7THEDODZNEND K fl 1359 24 mg/mL B X O Viax fE 1359 0.7 (AF/s)
CIFLEANEEBITAONRD DTN, Kl & Vi (311 HE L 15 BIZIEHEM L,
TEMERITIE T L7, 18 HEIZ V120 HB ERIRE TH 7203, KnfBIX L5
L7z, UEDORERI Y &I, N BELOAEEIK T T2 083 0-72
(Table 2.1),

T2 B LY V' F— LD M lysodeikticus \ 2k DIRETEEZR D &, 0
ARz hr— L ERIC KD IC, OEREEZRL, 0 HE2S I8 HE £ T,
B 5 D R ETEEAR D bz, WEEEX, 7HE, 11 HE, 15 HETIER
CEEL . 18 H BIZ & 512 < 72 » 7= (Fig. 2.5),

TRTORE L 72 HEWL IZEBW T, S aureus 12X U THIRETE D RO B L
7= (Fig.2.6 A,B), ZHNLHDOFERIL 72V v F— A%, REKTFMINC S. aureus D =
0 =— A LE L= (Fig. 2.6 A), R LL ., U Y F—LORERFOICEOT N
v EREE O HAGHE E 258 < P95 & & ASHERR S AL7-(Fig. 2.6 B), — 5. KIGHEIC

KL TIEHETORT =V TEBFTHREDRERN N &R SN (Fig. 2.6 A),
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—O— c¢Lz
—@— Day 0
—B— Day 7
—a&— Day 11
—w¥— Day 15
—— Day 18

300
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Fluorescence intensity (arbitrary unit)
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Fig. 2.4. Enzymatic activity versus the fluorescent-labeled substrate (the M.Enzymatic
activity versus the fluorescent-labeled substrate (the M. lysodeikticus cell wall) of the
purified HEWL samples on the indicated incubation days. Assay was made as described
in Materials and Methods. The simple average data from five independent experiments
are plotted as a function of the substrate concentration (error bars indicate their
variation). Using the data, K,, and V. values were calculated and their statistical

analyses were made as summarized in Table 2.1. c-Lz, authentic HEWL.

26



Table. 2.1 Enzyme kinetic parameters of purified specimens.

Age Vinax Kn Viax /K
(days) (AF/s) (mg/mL)

0 0.68+0.03 24.1+£1.48 0.028
7 0.66+0.03 24.3+1.19 0.027
11 0.95+0.08* 61.7+4.30* 0.015
15 1.01+0.12%* 51.8+4.17* 0.019
18 0.72+0.09 44.3+3.06* 0.016
c-Lz 0.70+0.04 31.9+£1.33* 0.021

Values were derived from the data illustrated in Fig. 2.3 and presented as means (SD) of
five independent experiments. The numbers with asterisks within the same column were
taken to be significantly different (P < 0.05) versus the day-0 value. AF/s means

difference of fluorescence per second. c-Lz indicates authentic HEWL.

27



1.5

1.0

Absorbance at 600 nm

&
n

0 10 20 30 40 50 60

Time (sec)

Fig. 2.5. Bacteriolytic activity of the purified HEWL samples against M. lysodeikticus
measured by the reduction in turbidity (i.e., absorbance at 600 nm). Five independent
experiments were performed and the illustrated patterns are simple averages of data.

c-Lz, authentic HEWL.
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Fig. 2.6. Growth inhibition potency of the purified samples at the indicated incubation

days. A: Inhibitory effects on colony formation by S. aureus (left) and E. coli (right).

The purified was added to a mixture having a bacterial concentration adjusted to 1x10*

cfu/mL at 0 to 1.0 mg / mL, and the mixture was incubated at 37 °C for 30 minutes,

and 20 pL of the culture was applied to an LB gar plate. The specimens were incubated

at 37 °C for 20 h. The numbers 1, 2, 3, 4 and 5 indicate the HEWL samples on days 0, 7,

11, 15, and 18 of incubation, respectively. N: without .
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B: Concentration-dependent growth inhibition rates for S. aureus. The turbidity
(Absorbance at 600 nm) of the culture was measured by adding 0 to 1.0 mg / mL of the
purified lysozyme to an adjusted bacterial concentration of 1x10* c¢fu / mL and
incubating at 37 °C for 12 hours. The turbidity of the lysozyme-free product was set to
100, and the ratio of each lysozyme-added product was shown in a bar graph. The
vertical axis shows the ratio of turbidity. The data are presented as means + SD of five

independent experiments. C-Lz, authentic .
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2.3.4 FREBRBRBIBIZY YF—LOBEERNRFK

BEAT =N OIEH LI HEWL O Tm % DSC IZ & - THlE L7z (Fig. 2.7) .
FAEOHBHNSTHBIZOWTIE RN & FARICZE MR 72°C TH > 1225,
ZNLEOFAEPETIZONTHOT MK T L, 70°C Thoiz,

RIZ ANS (2 K 2 R EBKMED T 24T o 72, FBAEDETIZ ST, ANSIZ X
DENIREN EF L TR, REmBUKMES EHT 5 LHEE S (Fig. 2.8), b
V7 77 ostB X077 VT I RIENEFEROR R % Fig. 2.9 & Fig. 2.10
g, VY F—2D U7 N7 7 0k 6 BfFEE L TE Y (Fig. 1.3), 1EIE0 W
Hich b, Fio, WL ODIIEETLOELITH Y | ABEHEREICRES LT D
LEINTWD, MV T 77 VEEEREE L THD EFRABBITES>T, Y
TRT 7 VEKTHL R0 N TN T 7 VEREORBA~OBENE S WA L
DO EAMERIZ L2 & IO T2 7R E 472 (Chen and Barkley, 1998), Z 4
ZEMITDEIT 7 VAT I FIEEERICBOTH I ERENEDR I - T
N TR 77 v OEKITEIREDT 7 VLT 2 RTHEERD LT Y| Ksv
ERITHM U=, b T b7 7 d A7 bV OBAL & PR, ABRRICE
TNV T N T 7 DRI E AR~ OB DR S 7,

CD A7 M NIV THRAEBEENSETIZONTED AT MABRELL

TITE ., 207am ([ZBIT 2 AOMBKI/NS <720, 18 H H TIX 208nm & 222nm @D
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ADWBKEFFOa—~V v 7 ZAD AT S JUIZHERL L TV 7= (Fig. 2.11), 218 nm (2

A DIGRK % B OB DZEAIZ OV TIIMRIT T 72 o 72,
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Fig. 2.7. DSC profiles of the purified samples at the indicated incubation days.
The analysis was conducted with a protein concentration of 0.1 mg/ml. To make
the comparison of the peak positions (the Tm value) among the different
specimens easier, the obtained spectra are arranged along the vertical axis, and

thus the heights of the drawn spectra are without implication. The vertical dotted
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Fig. 2.8. ANS fluorescence spectra of the purified HEWL samples at the indicated
incubation stages. The analysis was conducted using a protein concentration of 0.1
mg/ml. The vertical axis represents the relative values for the protein concentration, and,
in contrast to Fig. 2.6, the heights of the drawn spectra are with implication, showing

the difference in hydrophobicity. The vertical line shows the peak position of the
spectra. C-Lz, authentic HEWL.
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Day 7
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i

Relative fluorescence intensity (arbitrary unit)

310 360 410 460

Wavelength (nm)

Fig. 2.9. Tryptophan fluorescence spectra of lysozyme from different incubation days.
Samples indicated in the legend to Fig. 2.8 were used. a.u (arbitrary unit), comparative

fluorescence intensity.
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Relative fluorescence intensity arbitrary unit)
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B
Day 0
Day 7
Day 11 Incubation K,
Day 15 0 day 1.62
Day 18 7 day 1.92
11 day 2.56
B 15 day 3.24
s 18 day 3.51

0.8

0 0.1 0.2 0.3
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Fig. 2.10. Quenching of tryptophan fluorescence by acrylamide. The lysozyme
preparations were used as described in the legend to Fig. 2.9, Fluorescence spectra of
each lysozyme from eggs of day 0, day 7 and day 18. B, Stern-Volmer plots against the
quencher concentration. Ksv constant was calculated from the equation of FO/F=1+Ksv
[Q] (right table)). a.u (arbitrary unit), comparative fluorescence intensity.
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6 /103 deg cm2=dmol!

Wavelength (nm)

Fig. 2.11. CD spectrum profiles of lysozyme from different incubation days.
Nonincubated (solid line), 7-day incubated (1-dot dashed line), 11-day incubated (short

dashed line), 15-day incubated (dot line), 18-day incubated (dashed line).
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2.4 EBE

FEAEPOINE Y Y F— 2 (HEWL) OREE L HEREN £ D X 5 IZZ LT 2 A0
% Z L ITBEZRN 2 L7228, Cunningham 3 FE L CLSE, Z 0 X 95 220
ETIF & A EFE STV (Freeman, 1974; Cunningham, 1974) , AHFZE Tl
SRINBRAARTA SRR 18 H £ TOIIN 5 FEH L 7= HEWL OEER L OMEiEIZ DS
WCHNT 21T - 72, HEWL ORRE L L Tt LT I ¥ —BiEM. M. lysodeikticus

MNEEED I3 ff & DN D DD 77 LGERISH T 2 EMETH Y . Zh b

~

AWM TED L HITELT 2028152 L7z, Fig.2.1 DL 91T, FAEWRRICE
WX INE D M. Iysodeikticus MREE >l EEIEPRIZIE & A EZAL L 72D 7o D3,
Total activity IZBIIUIIREZ <A LTz, T ORFERIZ OV TIE, Cunningham
OFEF: (Cunningham, 1974) & —E L Tk V| 3G T 4R LT Mo
BN HEWL Z[lET 5 L LTW5H2, HEWL BIRIZZ(E L7202 2D X )
IR AU D, FEEIC  HEWL XA R T V7 I v EFAEERT S Z &Ik,
LT IF—BIEEEZHEET 5 Z LA SN TS (Sugimoto et al, 2011), 0 H
HS 18 HEDOINAY V' F—24 (HEWL) 23, oIl E DK - & O E/ERIC
LU JEHENEB L= E D DETRD7-HIZ, 0 HE & 18 HE % 1:1 ITIRYE,
M. lysodeikticus FRRABE ST RTENE 2 3G9~ 2 B A 1T -7, 0 HE & 18 HH %R

B THEMEICITT & A ERITRL IEDRIBZA N7, BEERIL, 0
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HEH I8 HA LA TH D LB 2 i, HEWL BIEROTEMEIZIZEBIL 00 & §h
i L7,

WIZ, 0, 3, 7. 9, 11, 15, 18 HHDIIANHZ LI HEWL & A5 L C,
S & WL O DOTEMEE T2, HEWL Ofci&E5X Hi Trap-CMFF 4 7
Lo~ 7T 7 40— TITo7, Fig.23 2R L7c L1234 11 HED
HEWL 726 I3EFENLTHEH L TR Y . ZHEEEREOER B DOT NN T T AF
¥ =PI TW D EHERI S =, 2D Z & 13 Fig. 2.4B @ Native-PAGE D F
[ZBWT, %O HEWL ZBEEROCLR SR> TS Z b, R
DITPCTTAF v —U~BBLTNWDZ LRI,

F 72, DSC O Tm fEDO/HIZ LV . HEWL 1 ZRAEDHEITICHE > T, AVEEE X
ORIE T L, REEILRD Z EDRHLMMNI -7 (Fig. 2.7),

ANS [T K D REBARMEDOZALZTAD & FBAEDEITT D IHE - THRImBK
PERSHEINL TV D Z & 2Rl T 7= (Fig. 2.8) . KB/ OHENN & 2 MR E D
KTFIEREER S S EHEESND,

4C» HEWL [XEXUKE) (Fig. 2.3, A,B) BI O/ /LJEE (Sugimoto et al,
FFK) IZBWTAY = OEBIR LD 272D T, KE R T OB
Dhy - EOHHAEEM. 2 WIE2 BIEOF A 137 & fsm Sz

(Sophianopoulos, 1964),
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AP LIFANEAD LTnE | FHIFAERHITIZE LY, Ll £9
L72BRA D60 HEWL TH R B L OPIETEESRE T LTV 5 b O DOTE M
ZHEFFL TR Y, HEWL OABEIRIIE N TV  LEX b5, 2E D 1
ERHT T ORI D 53, BERIEMA AL OME IRFsh Ty . AE
A CRIST D AR 1T H B\ T 5, BERTENE & BLETEMEIZ VLIS
SLLTWD &V D R4S (Tbrahim et al, 1996; Diiringetal, 1999) 23& % 2%, AHFSE
T, MEMEE BIZHEICE S TR XL 9 2B® 25 2 EMBMN LTS
L REMTIIE LN o7, £, HEWL IR AR 20 S 2 W id o
DTICEDEMIC LY . KIFEICH L CHIEMEE RS 2 & BN CREER
PEZ K> CTHHEEAIEHER: LT 5 & o4 (Tbrahim er al, 1996; Diiringetal,
1999) © & 523, FHAMMFED HEWL ([ZIXZ D L 9 RSB LEII A bnian
D, EAMICITS FREE I STV D LS T,

LU, BERTENEICIIEE DN S -7, BER L REOBMMEDIEIE TH 2 KnfE
E Va8 (RSUSHEE) OENELL T, A FaX—Ta VHfoh
26 18 A BiTiE, WEIZH T 2BFENCRIR T LT &R SN, &

(Z, BEERIEEEMIT I8 HEIIK T L. (Fig.2.1), 216 OFERIZOWTH
fETITAWAS, 11 A BERE, 1EHERLY YV F— L ERNERD Y ) F— LNEIE L

TWNABZ LR, HAHWIE, IEMEEALOREE T & 2 OREEZAL 2 Z > TV 5
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AREE BB R BILD,

FBAEDOEITIZBITHDHEWL O R 7~ 7 7> (Trp) OEZ 2H D20, &
AT FL (Fig. 2.8) BL T 7 VL7 2 RIZX D Trp ® DO (Fig. 2.9)
DEBREATV, Trp NLRPLEHICHEH L TV BRERZS72, ZIUTRS < il

(ZBHE 9% Trp68 7N &L W KIENZEKINLTWDH EFE X b5 (Ueda et al, 1990;
Rothwarf and Scheraga, 1996; Ookuri et al, 2005) , CD A7 kL OFEMT TIE kA%
HIZHEN BN, BENETICTHIZOoNToa~U v 7 ABEIML TV 5D
ZENRBINTA, FEMIIATH D,

FRT VT I OEAIIFAEBIR T, RCL N 2 /X7 RIEA~ER L —
Zf# N partial loop insertion 525 &\ 9 BIfEZ2AEE A L A B D DITxt L,
HEWL (X, ENRREEHKEOHENMC MY 7 7 7 o OREBENDZD bl
(238 X 225 T2, AR T I T 5 HEWL O EHIM O 38°C OLRIE TIX
ERIZ & DM E ORI AR D & XD NS D TH S,
UL, BVEENE, R lT DBk ME L 7 B OWEME, BRED
EITEHITL TR TWDHEBZLND,

HEWL OIRFEAETORENT, MASEAED N D FL Z LRk bEE L Eb
., IREEDORRFFIZENTROOHIELT 2 b DD, UL R CT&

L THDHEEZ BND, T2 TR AICEBIT D HEWL OEEED (%2 4
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TEB L0 T <, Bl2E, FBABBRPIZ S, aureus ISMIXH LT HHUEE
AMRNHET 5 &0, KZHIFO HEWL OEA TR ORTFICB W TR ZE
BN HDINE DI METARDVENDH D, £, TD XK 52 HEWL [IFEAH T
HLEEIZR > TEY . ZIUXHEWL ORE B KO ZEMEICIESN TN D DH,
& D WITIINIZ L ECIZEA G- 2 R 2MEET 2 OB R R e b, — 7,
UYF—LET7 InA FMEEZERT 24 VXV EThDH, THETOMAET
I7 I A FEAEIIER S TR, &3 ETIIUEL, 7 I v A FRHED TERL
SN2V DONEFHOEICI AT, DF0 ., 7 I v A REHERRE LT

HRFE=RE LT,

42



2.5 /R

FEABERCTIN A & L8 7 B OMSBEDSHERF STV 20 E 9 DN TFER I BLBRTE
W2 EThoD, IRAART VT I U NIRREAERICEVEZEIZ IR D 2 & RHE S
TWb, 22T, IHORERL ZORE VN EERENEERBRICS T
THADTHZEEH BN L, REIOMIEE H—E L T, RIREEEDIKT
L7z, BAEBRICBWT, BRI VY F—L5% )T EIL, Micrococcus

lysodeikticus (25§95 ERIEMER L OVEETEME, 72 & ONT Staphylococcus aureus
(X D EREEZ AT 5 2 EnRO b, WRAENETT S22 T,

RSN Y F =L Kn & Ve DR, ZHEREODTNRET, BIO
REHOKMEOHEMA R LTz, £, NI M7 7 VOREICHEMBRBD B
2o THNHDORERIL, VIS F—LZ NI ERA v Fa—2a VOBMET
Z ORERIEMES L OPIEEE LR L2 o, Z200MEZEAEL TVD &

fEEm L7,
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F3E B ASROLERCEDIEROER
“YVF—ADOT IuA FRREMETZRTF R-

3.1 HWY

B2 FECIL, AR O HEWL OZEMEICE L TR 217V, HEWL [Zf#)>
IAEE LT 58, MREZ R L TWA Z RSN, o T, ¥4AH
BROIIZ R B ZELSE TV DL ERNRH L LS D, £2 T, AE
TiX, VY F—207 IvA FEEEIGEITHEFZHEE L. ZEEICTES T
5T F ROREL HiE LT,

T I A RERMEE. RR Y )7 BSOS AEME ORI LEEEIR &
0. ZORER. MR - BRECILE L CHIIRRE 2R SE S AMED
TIiIaA R=VADORIEZSIERZTRK &> T 5, (Knowles et al, 2014,
Chiti and Dobson, 2017), 215D 7 2 A REEHENRINE b7 Im A R—v
ZNZNE, T oA <=9, DRERIN . HERIRINIEZ: £ D% < ORBBE D
o, 1FE A EIRERRIBRIEN 2O O REIR TH D (Levy, 2007; Chatterjee and
Mudher, 2018; Kupfer et al, 2009), 7 X 1A F##HEIL, -7 v A & FEEN 2 45
8 2 AR E N S R TR Y | I BTITRAE L 720 | FrE D%
< DHFRICIEE LT, HREREE % 72 53 (Nelson et al, 2005; Fitzpatrick et al,

2013), 7 A RBHEEERT DX X7 B, @7 2 BRESISCT
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(A D ILEMEIL 72 < (Yoon and Welsh, 2004) , D & 9 7o % L3 7 B & AL
TOMAERALTCNDEEZ LN TS, —H, Bk Lo X L) BTk
S, ZOEFMHECBESTWNDHZENRZY, ZOLOIRT IrA R
MMEDRIK E 72D 7 I A R—V ADRIEEZMMZ L FED 1 DL, 74 R
WHEDTERR & BLET 5 v AT LA DOMENL T & 5 (Ow and Dunstan, 2014), 7 I 2 A K
— YV ADIRIE L EATORERIZIL, BB L OB LN 72T Tl &
MR, 74 7 AZANVBIOIEAEG L TN EBE2 6 TW5S (Gomez et
al,2018), L7=M-> T, BHOBIIZIT I oA K=V A& THTHICHEDTH D
EEZDLNTND, FEEE, EEMBEERET OMEEZ TR 7=/ —v (B
Tx, IVEBFURE) IZF T EOEEZIHIT 2R HRE S TW
% 73(Choi et al, 2014; Stefanescu et al, 2020)., THLADOELFM BN TH T 2
2A R=3 22 P2 b0BHEINTND

BMFEMORORTF FIZIZEZ FF720 ., FlEEFRHZ R LIZY 5
WEAEA A RIRERT R EOHKREEZAT 2D ONE Ao TEY,
K[OWEH « PHICEA SN T D b0 b5 5, BINTITIIAE, i, h 7V &
PRl R E e & L X BB EICE T, ARSI TS0, Z oo
7B E L TORETRS . RO DK, X7 F RITH LWEEREE LT

T IuA NHEDTERZ BT 5 b DR RWVINTERE Y T, AR TR
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IR, BEE. B I LIREN S DT a T T —BHKRSEIZONT, 7T I
A R 2 v R B Td D U Y F— MO 2 I3 5 2 B4 8l L
oo UV TF—AFLT7 IX—BIENEETIHEIEEEZFSZ X2 ETHY
(Skujingetal, 1973), & R TIZ U YV F—LDOERAENT I o f F—v A &8 X =
FTZEBAMBI, DO HEWL X7 2 v A REERROET V& Ry g b
L CTIa < BFSE & TV B (Yonezawa et al, 2002; Merlini and Bellotti, 2005), YV >~ 5
—AIET I A R RICLETH D B~ R AL VNICBKMEICEATE 2T
FEID 9l H D7 XV BESNHY, E hOT InAf F—v A& iE
EERITa 7RO BB TT 2V BERS LSO - T, 2N
JRIRI T & X EORZENREFIT D LB Z BT 5 (Pepys et al, 1993;
Sugimoto et al, 2012; Tokunaga et al, 2013), UV /' F—LDT I 1A K= A TIEZ
OFEIEDOE IR LN EETH D LHESND, Lo T, KETIIHINY
YR TBONMKGR DT I m A REHEFERAMHIRE A 7.2 7212 HEWL 2N %
T, B MU YF—A4 (h-Lz) BELPE hOT YN v—{OJFK & EbHT
0o RBRTTF K 1-42 (AB1-42) Z#HWT, WEatED -, TR, BINK
IR T IR GFFEN Z AL D OFHER A6 L CHED R Z R T 0% L L7,
FRlZ, T F 5 X BOMKGEY (C-<TF R) BNieb @ WHFEEZ R L
Teo CTF RITV Y F—L721F TR, ABL-RITHIRDRHDHZ &b C-
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NTF RIET I v A R AIHNICEB ISR S 5 LW s,

3.2 MEBBXUERFE
3.2.1 FRA. E. AT FBIOIRED F )7 B OMKG Y OH
8

IREA. IREE, B T PR L O INEE D DML T B OFEFR KR,
LT L9, Fa2—b—ASt0 R&D M TR SN b D&M LT,
YR 3 22 EW-~T7F R, BN % EY-_TF B, 07 D5 % C-
T F R, IO iR % EMS-XTF K& Lz, EW-XT7F R, EY-_TF
RE L C-~TF'F RiL, BEF Bacillus subtilis 7' 07 7 —EBIB L O3 v

(Biocatalysts f1:, USA) THI/KD#E L7z, EMS-X7F Kif, "NFLrax7asrA
J—+t (Nagase ChemteX, KB, AA) THIAKsEL CHHE L, INEDOEE,
KTHRUIZbDZEM L, IIIENAE L7c b 02 NI AW, 1T i
INEZFRE, KTHZICHE Lictk, 7 /VEE% Juneja (1991) & DL TERE
Lizboafif Lic, By 87 Bk, JhiEscE: (Lot,No,LSP030) % i
W, Zivae U CERRERENK pH 7.0 TR L AF LA T a7 7 —ETHEk LT,
FNEND L X7 EEEE 8% (WVIREEIZ/ D KO IR L, BER (BER/ ¥

X7 =0.001) ZUSHIL., 50°C T 24 BEEEUG S® 7=, O/, pH7.0 1% —
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7 L. BUGRIE, 85°C T30 fIMEA L TR T S8 7=, Zib DKM %E 7

B R AT SR A T

3.2.2 JRA - e MUY F— L DOBRMEIHT DA FaN—Ta U EMHE

UV F— LA DOBHIEE D= 912, HEWL B X W h-Lz 2N 3 mg/mL O
BT 50mM 27U > > -HCl FEMER, pH 2.0 IZIAfR L, 55°C T 14 AfA > %=
~— h L7z (Tokunagaetal, 2013), & b7 I 1A RRXTF R 1-42 (AB1-42) D
AL TlE, WK Z TN 100% Y A F VA NLEF S R (DMSO) Ciafif L,
50mM U > U U AEEERR (pH7.0) CT2mg/mL (2722 X5 ICA R L, ik
Z 37°C T 48 FffHj A »F a_X— |k LTz,

IR & o X7 IR SR SR LI R E T B A BE 4 5 720  EW-XT T
R, EY-XTF R, C-~_T7F K, BLOESM X7F RZENE1, 1~10 mg/mL
DI D I Y S F—2HD0IE AP 1-42 BRI TN L C SR HERZ R Am
DRERT, vt TFr (IlmM) &, SRR A MEZERORN DT 4 73 b
r—L& LTER L,

F2MMOEBEA A BT I v A NRMEOTRAZRET D &V I MERR S
NTW5H DT (Hane et al, 2013) | AMFFETILHLED (ZnCl) , /L7 A (CaCly)

/3L M(CoCly), v HY (MnCly) BEIUEE (FeClh) & 3MMA A DT v
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=L (AICL) ZFEALT., 2602 BENEEEEROIEER LY, Ji7
F R L DR OMBI B2 BER U=, AT VY F—2 % Hu,
FTNENOEBIEIRE 2 RERE ITmM 12725 X )5 IZREL L, 55°C, pH2.0 T

10 HE A »FaX— K LT,

3.2.3 FF 75 T(ThT) WHOPIE L X ABEMES LI VCBEETFHE

e (TEM) I X 28I

N

BRHETZ R EBR TR 2 < Toic, =& DBWIe~A 7y =L 7L
— hE AWz, #BHE (1 mM ThT & T 200 uL) ZPTE DIREE TA o F 2
— h L., #EEEOZ L ERE L, ThT #5658 X, Corona MTP900Lab ~ /L
FvA a7 L—brU—F— (H3, ) ZHWT, B E 440 nm, #0%
IR 482 nm THRIE L7z, BEEW IS K OWRHE D RERIT AL L AV EOCEAMEE (Nikon
oOCBEMEE E800) & iBETE T-BAMSE (TEM, €7 /L 7600, HYL) Tii-o7-, &
FEBAPREE T OREED T FFR OB D —E 2 H Y L, ThT O®RAEENT «
JL 4 —(B-2A, excitation; 470nm. emission; 520nm)%{#fH L T, #£ L7z, TEM O
#Ble2ix, Ak 2pL (ThT 22 L) % formvar /7 —7AR 7 ¢ /L 2 (Sigma-Aldrich)
Ta—7 47 ENT200 Ay a7V v FEREICEEL TYTo7, 2% U
BT AT U0 (wiv) T2HMRATT 4 79RE LIk, 7 v RE=E

49



i CHz S, RS E T BAMET 80 kv THIZ L7z,

3.2.4 WREHEMT

TRTOERZ 5BV IR L, #titotrid, IBM SPSS Statistics 2/ L T
Tolze 7 —21% Turkey DZHHBHMEIZ L > THMr St ) + 1ERERA

(SD) &L LTERINL, FHEHAEMIZ, P<0.05 I3 E LT,
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3.3 MR

3.3.1 HEWL B X O h-Lz f#E R T 5B & o 7 B DKy i
M DORHR

250 Y Y F—25h, HEWL & h-Lz OBHERZ A > F 2 ~N—3 g VRIS
([Z331F % ThT O TR L 72, £ OfEF % HEWL (& Fig. 3.1 |2, h-Lz &
Fig. 3.2 (2~ L7z,

MZ ™78 (arybha—)b JIXTFREL) &b, S FaX—T g
? 7 HHS ThT (2 X 2 H#EMENEE N ZR L, 14 B BICIRERKRIZE
L7z, IIZ.HEWL 3 KO h-Lz (2 4 DDIRF 2 X7 EINK 3§ 2 N L 7= ThT
WHFENERD & WY F— LIk LT C-27F RO b 3O MI bR & Ff
STWD Z ENHH L7z (Fig. 3.1, Fig.3.2), EW--X7"F KT 2 & B (258 )
&Mz R L, — 07 EY-_T7F FIZ L Ml R ITIEA > 72, ESM-_T7F NI,
HEWL (ZxF L TiE 7 vt F o L RIFEOMGIIR Z 7R L7223, h-Lz (2% L T3

N ERRE RS IR0,
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Fluorescence (a.i.)

1200
- +EY peptides
- Control
800 |—
400 - B +ESM peptides
______________ +Quercetin
O & WY — K- -—— +EW peptides

g;/ « gt ———Q%c peptides
1 1

0 1 3 6 7 10 14

Days *P<0.05

Fig. 3.1. The repression effects of egg-protein hydrolysates on fibrosis.

The ThT assay for the emission of fluorescence by conducted by incubation at pH
2.0 and 55°C for up to 14 days with the egg-protein hydrolysates (EW peptides etc.,

each at the concentration 2.5 mg/ml in the incubation mixture). Other details were as

described in the text. Quercetin was used as a positive reference.
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Fluorescence (a.i.)

1200 |-

800 Control

B ; + ESM peptides
-~ - é + EY peptides

400

+ Quercetin
_____ .-& + EW peptides
. : * .
—— — — — — " + C peptides

Days *P<0.05

Fig. 3.2. The repression effects of egg-protein hydrolysates on h-Lz fibrosis. The
ThT assay for the fluorescence emission by h-Lz conducted by incubation with
egg-protein hydrolysates (EW peptides etc., each at the concentration of 2.5 mg/ml
in the incubation mixture) under the same conditions as those described in the Fig.

3.1 legend.
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Mo T, HOLBAEICHEIT DD C-_FF FTHY ., TOREDRIL, ROT
47 arviba— Lt LTCHEAINZZVETF U OMREEFRBREOHEEZ R LT,
£/, C-~XFF RiL. Fig. 3.3 B LU Fig. 3.4 [T~ T X 912, BEMIFAIC HEWL
BEOh-Lz D7 X v A NEHEIZ A OFEEE Td % ThT #0650 E O HN 2 #16) L 7=,

ThT (2 X 5 HE O b 2 Bl53 %, #OCBMEiE TEM 2 L TX "2 F
BRI - BMEDRENT 21T 272, HEWL B L O h-Lz OFi = > b —/(J V' F— L4
DINE 10 AEA > F 22— MW T, FUBHT SORBAMEE TRESE R fERE S 4,
& BT OEHEREZ TEM TBIZE LT & 2 A WRE e i ak & fesd L 7= (HEWL:
Fig. 3.5. h-Lz: Fig. 3.6) .

JI_TF REZRM L7284 EY X7 F REZBRW TR T7F R ClrlEE iR

N

Hie L ARERRRHED oM B2 ho 7= (HEWL: Fig. 3.5, h-Lz: Fig. 3.6) ,
B2 C-XT7F NIZBEAR G MEDIZ & A E R BT, ThT EOEORE R & O,
C-XT7F NIZIET I v A REHEOTER ZIH T 5/ 2835 TV 5 & fER

7’9
—o
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Relative inhibition (%)
)
S

100

0 01 05 1.0 25 50
*P<0.05, **P<0.01

C peptides (mg/ml)

Fig. 3.3. The effects of various concentrations (0—5 mg/ml) of C peptides in the
ThT assay for the fluorescence emission by for 10 days under the above conditions.
In panel each value (a.i.=arbitrary intensity) is the average of five independent
experiments; mean + SE (n=5), and the control assay was done without peptides.

* P<0.05(vs. control) **, P<0.01(vs. control).
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100 —

w* %

*% e

Relative inhibition (%)
N
=)

0 0.1 05 1.0 25 5.0
*P<0.05, **P<0.01

C peptides (mg/ml)
Fig. 3.4. The effects of various concentrations (0—5 mg/ml) of C peptides on the ThT
assay for fluorescence emission by h-Lz for 10 days under the above conditions. In
panel each value is the average of five independent experiments; mean + SE (n=5), and

the control assay was done without peptides.

* P<0.05(vs. control) **, P<(.01(vs. control).
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ThT TEM

TR AR B

Control

N + EY peptides

‘ + EW peptides

b ﬁa—g .ﬁa

%"

+ C peptides

Fig. 3.5. Features of HEWL fibrosis the products observed by ThT fluorescence
emission microscopy (ThT) and TEM after 14 days of incubation. In panel the

control was used without egg-protein hydrolysates.
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Control

+EY

+ EW

+ Chalaza

+ ESM

+ Quercetin

Fig. 3.6. Features of h-Lz fibrosis the products observed by ThT fluorescence
emission microscopy (ThT) and TEM after 14 days of incubation. In panel the

control was done without egg-protein hydrolysates.
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3.3.2 h-LziTX 2 ThTEEBKXB I OIZ 7 BEMAKD B L 5
BERICKTH B A OEE

I IR EOERA AT 2 v A R OBMEER O Z L3 #H4A (Innocenti
etal,2010) 725, h-Lz (ICBWTHBBA 4L > TT I v A FHHEDTEAL
RET D20 E I DEMEELT-, FO/E., h-lzar he—L (BREHEL)
IZHAR Fe B BR< BBA A UAFIE FTIET 2 1A REMEDIRIE CTH 5 ThT
JEFRFE I S TR L, BRI EB W T HIIE L T2 (Fig. 3.7A),

Zn*', Mn®" Ca¥ B L NAP 1L, 3B EEEORENEN RO, —F., Na'
2 ED VA F NIRRT R L2 Do 7o CGRIEER) .

Iz, Zn*t, Ca®', Co*'. Mn* E£ 71T AP OF(E FCh-Lz 12X 5 ThT #
HFNZ ST LTc, T2 T, 4 DDOIFZ /X7 BRI T ST 25T
BRI 2 \ZHIN U T=(Fig. 3.7 B-F), 7 7 YWHRXD C-X7'F K3, ThT Z5#7
TEJRA A > OB Z RISIZIH L7=0oxt Lo 3 2DIp % v 37 Bk
ORI RREE I LB C & 2o 7z, £72. h-Lz O ThT 8RSk
D4R (Zn® £721X Mn®Y) IZ X DIREZNRIZ, C-_XT7 T RIEEERAFAZ AN
EN7, TEM BIERIZ LY, C-_TF RIZ&RIEESRME T T h-Lz 12 X 2 ki
TEREDIE A Z I L L DIN & 7 EMUK G TIE & AV ETRS o Tz 2

EMBH LMo T
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Fluorescence (a.i)

Fluorescence (a.i)

A: h-Lz fibrosis

Control
—_— +Zn2%+ %
—————— +Co?* / 7
—_— — - +Mn?* e
—77 /. 7
U +Ca?* o .

.( -
+Fe?* ///: - S

— = HAP /// 7-_/

Fluorescence (a.i)

C: h-Lz fibrosis with Ca2*

1 Control 1 (w/o metal ion, w/o peptides)
2 Control 2 (+metal ion, w/o peptides)

3 +EY peptides

4 +EW peptides

5 +C peptides

6 +ESM peptides Kz

Fluorescence (a.i)
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B: h-Lz fibrosis with Zn2*

1 Control 1 (w/o metal ion, w/o peptides)
2 Control 2 (+metal ion, w/o peptides)
3 +EY peptides

4 +EW peptides .'/
5 +C peptides .~/ 4
6 +ESM peptides - 4 ;
./ ,’l
/ /II
/ ;3
/ e
r}, . /
/ ey
‘/ s Z -6
T e
. ’___/ A -
e 5

D: h-Lz fibrosis with Co?*

1 Control 1 (w/o metal ion, w/o peptides)

2 Control 2 (+metal ion, w/o peptides)

3 +EY peptides

4 +EW peptides - 2
5 +C peptides .
6 +ESM peptides 4




E: h-Lz fibrosis with Mn2t F: h-Lz fibrosis with AI3*

1 Control 1 (w/o metal ion, w/o peptides) —~ 1 Control 1 (w/o metal ion, w/o peptides)
= 2 Control 2 (+metal ion, w/o peptides)/ 2 ; 2 Control 2 (+metal ion, w/o peptides) 2
3 3 +EY peptides L, b 3 +EY peptides P
o 4 +EW peptides - 9 4 +EW peptides —
‘:‘ 5 +C peptides - 4 E 5 +C peptides _./ 6
b4 6 +ESM peptides /" % 6 +ESM peptides / 3
< .
5] N - : 74
e <) ’
S / , 6 = 1
= / 3R
<] R _~/1
ot
/ ==/ 4
e o
. Pty
L T - 5
C 1 l L1
0 2 4 6 8 10 12
Day

Fig. 3.7. The promotion of h-Lz fibrosis by metal ions and its repression by
egg-protein hydrolysates (EW peptides etc., each at the concentration of 2.5
mg/ml in the incubation mixture). The ThT assay was performed by incubation
at pH 2.0 and 55°C for up to 12 days with Ca2+, Zn2+, Mn2+, C02+, Al3+, or Fe**
at the concentration of 1 mM. For other details see Materials and Methods. Each
value is the average of three independent experiments. A: The effects on the
ThT assay by the metal ions without egg-protein hydrolysates. The control was
without an additional metal ion. The metal ions except Fe** showed efficient
promotive effects. B-F: The ThT assay in the presence of the promoting metal
ions Zn2+, Ca2+, C02+, Mn2+, and A13+, respectively. A series of tests was
performed so that each metal ion could meet every egg-protein-hydrolysate
specimen. Two controls were made: (1) without the addition of a metal ion, and

(2) with a metal ion but without egg-protein-hydrolysates.
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3.3.3 ABL-R2ZxtTDHIVE N7 BHKG R DB FR

G5 2 X7 GG E IS T N A = —IRDJRR D 12 E B 2 HiL TV
% AB1-42 OFHEFZ AR R 2 BAZ T E 5 a7, AP1-42 135
THHMEZTERLT 2 ZAE Hv, WAL CBLZE L7z, ThT @0esr Tidk, C-3
TF RBPRBBEERAELZ R L, RWTEY-XT7F RIHFREOHESRZ/RL,
oo 2 DIXIEE A ERIEBBO S/ o 7= (Fig. 3.8), S BT, HOLBEMEEE
BLIOTEM IZ X DREFLIIBIZRTYH C-27F RICIX IR 72 B RO T

SRS T2DIZx L DT F R TIIEERCRHENBIZ S Tz (Fig. 3.9),

62



Fluorescence (a.i.)

x + EW peptides

3000 /l/ - L + ESM peptides
. i"’/r Control
/7
- J.

2000}—
T - (é + EY peptides
o~
b/b + Quercetin
1000
- Q + C peptides
d
T | | | | 1} J
0 3 6 12 18 24 48

Fig. 3.8. The repression effects of egg-protein hydrolysates on Af1-42 fibrosis.
The ThT assay for the fluorescence emission by AP 1-42 by incubation with
egg-protein hydrolysates (EW peptides etc, each at the concentration of 2.5 mg/ml
in the incubation mixture) for up to 48 h at pH 7.0 and 37°C. Details are as
described in Materials and Methods. Each value is the average of five independent
experiments; mean = SE (n=5), and the control assay was done without peptides.

* P<0.05(vs. control).
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Control

+ EY peptides

+ EW peptides

+ C peptides

+ ESM peptides

+ Quercetin

Fig. 3.9. The features of AP1-42 fibrosis the products observed by ThT
fluorescence emission microscopy (ThT) and TEM after 24-h incubation. In panels

A and B, the control was without peptides.
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3.4 &%

TIINA—IF{EIT O DT I aAf NFIIRERZ N I7ENRT I o

A FRHEZ TR L, R OMBRICIEE T2 2 & T, BIAE L, IRAIRINAE & 72 5,

INHETHIT27EIE, AEEHEORETH Y o, BEFEOWENI K

HOIL, HHERT 2 RMBMPEEL 20 RETUIRBEGTE 284

BROOEND, TNETEL ORBEMITKRETHCIRRICADE SN LD

PSS TEEN, 7IaA FRICELTEED 2RV, 95 LR THRINE

LM CTEBRRERZATLIEM TH L LT, BRI ZZ< BT L5

ITARERZ EICHW S, 4% S bLRDISHAP SN TN D,

=7 b URATNIRRMN 38°C TRIEES L, Z X7 BT & » Tl 2 5k

LEZD NV F—LHETTNEUNRITEL LTEE2EOFERTY VF— AT,

PENIREEZARIZ A 6N D & OOBEREIT MR L T\ e Z L HBIFIC

T2 R TEDOLEFEINCEHEET 20D (H+) NEFNLTWDHEHELE, =

DARFNZFESN T, 55 3 B TITRAEICHERRERD 5 VISR RENE 2 A

THINE R E DMK T 57 F ROMEEIZER Lz, iz, # v

NI EPRBALT D L EECHMEL R Z D5 2 e 7 I v A NI A

MoK 7L LTIIE, Ui, 77 VB LOIEOZNZEnD Z R B

MK f#Y) (EW-_XT7F K, EY-_XTF K, C-~X7F FBILPNESM-~X7F K)
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[CEH LT, BECHMCZLET 2 b2 R Lz, HEWL, h-Lz 3LV
ABL-42 Zfi o727 I v A NERHMEIZ R FEBR Tl ThT 2B 04 & 2 UTHED
TR A B 2 L S HISR, 4 DDYNE 2 R 7 BN SS it % ok 7= 3D EBR Tl
717 FHRD C-_XTF FITHR BBERDRNRBD v, T 7 PRI GEDH
NI TF RPFET H 2 ERMIfF S, L L, BW-XTF RIZ bR’ H
HTEMBILBBOXRTF R THLAREMES H D,

B L O 04 RA A (Zn®', Ca’', Co’T, MnT B X ONAPY) 2% h-Lz
DAL ZRET DEN DD Z L 2R LTz, 2O ORERIT Zn” 2 5T E
DEBA TN, X RIEOT I aA MEOHMILZET 2 &0 oWt L
L L T % (Bolognin ef al, 2011; Huang et al, 2004), L72>L. Fe |ZB L TA
MEED X 92, BEA A DB D 7T e R 2 BLEDL LWV O HERDH D
(Abelein et al, 2015; Innocenti et al, 2010), ®BIZE DT I 7 A RERHER RO
ECOTITELEARHRENRZ VD, @EBRRY AR VERLEORGE 7 1 A
TV THIET, ERERELTWD LHEIND,

& B ORI AR IZ I 1T X7 F ROMEIhRIL, BRI &R A 4
I FREOREIIREFH O ENZ X b, ThE T F RRgEELSE
TWLOTERWhEHFR LT, ZOFTH C-RTTF NIZL L8R A 4 D

TGN ROMEN N i bR < . LI TF FORSIBEBR L TND EEZXBILD,
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HZURTBEDOT I mA MR OBRIL, M2 {b->26 Bl

L—RRHED BERE AR TIT DL TV D, ZOB\BEDOH T C-XT7F KR EDERE %
MHIL TV ONIARHTH D, C-FF NaeElighks o~ 777 1 —
(HPLC) Wifih T A2 v~ NT7T 7 4 —CTHET 5 & SRS % 7R
THEEOE— 7 MR SN2, BINOA T FITHhRICINEE B D L% 0H
T, WA EE RS R IEE T RN S5 T (Juneja et al, 1991;
Nakano er al, 1994), ABFFE TR L5 T 9%, #EHE EBRGIE TR~ L9

(IR BERTNI L S T AR ZAT > TR L7 & T A BRDOZEIT/N S
WeBZLHND,

BULLRENZ L2 Lin D7 V—13 7 a7 7 —¥ A THEL LI=8IR G 7 9k
SIFENZIL T > MITFIRIZ 3T 2 BRHEFZ NI R A 8 5 L s L (Liner al,
2021), E£72. invitro THRRLEE N 23T 5 Z L 3 STV % (Chang et al,
2020), Yan b (2014) (X, BOH T Vo miE, Hilkb <7 F FIIMA T
TV =T VANRERREBEOX L — MEEZIHIT 20FRET X B (n A >
YOTNFR=Y T2 AT T N JUY) REETHLEREL
7o ZHUBIE. T I 0 A RBRTF ROMMALE LIS 2 FTREMRH Y . T
NA T —IRHDIIETRHIMONOEKEZ L TWDHEEZHND, LEno T,

C-_TF RITBEMTHDHZ D, EOXTF RHDHWIT I/ BREMA R
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MR DI AR T L2 HEEL T, FrET 20ENH D, C-_XTF KR
BT H R T D &3, B 208l L7e < T b, #ifEb
DA T =X Db Ee, BERASROMIERETH 5,

RIS D & BWING NI BRI (FRCH 76D b o) 1E, TR
oA REEOEMREZ T 2720 OIERIKNFOERETH L &ffmll T Hhn
Do WWEFRSSANHDNAFEERTEN DL DMFRE S HIZEIEL T LETH

éo
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3.5 /N

=U M URFEAICE T DHINCE T 22 EMITE D 5 BRI HOWTIESE LT,
ZOBERD 1 2& LTINA, I, 77 VB LOIREED & 37 B OMKSy
W ZIER LT,

FING R BOT T T =B O E W RXTF RIZT I A NEEHERH]
YR D E~Te, 7 InA REHEER S /X7 Téh 2% HEWL 12X LT
NTTF RIHREZBLE LR INE BEW-~7F R) BXOA 77 F K (C-
NTTFR) AR REZ RO, a6tk MY Y F—2A (h-Lz) BLPE b
TIvA RRXTF K 1-42 (AP1-42) DOFHMEFAIZ® LT C-27F Ridsin
MR EZ R Ui, £/, 7 InA R ZRET 2 2 fioaE 1 4> 0
MR SE LR EFFOZ & bR Sz, C-~7F FiZ HEWL O#HETE
FRHNHIZZ 1 T2< L h-Lz BE AR 1- R ICHLIENRH D Z b, < DT

B A RIERLS ™7 E OB L2 IH T 22080 o 5 L s,
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FAE REEER
BN EIIARAT 4 TIEE R MR D 2 L TREEZIRFF L T, EMmBS

B D Z kD, Ll ZURTEHEERD ESREOEISCK /Ny

¥

BOBEIDKET Lizsh, # X7 BIdEn 2 L, BENDMROBN A =
J5, BEOEAEIID TV Y X OfE X o TELVEEDR R S, #
RENMIE T2 (Kimetal, 2013), L2>L, HAENRRREL ROTHEIZITF N7
BITHESoCosh, T /BeERD, ZO%E, 28T —7nr4 Y
— L RN EEENTB L 72> T % (Thibaudeau and Smith, 2019 ) , Z D43 fiE%
BTG E ., 27BN ER L, MRS EL 520 2 LR 5
NTW5, BUE, 1ZEAEDT I R=Y A LMTNTWHEBIZZD LD

IR Z N RPN EE L TR D LS TnD, RRk
LT o3 FRLETEE L TERE L, ENODMIg— 7 n AEE &
VD BB L T M IS A R OO BRAEIR OREIE IR, Wb 5T I v A FRMEERTED,
ZEAEDZ U RTEITT I A NRMEZERT 5 LZEX BN TNDR, il
DT X BRI, S TAEE O, FRCBUKPEISE AT O
~OTENEZ N EMOMEAEMEZET 22 LX) BT IrA
F#HEEZ R L T b0 Bbn s,

IO LT IuA FBHEOEREIHT 24 EERELH D EIND, T 74
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—NVRLTEZ NI BB/ 7 =V R T 0 F v "y InTOTERTH DD,
OB L > T 74—V FENEFERBECHESNLI T —AbEZIOND,
— FTCIIEEZ (L LT WVIRBLUC R o e, 7T 74—V RE[IET 5 L9
RIRF-DIFERT v 7 =V LT X v 7 B0 %MIE LY, Bt %
2 K7 OFAEBHER S 4125 (Sack, 2018)

AWFETIE=D Y OFABFRIZIBN T, KRFH 38 DIl =425 REEE R DI
FYUYF—24 (HEWL) IZHEH LT, RZ U RZENZOBBRTED L S %k
BT DO, Eio, WREEHERFT 2 2 EBNHED R HIEED L H R L AN
FEEINZi D > TWD Dz fat Lz, £ORR, HEWL 1T A2 =TIz < v
BUNTETHDZ EPHERINIZ, BEROEEDRI LEZ ONDH0, AR
MORESE 2 HERF L CR D . FAEBRE TITIE & A CHEEEICITAIT R,

ORE &2 7B DOREMETIT 55% % 5O DA RT VT I SR E e a2 ]
L TWbEEBEXLND, AART LTI NTEAE 77 IV —IZBLTED,
TuT T —BIk L THIBREDEYIEE RT Z Lnb o X R 7 EORE
IO b D EBZ BID, HEWL OZEMICART LT I O ER TS
N, ZOWMEITHLRMETEAEL, BELTHEWL OLT I ¥ —BiEMtEE
HELTLE S (Sugimoto eral, 2007), DF Y . ART VT I Doy HEEK &

HEWL O7 X v NERBRAEZ AR = 7 B2 AH BLVEH L, BRHEIR D BEER AR 2 TRk
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T, MEDZLNIELT I/ BEE LTRSS Z L b oafiias)
EEREANTF FEEOSISE Z 2 FTREMEIIRE VY, L LARR L, ZivE
TR LT H0PH CIERAEII O IR AT ERII R b2, SRIOFERTH 7
POXTF RIZT IvA RO ERET 202 A Lz, T &
7 BB HBAFNREZ RTDIIESBROFETH D0, BAEINILY v EH
TIZ R DG - BHE - MM E A ISl 2 BRER o T\ d HEI S D, =
D ENPFRAEZIERITHEIT S, BMEHRCRORERZAMFIATEL AT
L7 > TV 5B,

7P RTF R N Y F =27 I v A RBOEE - SR LIHIC & A2
Tholz, £lo. 7T IvA NHEMOEREIET &Ik L TH Iz A3
OHZEMBIERTELRTTFREBZ BN, ENBUT, BT FTF RiX
FEAEIITZ T Tl b o LIRNWZ NI B OBE - b A IEIT 5 b O LR
Lice 7 ImA NRHENREROERIZZ HY | @bty TERAM
L 725> TN D, ZHUTKT 2 RBRIERIETHEV 2 < . BARNEENT
WOHRNTH D, 7o, THEDOHEFEHGED LN TWVDN, ZOWRERLIFIC
ONWTEEERMNZ VW ONRBURTH D, FICEFITET 5 THIEsR < HrF S .,
NT X NETF IR EDORY 7 = ) — )VEH EDMERIZEDR > TV D (Hu

et al, 2018; Townsend et al, 2018), %= 9 L7721 T, H 7 W ~<X7F RiLLbsggiand L
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IV —F T A LN e VTR TH Y | i HPLC T 30 fELL
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MR EMGE LI Z E D EBFET D Z e N TR, 72, x>
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RIAEFE R HENC A2 L B2 bd, BTF X RT B LAY VR BED
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D DIEWERTF ROBEE - RIELXIT I LERH L, LnLBRns, Znb
D FA~OISHIZIENWS ONOBERH D L b, 1 7 PRTF NILHE
PEE SR TE D0, ROBFE LI L EXTF M BROMERICEIZEI N D )
EIMr 7 VT LA TUIRGRWREERH S, Bz, IHICA-72& LT
LI A @R CE 2 WIS DL, ZhEBxRTET VYA~
78 E DB A~OFI T LV, —F . WSO T I m A MHIITERDD
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ZEIE o THAET DL EDRH D,
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LTWBEEZEZTWD, XTF RORIENHEIE, BHEER Y 7B LD

AR O EZ @ CCHfFd 5 Z LKL L Bbh b,
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