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L7z A AR 621 BHASEEDR L 72#9 120,000 fH DO ARZHEII 2 HARDO EE M L= & 2 A%
Iz 22 58 (0.018%) 23k L7=fAsiE S hTnad (I, 1934),

A FTEDLD THEICEHZMCEINTCERTHY BTN R 2o THIEEAE
BEIET ., BAIRS 2 R TE RN E | BEIGE A TR, FARREIZ i 4 FERR
THHEAERL CBEIT 503, BRSO AL O EICHE L2 Sia b, 0%
EEFED, TR, BAMNCKTET D Z EiEn < BANVTHESUTBIA T X vy (944
TOHA ADELFIZOWTITRIR 4 2, £72, BINIEB T 50 A a OEIERI 2 &
B OWNTIEL, B S 22 M),

BEBFE CHAREEDT-OICHE T 2E ML LCIL, 2 FEO ML 220 L TR
DD ZIuAHERERC, 4 FRERDJFAED D 2 B O AZHL A 1% TR B AL 5 IUT R MERE 72 & D
—RHEEFEBHNONTRBY . Zo&EME (OF) 1IIBEBZENA DIMELZOTIERL, HEfO
WREREEENEEL, BRBEZIIINEZBALTHEL TS (fWHE, 1979),

B MOERTIIY 4+ /"% T FEOLAME ORI LY | M E AR AT
TEITERLBRDEAEN DL EBRRESNTVDINR A BN TUTZTD LS 7
WEITR,

27U a2 OBHE S IHFE O DWW TR 1 2 S,

(A4 =2 &7 UaloMos o EEN]

7 Ul A aDRMEERDPINTHREINTE VO WMETRVVR WAL s T
IIANBINIARZHE ST D Z N TE | HONTERMER K OZEDOBRITITESE . H 5, 72
EXIE BNTORBIZE N TL, [ F £ CRAEEE LIRS R E S TnD (R
. 1927; R - K, 1939), F7-. FL OB ERBIAOEBEOIBIAE L, o
FOLHBEINT IV VaBEOREORI L OBRELRWERETER LI L ZAH 20Dk,
B DOFAEDFEGR S, BELE S RO o AENBE I (IR 8),

HA LT T AREBRNRE T = v E AR LA RSB AT L AR
% (Kuwahara et al., 1984), 11 =& 7 U a OB OAEFEIEEE, 72 b AT REME DR
JERRDT-DIZ, EHENICHA a7 T aDfhrs A TRESEZRETIEH. DL
THZRIIREONT_T OEIGIE, A2 (RRA) XA =2 (FA) TiL100% (10
RTFRTC), 773 (AR) Xr7Ua (FR) TiE8I% (A7 X7 H42X7), HA =

11
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(AR) X7 Ua (FR) TE21% A8 XT7H2L7) Lph, 7Ua (XAR) XAH
{3 (FR) OMAEGDOETIIZRBKL L7 (PR S, 1997), [FHEIC S 548
WTORRIZOWTHAE LR OHE TIE, A 2 (RA) XAA 2 (FA) Tl 100%
(20 X7 FRTC), 7Ua (AR) X7 Tz (FR) TiE85% (20 <7 H 17 7).,
A2 (AR) X7 Ta (FAR) TIE45% 0XT7H9RT), 772 (AR) XHA
2 (FR) TEO% 20 X7+ 0X7) Thote (BF - 1794, 2007), B A 2DA R
RIS Z LR TEARV (FR, 1995) Z Linb, 7 U ad A AR PME L7zt
T2 BB LR OEIEL TWD E ZAICEIET H 2 LILTE RV, £,
I aADARAKRE DA DA AL E X HENICANTZBEOITEIZBIET 28 .77
TIDARARKEBBIT R E BICHA aDOFARALVIERTH DO, A =
DA AFRRPRZROT=OIHEL T D L7 U ad A AR E) & Bl > TRRREN AL L7
NI ERHE SR TWDS (FAS, 1997),

N )8

~ FEWEOEAM

kF ZofMmoFHR

[1EE L LTHWRSEOBIL - 2558 - IRIRSG O]

ABETHBLZ A 2 HEHT 212> THERLEERETH D H 514 5 KO
515 &, W O MFE L [FER, 4 B0 BB O%, 5 #ina kil s LT, laftT
RIS 72D | IRIRIR & PET e,

[FENTZONT | RAIFEOBH AL ORI D ATRelE]

BEBFRICBN A A EL G ERBME L UL FEEO A 2/ IR
= Blepharipa zebina, 7V =¥ KU N=x Exorista sorbillans, %7 A =/ 7 I ¥ =
Pediculoides ventricosus 28 & %5 (A AR F2x, 1992), £Ofch, 77 av FUA
T Exorista japonica (Z X D FAEC, NI AVHE, A~ Ru~H, v~A A, N3 H
7 VA DV T T AT T VIS L DR b STV D (B11,1929)

BT 2 EMEORBEICET 5 EH
Z TR AR T A 2 OIEE O 72 DI W T BRI OV TREHT D,
LIS D | WEAESE S OBEREF TR L T BAn R ANEDO RGOV TREET
12
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Do

AREAL AR Z T A 2 DAEHNITIZ BB (R T VAR Y V) D—D>Tdh % piggyBac
\Z K DBIEFEAEE V2, piggyBac X, A 7 27 X U N (Trichoplusia ni, E
W Fa v H) OEEMIE TN-368 IZHKT 2WBNFTHY, DNA ETHY HS
NEVFASNTZY THMHEEZRM L Tk 2R CEREFEAIAVWLEA TN D

(Cary et al., 1989; Handler, 2002), piggyBac (. #sBEERIE R 143 2 DO RKigld sk
FNTHEEEFF > TV 5, piggyBac DEERERZRBLIE 5 & Z DEEBEEFE D Kk
Bl RE RAOICHRE & L O L, 800 iS4/ piggyBac 3Mig £5° ) AHICT U X AL
HASND (K8), 7=72L. ZDFE % Tl piggyBac H 1K) 53 BLT D EaiBEESE Ol
L&k o T, 7/ A OMOGENICERE Lz kb0 35 reeERH 5, £ 2T,
piggyBac % WA L7 BB T EARB NI L 725,

A NLZEMNEBIE T 2B AT 572512, piggyBac Z kL L= 2 fED 7T A 3
RztsghbETHND (K 9), —2if, BBBRELETFORDYIZ, BALLWA
HIBRFEZFA LI R =772 R T, b 9 —DiF, piggyBac DAEGESID 5 HD 1
D RPSEIZANNR=T T A FTH L mBHREZ G T o~ =TT 2RI,
A OREGELIIA KB L TN D72, THBEKIEID A 257 2RI A ST, FIKHZ
BALE R —7F 23 FRORERINHEENTERZ TV ML THA 257 L
IHASED ZENTE D,

FISELH RimEF
&5 B E FpiggyBac <_H sBEFEEET | >

<> (@)

yﬁ"m‘ii‘ﬁ'ﬁtﬂﬁf’ﬁ L TE&#

.-llll
A\ 2
‘0
L 4
.‘
anmun®

8. EL#E[AF piggyBac DEE

13



<L EBEREET | =

- EBBREGTORE =35 & FpigqayB - KiRERS 1 DERKRE
- BREETOBA PR TpigayBac
| BiEET Py EBERAGT

ANN—FSZX2 K

FFr—F5Z3F

g B
.......................................................................
e

FEALERDOEEMRERIITDS / L~DEA
R =N mﬁﬁ%?&@%ﬁ

- 2 DD KRIHERF
ST ZmiinE

RIS 1 DEHBOT
EBET. xbN3.

\\¥ N4 LADEA 4//

ST h

FALEROBRTRY ) —=2F

9. BiEFHA N A IDEHE

RF—=TFZAIREANNVNR=TFAI REhA THEATLHIIE. 2 20T T AR

5 IR TH A IZEINCTMIEAT 2 HEE D, ZHUTK Y ~AX—=TF A K

UG SNBSS OB X T, HIEB AR DA a7 ) AP AS LD, BIEA

L7 B DO TIE—HOMI 7S TN Z O HIBER FE2RF>Z L &2 0 b L, I T

(270 D EFEMIRY T Z OABEE 5 & A LI2RO RO PN | BRFHEH 2[5

EKBAEL D, —H, ~NWR—=T"F 2 RAKRITH A afifarf CITHEE Lewo T, B84

10 DI A CHRIFE DN 2 D12 L7z o Tl 1 &7z W ICE D5 F OB Lz

DoafESNTZ) LT, BT b D, £ OfER, ZENIC BRI -2 R O8IS
FHUHAZ A 2 FHT 5 2 &R TE D,

(1) LEERICEET51EH
15 A HEERERUHBEEROHR
RF—FFAIF
AR THHBZ T A 2 OAEHIC WV S 7= Bt 5R%0E O RER & ORERREESE O sk & %%
LITRT, Eo, MORAM A 10 12, BB OE RS 2 BIE 10 1257,

14



x1 HEHEOY, XL, X, HEE

RER

YA X

FH 3R & OB RE

BE7 47 ufr HEBIEFRERIE

v b (2% Fibroin H Bz FEH > b)

Fibroin H promoter (77 ¢+ 7'&2 | 5.0 kb HAaik7 474y H#EHELFOTaE

A H#EBRTFTrmE—H —H—, 747 aAHEEETNRET D%

—) AR COBIGFOEREZHET 2 (Kojima
etal., 2007),

&% Fibroin H (HHJE(ZF | 1.8kb | A adik7 s 7oAV HEBERETFDOI B, 7

ThorUEZ7 17 A H Yoy -7 7=rva2Eed 5 LS Z =

$UEI5T) — F 28 OIZIET TR, 7Y UBLD
TNE I R FICEL T X RS A o —
R8BI FICER LSO (BlR 10),
ROz s (BT 19),

Fibroin H polyA (7 «+ 7 w1 | 0.8 kb A aHKT7 474 HHEHBETFOY—

¥ H#HBsF 42—
—)

=4

F—H—, WERKELZHET S (Kojima et al.,
2007),

R F O NRIEEBBT (v— I —8RBF) BEAIEY N (T2 Va VBE

AB779767 D—ER)

3xP3 promoter

0.2 kb

IRCOBEFFHEDOIZOIZ AN LHIZERK S 1L
YRS THD KPS B, FArvavTa
73 (Drosophila melanogaster) FEE =
7 BRI E hspl0 B D7 v E—4—|Tf
G nEe—4—, B TORTOKRE %
&4 5 (Berghammer et al., 1999; Thomas et al.,
2002),

EGFP (Zfkth st & v

7 E8nT)

0.7 kb

40 27 7/ (Aequorea victoria) Fik D2k
BE S N IR (7T oy TR
Yang et al., 1996) . BA=T-#L#L X 7 A = Zjgedk &
LoD~ —H—nf L& LTHWD, Lt
Bi#5i L7- 3xP3 promoter D& L AT, &
o P2 T A 2 DIRT EGFP 2 %83 5,

15




SV40 polyA (SV40 % — 3 %
— X —)

0.3 kb

I T AL A 40 (Simian virus 40) & A
HkD s —Ix—4—, BEKEEZHTET 5,

FOM (727 %y varFEE AB713995 O—H)

piggyBac R

1.1 kb

A4 Z 7 %X TN (Trichoplusia ni) H Dz
% IK piggyBac @ Akl (Cary etal., 1989)
A 2l ) B~DOFFANIZES L. piggyBac fixf%
BER OFFALSN & LTl <,

piggyBac L

0.7 kb

A Z7%F TN (T ni) HROEBIK T
piggyBac ® Ayl (Cary etal., 1989), 511 =
7 ) ID~DFFAICEE LT, piggyBac HafsEE#E D
kRS & L Cflh <

AEREE (REETHEREX

HA A2y ) KAPITIIFELRYY)

puUC ori 0.7kb | X#5E (Escherichia coli) HkD 77 XA I K
ColEl DHEHBALGN, A7 T A Fa RHE
THET 572D DORFITH Y . R T-HH 2
A DG ) AFITIFFRA S U720,

AmpR 09kb | JrAEMET ) AT DR . A

TIAI REFOKREHEZ®RIKT 572008
FITHY, KiEls -2 A a7 A
VIR A S0,

16




Mspl 13746
Mspl 48

Mspl 13504
Mspl 13394 Mspl 82
Mspl 12889  Mspl 13327 &%' FHU M IVEAE o2 BP0 -Jo 85
Mspl 13293 <

Mspl 12699
Mspl 12673
Mspl 12526 ’ . Mspl 1950
- Mspl 2104
| Mspl 2161

MspI 2246 040

Mspl 12037 pUC ori FrEwaE] piggyBac R
Mspl 11948 AR o
p o 000 Mspl 2411
g
; Mspl 2451
|l Mspl 2514
piggyBac L I EGFP Meplzart
m;gs:{;n;s Ill R-h—EEFRENt ] Mspl 3105
Mspl 10777 SV4DpolyA
pBac[3xP3-GFPafm]_FibHmod
Fibroin H polyA 14199 bp
(BUEF i 7B
Mspl 4235
Mspl 4323
Mspl 4354
Mspl 4761
Mspl 5080

RT-PCRO S0 FTE Fibon H B EFREEN |

E4 K Fibroin H
Fibroin H promoter

Mspl 8712

Mspl 8572
Mspl 5560

Mspl 7127 MsPl 6866

X 10. X% Fibroin H BEFEAICALV- 73 X £ K pBac[3xP3-EGFPafm]_FibHmod M 1&i&

piggyBac R : piggyBac Exfs B %R EML = & piggyBac RimEL 5!

I—h—EBEFEEREA»EY +
:3xP3 7OE—42—, BRTHEEZRTE,

 MEBRGZKERNI VNV BEEIEF, EIRv—H—E L THA,
UEITFTUIAINRAT ) LRAEDE —ZI 2 —F—, EREREEZHETE,

5 3xP3 promoter
EGFP

SV40 polyA
®Z Fibroin H EEFE R HhtE Y +
: 74784 HEEEFOITOE—F—,

BREBRRTOEEEHE.

Fibroin H promoter

10
HE FibroinH  : 74 7A4A ¥ HEBEFO—BOERRIIEZRELZLD,
B #EIEF .
FibroinHpolyA: 74 784 Y HHEBEFDI—IF—42—, BERBEZRE.
piggyBac L  : piggyBac nfSEE R IR ELL # & T piggyBac KimED 5l
15 SAERMEE (ha 3%/ LPICIFFASALL,)
puUC ori : KIGHE Ciae 9 218 &R MEE,
AmpR T UED UtEETF.

RT-PCR & CBEFREODREH R T 51=-00 RT-PCR D&

17



WHHERE 155 £ TICE bmdfE 2 XK 1112/ d, 37, #[K+ piggyBac % pUC18

WA L T Bz p3EL2 (Cary et al, 1989) T, frfassitZ v R BB A& v k

(3xP3-EGFP) Z i A+ 2% & & &2, piggyBac B EEFEEIn D —#A2KREL T

pBac[3xP3-EGFPafm] % {EH L 7= (Horn and Wimmer, 2000), ZiUiZ, W& 7 4 7 A >

5 H {8+ RBEAE v b (&% Fibroin H Bz %80ty b)) 2FALT
pBac[3xP3-EGFPafm]_FibHmod % fEHL L 7=,

s I —
D, D WD

TR Fibroin HBIEFFRED - |

v

>—h—BETHREItE | ¥ Fibroin HEETRBHE |

pBac[3xP3-EGFPafm]_FibHmod

L 1

‘T

'
D
‘ puc1s I
1EA iﬁ%‘iﬁﬁ@ﬂ%ﬁ

?Kﬁﬁi‘)ﬁﬁ
5V40 pIyA - -

11. % Fibroin HEEFDEAIZALVz 75 X = K pBac[3xP3-EGFPafm]_FibHmod 0 {F &
10 Ak

iﬁﬁﬁ?prggyaac

ANIR—=FFRAI R
K> —7"7 A 3 R piggyBacR & piggyBacL (213 & £h7- HAOfEIZ A =47/ A
AT 27oI2id, BBEROMERLEL 2D (K 9), ZOWBEELZ T 2
15 el ~R—=TFF A FpHASPIG Z{FRIL T, R —7FAI FEREETHA =
PINZIEA LTz, ZO~R—=T7F A3 R pHA3PIG ORERL L O EFE DR 2 12
R, £7o. RO A 12 12577 (Tamura et al., 2000) .

18



£2 ANIWNR—TSRI FpHA3PIG DERER L. BE., HEe

R ER A X | HRKOEE

A3 promoter GHifu& 7 7 5> | 0.7kb | hA a3 kOMRE T 7 T A3 Bl D71

Biaf7oe—4—) ET—H—, AR CEBL T ERBEIES D
L2 T& % (Mounier and Prudhomme, 1991)

piggyBac transposase 1.8 kb A 7YX 70N (T, ni) HEDOERK T

(piggyBac #xf% R = 1) piggyBac DIEHEZE (Cary et al., 1989)., piggyBac
D 2 SOXRmESN O He E -8k 28] v
LT, fio> DNA HIZH AT D HRE A F5,

piggyBac R 1.1kb AT 7YX U (T, ni) HEOEERK T
piggyBac MKk S (Caryetal., 1989), 1A =
7 B~OIFEAIZEE L C, piggyBac BnfEESE D
FRERECY & LT <,

AmpR 09kb | FUEHMET v B2V KT DTSRG, A
7T A REFORBGEZ®ET 5720 DES
ThHO, KB HBZ A 257 ) 2R3
AZH720N,

pUC ori 0.7kb | KIFE (E. coli) i3k ~7Z A I K ColEL O %

BbE S, AT T A REKIGET CHEET 5 7=
DOEHNITH Y . ARG FHBAZ A 27 ) K
IR A S 720,

19
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A5 promoter

pHAS3PIG
6160 bp

piggyBac transposase
PCRD #5H]

piggyBac R

®12. AJL/S—TS5 X = K pHA3PIG DiEE

A3 promoter ChA OHEEMRE7 IV F Y A3EREFIAE—4—,
BRAGHEBTOERTEERE,

piggyBac transposase : piggyBac ¥ FREEF

piggyBac R : piggyBac R EE R IR 2 T piggyBac KimEZ 5

puUC ori . KIGHE THEES SERBAARMRE

AmpR T UED UitEEEF

PCR M #EE CANVIR—=T SR FOBRFEEHRS 571D PCR D#iH

o HEREROBEE

O PEEMOBRERDHRE

[%ZE Fibroin H &5 1-]

A BB R+ T d % U Fibroin H s 13 AR OB tati 2@ 5 2 L2 B E LT,
A AfR7 4 7 v HEBEFOIH, 7V -TI7=02F LT 58IK LA
g a— R LMOIFETRTE 7YV BRI VY I VBERICEDLT X 8
Fis e = — N9 5 GBI FICE# L T2 (BIIR 10, 19), ciZ Fibroin H Eis %
T DB TR A 20O/ ONTAR TIEREENRE £ - TV D Z & R
TEIEIM, MRERE M 72072 (BN 19),

T a7 maAr HEIE, BREMAT 2 EERMMEY X ETh D, ARBATD
BARFIZIE, 74 7 uA » H$HBE OB AHRET 5 LiEED 5. mRNA ~0x
Bl SEsr 42— I 3x—F—%2&te FitElE CO2KEZH TS (Takiya et al.,
1990; Kojima et al., 2007) ,

TaTuAr HBITHA LT I BESIN, BBMOT Ly LEBOT X
BlA BT H0E 90, T Lr 7 —2~—2 (Food Allergy Research and Resource

20
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Program Database (FARRP). ver. 13, http://www.allergenonline.org/) (2%} L T E fED R
iz 0.1 & LT FASTA MR 2 To72 & 2A, BEMT L7 & 8 7 X ey kg ©
—HT HEINIED LR o T,

ZORBI Y M BEEORORERE B S EDWEEITA L TRV,

G RERCS APV A § (i)

ABILFHME AT A = OBHIZIF Fktadt # > 37 E EGFP OHR TO I 2 FIH]
7=

~—N—THDHEGFP ¥ L RI7E(/va T v 7 )X, 4 v 7 7 7 (Aequorea victori,
FIRREMF - & N ) fokofkadty o7 ThY | Bl FRBl~v— T —& L
THRIAS VBTV S,

3XP3 FrE— X —d, IRTOBGFFEIOTDIC A THICE K S MRS T H
% 3XP3 2, ¥A v a v a3 (Drosophila melanogaster) HKDE = v 7 X >
NTEhpIO B F O B —H—%fH L TELGNTZ, 2D 3XP3 7' 1 E— & —|Ifkx
72 BB OHIRRCHEIRICHB W TEIE T2 5Bl =¥ 5 (Sheng et al., 1997; Thomas et al.,
2002), 2%, 3xP3 FmE— X —DIHMEIZITENY 3 v 7 IC L DB HITANETH D,

SVA0 X — IR —H—L, VIT U UAINA A T AEHKDE —I R —H—T,
MRNA ~DEE 2 {51k SH D,

EGFP 25, BEMOT LT » EHBOT I VMG Z2ET LN E I T VAT T
— &~ —2Z (Food Allergy Research and Resource Program Database (FARRP). ver. 13,
http://www.allergenonline.org/) (Z%f L C EfEDREZ 0.1 & LT FASTA RZEE{T-7- &
A BT LV b 8T R R IR Ty D ELAIER O b o Tz,

ZOFEED Ty NI BEORORHFR AL S ELHEEITA L T,

[~ —T7F 23 K]

AR —=TF A ROMERLUZ 7= - T, 2 DORMESIDO 5> HD 1 SZ2HIFRL T,
A AEROMIE T 7 F o AB BB TOTuE—4—%fH AL, ZhIZkD, A
2 Ol C piggyBac BARB IR N R BL L | [FIRFIZIEA L7z R —7"2 2 X R piggyBac
KIGELHI DRI 8 2 BRBEBE TR A 207 ) AHRIHA SIS, — T, ~WX—TF
A I FEEIIRIESNZ 1L DKL TWLTO A 2Dy ) AHRICHASILD Z &M
ey (M9),

(2) _7Z—IZET5ER
A HHKRUHRE

KEBLETFHEBRZ A 2 OERICHWE- X7 2 —Z KB Escherichia coli H13kod

21



10

15

20

25

30

35

pUC18 THh %,

H=B A+ piggyBac % pUC18 |24 A L T p3EL.2 3 H 5 (Caryetal, 1989; X 11),
RF—7Z A 3 F pBac[3xP3-EGFPafm]_FibHmod %, p3E1.2 |[Zhkss & o /87 B %
B> b FibroinH Bz 88y FEALTELRE (X11),

RF—=7"FZI RO 2 DORGGELS K O O N Z ZTefElgkz B A 257 7 LTI
THT2D, ZORMEYNZ Rk LT A 25 APICHi AT % piggyBac #AFERESE 2 fit
b~ —7F 2 K pHA3SPIG AW TUW% (Tamura et al., 2000; ¥ 12),
PHAS3PIG |THIEE 7 7 T A3 s 7 v € — ¥ — Dl & T piggyBac #afEE 5 % 7 Bl
SH D, KMESIO— 0% KPS TND720, TREEKIEI A 25 LRI
g,

etk
O 7 ¥ —OEEE R OBEEE S

pUC18 DI F:%iT 2,686 bp, HiLELHILT 7 & v a3 &5 L08T52 & S,
pUC18 Z#sfEIK 1 piggyBac Zffi A L7- p3EL12 OHik#kix 5,958 bp, HikLAdsix
piggyBac Website (http://piggybac.bio.nd.edu/) % %[,

K —7Z % 3 K pBac[3xP3-EGFPafm]_FibHmod M 4%i 14,199 bp, HH&E(sT
DOEERLHNTNES 10 22,

AR —=T7"F 2 3 R pHA3PIG OHEHAUT 6,160 bp, HEILAHIIRIT 11 22/,

Q@ REOWRELAE T HHREEIIND D561, € ORE

pUC18 (21X, AT TR X —ZHET DRDEk~— 1 —L LT, 7V
VA FET D BETFREEND OO KEBEFHBA A 20T ) AHIZZOE
BAHEEAIN TN,

p3E1.2 (Ti%, piggyBac HifslE R Es T K O ORI O RImELYI D & 72 5 BB K -
piggyBac DAL E E i D,

RNF—7"7 2 I K pBac[3xP3-EGFPafm]_FibHmod (235 TiX, p3ELl.2 75 piggyBac
BRI T RE STV 5D,

A= TFF A3 K pHASPIG (1%, B A 2 DI TOBIEFRILE R ET 2 MG
T Fr A BIG T RE—HF— L O FICHE S - piggyBac #ARS IR B S 103
GEns (K12), EHICH > TiE, 2 2ORMEHID > HD 1 >Z&HIEL T, B A
THROMILE T 7 F v ABBIET O rE—F —%fAL, 2L, IAad
Hifa T piggyBac AR A B L, RRFIZIEA LT R —7"7 2 I RO piggyBac K
IHRCHI DI & 2 BRBIR T A 2 D5 ) LZHRITHFRASND, —T7, ~R—TFF A
X FEERIIRELSZ 1 OKELTHDE72D A 2Dy 7 APICHASND Z &M
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W (1213),

@ N7 & —Dfpiktt - HREOFER Malktt - BREEZE T 25813 E OEER

ZBET B IEH
Ry 2 —DIRYetE « JEFEMIZ AR,

(3) BioTHEZ EWME DR
A BERNIBA SN EBREERDHER

R —7F % 3 R pBac[3xP3-EGFPafm]_FibHmod M T t5%ER DS R B DALE MK
OV [Nl QN i FREE SR X DGR 2 X 10 (2", 2 DD piggyBac AKumlcs ORI,
Bk~ —H—Th 5 EGFP BB TORBLAE Y b HIEE T TH 5L Fibroin H i#

IRFORBEHI Y RIBFEAZIN TS,
R B —~OHEEEFE O A FEOE S &K 11 12T,

o BERNIBA SN BEROBAT i

K —7"2 X I K pBac[3xP3-EGFPafm]_FIbHmod ([X| 10) Z#~/L/N—7 7 XA I R
pHAZPIG ([ 12) & & HICEHEIN () ~BEfEAT 22 TBA L (X 13), ~v
R—=7"7 A2 X R piggyBac @ 2 DORIHELHID 5 H 1 DE KL TWH72HIT, £HH
ST A 2l ) LIRS 5 2 L1372, 77 A X RATEAN SV RO F1 o A5 i %
FC piggyBac BafElER ME)\ N THE LIRS 1 A 27 ) AT A S LD & EDORDHE:

RCBIEFHIBA A 22T 52 L3 TE D (M13),

EGFP [ EREEBRERT

FFr—77X3F AN—=TZREF
pBac[3xP3-EGFPafm]_FibHmod

pHA3PIG

EALERPOLRE 2 HBARITDT / L~DEA

A4 /A

I |\
2 DORFEFE
.-'lla_nsm L r%z

A4 3T/ LITEA

“ s <RI s
k2

\\%ﬁﬁﬁmﬁﬁ

(f——\\fﬁﬁﬁwﬁﬁ \

—

9
RIFELIA 1 DR HEDT
BEBET. £bhb,

CATE Sl

Cmmmy Sy

01583500y

%

FEALEZROBE (G) TRIY—=
(RTOZREHN)

SImmny S

> )

23



13. FEGFHBA DA IOERAE

N BETHEBRIAEDEOBTROKR
O EBEBBEBAINEEORKDFE
5 KF—75 2 3 K pBac[3xP3-EGFPafm]_FibHmod & ~/L/{—75 2 3 F pHA3PIG %
BIEAN ST EIN HE L7zl (Gy, X113 KN 14) ARk ETRE L, bk
RELZAT > CTHEIN S 70, a2 EIRITIR Ctadot 2 N7 B2 RBT 52 &
M6 FEAEEMAT SR BB CHIZE L, IR Tty XV B ERBL L T
WD ERZ SR LT,
10
55148
EETEA |
Go
REHKIZEHRY—= T B0
G1 )

Q

G2

Q

G3

Q

G4
¢ - GCS500

F5155 G5
| |
. Q
h5155 Ge-2 Ge
| |
. Q
h5158 G7-2 G7
| |
| v
5155 Ge-2 ~
| |
I
HBE1RDH

H1EEH O REXRE

14. KEGFHBZ A/ IDEERBLEHASTS
AEFEOWE(E, F515 85 & GCS500 #XRXELI-3THE 1 RDEIK

24



K3 EMEHRUEEZETMDELFERERETS 5HITT o> =HER
(HHKBESEH 14 258)

RSN A T RS/

FAERIAH G Gs G, Gy G Gg-2

2010 2012 2012 2012 2014 2015

A LTeBIn DL ENE
(B A ET)

O O O

~IL—DFA7 (PCR) O

AT ORIk BE
(RT-PCR)

(SDS-PAGE) O

A BREERO R
(Sh DR )
(PEIREK)
(rfb=x)

(h A
(B =2)

(1 )

o o o o O O O

=

(R F6 & OVE R DR O

O

(Sh h1TE))

(PEINATED) O

A EWE OREAENE O

@ KF—7F X3 FIZBW T piggyBac EEBERBIZ TR RIE L TWVWDH Z L ORER
{ERL L 72 KF—7"F 2 2 K pBac[3xP3-EGFPafm]_FibHmod (2331 C piggyBac #xf5F%
FRETVFEL TWVRNWI L&, YT T A NOBIERFIFETC X 0 iR L,
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@FF—7FFAI FIZBITDELABIRVANAYT ) LAOWF OFE

ERL L 7= K+ —7F A2 3 K pBac[3xP3-EGFPafm]_FibHmod (23 T, #x& K+
piggyBac @7 v —=1 7 OiEFE T, AcNPV (Autographa california nucleopolyhedrovirus)
D7 BZHKT S FP &1 (2R 642bp) @5 KT (340 bp) & lefd s+ (£
£ 1,548 bp) @ 5 I/ (469 bp) 23> T\ 5, WT DWW . piggyBac A A%
DIMANZ DY . A 2577 DAHITITFRA S 720,

@O~NVR—TF A ROBEFHE

Gs R DR FHZ A 2 (X 14, % 3) D 5 igh R O%REBAER AR S fliHH L 7=
77 I DNA 8 L LT, IBEERE(R O —H% PCRIZK YV H#HIE L7, PCRIZH
W27 T A ~— LR DR OLE 2 X 12 1R, RBROFE R, Gs D@5
Wz 1A 2D5 7 5 DNA 75 piggyBac SR8 EE SR B AR 1 OHIRILRRD Hivieho 72 (3l
W12), 2O LD, RBEFHBEX T A 2IFEA~ =TT 2 I ROFFIRFETT L
TWRWNWZ LR TE T,

® AMERERETMCLERERELINET S E TITHAV DN RBEDOEROZRE

PSR OEEFE (PLA) THEETHBX VA 2% FMRL, IRTOEGFP (8fk~—7
—) OFRBIBBDO LN DLRMERE LT, TO%, WKRLRIC LY . BREG T Z2FD
FEH KL GCS500 #EH L, BIfE % T P1A TOHIE « U L W R AMERF L T 5,
BRI A X 14 10, 3B A FEME L 7o R E R 3 1ITRT,

(4) MBENIZBALEBROFEEREBR YR L 2BERBOREN

14 BAINEZBOBRYPFET IHHTATa—K

B TH# 2 A = (GCS500) & FFEUn A I A = (T 514 %5) LD FAEZEAL
Bl LC, IXF, CONBEEZ S ROHEIR TORMBHEIEIC LI VAT LI L 2 A, Btk L
B 3L ICHBEL 722 & D BA SBT3l B 1 a e —ffA ST
W5 &Ik L2 (IS 13),

o BAINEBROBERY OBERRITE T 2EEOZEME

BAS NI OB N R EINARE SN D 2 & R T D720 KRB Rz
A A DOEHO WK OIEEE TR Z B A 2TONT, 5 s B OB EERRENS S/ A
DNA ZHiHi L, Vg TV F A B =2 g a{Tolct 2 A, KEa iz A 2
MOITTRTRER T A XD FRLARZTHREESNTZZ &b BA LB FIT A
s ) MCEEMNCHERF ST D Ll L2 (AR 14),

I, A Al LHRIT, piggyBac A s S W OIEME AR OBEERE L 2 — R 5
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(BT DIFEIFHRE ST TVRN,

N BAShTEBROERY) O KRR OB CORERBRORENE

BA ST OERY 6 B BB TN ZECRBLSND Z L 2R T 5720 K
R TR Z A 2 OO MR L QIR TR 2 B A 222V TC, 5 nsh AR R AR
22 H4 RNA Z il L C., &2 Fibroin H s Z 3 % RT-PCR Z1T-72 & 2 A,
DIBAGFHEHZ A & TRIFREE G REM AR S, — 05 FERARFHEH R R Tl it
SN2 T=Z e D ARBE L A 2B W T HEB AL ERNIHEBL L TV
52 LR TE T (BIE15), £72. EGFP I L A ROBEAEER T RO TH %
ELTHEIALTWNDLZ L 2R LTS, B, METONRZET 1 7u A H#EHZ N
JEDORIINEND T 4 Ta A HEEF X7 EDOED 200 55D 1 RRETH- 7= (BIF
16)

(5) BsTH¥EZ EWE OB KOO FEL NN Eh b ORE R BN

B IR LYo T EA B = a0 kv, KEGTFHBRZ T A 208K
DR CTRIGD > 7 F N %MD Z ENTE D, IFRE B T A 2 TIEFICV S
FABELNRPSTZZ DD, 2 ng DT/ ADNAZHNDZ LITED | WERL,
o, BHEINEHEIEDO B WAY ) Aot T XA B =3 kc kY, ElEE T
MR Z AR & KB LT AR TR T A 2 2RI 2 2 ERATRETH D,

(6) BEXNIBEDET 2B FELOEE OHE
A4 BAShEBOBERYORBIC LV 5 S - AN AR Rt

KB THBRZ A 2T, AROYRENZED L Z A HE LT, MA IS E
Fibroin Hi8{n 4. 74 7 1A v H#EBE 7 2T — % — Ol T CTHhh %R M
TR D, EAINIZWE FibroinH % > X7 BIXNENEDO 7 4 7a A4 v HEHES
THZENG, ZOEABRFEZFFORBR X T A 21X Fibroin H % X278
EiARR T EAET D,

Flo B~ —H—& LT, 3xP3 e — X —DOHIHl F Chfasi ot & v 37 E (EGFP)
DBEFEFEIEIEL 2 LITED . B h, Wi, ROIR TGO EE L SED,

&Z Fibroin H % L8 7 1%, Wi v X7 B ThH Y, thoWEEE(bSE 5 &9 7ot
FIEEEZA L TRV LD HEOR ORMREL(L S E LWL A L TV RN ESE
X bivd, £7-, EGFP bW 4 X7 HThH Y | thOWEEZZ S5 X O IplRiEtE
ZHELTWRNZ END BEORORIFREL(LIEDIMELZA L TV RNEBI LN
Do
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v AP OIERENREEICONT, BETHBRI VA 2 BEORTINEFELE

DFE L O OEE

AR S OVERE 2R IE 2 TR T B 72012, JERG R % I o = R#8 [rh 515 5
LB AR Z T A 2 RHE [GCS500) & DAHERETH % [H1 515 5 X GCS500] &, FEiE
TR 1A 25548 [ 5155 & [Hh514 5] LOZMRTH D [ 515 B X 1 514
B ACOWT, JBEEHAE - i L7z (X 15), SRR, shiofTE, EIMTE LD
PEIN DTV TIE, FMEEY (LS 3t & A TEET, H&EY 4-5#) 5%
WETHE Lz, TSN OREIZB VT, i RETHE L,

—|_ —|— H5145
| #5155 x GC8500 | <:> | #5155 x B5145 |

&

X 15. £EZH - FERFHFEZHEET IR

O WO

SBDOKEH OY O OERANAELZRE LT L 25, 2 I ARER B2 7
A NIRRT Z A 2 LY REIE L | HEHFRRAEEZERRD btz Bk
17, P < 0.001), Dokl CIIHE PR AEZEITRD bivikhro7e GIR 17,
P>0.1),

WhZ Bt OES (ME) LOMAE BAGR A RWZZZ T OES (MEE) 4 g
T 570, RBIE AR Z 1A 2O 65 fH (A A 35, A& 30 ) &IEBETHH
iz 1A 2D 778 (A A 4T{H, A 30H) %, TNENFELOTEEZFHIL
e ENEZNENOEBTE ST LEH-Y OMEBELOWERE LTiiglLizL 2
B EIIAB S I T A 2 R ORI A VA 2 TELHE 2199 &7
7o WJE EIIARE IR X A 2T 0427 g, IEEIE I X A 2T 04439 L 72
. BEEIIAEG B A OGNS otz (B 18),

Wi SRR (I A AL 2 A 2T 1.35d IEEIG X 1A =2 T154d TH Y |
AR TR A 2 OTF AL BFHFIRAEZEBED b (Bl 19, P <
0.01), AR DI IIABIR 7B X A 2 C5.14 gld, FEEfs TR 2 1A =2 C 4.89
g/ld THY ., AREETHEZ A D0 5%E < . Mt FMRaEENRBD LN
(AR 19, P < 0.01), AROFREIL, HEOBMDH5IW ik Z £ & D T—EDMHK
JEWTT2 D X9 IT#AR LTe ECRHAIT 2, ARIOFHANZ Wz 27d D4R T, A4 1
A 72 1) D & DI ARINIAE S TR X 7 A 27T 20.0 A, IEEAG T2 A A
aATIISEATHY, KBE BRI A IDOTN 18% SN2 L1l D, HEoT, A
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BRTARZ A A 2O AR OIERFEN & LT B 144720 TIEmE L
KB EBZBND,

BT, ABE TR D A 2 R E 2 5 IERETHBA I 2L BB TH 5,
WEILEBLL bR TH D,

HEROYEMEIZOWNWTEL, =X IV FHIET7 I 8L TRALELEATDH,
ARBAR LR A 2 OFPIEBIR TR Z T A 2T~ T L EMELS . LV ES
FeFoTWz (BE19, EH54 P<0.01),

@ EFORMHE

ZHREIND 5 BRI T 2EIE TH LB EZMAE L2 & 2 A KB s
2 A 1% 91.2%, FEEB TR X B A 212 96.6% & 720 | HEHFRIR A B ZEITRD
Lotz (Bl 20, P=0.053),

S & LT, s IR OFEEE 21T - TH D, BITERBRARIZ > THafl %
BT ETCOHMAREL-E Z A, RBIRFHMEZ A 21222 B, FEEE
WA A 2L 23 HTHY | KBEFHBEZ A a0 1 BEP-T7- (GBR 21),
k. KBRFAMEZ A 2 LOFERAR A Z 7 A 2TV TS B R EZITUV,
OE - Shh - i - g OR B AR D,

KBS FHEHZ A 2E, SR & 72 D IEBAn R R 0 A =2 & [FIRR, SeBE T
ZE e N LR 2 S N R L TlR T 2, 4l o3, B E O m k-
FOEAEID 22 2 MERO 7= OICREABREIELZEBRHENTHY | FrZ, BT fIv
EEORELEZDFRZFBICEVF BRI TE 5, 2ok, BITEEBHOK BT
DR,

® HAEfFRES

4R RO DL EVED £ TICE SRR OEE TH L EMEE D LA
BRI X A )3 97.5%, FEBIE THHH X T A 228 96.6% CTH > 7=, T LT
WTHIBRFTHRET 2HEEITDTTH Y | 2 3B TREIFHRAEETIRD N
2otz (B 22, P=0.40),

@ EBRES

AT 5 FPH 2 el 5 720, 6 18 cm OHTEOFEDO HULNT 5 #ngh iz 1
OB &, 12 RRICTTOMEN S OfREZ FHI LTz, AER I A 20
FHIE 2.9 em (FRHE(RZE 2.5 cm) | RS F-HHIA 2 0 A =2 D453 2.9 em ([7] 1.7 cm)
Lo T, HEMFIRABEEITRD bn o7 (BlE 23, P=0.97),

29



10

15

20

25

30

35

® FFER

HA IAMATC L0 BHET 5,

A AR 1 BEY 72 0 OPEINR A BT 5 72 AR 18 eom OB OO T, &
%D A AR E 1 5ET D 24 B E O CREIIE A A Lz, Al iz b A =
D% 531l (FRYERAE 179 fH) . FEB s FHEHR 2 U =2 D F-4413 736 {8 (7] 168
) L7225 T, A FHBZ T A DRV L M ENRAEENRD bz
(BI#s 24, P <0.001),

A AR RN EEIR T D fuPH & LT 5 7o | EEIOFEIC AR T EAMT BN
7200 LR oD b OB A FHEl L7-, 8 18 ecm O TRIE L= 808 b -
7ot HEEO A HT Z X TERp o7, RO SRR R LT & 2 A,
ARG AL T A 2 & IR A 2 & CREINT B #PH ISR R 2 A &
ZIXBO bR o7 (B 25, P=0.085),

® MLE - KRR - RIRSE

ARBARFAH R T A =6 IR A A T A 2 b SR DEEIT 4 BITH > 72,
Flo B IR A afF L RIS A 2 FE L2l 2 LRIRIFZ
PETe, LA ED Z LB  NAFIR AR VE  OFIEBEEE I EWVIZ RN D L E X B D,

@ 2UalORHEDFREME

A AR PEIRS D FH & T2 & A KB AR A T A 23R 16 om DAY
(2 1% DN & A, FEBAR THAHE X T A =138 16 em LANIZ 89% D IR A FEA Tl
D AR TR S A 2 LIRS TR T A 2 & CREIIOFIIISE O 2o 1z
(B 25), E£7z. EINA T2 L 2 A, KRB A 23R 2
HA 2L bdmote (BIE 24), BbAE IS 20) CehmoiERHRES) (B
23) ITIFEW R o T, Fio, KBE IR X T A 2233884 % %% Fibroin H ¥
VRTEROEGFP 3MET = m B DA ERE LY 7 U a3 L ORZROAREMER
PEINE 2 D720 5 LIFBZ 2 b, U EDZ &ns  JERa AR T A 2|2
EARTRBIE I A 237 U a L RRT 5 EINT 2 raetki3zd o b
T FElo, AU DRMERN L e olo | SHEEIEROAGFHR R E o720 35 FHE
PIZRNbEDEEZLND,

® IR

T A 2D AMOENTI U TRIEIEZE T L &0 ) i i3y, £z, ARl
W2 0 A 2 DSpEEY H A Fibroin H AR HEISMMESY » "7 H L L THBET 2 H DT
by, WEEZHET D LIFBALNRN, £o, KBELEFHRIBA DA aPEETD
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EGFP i JFMEA BT D E Vo ME L7V, L7z T, AEfs FHH 2 A4 2 h3Ml
DAEMNZR L TREMEEZET 5 E13E 2 LR,

BEWEDEAM

B BRI 2 BAMTREE L2810, £ 2ICE N KBS IR T A 2 DFEIE
RPN BE B2 DR S 02E 5, 7rya ) —ORIFE-EFICHEZXD
HEEPE L 2AH KBS FHEZ A =2 LIFE X A 2 & ORI
RO LN o7 (BIR26), [FERIC, TREBEMICE 2 2 BIZ OV THRE L
& A KBTI A 7 LI A = L OIZEITRRD b
7= (allifs 27),

ARIEL TR Z A a3 EAT D2 Fibroin H 2 VX7 81X, iy v 7 T
bd7470Ar HBEY XV BEO—HOT I BRI ELE LD THY |, &
B LUTEEIC O T BB Am S X7 B EHUOT X BRSN BT 50 E 90,
Toxin and Toxin Target Database (http://www.t3db.org/) T FASTA f5R&21T-7-& 2 A,
BERoF S o7 B EBUOBINTERD bivighoTe, £l BBRoT v lr ol
R OT I VBESNNEZAGTH20E 0%, TLALF 7T —%~—2 (Food Allergy
Research and Resource Program Database (FARRP) . ver. 13, http://www.allergenonline.org/)
IZX LT FASTA RREZAT -T2 & 2 A, RMKEZARITE O TRIEFHI RO
BEET LV o & ORMFIERR OFEIE L SN TWDHiEk: 8 7 X/ IR %
RYEANTRRD bR o T,

F7-. EGFP |3k~ 2B n F-Hli 2 EiR 2@ U, ZROBHEREAT 2537

HThY, AFWETH L L OHEITR, ARERIC LEEZEZ X "7 HE
TS TR o7, ERAEmT OBGFHR2 ZRMOx v FATRsSA TN D
Bemofms o 7B EEUoT 2 By 2 A9 5028 57>, Toxin and Toxin
Target Database (http://www.t3db.org/) T FASTA B &1T-72& 24, BEMDOHEHX
PRI EFEPOBINTIREO b oTo, Fo BT Vv EEUOT X
ALY ZGTHNE I DE, T LV T—4~X—2Z (Food Allergy Research and
Resource Program Database (FARRP). ver. 13, http://www.allergenonline.org/) (2%} LT
FASTA MR 24T o728 2 A, BEHT LV v EFERLOBIANIRRD B ho Tz,

LI AHFFIZB W IS FRIE L RET BTV A 2 OREZR VR 2 ELT
WD ZEND FEREICE FNTRIMNIEIES N D WD & 5 A8 FE# 2
A AFTEDDOTHOETHDL LEALN FHIMENHRET DL LI OAEWED
RBITEE IR,
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N BEBETFHBZ A 2 LEEDRT 25 Lo L OB DTGk

ARBIE T Z T A FIRICRREE S Z VN B 2B 5 2 &b IERE TR X
A 2L DOXERFNIES THDH, £, IR UBITRLEY oA TV XA EB—T 3 iz
L0 BRI A T A = & XU T, AR AR T A = Al B <R K OV
TLHIENHRETH D,

3. ETFHEEXEMEOHEAFICETIER
AKHFEIZRBWTIE, &2 Fibroin H # /37 B GA T 2R OFRE « INTTIEZ G -
WIS D IO DB ZHERT 5 2 & BN FRROBERZE TOHHT Z2ME L TAERMRIE
BREDHFEEITI) ZLEZAME LT, AR THBA A 2%, BHEL TEET 57200
PR B XEN 23\ T 3 s MBI SR O E TRE T2 b D ThH S,

(1) FERAFEDOARE
PRI B X3 25 MO (3 #ingh tRBILAKE ) B R OTZRK % T) WO R DA pE
R TER, AR (CALEE K ONBEFEE NS (ZATRES 21T %

(2) FERFDGE

PR RIE AR 75 DX D FTEHE «+ RIS IEfikbd L 1 &1 2

e e £ 5 X D4 R [EISEAFF TR BR S8 1 N R A IR I T BB TR T A = il B

5 X ]

filf ISR - KGR A 2D 3343 H31 HET

bt el B DX B N O Bk DINEE : BN E D 2 THEBEL B X B O sk NS K O 5 B (B

1] OB ETDH,

Bea At il X I D B

1 RICHBIT oA+ 22 &,

(1) MEENA~OENE DI ZF 1T 5720, Blo iz 1A 2 Z[REEL TEHET 5
72D OBAR TR Z 7 A 2 EFEXE (LT [FREESFEXE] v o,) 2 HY B
terkorlizxy b (FmS4m) ZREL, ZO/MINIICERRT7 =2 (53 15m) %
HE L TW5,

(2) BIEFHBZ A 22 BT O2XETHDL Z &, HNEITIAZEIETHD Z & ROE
FEEH ORA 2R Lo Ela BT WATIic i Tn s

(3) PREEATE XN DORFA G R ITER, B, FROELM A, BAMTRLRE, vy v ¥
— RO IIZiE 4mm HELFOME R TV 5,

(4) faEEE, B (AN 25 4RIEHEE 201 75) 5 6 558 1 THOBUE IR 5 BIRIE
LB HEE AT L TnD,
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(5) NFALAEECTHW D W HE (-30°C~-20C% &) TSR (115°Cv5 60°CE T 6
RFFHIFREE DT TR N S ¥ 28R E) OB, B/ 2 AW E O SO HHIIC X
D D SAEE ORI BT 21 (AR 15 AR 97 5) 10363 < 5 R fh %
(2 72 o TED R EPREP A E NG L DK &35,

2 W D FHAETTH &,

(1) BNCED HAEFEERE K 2) (21E D,

@ McEDDE=HFY T EEICEKSE, TE=F ) T EERT D,

() EMLHM BN ET HEENDRH D LERDOLNDITW o T2GEIL, BICED 55
SHEEFIEEFICE D& | IR T D,

A HEFOMK K O DB E X
B 1 25,

0[RS X B O
B}

R 5 X TR 0D 21 % 28 R

Z \\~o

(3) ABEXIT LD LT HHICX 2B —EERLTORBRICE T DFRNEDHIE
=2 ) U TEHEEES R,

(4) EMEREREPET 2B ENDHIBEITRKIT DEMSREREEZIET 5720

(5) EREETOEAENIIE—FEEAEXNTEIN TV AIRE LELORE TOMFEH
HORER
2L,

(6) ESMCRITIHEAEICET 51ER
72 L,
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B HE Z L 0EMSREEZEOFE

1. BelCBT @A
(1) BEBL2ZT5AHEEOS 2 HEBEDEDORE
A 2, ARENICBWCHRHIBERASOREL R’ H 50, ZHETICAREED T
T A RSN L C ARG T CEIE L TV A HITHE STy, A =i, A
M OEBPITE RN WVESMNCRESND &
OHIUL BEEID Z LR R  RETH L7 VICERET 5 Z &N TE A0 (F.1995),
QA TH L7 U a LiFH D | FEROTZO DRAHAZ RNTERY | FMHIE-
TR Z b TET, - WA FD LI CTHrk 92 2 & CHRIUCEET 2178 b
BN et BPRRBICHSLHZHESND GIIRL KD4),

@A ALBENBELTH, REZ ENREL TERWD, BENTZHTNCN D A AR HRIZE]
ETDHIENTER,

DA ZRBEBELTTH, HLNCT VFEICHREIND Z &%, K2 - FEINT DR
EAERW (BER4),

U EDZ ENB, IA R AIREMNT TEE - BRI D ATREMEITR W,

o, BEEZFRE UL $T2ERBAERMTH L7 U a L_TH, B4 2k, SO BHE
RENMELS ) BT E ST <KRATE RV, S 612, 7V a3t DRREMEN (FFE,
1997; iR - 1754, 2007) 72 &, HAREKMF CTOAF « BRI O UIAF M EE A L
TV Z e, BWAEDZ U T DA ICBWTEAEZ R 2 &30,

RIBIR TR Z A 2%, &2 Fibroin H % > X7 B aEFFRICE TN, 20X 378
AR CREL L THEZ M L) RlbZ2 R0 757 CtEa A+ 5109 &
T SR OEEBME A FEO T D BRI MG L0528 b2 b, A
IOWETBITDEMEEREO D Z L1320, o, Bin T EROSE~— 7 —T
&5 EGFP &, S h DRI AR A 5T 212 EF, VA aDBEICB T HE
MMEEZmD D Z L3R, BETHLUA 2 GElx M z) LB A =
& ORI TAEBEIEMICOWTRE L= & 24, SihRE 2§, B 17) R OEINK
(B 24) (2 HOWTIIAEE TR Z T A 2O J 3 IEB G TR T A 2T TR
FHNCAH BN, SlRE (2 WIS, BIR 17) - PESREEDE (B 25) - Wi bAs
(B 20) - s (AU 22) - S OATEIFEPH (3R 23) 12DV CIIARS TR 2
A 2 LIEBEBETHBI A 2 L O THEZEIIRD Do WE & @EEIZ SN T
IHEFHF A REIT T E 2V RIS B T A 2 L IERE T A =T
EWARL W EIIAR G DA OGNS o (BIER18), FiRHEEE I IA
WG TR A 2O T DRI IS - T2 GBI 19), BE OB bk LT
FRIEE 2430 2 72 A2 R OSBRI A S TR 2 0 A 2 D7 SRR RN B S E Do 12 (IR
19) 23, Wik LAY 720 TRV & B 2 Dz, SIS W TS G B A
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a2 B, IFBIETHEBZ A 2R 23 BT, LHOEWRH -T2 (BlIR21), Ziux

WITERR D BIIAICRE - THET 215 I+ 5 4 A U 0 2 RS LIk LD CHIlT L2k R T
B D720 FRHERICRET D Z LIXTE R o 7208, 2 I O A%FEE D= TH 0 |

A ORI E U TRBEORFIIRO LN Lt 202 EBRKEE L 2
A ADFEAITBT HEMMEEED D LITBEZ LR,

bz & 2iE 2 S OICKRBIE B A 2 2 RKBFEICBIT D EEEHEICIE> T
B i £ 5 X G 3 2 GGBA N C L BE A IS B 1 DALY R 5 B A =T D FTREME D
B D BB S TR E SR o T,

(2) BEOEKEHNEOF

(3) BEOA LRI SO

(4) AMZHBEERENET ERBThOFESOH N

PAED Z &G RBEFHM A 1 A 2 2R PFEIC T 5 EREEHEICHE - ThRBER & X
] CHE AT 2 FFHN T A BT DMK T 2 A ST 5 ARt & 2 B4 H8)
T ERREE SR T2 2 END MBI ENET 2B 2T RV B2 T,

2. Wk
(1) $EEZTHAREEREDD 5 FEBEYEORE

B A TG BN AN G 2 SN T REIN LA OZ 28 & L TR LR
NOWHPLRBEZHRETD 2 L3R, £72, VA 2B OEEHREIE LKL | &
SMTHE U CRB 2R B CREZER L TEF LI N E TRES L T2,

W2, BCHRITEEHUKIE O L,

AR 2 A =, S RN SZE Fibroin H & > 787 B & #E5R IR J OVl % TREHL
THIED, BRH~— I — & L THROHEIRTEGFP ZRELT 503, b DX /3T EH)N
HA A OEMEZLS I VRN ZEDTZD T2 L1FEZ bR,

VLED Z Lt KBARTHABZ A 2 % KRGS 31T 2 VEEEREICHE » ThRlf & X
[ CHEAT 2 HHN T, ABMICE X b RIEDSNIx L CTERMEEZ R Z L idzl,
RTEICERNT 2 8L 2T 5 MO ® 5 B AW SIS E ShRho T,

(2) &0 EEHNEOFR
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(3) BEOAEULRT SO

(4) AMBRERENET DB ThOFEE O K
LIED Z &b ARBRFHIZ I A 2 2 ARHEEIC BT 2 /EEEFHEICHE > ThRBER T X
] 2 FEPHN TR PE IS N 2528 2 52 FTREVED & 2 B EEEY) S DN R E
SENRIPSTZZ LD EMBHRIER BN ET DT R EE b,

3. BEMEOEEMN

(1) BEEZT HFAREMED H 2 FAEBEYE ORE

A 2, PERR S AARERNTHE STV DA, 2 E CHABEYEDOALFIC
L NMET X O R EEWEPEASN TN D EOREITRV, £, BEEZFICBWD
TUE. FETIE LU DRIEFEDFRIERT A aDH - FEIR7R £ % | BHIPNITHE > 72 X5
ZBEFES 2 2 L M —KANITAT DI TV D03, 2 b O PR B 3 B AR B 5 O/ E %
Hleb T LEOHE LR,

B FHAHE 2 7 A =i, Sh IS Fibroin H % 37 B 2 fBSR R CRELT 2120,
B~ —A—L LTEGFP ZIRTHRIT 228, Z oI BHELTORMENLGEZLTH, =
BB A L2 Ao A B LY 5 2 2 LIFEE SR, Eio, REE
A 2 EIERAR TR Z A 2 OFESIER A THEPITRA L, i OF I - AF 0 M
AN H 2 D50 T LT & 2 A KRB FHIZ T A =2 LIERI P2 0 1 =
L ORI THENFIRAEZITRD ben o7 (B 26 KON 27), F7z, ABRTHH
A A AFEHT L ZE Fibroin H % > /37 B ONEGFP (ZBERI O A5 & /37 HRT
W ERERINHRIMNED B D T X BRI E R 72N L&D R~ DR
BRI,

LLED Z &b ARBIR TR Z T A 2 2 KB FEI 31T D AF £ - ThRlte & X
TR T 2 %N T A EWE OFEAMECER T 2 8% 2T 5 et 0 b 2 B A B
WS IR E SR o Tz,

(2) EEOEKRHNEDOTM

(3) BEDOATULRT EOFM

(4) AMSRERENET DB ThOFEZ O K

LIED Z &6 ARBITHBZ A 2 2 AHFEICB T D EEEHEICHE > Thls & X
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18] TR 2 #EPHN C A EWE OEANMI SRR 2 28 2 5210 2 B AR I3 E S
NIRIPoTZZ D EMERRIEENET DR ThidhnE Bz i,

4. RN

(1) BEEZTHRREED S 2 FAEEYE DRE

TA 2 L A RTRE TR B AERE S L CidZ U a k£ > K7 U =2 Bombyx huttoni 2345
ENTWVDA, ARENIZHMA L TWAEBRE, HE»S b I TFEETHEELTND
77 apHTHD (Hutton, 1864; {FIJFAH, 1998; £HEF - ik, 1999; BIVR 1 K1V 2), Li-
3o T MR U TR A 21 D ARt H 2 B ABM & LT U aidkeE Sz,

(2) REDEAEHNEDFTR

A 2L ZDIFREAEMTH L 7 U a & ORI TIL ABRINTAZE SIS HEE IR A
C (s, 1998) . BRI W TR E bR ST g (R, 1927; FLE - KI5, 1939;
B 8), L7oho T, RRHMEMEICRET 2 BRI 8 L L Cid, ARBR B A 2
KotZE Fibroin H 851 & Y EGFP A& 123 Uik MR & 7 U 2 RN
EAET HAREMENRE 2 b,

(3) BEBOA LT SO

A L7 UL, ARAFRPHET AT ca®wr (RrEa—n) BE—THY,
ELLDOAAFRE ZOMET7 2 ' 2L T A AR EREHE TS (Kuwahara et al.,
1984; Daimon et al., 2012; AR 1), Z D72, AMIOEE FIZED TN A A 23, T
—., BAARE T TR L TRBIZR S TZHAITIE, A 2D X ZARAR KT 247z n
FUCHES SN THAEADZ VaDFARBERPREK L . ZRET D AREEREX NS, — 77,
A ADFARLINTE T2 RS Z ENTERWREBERENINE LAY IHFENIC
T aADAARBE B A AOF AR B E AL TRBO A2 A Lo BRIcB VT D
RRDSELIRNZ D A ADA AN EAED 7 U ad A ARBICEEL THR
BRBE T CRRRBT D Z LITEE LG22V (9~10 _—U &M, ikt 5, 1997; fitF - 1744,
2007), L7=MoT, BAFTIX, HA adRA AR E 7 T 2D AREH O [ TR 47
AU % ARePEIC IR > TELET 5,

AHFEICBWC ARG B A 2D A ZAFRNET T U aoF AR &R T
LAREMEDN D D DI, FBEENLFABFTRIENNEZ X ONDL Z LD, LLFTIE, £t
IZOWTNEIZE T 5,

FPT B ENTABG B IA 2D A ZLEANET T U aod AR ERRT
DHREMEIC OWTERT 5, —IROBRREZFE TOMWE DI A A OFF & FERIC, AHFFIC
BWTIE, REE X A 2 OEHIE 3 IS B SO E TE LTS,
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F 72 AR IHET B A () 2 W HOUTERIC K0 RIS BT 5 2 & & LTV DIED,
SRR E U HBL L7z BBVE RIS 72 72 B IS RO TR T 2 2 & I B BN & TR
L CHiIRIE T R CTEIR L TS T2 2L LTWEH I EnD 7V ad A AR LR
Bl r[BEZe A 2D A ARRHABEEENTEL D Z LIT7R0,

F7o, RHFHICENT, BBFRERESY ¥ v 4 — IR 2 LT b s U
DAAERREKE L TRAT 5 Z L3RV REICNE LTI U g ipn{FHIAEN TS,
A AR EITERRDREE LD LR MR H - THEIZED R ET A 2 L ITRR 51T
AT L5200 AGICER LTI TN TE L, AIUSEEIIMELTI VA
DENFFHIAEN TS, A 2L ZRe 56 - BRTHDLZ LD, A 2D & IRFT
HZETRVELIAENT 7 U a0 R ITWMNE R TET 7V a4 AR BT E
MWIZAELZELTYH, ETHBR7ZE DI, b E b ARBIRFHEZ A 20D A AR )
BENTELDLZ LiTRWEn, MENKRETHZE bR,

ZDET, T, fAEENTARBEL BT A IO A ARRE T T aDA AR BRI
ALTRRELTH ARBEFHEZ I A 2D A AR O PEINFPE A FEE G TR 2 H A =
RS THDHZE (IR 25) ROAKRHFE CIIBMRERRSICHEZES Z L S0 D, i
BENTHEINTHICERET, KBEE B A 20 XA ARBRIIKRIRINEZ ET Z & | fEH
BTRIIIFMBTEZERT 2 2 & %05 INIFMEATIC T CEIL U RIS L Y RiG
b5 LR AEETH 5,

SO, RICEEENTRMEIND SRR L TH ., FHTICEBII WD, AEfFT
HZEETERN, 2O LT, B O TAHEE RO bsh h 2 i3 2B T b A4
BT B o Tz (IR 9),

EDZ G MEBNTARBMR BRI A 2 LW AED 7 U a iR L CRHE AR
DECTEVEBINLIZVT5Z LR EEILND,

WA FRABFRETIZ BV TARBB TR A 2O A AFRBECTHED 7 UV adF
AR I E R D ATREMEIC DWW TEB LT 5, APFHICHB N TL, fEFICRAE LEESR
PR LOER EOFERIEIC OV TUIIBAL TWA A 2 2BV W T LEEFRET H 2
L LTV, MFEFERETORSLEOF THYSDAEZ L TNDLZ b, MVRS Z
EMTTRETH D, WA AED 2o TR 2 {FE D O DNEN T Sh iy Bk L S CRIE
BIRALIZE LT, fFRIEOEHOBRE TT XL T L0, WEOT VEICL-
TTHNTHREND Z 00, RABEL L Z i3y BIR 4), £/, R4
L7 LThH, FRRICT HAONCHBEIND Z b FED I T a b g LI EIIL
720 5 Al gEPEI TR TRV (BIER 4) 10, A 2D A ZRLR S EoTo FRATE 2w
(#. 1995) 72 ARIZZ T adDAARBERRTEL LT, MERIELZHEIET 05
FrONTIDTHEINT 128 E S (S 25) . SHEH— RO AL L Th RBHIEZE L T
BT HZLIFTE Ry (B9,
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Z O LT ARBIE TR Z A 2 LIERARTHABZ T A 2 & TH R OBEBWE KL A ARL
HOBEITENEND RN T & (BIE 23,25)  WTALH ECIUIR S Z LR TE RN &
AL AR Z T A 2 DT REEINEN DN L (B 24), 506 ABE B2 D
A A ZfE LIk OFREZ BN L T IR A 7 A 2 285 Lo %05k
ERIMIBEFRT DL AITHART, 793 L ORMENENEE D EITE R0,

BT, AHFBICEO TR, bk 21288175 k0| FEREZFEET DRI,
BIREHFIZIRA L TW D0 A 2 %2 H =N T H MR X0 ED B <30 S F R
IFRERE ST CHREZENT T30 AMRET 2 2 &nh ., FMBEEREO P TARERS i x
NAALFORLTE B ED I U anZR+ 52 Lidn, £z, Mo TRERT-Hl#
ZHA AFEDRLZRLTHA aOZREIINETT-E LTH BB ONICHEIEL T

BUEO 6 H 15 HE TIZTNTEHLET S (BIliR 28),

VLEDZ Lt ARBARTHBZ A 2 % RRFECIT 2 (EEEREICHE - CIRBERE
8] G 3 FPHN C ASE R TR X 7 A a3 & 72 TEAMT I S D 2 &g
<, BREWNICAEERT 2BAED I U a LT HAlREMEIT W EE b7,

ZOET, T KBBETHBIIA TOARRBETFAED T T adDF ALRNE L
TARMEERNAE T2 LTH, MRIRCRR TOUZE Fibroin H % L X 7 O3B0, IR
TO EGFP OFHLS, BARBREE T COBAICB T BN ZmD 5 LITEZH 2D
HEE RSB D 7 U 2 EFNC BV T b3 2 ATetE IRV & B 2 Bz,

2B, AMEENSEREETORAARSHCTRELTZ 7 Tl IA aDfkx %K LI
DOWNT, 2 har RU T4 7 L@ coxl (cytochrome ¢ oxidase 1) i&fn1 (77 = 4,192 f#
(K& T A 2 147 %i8) OB E MR LT 2 A FAED I T alZhA4 aD hay
RUT 5 LA LTEBNIFE® 51TV 7euy (Yukuhiro etal., 2012, BT 6) .

F 7o, FE R 2 MO PRI BERET 572 & KRB O A HED) 1L A5 U722V ME
ITHIRFIETHA a2 fE L TV OB R EF DL TERE L7227 U 21250, coxl
WE OB E R Z il L7z & 2 A, 2,939 ik~ TRz U aBlich v, MK
ITHR SN2 hoT2, GRT),

AA ADFALBITRES Z ENTETEIMEBIERN LD 7 T ad X A H & [FR—
ZERNZ BV T H AR LW (9~10 ~X— U B, ikt S| 1997; 8 - 4754, 2007),
ZDD, BRBETHA I EHAED I U anZRTDDE, A 3D A ARRN KT
DT o EHAEDY U aDF ALEPEM L TRETHHGITR O A 2D A
AR E 7T aDAARBNZRB L TELLIRMFE —-RITIA 2RO ha s RV T 5
J BEROZ LD,

ZEHEER AN U 2 ATREMEDS B WStk T 2 8 OB B EF OJE T b MR — 358
RENRNoT2Z &b, To & R FFBROZHENILE 255 U5 2 &7 < MEWITR TR
ST 0| FBREEREICHA TPRALTED LTH, REHEENE LT D Z EB 720, 2%
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MOTENTHDLEZEZDBND,

NBHNC A ADAAFRE 7 U ad4 AL E HESDEIUERRE U CRMES — R
HELDZENHRETH DI O T  REORERFZ DL TE O X 5 e ffilnG8e
LARNDIE, BLTO L) RERBER>TNDHEZZILND,

5 C BEWBZ TSRO OH () EFTLMEE LRV E MoOSEMETLARVWE ST
AR B DFE AR 2 A L CRAIRIC KV AR 3 7o 7 U adF A pkth & R Al
REZR A 22D A ARRHRDNE U 2 aletEAME (X 4),

FRABRIEICH N TRIMNIBEE SN D A IEBREND 72 AR B 2 FFo 2
EMZ\N B BN T A 2 O G OR BT oo B R SIS R SN TR T T

10 % (s 4),
s A TDAARKRIIREARIRN=, BANTIZ TV aDF AR ERZR L THZEDEIIC
FEIRT 2123 &9 (BINR 25) . ZMER — R OMHLS B RBHIBIE L CTAEB T 2 ke

PEAMEV Y (BIR9),

15 (4) A HEEEERETIRBENOFEZ DY N
DLEDZ s RBLETHEEZ A 2 RKPFEICEIT D EEEEICNE > TIRBERE X
[T AT 28N T RHEIEICER T 2 EM SRR ENET DBZIE RN EEB XD
i,
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B= AMZREREBROREHIFHE
TEEDET 20 LD TH D 714 = (Bombyx mori) 1%, AAIZISWTIRERHRLLRE,
RENZDT 2 EWERBRD D 5 1T, BIREREL N~ A A EWEOEAMETR O by,

BAIZI T D EAME

BETHDLHA 2iF, AMOBFEENMTON R WEAMIRE S NS & BRI T
T D 2 &R B E R BERCATEN 2 KN TWW D 2 & BEIRENDMEWZ L 80k,
HTF - BHET H 2 E R, Flo, BREEFE UL THOBBAM CTHL 7 T a R THY)
O OBENRE N MR Z &2 & BT CTAR - BIHICAN2ME 2 L TnD Z
LMD, BAEDIZ U 2TH L THEIZRIT B2 R~ 2 & 1T,

RIBIR TR Z 1A 20X, &% Fibroin H % > /37 B & 4858128 . EGFP A IR CHIL4
DI, TNODHZ NI ERHAICEBT BN RO D Z L3R, HETH D IFEET
KX A A 2 & RBIBE TR A 2 & ORI TAERSR AR DWW TRET L2 &
Z A, BIRE 2 #mH) K OPEIREUC DWW CIEAREAR TR X T A 2 O BEEHEICH
BN WED, ShlRE (2 iILIsh) - PEIRGEDH - L AE - ERER - 5h o1 TEHiFH
OV TR FANCH B RZED R > To MBI O W TIARBR MR R 0 A = L IR R
FHAHZ A 3 & TEVB AL B EICOW TIARBE MR Z A a0 TR NE o T,
W AR (Z DO W TUIARB AR FHHIE 2 A 2 D J7 DREEH I BTN - 7o, AARTREEIZ D
WTIEAREG IR T A 2 OB ARINCHEBIZE DS TR 1 ARY 720 TIHK<
5 EBEZ LN,

LLEDZ &t RER TR Z T A 2 2 KBFEIZIT 5 EEEEICHE > ChRBEE 5 X
CTREH T 2 HPAN T B3 T DEAMEICER T 2 82 5217 5 ATREME D & 2 B A EEY)
EPRFE SR ST 2 DD BRI DEBAIEIC XD EMSARMER RN E U B2
X720 EB 2 b,

R

BEETHDL A I BINCABIN G X ONTFEOLEEBRT D, £lo. A 2l
M TRIELERL TV LHIT I E THRE STV, 512, fHRITE R K UK

—EIL 2w,

AR X 1A 2%, & Fibroin H % 2 /R 7 B A8 & A+, EGFP Z IR CHEBLT
DR, TNODZ U RIERIA RO EEE®mD D Z LT,

LLED Z Lt KRR TR Z 0 A 2% R FEIZ361T 2 VEEEEICE - CIRBER & X
T 2 8iPAC RIS R T 5 R R =T D ATREME D & L B AR TS S DN R E S AL78
MoleZ EMB, FHRMEIC X D2EMSRIEZERE L 28RN EB 2 b,
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HEWEOFEAENE :

BETH DI A 2%, SERMRD D AARENTHE S, BEEZIZBO L, AEHIC
L DA DI Z G oI % BN - 72 FCOFAMICBEIE T 5 2 & A —iXIic
TR TWDR, 2k CHABEMSEOATICEREL MET X ) A EWE 2 EEL
TWD & DHEITR,

A2 7 A 2%, SZE Fibroin H 7 2 3 7 B & 48R R CRBLT 523, Bk Ok
EWETDHIETTHY | MMOEMITEL 5 2 2 EITEE SN, £, EGFP Z IR TH
B8 < OEYMOBLE B ZIZBN TR~ — -2 L LTHOY LR TS D
ThHO ., 2T EORENGEZTH, HEPIZRA LTSS IO EL G525
CITE SR, S BIT, BOSEGE TERICREG LIz L 2 A, M ORHF - EFO TS
WA G- 2 55 B0 AR BIFREER A 2 LIFRE R Z T A = & DR THEHFRIIC
HERETRD N - T,

VLED Z L e ARBAR TR Z 0 A 2 % R FEIIT 2 VEEEREINE - CRBlEf & X
T 2 B C A EME O EAVECER T 5 A % T D REMED & 2 B AE B S 3
FRE SN o122 & D BEWE O AN L 5 EMSHIERENET B IR0
EfT L7,

ATHENE -

HA =& ZHETRE 7R iR AEFE & L CHAERNICOM L TWDRRIZZ TV adHRTHY |
ZEHEPEICIEIN L T8 2 2 A REME O H 2B AB & LT U anfE S,

AL 7T alE, ARAERPUHT AT 2B BE—THDHID, A 2D A AR
M —HARBE T CRAELESAIZ. ZOMT7 =T s SN THAED 7 Uant A
FRARRTOR L CRRBT H AR E X bd, —FH WA aDF AR E TS REZ L
MTERNRE  BEIEENINE L LD, DA aOFALBRHAED 7 U ad A AR H
ICHARRE FCREREL CRET S 2 L I3EE LS,

EEPDERGE TCORIARSHMTRELZZ7 V22O T, I har RITH ) AD
coxl B FDOBIBHZIZMT LTz 2A, WEOIZ VAL aDpI hary RV T 5 )
LDFEA LTEBNIFR D b, 7o, BERELITR > CWDREDENTHAD 7 U
N HA 27 T aDORHFE—RIFECTEL T, D &b, BUETORL TV A ER
DHIFZBNT, RENEEX TWRND, EbOTERTHLIEEZLND,

—WDFEREFE TOEF DA 2 OEFE &R AR FEIZBWO TIARRE 1B 2 A
2% 3G B ILARE D SO E THET 5 & & b iIEm BT L AET
HZEMDFAIE UCRBRBET D Z &3 < RBB TR X A 20 A AR & B4
DI ADFARKENKZRT DI LR, T—FDO X ) RFRENBAEL TH, Als 74
Bz T A 2D A AR B OFEIIFHFANIER B THMA A 2 LAETHL I LMD AEFEN
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TREEINT 212w E 3, INIIERTC T X TEUR L CAREL S D b ARICE B =N TN
DOHRBIHME L CTH ., LISV, EFTHZ EIETE RN, 2ok oz, i
BENTREBLE MBI A anFED s U a bR U CRHEENEGFT 5 2 &3,

D LT, FAFEEIZOWNTIE, FAMAFTRERESCY ¥ v ¥ —FICHlZk2 2 LT/ U anF
AR DR N ZRL UED B THIZITEFBFENZTER L TR 42 7~ TlEIR LTS
bT 2HOHEBIZ L ARKBEFHBI T A 2O A RARBOFELHEICHS & & LT
Do

FRIEHE TRICAE LD EERIEIC OV T b BEFOFNI T A = DL R, 4 R L TR
T 5282k, BEREICHNLTREIMNIHD Z EE2IETHZ L E LTWD, Fillfi
BREICAaBBRALLEERIMNCFER SN LTHET IV REICI VRSN Z L
REWZRY, THONIHTT D, H—EHREO D TRBIRFHHIEZ A 2D A ZARLHH
ACELTH, 7V REICEVECHICHAEIND b RICHED I U apd Al L 52
BELTH, A aDXAAERITE ST SRATE RN, SHFRIEZBREE L5 CE
P42 &, MR AAF T 2 ATHREPE IS TR,

EhiC, MBEEREICONTIE, MTE- T U ok oA L2 REET 30 A RRE
THZELIED A aPEALTHTHTNTEHEC L. 7 VA ERZRTDHIEITTER,
S BT, MO TAREBIE AL A 2R EDRLR L THA 2DOZFEIIRAET THNTH,
FEEHHOIICEFED 6 A 15 HETHRETHZ LICL VT TEHTT 5,

PLEDZ s ARGEICHKIT 2 HOHPHN T, A8 R DA anpkh bt 7> T
AN D Z EF AR CBARENICAERTAHAED Y U a L ZMET DA REMEIX 0 b
DEEZ LN,

ARBEHHZ T A 21E, & Fibroin H % VR 7 B & 485510 & F+, EGFP Z IR TR I
DM, TNHDOX R ERERERET COAEGFORREEZRD L Z L1F20, HETH D
IR THHLZ D A 2 EARE R TR D A 2 & O TABREM A RRZEHEIZ OV TR
FLIEE A, RE QEH) KOBEINEIC SV CIEARE R TR X T A 2 O 3G
FHNTARNNE WIS, ShaURE (2 #nliLSh) - EEURELDE - BHLABRE - ERR - Shho
BN DWW CIIFRH IS H B EN o7z, Lo > T, KBz A a2 &
BAED 7 U 3 & ORHERN  FERE TR A 2 L BAED 7 T a2 L OZHEERLY H A
RERBE COEFENRE D Z LIT7R0,

LLED Z &6 AR T A 2 2 RHFEIZIT D E2EEEITHE - ChREEAR & X
THHT 2HIPA T, SZHEMEIC XD AEMBARMEC BN ET 2 BTN RN B R b LT,

Lo T, A E LT, KBS TR A = 2 KIS D EEEREICHE - TRl
B 7 DX TR PR R OB NS (CATRES 24T R 24T O #PH T, AAREN
DIEMSRRIER BN ET DB L3RV Efim ST,
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D <IEFICE XA D, 1HE~2 BEOMITEMICERT 203, BET 210> TRE D&
AT AL 917D (4Fn, 1936, KAF, 1950), fAEIZEEL CTid, fidH > THENX (A
D120, REOELZHO T, KEEIET 206N H D,

MITEEZ B XA L O IC L CEOMITIED A, OB, B HIEMZ @ L R TR &1
D ENEDHRNEDIZT D (4N, 1936; KFf, 1950), ARHTIA R « AR & HITHRAT
HTENTE D (AEUE, 1998),

(7 U 2 QAR R OVERRFHRE BRI O£k

70U TG Ko THE U B RAET DA EZ1T 9,

Wi D O (Bt oFE4E) X, FRIHFICEE 5 & H S ORRF, 1950) X0, A A DR
LRI Z RS, A ZRDOPUERFHE LIS E 5 &V ) #E (Kuwahara, 1984) 738
Do

AARBITIUER b ZOHICL EE 0 RO caE Uo7 2vEy (Rrea
—/V) & REHITH L TA AR Z§55] L TR 7 % (Kuwahara et al., 1984; Daimon et al.,
2012) , A ARHIIBATHET, HHICHRAT 2720, Rrva— i w7 zuxr M7
v T TOF AL R OEIL T2 H00 & 72 % (Sasaki and Jibiki, 1984; Kuwahara, 1984), ji%.
HIIA A« AR L BICHBITITKICHES SN RE SN TNDR, 7 TDOFRELTO
7 U apPibre UTUTKERITLT LB BIRITIH R0 & ST % (44F0, 1936, K5,
1939b),

AARHRIE, LT D, UTEE~10 2@ E T > F & o TIREZ EA DT, LIAD A Afk
HASPEL IR O RHIT 250 5 ~300 EREE TH L (HFn, 1936; KAf, 1950), HAREMT T
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30

35

X, 7 U OIEHIRIZEST T 2 Z N TH LN, 7V DELIZAZTNWD T TR
TXXNEFTIE B H D CRF, 1950), SHE SR FTlE, A A HRZ ATV 2SR
RTTAF v 7EREITHEIT S (TG, 1999), KR L7z A ARKBRIE, 1D S BT
PEINE X D LB 2 HID (KA, 1950),

A& L CHRICIET 2 BEIN TR IR B R T 2MEIE—F ICi & 50 Tldds
<, 4HENDIHEST2NAL EIZhE > TR~ I E 5 (KI5, 1939; KAF, 1950),
AR, ARG T CIRFAKIC L 2WELZIT D720 —F L2V, fE RN T ToORL
RITERDRE VD, 42 80%FRE & s ST\ D (CRFF, 1950), FIZA AL ik
PEORT 2 & | IRHR L2 W TR AE DS L ANBHUEIR & 720 | 2 OBEIE, EINND 10 HFEEE
T—HFIIbd 5 R, 1950),

(7 U 2 AR R OVERR IR © iR - WS D AlRetE]

BAEOI U X, ORI, FEBRICI2TFAEEZIT D (BF, 1936), TOFESR
IFFERCHEITNC L > TRES B DD, K TIONEHZ DL LNHDH (KA, 1950), Fhh
WX, A2 o0 R U ay RUARZREETDIEN, TV FHAFICL - TR
ENVEHICIZ B THZ B ANRF LT VT FannFNEET D ERRE STV D (&,
1936),
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(2012) Reinvestigation of the sex pheromone of the wild silkmoth Bombyx mandarina: the effects
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B4 BRICBIT DA aDEFERNCETIHRE

[FR# 7 1E]

B A aPEIMCHEE T HRIEZ B L T, 1 m M5 TES 30cm DR A, AT TEIEN S
AERPEIEATSERT (BUE X E SLAFZE B R R N R IR 22 ) Kb LI (R RS <1
M) OEIMIIED . ZOROHFLIIAA 2 (CL08 &) DLhh XITp R & E W TEFHEE
A Lz, Sz @< HAEITEEL 1 A 1 REIEHS Lc, REIZIS U T, RICHEOME=E 2 505
BT, RAMERBRLBEIC L A2HBZEIT S L BT, DA anpbifis Z &2,

[ R]
(1) 4 #wsh oA (2008 45 H)

4n2 HHOH M 500 HAE V-, REREMTESTHELIZEZA, TIRTT LY
R WA=, 2 BRICeD &, AT E o7z BlE s e h oo, (REEM
#1)
(2) 5 s CcoFME (200845 A5 6 A)

5Hn (#) 2 B B OShH 100 SHA B -, N EEREMECTHE - CTRES T2 & ORI
I L DA A YR L7 RIE TR L7 & 2 A ghiud AR i3 sieFRofnic s »
FoTWe, =TT VRV T AUICRDBWBAZIT 203, ARl 62 NI L 72> T
TR )T (BEROEFTT R L CE#XEL 2 L) Z#BthL. ROBLH~BET L0
BHNTZ, EHIZZO—EITRELEWTWEREA2ED Z LIXTEhotz, BKIIZIE
I - gl & BB SN o T, (KGR D

# 1. 2008 425 A5 6 H OfRAEMIF T O G&RT - > IEHHE)

KRR RIEKIE  mEXE EHRE BKE )
AR A
(6 F5-18 ) (C) (C) (%) (mm)
520 %= 14.1 237 79 575 5 s AT - Bk
(F %)
521 ek 8.5 25.2 61
5122 % E 11.8 25.8 74
523 i 15.3 28.5 66 - 4 i - BRGA
524 WthE 16.3 27.0 77 14.5
—IRERR
525 IR 175 22.7 92 15.0 4 WA T (FEIR)
526 i 15.9 26.9 78 8.5
5127  JEEAANE 13.4 26.3 66
528 IR 12.6 22.9 74 0.0 5 WA - TR AR bG
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5129 [ 13.0 14.8 92 17.5

5/30 & 11.8 16.1 89 0.5

5131  [—HE 121 13.9 91 8.5

6/1 I 10.1 22.6 75

62 2 13.6 22.0 80 0.0

6/3 [ 14.1 15.8 92 21.0

614 % 14.4 21.7 77

6/5 xR 14.4 215 87 1.0

6/6 AR 17.9 28.0 79 0.5 5 AR A - SEIK
67 R 16.4 25.0 70

618 & 17.4 23.6 82

6/9 A 16.7 23.0 91 1.5 5 Wil - SRR

(3) 5 s th ToOFRA (2008 47 H»H 8 H)

5Hr 2 HHOSHA 2 5D 200 BT SE W, 1 ODJ7UTENE LRWTT T O
BECLDMBEOEEBLBIEL. L9 1 2O/ITEEREMETE - TT V72 & OO
BEICLDEEBLEE L, BOE Lo, 2 BRICITATFRERAE LR LBER S
o ln, BWE LTI ROFNcE EE D —fIET Vv T AL L D W&
AT, 8 HIRICI 97 BRI R &2 BAG L7z, BfmICHR CX 72X 5 <. 2o
FEHE L CBIE AR TR ERTE R0 oo, BRGNS 20 H HIZkH %
[ LT AT~ T2, 3EICOWTIXR OIS 5 9 HITHIA DIV T, 1 I3
b U728 A3 O o CHE A TV T LEIEPME L 72 FTREMEDS & - 7 DS S IS Ik I TR S
mholo, (REEM £ 2)

# 2. 2008 -7 A 8 A OFRAEMIR T OREEM (RET - > ITTHEE)

KRR RERE EEXiR CERBE BKkE
ERE! A
(6 518 FH) (‘C) (°C) (%) (mm)
7125 | 23.0 327 81 0.0 S b
726 2 23.2 28.6 84 0.0
727 & 21.8 30.1 88 9.5 B - 5T (BEIR)
728 £ 20.5 30.9 81 0.0
729 % 21.3 31.1 76 0.0
7130 2 alE 20.6 29.4 78 0.0
7131 EiLEE 20.7 28.3 77 -
811 B HE 21.3 30.6 77 -
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82 LK 22,6 33.1 75 - BINA - TR B LG

813 I 24.1 34.3 76 -
8/4  ELHE 25.3 34.2 78 0.0 BN - 5 E R
85 2 23.7 26.6 90 0.5
86 I 23.6 33.2 78 0.0
87 I 23.6 35.5 73 -
818 I 24.0 345 79 -
89 I 23.1 29.9 76 0.0
8/10 2B 22.1 26.9 73 0.0
8/11  Zi%hE 23.2 30.5 78 0.0
8/12 %M 23.6 30.7 79 -
8/13 i i 245 33.8 73 -
8/14  JEZELIE 23.9 34.3 77 0.0
8/15 %I 23.0 35.9 73 -
8/16 i liE 23.4 31.6 82 36.5
817 M2 18.2 23.5 89 6.5
8/18 2 —HE 17.3 27.6 78 -
8/19 = 21.3 30.6 86 25.5
820 IR 21.1 31.2 82 3.0
— RN
821 % —IE 18.6 30.2 81 42.0 FEE - i % AN

(4) 5 Esh i TOFAE (201245 H)

502 HE DS Z 12D 200 BHE V-, M7 EIC K D2BWNI L2 oTe, BT A1k
EETORNLBELIZE ZA, 2 HEOFICIZLAZ RUICL DB/ HAE Y, 2 BT
TRTPR I, TVICR2BEbBIZ SN, (KEEM: £3)

#% 3. 2012 4 5 H OBEMIR T ORGSR (KEUT - > ITTHEE)

KRR KEXKIE &exiE EHRE BKE )
HH A
(6 H5-18 HF) (©) (©) (%) (mm)
524 G 4 G 12.7 27.6 71 - ARG
5/25 [ 16.0 22.1 83 125
526 iR 12.9 24.1 68 0.0 “T FER)
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(5) 5 lmsh - ToOFA (201247 H)

502 HE DY E 1 DDIRIZ 200 BHE V-, M7 EIC K D2BWNI L 2o Te, ©F A1k
WEITOWRPOBIE LT A BT VICK ARG E S To ), KD A4 2
TSN o Tn, BEIIZIE, 3 BIEDA H0D 4 B OHE TET AN Hl L <

5 WAHHIZT TR oo T, (RE5HM: : &4)

#* 4. 20124 7 H OREHIRE T ORGSR (KREUT - - ITTHEE)

KR REAR RmAE PORE  BAR o
=

(6r5-18%)  (C)  (O) %) (mm)

7123 HE I 19.5 29.0 80 0.0 A BRAG

7124  Z%Er 4 H 21.2 29.6 83 0.0

7125 = 22.3 325 78 0.0

7126 Z1%EE 240 33.9 76 -

127 It 24.6 35.6 72 0.0 BT (FER)

— R

(6) 5 nsh i CToOFA (2012 429 H)

10 52 HHDHHMA 1-D20DIZ 200 BHE V-, #l72 LIS K 2BNI Lol 727E6IC
TVICEBDHENIRE >T21TZ 0, AXANRFICE AR BBLEINT, 4 HZIZIEZT TV
Lo T, (KRG £5)

#* 5. 20124 9 H OFEMIH T ORGSR M ([T - > ITTHEEE)

KA RIESE EERE CPHRE Mok .
(6H-188)  (C)  (C) %)  (mm) i
920 s HRE 22.3 29.2 86 0.0 FA PG
921 [ 2 19.5 25.8 91 16.5
9/22 R 18.8 23.9 91 4.0
923 ffi 17.1 20.9 94 30.0
924 Ik 16.4 27.2 80 - T (GEK)
IRf & A

15
(7) e ToFA (201246 H)
PUEY A ORIZRD A AL HE 1-DDRIC 20088 E V=, M2 SIc X B2 BAMI Lo Tz,
ETFIRREAITORB OBE LT L 2 A B 5 5 FFEZICITIZ L A EDEIERT VI X
DL T RN M S A7 E LTHRLE LTEY 7 RFREIZRICITAEFEES N oo

82



oo (]G5 . & 6)

# 6. 2012 47 6 H ORAEHIR T OXEEM (KREGUT « < ITTHEE)

P RIERIE EXIE FHmE BFRKE o
(6 R-18 IRf) (‘C) (‘C) (%) (mm)
6/15 i 141 21.0 71 - ARG - KT
5 £7. BATOIA aDEFITHET oA
BOO RO \ R
ik B B A R 44 AL % R AR
A i flE 25 (7 KefH#%)
42 H B Z 500 0 0 -
5452 A H ) 300 159 0* -
5#h2 A H e 800 0 0 -
PUEEH i3 200 - - 0

*PUL O FTREMEN 8 2 M A5 1A 527> o T2 SR BUTHERE S 780 o T,

[#%:]
AN O TUZH R (4173 500 B, 5 #ndOAFE 1,100 87) OpkH (200 H) #EWE Z A, X
10 FTRTHREECNT, TV, T AV EICHBEIND ZENRENT, T2EL, RAeR
Zfd TR TR T 22 ERAMEOT EH 2 JERT 2 & v 5 &l T TIL 5 lingh d 18K
HUT 7R o T2 ATREME DR D B LTz,
BB RICE W IZBRICAETFEER AR S R lpofe LW O G R CICHR SN DIF
AT, PR GE H AR S B 2 bivle, Lo L, REERZHOHE TE - 1o Blg
15 THLETFTAMEICLDBETH, BB ~OBEIBE SN2 72, MR O 72 (2 HEH)
DIEFIZ 72 DR L D LR CTED R DS T2 /AN BHRB N 2o TmOITHEIZL D
LOEEZLILD,
Fo, SESBRO—HNEF L THRBIZR>TH, BT U 2 EICHBEINTHRTT
HZERLMhoT,
20
s
U EOFRERNG BINZ A a3 L Th, BAEO I U a L ZRFTRER A AE L 5 Al
BEMETEDLOTERWED EEZ NS,
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BIES BEBEBHROYREZHREIIHNRICHFET L WEROH S B - BRE

BT IS 2 A 2 OBIEN R EEY & U RS RATE I W Tz A R odhh

A RIS HFET D ERBZ AN LT AEDO S - RIHZ L TICETS 5,

¥
L7 KU (BIERIZK D)
T AR (BERIZX D)

B HIH
A2 YT (BRI, 1929)
772y RUAx= (BEL, 1929)
7T ray Rz (B, 1929)
A AVHE (B, 1929)
A~ FU<% (B, 1929)
U~ A A% (B, 1929)
ANRT T AR (B, 1929)
I LV (BEL, 1929)
T HNTFH (B, 1929)
ARANTFH (B - 17594, 2007)
7 U (B, 1929)

R - 173 E] (2007) BPAMZISIT 2 A A =8 - Hai o> AT REVERHE ik O BHJE .

N=cX

B

o 2 A D REEERITNC B 2 ZEMMRREIE (T 0 ¥ =7 MR Y —X

447) ,100-102.

RRILARRR (1929) Foft H AT EE A, PISCE
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B 6 A ahbBAZSHMOBFAED Y U aEM~DBEFRAICET 2HE
(EBSMFBIZ D EIELAR)
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BR7T BEBFELTONA 2L 7T aDRME - ROFBLEICOVTORE
(ERSMRBIZ D = IELNBH)
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RIS I A=l 7V anZHRROEMICETSHE

A =2 & 7T aDZHER K O DBRNADPIEMEZFFONE D e Lz,

5 [J5iE]
A2 (F L4575 XH1405) DARE I TaDA AL ETHIATRRESE, HONT-%H
IR B U7 MRS LR DS A& 3nsh ik TENTEE L7-1% K9 250 BHZ M= (X 1,
2) NOZBHIHE LT,

10 < o
1. HEDIE,
LEMNIDOREIZHMNTINT, FROREBZE S F-BANSEIAN-RE,
R\\\\
A
52m
32m l/l
4
v /
<= = 10m
7.6m
15 H2 FRALERBEOXKES
MWENICIE, 2N 5 ADH D, FTEOBRESCEMOTEEOEHEZ 14E2 1R ETV, £
ORI, AHEEIR DB EFZEL TWDH T LR LT,
20
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2008 AF BT MR NI ASHERS 1 AR S 2 Jifthil L7 t% . (RO R A D3 ERB S iz, = D%,
2012 AEE IR 2 (Al L CRRBR 248 T 5 £ T, M= TRHEMIK D% R A kR A 77
LTS Z &k, FIZ 1P BER Sz, el WENITIX, FERMHAEE Th 2 HHEK
ONFHITAER L TE LT, ZHEEARPHE SN IR BRI TV RN,

[&%]

AR TEONIFERIT, HA 2L 7 U aDRMRERROZEDBRRITIEERH 0 | HR
BANROVRIETEHATHAEFTES Z L 2R LTV A, FNTOEE & LTIE EE(1927)
M F3ET, Rk - KIG (1939) B F £ T, ENENURMAEAFTOMEELHEL TWVDH, ZD
ZENDLL, HA 3L U aORMERKR T OBRMRITITEER S D 2 E PR TE D,

IEEeE (1929) FE & BEORR. A RSMEE, 21, 59-64.
FLRETS « RBTEH (1939) H&E L FHE L ORMMICH T, ANEEM, 394, 71-82.
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BR9 BRICBITIDINA 2L 7T aDRMEE—ROEFENCET IRE
(EBSMFBIZ D EIELAR)
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BIFS 10 HAVEGF OB ARSI
(ERSVRBIZ D = IEAR)
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Bl ~ =T F R I FOBFEEL
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B 12 BERFEAICHWZANNSR—FFTZAI FBREBELTWRWI &L OMER

[J5i5]
Gs Y (S HMEETME X 14 28) O@E X 71 2 (GCS500 #ifk) O
5 s OB IR DS A DNA i L, 05 pg 288 & LT, KOD-plus % v
T30 %A 271D PCR 21TV, EBMR BT O 2R Lc, MHRAZRT 72D, ~
NWR—=TF A REBREAR L TEEl & L2 PCR $ 17572, PCRIZ50 u | ORISR TITU,
FOHIH5 ulZ1%T7 o —RA4 )V CEKKE LT,
TIA ~—DEIERINILL D E B,
pig-TP4868U25: 5’-TATATCCCAAACAAGCCAAGTAAGT-3’
pig-TP5394L23: 5’-CCACCTATTCGTCTTCCTACTGC-3’

[ 2R]

WA A a7 7 Lz 1 28— piggyBac 5B E B A SN TND ET5 &
A7) 505 pg YT —F T2 ROREITHKI6 pg & 725, PCR DfEHE,
Ko ERBY, FHEINST A X (550bp) D/X R, ~LR—TF 23 F04pg D bR
HT&7m—F, KBIEHEBZ A 2D 7 5 DNA 05 ng bl Eninoz2 b
N ARBIE TR 2 1A 2IEA~ =TT X I ROESIDFRAF L TR Z & D3R T
=T,

M 123 45678 9M

(bp)
2,000 —

650 —

500 —

300 —
M HFBY—H—
1 ~AJL/IS—DNA  4ng (h4 234/ LLDNAO0.5 ug TD 700 3 E—5ZHHH)
2 ~JL/S—DNA  40pg (73 E—%)
3 ~JL/S—DNA 0.4 pg (0.072E—%)
4 ~AJL/S—DNA  4x10°pg (7x10*aE—%)
5 ~AJL/S—DNA  4x10°pg (7x10°aE—%)
6-9 : GCS500 %4/ Ls DNAO0.5 ug (FhEFNBIERK)
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B 13 BASNIBRROBEMPRERIZ 1 a—FET D 2 & ORER

[J7:]

B THHL % 714 = (GCS500 %ft) &IEBIE T/ A a (514 5%#) EDF
A2 A0 LT, AN (F) TOSBEZfRNT Uiz, 137 (KIX) OIIn6 b Lizshho
BAR 2w e FERBEMREE CBIZE L Bk~ —h — Th D e 7 37 OB A 4 T
LT,

R
Fp R O LS 292 BHD 5 6| HLIR TRk EOE 2 FBL L Ty D {ERAY 220 B8 (75.3%) |
FEBLL COZRWERY 72 BH (24.7%) Th oo, Fp HRTEME~—I —Th Dkt
FBLL TWDIERDBKI 455D 3 TH o722 & D B AEIE 1% GCS500 A D7 7 L
labv—ffASh Wb EExONS (CHERETP=089),
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BH 14 BASNIBBROBRY OBEMRIZE T SBEOREH

[J5i5]
EAR P 2 77 A =1 GCS500 Rt DEEDHEAR (Gs AKX N G AR, SRR BT
5 A& 14 2/ LLFRIC,). GCS500 At & FHBInF#l#x I = (1 515 5% i#L) D
Fi (G tAR) ROGEEAR F#AHLZ A 2 (1 515 B/f & H 514 SR #ED Fy) 225 6 BAT
DNZONT, 5 Egh OB ERERIRN S 7 7 5 DNA 2 L, 7 AV oong 7Y X a4
T—rarEiTo7,
7 LADNA % (2 ug) ZHIREESE Msp | THHIL L7205, 0.8 %7 Ha— A7 /L CTER
10 {KENZATV, A B A7 L2 Hybond-N+IZ h T > A7 7 — L7, a—71%, A%
RRME BT P DX 10 (279 X 9 12 piggyBac R IZE% & L, PCR TERLL 7= (691 bp).,
TIA—DOHEIEBINILL T D LB TH D,

Rarm-5: 5>-TGTTTTATCGGTCTGTATATCGAGG-3’
15 Rarm-3: 5’-GGTGGCCTATGGCATTATTGTACGG-3’

B 517~ PCR EM % AlkPhos Direct Kit (GE ~/L & 4 7 f#+8) 2 FH\ T 5~ L L CDP-Star
EREEE LR TRE LT,

20 [FER]
MU T Lo, BASNEZBETIEIIA 257 ) AZZEMICHEFE S LTV 3B,

GCS500 (Gs) GCS500 (G-)

(bp)
3,000 =

2,000 =
1,650 =

000 e ot WD D

850 ==
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1515 5xGCS500  H 515 ExH 514 &
(G72) (GE#E#E Z)

(bp)
3,000 —

2,000 —
1,650 =
D
1,000 —
850 =
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B 15 BA SN BEBROBRY ORE KR R AR TOFEZROLEME

[J5i5]
B FHHLZ 1 A = Th 5 GCS500 &t (G7 HAL) . GCS500 &t & FFAR -z T A
5 = (1515 5R/#) DFy (G AR . FEBURFHHIAZ I = TH St 514 Kife, 1 515 %
e & 1 514 /D Fy & FRHICERE LT, 22 3 EIRIZOWT, 5 finsh - %4
B HARNAZHIH LT 7 ¢ 7 u A o HEE(S FICH A L 72 s 8 sEIk & # i3 2 RT-PCR
{7572, RNAIZZNZEN 1 ng To% V., R EEEZE AMV Reverse Transcriptase XL (%
HATNAF) IZES>TDNAZERHK L, DI HD 20550 1 8L LT LATaq (¥ 57
10 A F) TPCR ZATo7c, 774 ~—I13EMZ AR EZANE T DX 10 12 TRT-PCR D
FH & L TR L TV DR A2 HEIE 5 K OISR E L, Z OEEESNILLTDO LB Th 5,
KS446: 5°-CGCTCTGCAGTATGTCGCTTATA-3’
KS447: 5°-GCGGACGTTACGACGAGAATAGT-3’

15 PCRIZ10 ul DFIEZRTITW, FOIHIHED 3 pul % 2% 7 Hu— A4 )L CESKIKE LT,

F72. RT-PCROKRYT 4 7 ar bra—L & LT, rpddisfas (VAR —2LF gk
v, 727% vy a %S NM_001098282) @ PCR HiT-7=, rpd9 BIn DT 7 A ~—D
WRERSIILLTO LB THh D,
20

ks13: 5’-GGATCGCTATGACAAACTTAAGAGGA-3’
ks12: 5°-TGCTGGGCTCTTTCCACGA-3’

[

25 HMokky, PHRINDLTA X (748 bp) OO PCR EWN, Ein THHMZ 1 A
2T _RCCHBEICRI S, —J, IERB B A a ikt Shvienotz, Eie,
rpd9 A IX VT OREIER S HEE Sz 276 bp), DO Z &0 D, ARIOHFEIZHW
LIBE TR Z A 2 R TIE, EABBFRLEMICHRIL TWVDZ ERMHERTE,
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GCS500 514 &

4 X X 4
| GCS500 HF514%5  H5155 HF51585 |
7 (G7) (FE#RMR ) (Gr.2) (efaiaz) A

(bp)
1,650

850
650
400

%% Fibroin H

(bp)

500
400
300

200

W S A RS S N e
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MR 16 WET 4T e HEZ ORI BORBE

[71£]

AR Z A 2 IR R A 2ICHOWT, WEOX 7 B BRIKE L,
AR T DA I TRIATHEE T 1 7 aA Ly HEX VRV EOEE, NEED T 7
oAy HEEZ R EORE R Ulc, HEM (L5 3 6) & N L&, i (4 -
5 ip) ZFECTHE L7z, HERKIILTOEEY & Lz EWSERERERHEE X 14
D Gga)o

B A =2 1 515 = X GCS500
XHHR L 72 DI TR 1 A =2 515 & X H 514 =

FEREO 726, HilfE 200 mg % 40 ml ® 8 M JRFEIZ AN T 90CT 1 B EW7=#%IC, 8M
JRFE K OUKTOWEN, =& /=L TORKZ#ET, 80C, 30 p TSI, FHhiik
#l 80 mg % 2 ml DMK (9 M LiBr. 10 mM Tris-HCL (pH 9.0)IZ A#L T 37°C T 3 W]
BT S, 2%, SDS-PAGE (Bio-Rad TGX Gel 7.5%) (Z7>F. ATTO EzStain
AQua TR LT,

[AEE]
DL WET7 47, HEX BTG A a2 TORBH SN,
SDS-PAGE TONZET 4 7 a4 HEEZ X7 EDON ROk, WEED 7 4 7
A HEZ L RTED 2004550 1 ERIRETHH-T-,

1L—m 30 ng 3 g 0.3 ng 0.15 pg

k M 3k # E M8 F #
#o# 8 % M B 23
B 2 B Z

A A A

(kDa) ; <« NEET7TOA U HEE

160 ==

110—
80=
60 =
50—
407
30— SR

| € YET4TOA U HEH

< P25/fhx
Ft o JnqU L
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B 17 $hEEO R

[75i5]

BARFHZ T A = L IEEARFARIA X T A T OV T 1R M O B2 % D #a BRI O ) H

(&#&) OFEEELWE Lz, HEY (1#Ers 3#) 2 N LAk T, H&EY (4.5 2%
WETEWE L, HECREIZIU T DO LB & Lic (SRRl & 14 D Gy2).

Bz A 2 515 5= X GCS500
SR & 70 B IEE Rl 2 A = h 515 B-X 11 514 &

PALEZ ORI ONTIE, 26 D ATHAF L O TEREZPTE L, 1B OIKE
BEE LT, 4 T N—TTOREHILT-,

2EILAEICOVTIX, 10FZ L LD TREZIEL, 1LY ORELZFHFE L, Zh
o, BARHHIR R A FUTHOWT 14 [\l FEEUR R R T A 22OV T 12 [l R LTz,

3B LAREICDOWTIL, 1EHT OOEREEZ | BIS BRI A = & IR 72 T A
IZNEH 40 BHTOMIE LTz,

[AEE]
EN e ER 2 EhitE IEER 4 & 5 Bt E
b 515 & x
0.385+0.0452  4.66+0.199 30.7+3.09 181+17.8 797+72.4
GCS500
th 515 B x
0.391+0.0332 5.32+0.208 29.6+2.60 175+13.6 815+74.3
f1 514 &
(HANT - mg, ¥ YRR )
P (t1#&R7E) 0.85 0.00 0.11 0.14 0.27
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Bl 18 BMERVCHWBEED LR

[75i5]

BRI R T A = LIFBARFAHIR R T A 2T HOWT| Rl FETET L7z, Bin il
B2 A =Dl 65 il (A A 35 E, A2 30 ) &IHBARFHAMEZ DA = Df 77 i (A A
ATfE, AA30MH) #, TNENELOTRHE (L ETMOES) LREE (W bihs
Bip ik a PR S) 2 L, 2 O S 2 @i OfE % CHI - Tl 185 O R e & i g & 5
L7z, MEser (WEsE) / (WE) = (WERE) S LTERL WD, MR
UTDEEY & LTt (EWSARIE BTN E 4D Gra)o

B A =2 515 2 X GCS500
SR & 72 DI TR Z 1 A =2 515 5 X H 514 =

[#E5R]
RE EE MESE
(g9) (cg) (%)
th 515 5 x GCS500 2.19 42.7 19.49
h 5155 xH1 5145 2.19 44.3 20.17

i T AR T A = LIRS AR T A A TEWD R o T2 g EICOW TR
BRI A 0 A IIERA AR A D A 2 XD b/ S oz,
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BIFR 19 BRI X OAEAR DR

[7iE]
BRI R 7 A 2 L IEBAR TR T A DN T iR 3 L OAR ORI A LR L 72,
HERFRITLL T D L0 & Uie (RS RN = 14 O Gy),

Bz A 2 515 = X GCS500
SR & 70 B IEE G R 2 A = h 515 B-X 11 514 &

WETHAH 2 0 A = & IERUBFHHR 2 A = Dl 10 18212 DU T, — Rk 0 #R g (A
Z B PE 1125 m) AW THESR AT R o7z, BERY 50 8] (56.25 m) I & IZHER A
MREE LY S U CREEE S 7284 IR 20°C IR 65% T 24 FEEERE L TN DR LT,
Z OfEEBREE (T =—/1, d, 9000m %47V ODEI% g TR UIZHAD) ICHAE L, fHl
1892 O SRy AR 23R 7z,

5 P AR

W TR Z /A 2 LIRS TR X T A a2 oG, RER B 8hissi (B
FEAEIE, CT2 &) Z M, IHEHREEICHE T T, HAHE 27 d, #okiEE 200 m/min Tk
SRUTERESZ, Zhn D, BRRERCE D 100 [FHEE S (K& 112.5m O4%) Z/ER L,
IR 20°C, {2/ 65% C 24 ifilFFE L T 7 vay (A x> 7 v 7, TRA-100) %
WCHRE ZIE L=, @AW 3R 1T 100 mm, ZEAHEEE X 150 mm/min, BR[EIE T
50 A& L7z,

Yeta M

n—FItT7TerEnENOYeEiZ2 K 100 ml 2B A LT 0.05%0Y kA ERL L, &
RigR% VT 60°CE CHIEIMEA L7z, = ZiT, TREERREBR & FARICIERL L7 100 [EIREE 4 4
AT, FECDITHRIE L2 D S O EZ BTGB LT, D%, A% b L7325 % T
KPEWL TB R LTz, HE & BREITAEAER (=03 /L%, CR-400P) % v
THIE L7z, MR LEEIE 5 E & Lz,
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GEED)

R Fs L O
EN S AR (d) E (g/d)
i1 515 & x GCS500 1.35 * 0.157 5.14 =+ 0.0744
515 5 xh 514 5 1.54 + 0.0897 4.89 =+ 0.247
5 SR R A=

ML dS KONGRS & b IR R FHAA R T A =2 & IER s AR A 0 A = THEHFI R A EE
BRbonl (bbb P<0.01),

10 Yetafk
n—4 I Y
ENXi L {E afE b {&
§ 515 & x GCS500 439 + 1.96 711 £ 262 -9.29 + 1.42
515 8 xh 514 & 53.3 *+ 0.698 709 + 1.58 -15.1 + 0.676
P (t#&%) <0.01 0.89 <0.01
B AR MR
75 Y
&R L {& afE b {&
¢ 515 & x GCS500 828 + 0925  -15.0 = 1.55 95.8 + 3.49
Hh 5158 xth 514 8 87.7 = 0.743  -27.9 * 0.804 79.3 = 2.19
P (t#&7E) <0.01 <0.01 <0.01
15 EEE) KRR 7

LAEIHETOo ((BB) ~100 (). affis bEIZEETO TEEA, affiZ” 7 A0 Jim
AR, ~ A F AOFENIRENTRL | b EIXT T ADTFITEA, ~ A F 2D I EIEE TR
2%,

20 =X IVPREBLIOT IEVRGEEL L THBE IR I A 2aDA%R0 T LAEDS
K<, B BRF-oTWD ERD LN,
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B 20 FHEBE O R

(7]

BRI Z T A = LIFEUR AR Z T A IOV T ZRFIND 5 HE R d 551 &

5 ThHIMAEEE L, HERHEIILUTO LB & L (AWSARIER TN E
14 @ Gr,) 6
Bz A 2 515 B X GCS500
KPR & 72 DI R AR X 1 A =2 515 & X /1 514 =
10
R, REHREINE 1L, ZREINEFA ORI DS CNED LR WIID Z & FEIFE X,
AL LN ENEE RSO 259,
[#5 5]
15
. T2 . ‘ [ )
EN5 = 1AL =AUk
I00E=4 (%)
f 515 B x GCS500 2,482 522 172 1,788 91.2
F 515 5 x 514 5 3,216 74 106 3,036 96.6

e MBS0 7 (BED — (R2RE%0) & LTHRIEL TV,

B A 2 L IEEG A A 2 L O T IHMEBRSICHEEZITRD b h
20 o7 (A ZFEMETP=0053),
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Bls 21 S HREAR O bk

[7iE]
BRI R T A = LIFEAR AR R T A 2T HOWT, 22 ZEETERT LT, SRl
5 ZHE L7z, 46 CEEZ 200 BH T DIZZ A x o, BRI T LB & Lz (£
SEZEiRZ Sl 14 @ Gz.0) 6

Bz A 2 H1 515 2 X GCS500
SR & 70 B IEE Rl 2 A = 515 B-X 11 514 &
10

725, S IR &, WMk L= sh ISR WO 21T > TH D | BT OBAIC L > T
B ZfFIET 5 ETOHMEZE o,

[#5 5]
% B HAR
()
7 515 & x GCS500 22
h515 8 xth 514 & 23

15
BIEFRIR A A 2 TIEREFAIR X A 2UZHA~T 1 HED - T2,
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B 22 ERROLE

[J51%]
AR T2 A 2 LIBBRIR TR Z T ZOWT, R RETHE L, 4 HiLE
5 THE¥A 200 SHICEAZTHIE L, MizlEo A (RmaEE) i Lz, MmE
% 4 IR CH - M BlE L L, (RMEIEUTOLBY & L CEMSHRILE
HEE X 14 O Gro).,

Bz A 2 515 2 X GCS500
10 xR L7 DIEBIa 2 11 2 th 515 5 X H1 514 &
[#55]
4 & . ERE
EN S ‘ TR
BEH (%)
/515 & x GCS500 200 195 97.5
h 515 8 xth 514 & 200 192 96.0

BARTHHA 2 7 A 2 LIEBIR A Z T A =2 L O T ERRICAEZITRD LR o
15 7= (A ZFMETP=0.88),

B, WEES RS TR OWNTIE, S TORT 2R LT,
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BIER 23 ShEDITEID L

(7]

52 HEDN A ashhz, 4% 18 cm OB OO HF Y 1 BETOE VT 12 BERE:
5 L. ZNENDHA MmO FINHs EDOL WO BE) Lo E2itekd 5, R
WILLTFD LB & L (S 25 & 14 D Gq,),

B A =

515 5 X GCS500

KPR & 72 DI R AR X 1 A =2 H1 515 B- X F1 514 &=
10

[#553]

BEIIEREDO M (H AR 13, &z A 229 cm (£25 cm), FH#Eix
THAAZ A 2 T29cm (£1.7cm) THY ., ZIBO LN -7 CHRETP=0.97),
F7-. BEIWEEEZ 2cm 2L D A N T ALICHETE TRO L Y I2 -7,

16 1
g8
~ 14 -
B $15155 X GCS500
12 -
O /5158 x A5148
10 -
8 .
6 .
4 .
- IT ﬂ
O I T T T T T - 1
0~2 2~4 4~6 6~8 8~10 10~12
(cm)
15
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RS 24 PEIREL D i

[ 5i%])
BAGFHHAZ A 2 LIEBGFHBAZ A 22N FH 20 T DD X A2 R « E5E &
5 7=, P18 em O OO FYRZ 1 BHET OE VT 24 BEEGE L CREIFS ., =<
NOFEINE L LT-, MR FIILL T LY & Lz (EMZFEME S 14 ®
G7-2>o

Bz A 2 515 2 X GCS500
10 xR L7 DIEBIa 2 11 2 515 & X H 514 =
[AER]

TEHE 72 OEIEIIUT DO EBY Lixolz,

e FHHRERE
h 515 & x GCS500 531+179
th 515 85 xh 514 & 736+168

15
B 2 A 2 OREIREIIIERIE R 2 0 A 2 DFEINE LV D 7o 7= GEN RN
L ARG L L- tHE T P <0.001),
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RS 256 PEIMTEYO L

[ k]

WE TR A 3 & IERIE TR I A 2 ZNEN 20 BT DD A Ak AR - HIE S
B, 42 18 em O OO Tl 1 BT OE T 24 REfEE L CHEINSE, i1
FTODOF LD OHBEE TS LTz, fERRIZLL T O B0 & Lz (SRt s in &
14 D Gr,).

Bz A 2 515 2 X GCS500
SR L 72 DI R 1 A =2 515 5 XH 514 =0
[AER]

AR TR 2 A 2 LIEBE TR X A 2 ZNEN 2080 T DI DN TH.L B 2em &
EDINDEEAF LT ENENDOINOREICHT2EEZE A N7 T AICETETRO L
N oo BB THAMZ 7 A 2 L IEEIR THAH 2 1 A 2 TREIINLE DA IOV TR
W2 BB ZITRD Lo T2 GENRW T & Z IR L L 72 Mann-Whitney @ U #7E T
P =0.085),

0.200 1
B 5155 X GCS500

g)l‘l 0.150 - O /5158 x F5145

2|

AN

= 0.100 -

0.050 h [
0-000 = T T T T T T
NSNS

Q oV ™ () %r’ \9/ '\,)/H b&H

Hly Ao D B R (em)
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15

20

B 26 HMORIERLCEBTICE X IEEOUR

[ k]

WA LT2 A 2 5 g B E 213 ABGRZ LTk e L. 2ha 1%IRA L2
BORES T AR P LA (7.5 em £4) 12100 g TOAN, 1 RICT7 vy 2 ) — (fkhE) 1
30 KLz M L7z (BF#BRIKIZHOWT 5 i), Z4ax 20C - BAREOSRMCE S, fRfEE%
THTHEIFELMAEL, 2 M T EMARINL T, —#R4S720 OFfEE 2 iHE Lz, #Uk
BRI SRR T > T2, BERRFIFLL T O LB 0 L Uiz SRR ETMmE X
14 D Gr.),

B A =2 515 2 X GCS500
SR & 72 DI TR Z 1 A =2 515 5 X H 514 =

[#5 5]

B /RT B, BERLMEHMOEE S HIC, Bo Bz A oL, xR ERDIEE
faFHHa 2 1A 2 & OB THREFZHRABEZITIROD N no Tz C BRIE. T —F OEHME,
ST OW TV T RS A S LA

n B / IR P=052 P=0.23
o Tz, FEHFRIZOW I IERGZ it D 100.0 - ]
. T | 3 |
t BRE BTV PAEIXS R T 0.58, # T 0.20 .
~ 750
THo77.), &
B 500
IS
# 250
0.0

BHEH-VOEE=E P=0.99

0.090 r_

a P=0.10
~ 0.060—=
e
HEH}

0.030

o

0.000

A

515 x 1514
1515 x GCS500
h515 x 1514
1515 x GCS500

&
b
i
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B 27 HESAEWICE X DB Ok

[ k]

R LTe A 2 5 Endh b 72132 B L TR L L. ATRICR 283 Lo
Ot (HHEEE L TWRWY) 12 1%DOFIE TIRM L7z, 2015 100g [ZIKE /K 50 ml 20
A TS, 25°CT 2 HWEREE Lz, £D1%, 5g Z2MEL T 45 ml OREKELEE LT
%, 102~108 (F ARG A VERR L7, SRRSOV TIE, 102, 103, 104 {577k 200 nl %
EAE9ecm ¥ — LD —AX U FIZ@AA L, 25°C T3 HIEIREE L7z, an=—
A Ls (BRBRIKICOWT 5 ), MIEE - BRIV TIE, 104, 105, 106 f5 4
Wi 200 ul ZEA9 cm ¥ v — L@ PTYG RHh EicAi L, 25°CC 3 HRIEGE L=,
an=—Haa L (BRBRIXIZOWT 5 )8),

HERRFITLAT D L B0 & LTe (SRR AT 14 D Go),

B A =2 515 2 X GCS500
xHHR & 70 5 8 s TR 2 0 A = 515 B-X H1 514 B

[R5 R
BUZRT &I 0 SRIRE & MBS - Hof i & B 12,
B AR A 2 & xR & 70 5 I s
ZHA 2 & OB THEFFEHRAEEETRD L
mipote (CRET P>0.05),

T
1
o
=
ol

RIREDOHE P=0.10

—1

]

an0=——# (x 107)
[ &

&
s
S
o S
T
I
)
)
&
T
I
o
o
)

:u:—;ﬁ (x 109)
—_—
=

BmOE

515 x 1514
$1515 x GCS500
h515 x 1514
1515 x GCS500

&
3
i

110



10

15

20

25

30

35

B 28 FREFREZ BN CRET HEROFEEEORE

KHFED S B, ESLAFEBRFIE N R ZE A G IR 7C T B AR 1R 2 T A = B B A X ]
(LLF TEYBREEE S XE] &0 D,) I8V X, 3 EHOBLE OEATIL 4 fHilc7e -
TeABIS AR Z T A =2 Z AE AR B AR 7 X0 O fl B == T L CEIE ZBHAA L B LT
4IRS TBITZ VDEZIIZHOT I EEMA G2, AR SE L E THEFEOH T
BT D, TO%, FABERGOFITIL, 7T ERFELOE, I aDENFEBEERE L
LTIk a5, AHGEICRBWTIL, MR & Xl O FF gL, e A 2 (Shi
Vi) A BRI &0 PRI L CTHLY RN 28210, AW IRBERR B X BN O ZGE IR B ST T 4
mm BT OMTE- T30 AMERE L. T0%, EW0TEEEER 5 X s OFEEE HEH O )
TIEEB6H 1L HETHRE L TCRNELTHZ L L LTS, ZHUT K 0 WSk E %2
SHEBMEIZOWT, LUFICHEHE Rz R,

[FABERIET S DI A 2 DE]

RITERL D% OEIERIEICA S T2 A a ks alfetE e LCiE, (1) 5EoRICHEEED
WHEOMEERELY B 4MOBICEBREDO T CHiAES (ZIRE), (2) @EOMEELY
R 5 xR RICHEBEREOT TRMZIES, (3) MAURSED1DITh A aghhzik
BT & EICEEOREELVATPEN THHROEEFHERIEICEEE-TWND ENH
BRBZZDBILD,

(1) oW Tid, ZIRED 4 ] (RO BHIM) 1Z@FEONA a0 4mH L0 b
HBHELS (TN, 1954), BHE DI A 2 4 [ H OB DT HITHIE L TW D HIFIC, =R
WIIRBELBERT D20 EB T 720, BHICRA SN CTHREN D Z & Riltfa 14
WA A 2% _FEASELE LTHEE L TCER T ZIRES B LR 2N &b,
FBERIETICEL Z L3 nEEZ LN,

(2) IZ2WTIE, MEERT DO N A 2T EHFICBET 5 2 & R OAREIS THLR X
DA ADOMITABTH DL ZLnn, ERET TRATLZENELSTH D,

(3) IZ2P\TiE, AFIEL THRMKAICER LR E T 2@ shh chiu,
BERED LEFTHTLS 2MWERS L7, BRTLZLBEL THD, —J7, BHHIZR-T
WD HRUIERRRIEO I & EF D[RR ® 5,

ARHFEIZRIT A EE CIHBE B2 B A =2 15,000 BHZ il E L7217 I125% - 7= B 7R
WZOWT ERAC AN E EORETHATE HHIH TR A 2 2 B0 R e %
BRESANCER, 4 mm HOMTE- T 20 BREMRE L7k T, EREZ MR L
el ZA MR 12MBHY . 2D HREBRAPUL LTEBRN & o of@id 7725 72,
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[fOHAGVORE X]

77 aDFAARBORE SIE, AR 14 mm BE, #K 30~40mm BETHY | 4 mm
HEWOMZBYRITHZ LN TERY, £/, WA ZDOAALBIZIHITRENWTZD, =
NbMEEKITAZENTERY, LEOZ &6, 4mm HEVWOEX I =—/L v —
FNCEBREZBZL. 7V aDF ARBDRANE DA aDAZALBORBH AR Z LT
x5,

(& 89 % 1]

A 2DREBROELFIHRNC SN TIX, 25°CTIRAT 15 HEo@RERHSH (B . 2010)
ZEMD, BIEAEMETHE > TEBZAO T BRICRHESUIEAIRA LTS, o4 2
HFRREEEZ D L. 30 AR TIIE, 7 XTHEL, 7V 3L ORHEDATREMEITZ <
RHEZEZDBND,

FEEE. BRORBRIZEB TS, 15,000 5857 Ol IR 4 FRIE RS ST T CE - T 20
HRERE L7212 C, fBREZEEMICHERLIZE Z A, LMD S 550 T > 7=
HLOD, FFELTWD A 2TRD LT,

[R5 T C 30 B IARE L% 0IRRE]

ETHRARIZE DI, BEREN LA 2 ZE0 RN TO 6| FRERESITICBWTHETE
T 30 HEMRE L7ot2iE, SREBRGRFICE EN TV liolf, i, 7V a e R+
HTERSTRTHELELTND, TOLET, L, MOFTHA 3D AR & A AR
AU TRREBLIESE, fERET OFBECZRINDESMT DD ATREERE X b,
LU, EDSZHEIND BT D 0 A 2 gh I NI GG 2 L7V IREE T B LRI Sl 2 8
STHEFTDHZLITTERY, Lo T, ik 30 HEORENKET LIzBEMT, 7V
T LR FREZR I A A AT D TREMEIT A < ZSMEMEIC IR T 5 AR BT A U Ry,

— 7T ARHFECR T D ARG E TR A = O Rl S SRR X E NI R 5 4
TWDZEND, mEZBYMICAEFTERNE LTH, RIS i 2 RiE L7220
ThRBEGE XBESMIFF BT Z LIXTE R, 22T, Lk 30 A ORED T Ltk
T, EAFIT BN TWDED S LIVRWZREINRZE Z b b L7cgh iy T X THTT 5 (R
Ehahsd) &MEE2LLUN CRETT %,

[fH BRI S T3 AE 00 & s oD g ]

b L EERE ST CORETIZHO T TR IR T A 30O A AR & F AR B34
CCREL, IO AA BN E L TH, FBEERETITIEIENOINDFRIET R,
BEAS 72V IR AE TR L Sh LoD 95% 23 FE T4 % DITAUR 23°C T 240 FREILIN, 15°C T 430 K
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FILANTH 0 | ERAEFHIMIE 23°C T 288 F§fi], 15°CT 504 Fff#] Th -7 L iE STV
% ([ &, 1958),

FEIN/> BIEA E T O HIRXIERIRIE & AKIRIN TR 72 5,

FARIRINDSE1X 10~14 BRETH 006, FHLZEOAEFREE AT 35 HFRET
TRTNRETT 5,

KIRIROH AL, FEIFREICRBI D O PR 2B L CTHERICHET 5, B IRIREICRIRIP 2 &
We B a OFHERFIC W TR, e RBIATTT T 1947 006 1953 £ £ TOFHA TI,
REMALANBE A3 AL 5 A 18HThH-- (LD, 1954), Fiz, LD H B
TETOHMIT I~ A (1952 FOflE) Tho7z (LA, 1954), Fr kB O
KEWMLECTHL ETHE, MMUITES &b 5 H 24 HICIFKR TT AL AMEL bD, Bk
OIS B D AEAFHIR & HboE 2D & FBRIEN T A 2 DIRIRIINELAF T H TN T,
EAAREARZIENRVIREETEED 6 A 15 A £ TREREZRE UL, ToFhon 1 =
T _XTARELEND,

SCHiR

ILAZEE (1954) BARIRBICIRGE L= RINDIML O 72212 onW T, #ARIF%E 8, 10-13.
ILHZE - HHEBMR - FREM (1954) BRRRBICIRE L= EINORHEH & R K OFE %
Boid, B & OBtk EARHIFE 8, 3-9.

PN = (1954) DUHRZSHERE ) DREBL L2 ZIRFIZOWT.  BAERPHERE 23, 83-88.
Fr RIS - SERAEREE - ALAPE - ALK - e - RARGE - BILTE - BREE (2010) A
R ATFHIM OIS 2R ER. &k - BRRANA AT v 7 79, 53-59.
LIEFHEYR - G BFRETS « B - )11 7 2 (1958) B OBREIHIAEF HEFICOWT. BB
73R 2 3, 1-6.
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