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Development of Spectroscopic Feature for

High Grade Silk Resources
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drh. 3EER, FIlolAM oE £F HF AES ANY FFHolE o
s FelEAM £598 EZY £ As FALE JEL 2

Ao It tiidol ZRAIZCE o7 AN & A= I
w718 UROIM AASA 2FEHEe 554 1IFHE R3] 2T e

it e Wade 1] Bual o3, A A2 5
AS ANEA 2R ¥IINE 278 £ otk mepd, 13 42 A
e AT Gael v AMY sjel FaY W o, olg} B

FERE 7lE AAFA UEL A AFETL WA, 2AbeE 9
BAte] BARALES Y AFE AL don, Aabsnt hH HA o
A THg71E el x¥sta lch olefel ot BkEe AGS Wxixe o
FEE ool A&ste selde] deu, AEZH J1E gl Y £F
olch.  F=3 FEoMoIE HIEY MUEHIAES YEdY FHY Ax
& 7Hg7lec] destAnt, U W dapx) gabzinkg #Rsiy Qlch
g, 2 24 713 7le Tl AAFE /3kAl Rin, F4t HEA
ol FE P2 FAFL e, Hapite] FAY Fog Axixje of
TS sl YEst= ¢171el AHstodch
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A 334 *F Bb, Db, Hb, Jb 5°lv], B4FZAL Follg] Ffox=
Ay, Cy, Dy, Gy, Jy & 5A%< ¥ §Fstach

Byl FUskA] e siAMrt Esta, Melal gErt aXxEE
CIE2n, JAEZ ## 3ol xto]7 UBRE, HAEFdAE B4l AL
Z3lstA =Hu, 222 AEY FAE IAA AT LUJeR wUsHA
th g3M=e EFUE EFEYA/E EFSHE viod A ZAdd J04d
Fol sy i, AR HE AR U2 43 HY Adx 2 3d
54 ZAPd Aol LhR] 1, exfoliation dFo] Htolx]E= F Al lousiness
W&ol golxAl Hrh AZFoMe ZARE ZAIY At gl
craping defect, shinning, nap, chika, floating, 5 =2|%} A& WS

o] F7igtrh. R, HAZATL zHo] o] Wi BAEY F¥ 23

SolE &y 4y & xefstA Hrh
2 d7MY HAE Folo] ST AUEFF AAMYUED LR #HegY

T W AFE AAL Badel ey Jigo] BEAR, A8 J)&l]

ST Jlede] AE shAstHEAM U2y FYLHE Ry 1
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glx, #2(1988) d&olM e FolLAE BR3P/l utet ANEE HE3}
o ®&#ste Zlgti3Ho] AHAst7l ol2R o), =2} AlZto] gol &
25 au]ge] YAe2A AP JhsAdo] mle ych e, fele
olZFF e 7RSS Tl oL TAZE VAP g MMAD, BE
olol A& Jte¥t YH/es SAH LR Austalch

gotiRoll A3 Folnx] FPML 254 nm ol Bl mskstir F9
366 nm oM T & FHSIA FEHATE ek FINS P P
< H[E3t] AN} F2 Fol EAsH, ezt Zlet oA ¥R
LA FASHA AFol whet B AN 5y E2F Rep 5 vidsiA B
gt BN AdRA FJE ZARE Z3, 33 +2uA vEY de
U el 52 7Y YRAS FHo] WolA JIE F4 dEhET] AYEA
o] @Y FAldl FFA FAx FYido] vff =¥ 3todch

P B EF rolld] dF 4 2fF 32 B 3N S0 83
of TAF FXAS we A tieE AA]sHE Hol fAkstdch o
g, dFolMe ik W itk Wdo]l aYF Bl At e
vl &o] ¥ Nl 1.7~8.6 ) wolon, dFA2Y F et Buxo ¥
BAL T3 ozt glddch. L'a'b’ @R} (anifitold Mg Ao
Sl tiyste W X e IS oA SelEded, e, BRe,
W, WEE, L, JIE dREeS BERCR7E . 2822 83
Bl EF BB Heet Keo] Hhfoln F FHo AL {FAxY
AEo2 FA U J|EL FFAo] W Ao ninixiddch

UEA LFolM e miedollt Kt D 71el AT Fy 2§
d Abo]7t A=A ftrh. e, FAE BE FFA dFolA HuH
L8 2 PPN M-HER W HB-RERY el 2ol 13
2 UF FBAE Tl 1Y of cie FIAFTS Bk ol o

rlo



L T3t ErlE FIATA BT BEAEFR 99.320.44% oF 2%}
7V dgdch Ao -#fie L K(o-Hd IS0l std, FZAEA Fe24
Dc20 2] #fEHE N ZFol 71 &2 99.0+1.00% 2 98.8+1.20%F C}.

(2). X7 FAFE &4 4 I8 FAEF 84

Aargol ga aAxA FAHo| 4 AAULF LY ¥ RY ASS 84
st 3, 88 ZIREF22A L& 48F (Le, Yp, Fn, Ze), R% 44
% (Re, Yg, Y, Qe)g Agstach. ol mlvo] (MAF)S S5 U

whE, 2A 2383 ddM, 2APe) Foll el MA, MB, M(A)Y,
M(B)Y, M(AB)& 57189 F4A3E S44%1%irt. /474 8& aydF Fo=
e Hz2E |48" LYXRY © @330 269g 224 EFFFL “He
B’ o= a43tach

2}% Yeolxx]2] M2 Pink A, Orange Yellow 7, Yellow
Yellow Green 7}, White Al & 5 A¥eE EHF5YD, Munsell 32}
FHRENE AUITE FA3E FAlo] o] U gto] Mo §S Hals}
gl #R A JF IXMLS 16 Folel1, PinkAl 6%, Orange
Yellow ~ Yellow Al 75%, Yellow GreenA 19% <ich.

Pink Ale 3% £FM ; Orange Yellow A: 534, Z2z4 x|
2, AR 5 Yellow & sivtelr]d, x82H4, w3, oA, YolE&2 o
2, A3 g 334 5 Yellow Green e FXT A il Fay
Yol HAF At UG MolFU HWERMS F KA/ Aufste A
ARy gl Ao g MEEHD, BERS C' & ¥y 9 9I3NS 2ysiE 2
FE ZFHUA. AN {Azie} FAY Ay} BelE Pk 7} 593nm,
F = 580~593nm, Grc @ Ga Gb Gc AYL 567~570 nm F2H, Y
FAAE 713 A 575~593nm & Hutgel] BAsIgT)



7tNBd AMEY 593~567 nm Helol 75 wEE JjRoE 18F
ojAte] :x|Mo] FHsm, B3 575~584 nm FHEL 44 21 AE F
78% 7b Z¥E et welM, o] 1AM 580 nm & FHLE BER
FURdel oIt Mty A& o] &str] uwiFo] 4o WIET cldgt A

ol WHEHE ROoR siNY £ drh. FFAAE dFAelale] FY

rO

mlro el Aol THE(+T+YYYme)e 28] =lvolx(5Y9/4) &
B3 (5Y8.5/8)0] EelEigitt. YC UHoA Y ¢ SYd daF
L 3] (2-25.6) Y, Y 5 FolASY Sol Azt eyt A
Z2AEH, olgigo] O, ¢¥ E C o T5T FAAY slsAol A7 adrt

HAA B FHFAL Gre o BAEE 2389 M, 55U/ 5
A Ge & FAR BAFA, Ga B Gb 28] #HGo] FREE WU
A Fol Helxigith. Pink Al X Yellow A X442 7pgEAe] ZA¥g ¥
o]i, Yellow A& “ofg ¥ k&” 1A 7Y ol 3futetriyo]
42 g, 28U, SAAF 2 F1 oA XL oiyE 2y
ZAG farsie, LdF 2ANE g HFzt wlaste] Mupge i
B BOoE olFIL B AEIt AslHE F¥E vehidch

(3). 84 A (SS) ¥ So] U {FAYH My

AREHQ ARSHF oAM= BIEH EdHe] ABolel: BIEETI EE
FEHol obd Z¢, BEY UE: 9 F¥ S =T Aoz
RIER QA7 BEH 4 Uk Mol A"l o2 o]EF
A 2Jsle] AH BEEFE(Nurse Rearing)S A58 ZAzl, 49
A1 FdRo] ABLE EHE dF F3H AREY AEo] et
th EYH, AIARYPo R H}EH AAdEAH] ATLEAN 848 AXE

A= Fol} AL “Water-Soluble Silk” gl 2jujojjA] SSAECE #H43}
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21d (21%)8] FAAE ZARRE Az FFAxY FAEE 4.5g/,
21.6%2A 71& FAMAALY 4.3g/d, 21.8%°] vlal 3t HdEE 5
S3te, dzd 204~210C, 83 240~245C A EAMOAME ¥
242 oosldct. 8W3] FAY FAHEYA mERULE Bo|yHe
AABEE poux] FHEYL Aeide] EA4ES o £ ddch. FAY
FAL Mzl FH oA%7 (A zhEEs gho] FUsie AdauEx
T2 ATE AMrEA FEIAch YEA FMIZ BHH B £
B AFZA tyrosine X712 AFE ZABt i AAE gt
[1-"Cl-Tyr @ ®N-Tyr ££2] 74 NMR& A 89 2asEz} 4]
Felolde] Axz FE A A3 B2 F¢ 54° o wigE Liehd
ook o]dd AAZ FeEE A e Tyr 28 AAH
EA3I AHHE FAHLE 23° 9 WU vy FXE st gdch uw
ghd, Tyr 7 AL =] YA Yl & o] FU, FHHE 77k el
2 ¥qlxlglcl, Orange 17} A B2 o] 28l Tyr 718 A
FE F40l vEI dFel F28 Z4E Tyr o £x48ke OH 2159
4371 dojitr] A9A A, pH 1078 Z2 % Heg Halch. ozl
otzbz] &9 pH ¥9o] 48 Tyr 3718 O FE Orange 1 £x2}9)
SO; 7te] HA7 A wbde] o3t & $437F dojit AT sfAE )
(2). 84 A “SSULN"2 2333 54
$£24 A4 SS (Water-Soluble Silk), €4t Z¥ 3 NN, SS& NN
Zte] F1 3x|8 SNoE AHAs3, f3x 2ol wtE Achyzel Ee3}
gg s, HAMEYEM(FT-IR), AAFAEEEF(DSC), ol
b EM 52 o]l SSAS FT-IR ¥4olA 1,200cm™ 2} Amid

-

FEol 40%

r]r

Il E<5th7} ramdom coil $82 f 728 Z & utadsizg 3jH gQlo]
AAED, AAHEE A4l 30% 2rl e 40%E Ar&Egdct. SSA
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2 “MaMA"I} ELT A14 FNH Nd-s $H} o] g oz
N muzele] Zart Hasgrl 2dEg U = wela”

“_?_gga” E_\E “SS?__‘ ”2; _‘?_EE_

Y,

ojzt L2 =el4 x| ¢lod,
o] u}giz}s}ci.
DSC ol NN Ze] ¥ B =R pB-configuration & mtz]of &3 &

d 3|Z7t 74C FIol EAASIARE, SS AL 34T W 84 CollA 23 FAF

-

olth. 2|3, B -configuration & FA3}A] e Ao A3 AMelal
AME I~N & AFF2E Wgsle §4o] dFHAR, Fdnas v
B2l Xot "4 w2 48 €T 24 SS Az} Y xjolE Eyrt. 53
SS 72| f#e2]AolA (transition temp. ; TG} 110C A I|EEQ ¥
TIE 10T o) d3 ddo] Zstdct. ¥, 12 Jdoiy BASHE F

d 3]l3= SS AL FHEJAL #$8sl= ZAo Ma]Al Br)l e -helix 7

H&B (LYXRY)S {484 Zzx, 4t 943 FAEF vty
FI71dF ©ol FTHslden, Mg 1,424ppm (108%), Ca 544 ppm
(118%), Cu 698 ppm (161%), Fe 1.7 ppm (243%) %t} olnmx=it &t
E it FolFFoll vzt HEIA 43t en, lysine o 5.9%2A
4.1ul, histidine < 4.6%32A 1.38] c}.

SSZe] ofmliat F4 Z3}, mBEREAL APPEo VA Zow
Bo]&= glycine, alanine, serine ©] 85% o4& x}x|3}H, glycine 42.9%,
alanine 30.0%, serine 12.2% <%t} 22|31 AMel4l& glycine 13.5%,
alanine 5.6%, serine 33.4% <itl. &, SS AL glycine 41.9%,

alanine 4.4%, serine 8.8% EAl, glycine ¥&o] Wil serine o] A& A

12



rlo

v BEgQa FASIRRE aspartic acid 7} H]i3 23 alanine $8}o)

AL A2 AE B2 $34 548 vehidch

(1). UAT ol tigS L P2 2y 2F

NME 8% PP FolATY 237 e FYUS Y A s A
FA18E A3, A2 34 olAEY ¥ ¥ AEgde] AR Ak
a23, 2AF FIE 96% oY, AT 22~24%, HBH]E 92~
97%, YA F 2.2 g olA}, AHu|& 23%, Atgts 600 ) ojAdoE J|= I
#FF Bcl L43tdch

gyt BaA Lo EFY R TP Fo] 2.19g, “RE’S 1.21g °]
deu, M2 AYH FF¢U “HEELEB'LYXRY) & widFo] “R%” ¢
222%, MR 123% o4& 71834t MEE B f3z UZE 9
3t Blro] Al e 2R FMA FAL AMsE Al 2F
02 S AUEFL AAY] ¢3in 2F AY Y XE UF
4 gk EZ oy slyo] AYFY TAF L 0.66g ol 2L, A
SAZNNE 1.44g 224 218% ol FUBtE R, aFgE A =l

o 447 ¥ AU FAlo] WAFL 17 g o|BON 258% 4+FL

B84 /Ut BE8 s} FArol EF T IUAHEAA ol
22 AL BZATL el ZB9(Erol x P o), ol ¥F Bc08,
Cj19, 1j25, Jc26 7re] agFol 4313, Aj07, Dc20, Gji3, Hcld 2te]
2AEL gEsionh. B9, AR ZAE Foll x i) ofdE Bclog,

Dc20, 1325, Je26 7t @ Fo] S35, Aj07, Cjl19, Gjl13, Hcld 7+
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(1). a4 S3BEH 2T
@ Fr1859 otolieat @ W Fatdo] 43 UEF “HIAE GF
E7lol A¥ BRI Ao, AP (BAEE
FAgdA)M 19993 = ZARA RN F3317] 218 A7 AGAEE #F
s19lS. EY AAYE 2ol 53 “HI WM BAEHE FHsRE o
Bb polle] F oMt 54 1F o] fKelE ZolBE MEE hASFEA

HEIIAE AEste UAE uiEAY Zeos gy,

F&3I22ZN o 2 FIPIE Jldg £ ool $R3Y ¥ E o
Ate] Al 2F gdstel Y £ US HAez AYsE & BEYL]
B2 El7] 218t B xR BAF o] Mg ojof ¥t

@ 744 Achua Aakg 93 SS A FolEFS S5+ A3 nEA o
T8 Az Aabo] o] &3t FAlol, HMEH F /3

AF7t & Yol (super silkworm)E THE = ottt 53|, ©AF 3.04g
o|4del AbxBS FollE $8&3lo SS AT AME2E E4¥EA W %Y 2
Aggol o3t AbXxBWS AEE 2 71e48E d& FuAAE + ol =
g "o AR 5dHo] FoAEE =4 EAb ¥ EBbY AduE 1
% EAXEB £%& £/443lAu SEAXSEB 9 7jdols $8° 4 gl
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o

Tl ol e FolAE HYLS F HETY AYE 25 MAEujgae
A o 9 AR FEE BUE 2% bioreactor & EF Ay F
vt =2 #¥8Y 4 Qlrh

(2). A2 YUY Rl EFY BE 9 Ve
O M2 AUE B FAEFY BES 28t A2 $8 Folx ofd
23] B2l Abgo] Evtvlsld, ApdxEt At ¢18-g etste] Ay 2
e BEZHE AFo]l oy, £ FFS Y HENSAA ¥4y
AFOIBZ, O 84& FHs] stz glu, #elsdol g FHAFY
# (B5h 2 543712 (BAEE sd7led B0l B
ENBoz APt Yol vighA g
@ & HHE I8 £UY AEF 2E W FHPRITE AT A
& B AR glo] ¥E L AAAA AFx|o] Wasiy, PR
T Al 3ol Zay AFule 71EAE 9 AnELEE HdAE G2
1,000 BEe] ofat 2ldlo] Loy (B 2992 50%4).
® EFEE AT AZTEREL UEF Fold A Uy @ 24748 x4
HHE X 2704192 7 AR [BABRE 9 FAPYFA 8AE, 188 A
| SSA 9 SSB 2A4F, Ho] U8 «3 Hdy] £F 24%, #4273
3 9 YT 104F, drod BAF 88F 248 / AELE 77 30
1.
(3). A2 WU 71ge] 88 U AL oy
212712 A3 7HEEel AlzgelMe TFEQU A3 2R B4 »

21%A Zhol A A F & EFFZ ZUshe Aol AFsgeng Ay
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SUMMARY

1. Title

Development of Spectroscopic Feature for High Grade

Silk Resources

II. Objectives and Scope

1.

Investigation of genetic character of the silkworm for high

grade silk resources or specific use.
(1). Breeding of silkworms for specific fluorescent cocoon.
(2). Establishment of silkworm races for specific cocoon color.

(3). Development of genetic characters for water soluble silk.

Spectroscopic analysis and characterization for processing and

development of high grade silk products.
(1). Spectroscopic analysis of fluorescent silk resources.
(2). Spectroscopic analysis of water soluble silk resources.

(3). Analysis of the specific silk products and silkworms.

Demonstration of silkworm rearing and specific silk production.

(1). Assay of economic character for specific silkworm strains.

(2). Revision and improvement of silkworm rearing technology.
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IlI. The Results and Application

1. Discovery of Genetic Resources for Specific Use.

(1). Genetic character of cocoon fluorescence.

The new silkworm strains were bred for the production of blue
fluorescenent cocoons, 4 of those were Japanese races (Ab, Cb, Gb,
Ib), and of 4 were Chinese races (Bb, Db, Hb, Jb). For the case of
yellow fluorescent cocoon production, 3 of Japanese races (Ay, Cy,
Gy) and 2 of Chinese races (Dy, Jy) were bred.

The cocoons with blue fluorescence occupied as high as 1.7 to
8.6 times than those with yellow in the Japanese silkworm races.
While the Japanese races revealed no sexual difference in
fluorescent color, sex-dependence of the color was common in the
Chinese races for commercial white cocoon. The fluorescence of
cocoon shell of Chinese races showed clear separation of blue
female by contrast with yellow male, however, fewer strain
segregative with broad borderline of median color.

Silkworm strain of Dc20 and Fc24 were sexualy segregated 98.8
+1.20%, 99.0F1.00% by cocoon fluorescence, as high as that of
99.3+£0.44% by typical larval marking of sex-limited inheritance.
Specific expression of cocoon fluorescence, applicable to breeding or
simple discrimination of sex for Chinese races, inspected thoroughly

on the surface and inner layer of cocoon shell.
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(2). Genetic expression of natural cocoon color.

Color qualities investigated on the basis of Munsell code and
Korean standard color code for the cocoons from various strain of
mulberry silkworm, Bombyx mori. 16 of different color qualities
were identified from 21 of original silworm strains, and
determinated international name with the revision of Korean color
name for cocoon. The various cocoon color confirmed on the sphere
from 567 to 593 nm wavelength, 78% of those located at the region
about 580 nm (575~584) of sensitive "color difference limen”.

Y gene engaged broad ranges of weavelength (575~593nm) in
the color expression, by contrast with other genes of Pk (593nm), F
(584-593), Grc and relative G group (567—~570nm), on the
transmission of carotenoid or flavonoid color substance. YC gene
expression was distinguished by those variation of specific yellow
than other colors of Gre, GaGb; Gce, and YPkF. Expression of
chrome yellow was dominant than other yellow among vivid yellow
group. F1 of pinkXgreen produced yellow as the effect of "additive
mixture” as color light, however, most of the hybrid between yellow
cocoon showed the color near to “subtractive mixture” as a mixture
of dyestuff. Hybrid cocoons among yellow or green colors were
decreased their hue, value, and chroma, than those of parent.

Diallel cross among the strain of various green cocoon suggest
the existence of Grec, Ga, Gb, .Gc genes. Cream colored cocoon of
B. mandarina was differed from other yellow cocoon of Bobyx mori

B. mori. Y' with Ymc showed the similar role of Y with C,
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therefore, segregated yellow cocoon from the B. mori X B. mandarina
(+¥C/Y*Ymc). YC expression of Y*Ymc genes might be suppressed
by deficiency of outer layer sericin on the middle division of silk

gland in the B. mandarina.

(3). Genetic resources of water soluble silk.

Specific silkworm character of SS, which control the production
of water soluble silk was isolated from a silkworm with lethal
character. The method of “Nurse Rearing” provides a special care
with surgical operation of artificial molting for the subsistence of
weak mutant silkworms.

Few of genetically abnormal strains were survived by “nurse
rearing” when the general death was not originated by direct cause.
A new genetic character of “SS” was isolated from the silkworm
strains knowned as a lethal character. The character SS, stands for
water soluble silk, and therefor the cocoon could be dissolved as
much as 92.3% after boiling or autoclaving in water.

Silkworms with SS character utilize their nutrient mainly for the
body growth, and could be introduced for the breeding of giant
silkworms by crossing with Ab and Bb strains. The weight of
single cocoon was as much as 148% and of pupal body was 183%,
as compared with 2.05g of single cocoon weight and 1.56g of pupal

weight in the comercial silkworm hybrid of white cocoon A XB.
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2. Spectroscopic Analysis and Characterization.

(1). Spectroscopy of fluorescent silk resources.

Ultraviolet weavelength (UV) of 366 nm produced clearer
fluorescent color than that of 254 nm for the inspection of silkworm
cocoons. Fluorescence of silkworm cocoons varied in color, appears
no relationship with the natural color under the normal light.
Uniformity of fluorescent color was improved by selection of blue or
yellow line from wild types. The yellow and blue fluorescence of
silkworm cocoon were not affected by forced flow dry at 70 C for
6 hrs. Blue and yellow, located at the opposite poles on the color
solid and L’a’b’ color system, confirmed as pure standard of
fluorescent color in the silkworm races for commercial white
cocoons.

The strength and elongation of blue fluorescent raw silk was
4.5 g/d and 21.57%, which was better than those of general raw
silk estimated as 4.3 g/d and 21.77%. Softening temperature of the
blue fluorescent and general raw silk were 200~205C and 204~21
0C respectively. Melting point of blue fluorescent raw silk was 24
0~2457C, and those of general raw silk was 235~240C. Therefore,
blue fluorescent raw silk was superior than conventional silk
resources on their physical properties.

The behavior of tyrosine(Tyr) residue analysis of Bombyx mori
silk fiber from yellow fluorescent cocoon has been examined to the

dependence of pH in aqueous silk solution in the presence of Orange
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II salt. Through peak separation of angular dependence of spectral
pattern of N-Tyr and [1-"C]-Tyr between the fiber axis and the
molecular bond direction, N-H bond in B. mori silk fiber as well as
the orientation distribution around the silk fibroin fiber axis were
analyzed, and sericin component were also obtained from these
angular dependence of oriented spectral pattern.

The pH dependence of the “C NMR (Nuclear Magnetic
Resonance) chemical shift of B. mori silk fibroin was examined in
aqueous solution in the presence of Orange Il hydrophobic
interaction such as stacking between the Tyr-ring and the Orange
II. All peaks of Orage Il are broad at pH=7.0 . However, these
become sharper at pH=8.0 and remain sharp at higher pH. In these
higher pH range, a chemical shift change due to deprotonation of
the Tyr side group of fibroin occurs. At higher pH, such a
hydrophobic cluster is destroyed because of the electrostatic

interaction according to the deprotonation of the Tyr-OH group.

(2). Spectroscopy of water soluble silk.

Water soluble silk (SS), normal silk (NN), the hybrid of two
character (SN), were investigated by the methods of spectroscopic
analysis. Fourier Transform Infrared Spectroscopy (FT-IR) showed
the existence of B structure and ramdom coil by the absorption
band of Amid I at the region of 1,200cm ™. SS silk protein,

considered as a kind of sericin, was confirmed as fibroin. The
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degree of crystallinity was calculated as 40% in SS silk, which was
higher than those of 30% in sericin.

Differential Scanning Calorimetry (DSC) provided the peak of
thermal absorption following degradation of £ -configuration at 34°C
and 84C for SS silk, while at 74°C for the fibroin of NN silk.
Sericin also appears the evidence of crystalline structure [ ~IV,
however, the peak of thermal absorption at 48C was lower than
that of fibroin, and clearly different from the case of SS silk. The
transition temperature (TG) of SS silk was 110C, which was
stronger than fibroin by the difference of 10C. Thermal absorption
at high temperature region reconfirmed that SS silk contained
fibroin, and the more amount of ¢ -helix structure, as compared

with sericin.

(3). Analysis of the specific silk products.

The hybrid silkworm of LYXRY with produce yellow cocoon
was named as “Gold” (Whang Geum by Korean name), and rich in
minerals when the larvae of the 6th day at fifth instar prepared for
food. The majour inorganic component compared with general white
cocoon (%), were Mg 1,424ppm (108%), Ca 544 ppm (118%), Cu 698
ppm (161%), Fe 1.7 ppm (243%). Amino acid composition of the
silkworm of “Gold” was also specific, and estimated as 4.1 times of
lysine (5.9%), 1.3 times of histidine (4.6%) than general silkworm

for white cocoon.
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SS silk consists the majour amino acids, glycine 41.9%, alanine
4.4%, serine 8.8%, aspartic acid 14.9%, and therefore comparative to
the both of sericin or fii)roin. On the other hand, amino acid
component of fibroin was glycine 42.9%, alanine 30.0%9, serine
12.2%, aspartic acid 1.9%, those of sericin was glycine 13.5%,
alanine 5.6%, serine 33.4%, aspartic acid 16.7%. SS silk was
identified the amino acid component as unique intermediate type of

fibroin and sericin.

3. Demonstration of Specific Silkworm Rearing.

(1) Economic character of silkworm strains.

The cocoon character of blue or yellow fluorescence were
reconfirmed by large scale rearing of the newly bred silkworm
strain.  Silkworm varieties of specific cocoon fluorescent were
confirmed 96% hatching, 92~97% pupation, 22~24 days of larval
period, and recorded 2.19g of single cocoon, 23% cocoon shell
weight. While the new strain of “Gold” (Whang Geum) appears
2.69g of single cocoon weight, as high. as 223% of original wild
type of R-Whang, and 123% of the commercial white cocoon.
Comparatively, the commercial hybrid in general white cocoon (Aj07
xBc08) was 2.19g, typical yellow cocoon strain of “R-whang” was

1.21g as single cocoon weight. The high content of minerals, good
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composition of amino acid, and the big larval body are of great
advantage for high value-added production.

Introduction of SS and Ab character for the giant silkworm,
single cocoon weight was 3.04g (245%), and pupal weight of 2.8g
(236%) in the AbXBS. The giant silkworm of AbXBS might be
useful host for the high yield culture of Cordyceps sinensis. SS
silkworm strain could be used for SSXBW as another hybrid for
the vyield. In addition, SS could be applicative on the mutant
silkworm with retardation of hemolymph oxidation, SEA XSEB
combination might be useful on the production of culture medium
for insect cells and tissues.

The single cocoon weight 0.66g(100%) of wild silkworm (Bomyx
mori mandarina), collected from field condition, was increase up to
1.44g(218%) when reared in laboratory condition. The single cocoon
weight increase as high as 1.7g(258%),' at the same time, the color
quality also improved from pale yellow to brilliant yellow. Heterosis
between Bomyx mori mori (B. mori) and Bomyx mori mandarina (B.
mandarina) was different by the combination of B. mandarinaXB.

mori and B. mori XB. mandarina.

(2) Improvement of sericultural technology.
Raw silk, reeled the specific fluorescent coon, was proved by
uniformity of blue fluorescence, which was quite different from

those of irregular fluorescence produced by rutine method.
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The advantage of old style wooden box was revived as well as
reform handiness by using modern plastic box, when cover the
bottom of the box with wet paper sheet. Paper for sheet reused by
deposed news paper, and get wet of downward before use, the paper
sheet also replaced at the begining of each stage for young larvae.
Humidity was controlled independently, inside of rearing box adjust
for silkworm rearing codition, while the outside of rearing box make
dry for labors.

From the review of theoretical basis of moth inspection system
to prevent epidemic disease by Nosema bombycis infection, 7X% 108
spores producible per female moth. Mass inspection unit,
conditioned 35 to 40 moths for a lot, enabled the preparation of
crude homogenate with 2% KOH, even the step of centrifuge was
omitted. The results suggested a new basis of rational mass
inspection system of silkworm female moths to save the facilities,

labor, and time.
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Hto] dAlsle] BFE2AV FFH 4 A& YES 3 drech
@ nxAde EPME A 9 BAEY FAE Hse HU A
addol22, Bk B 2Lste AHAd Mz FUIt
At Rke S YA 223 Vs Hyste AUl
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& 293, A § Y E4Ex EE Vel A Aaxg d8h Ay
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ob7|ElE REFAS Yy otHo] B m: HNY

)|.d
()
™
Az
2
2
X

4»

40



2. AIF2AE A

-
.

4

= Jley g

A4S 2F 548 DY EUY AFE 3R Yol 249
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@ AEEF UL AZAPL 5V WPy QP BiAss g
® MEL Adalol Ty Beideigel Eed BAn S84 A
ALY | Q7 g B ALY g % el
O 54 pay |0 1IEBT UBA ABE AE 54
dan aae |03A¥RR FIA 427 AT 84,
Coyma g |OBUURD URA WE IE 84,
oRAYRA 53 AVE 2AE 84,
ot @ A4 F3% [orlLAS A3 % E2aRe 27,
;r}% ﬂ;“ Ud 23 U 2B o RNAE FolEF ¢4 2uiRyY 7R,
AE 44 oM BA 4 Ve ATAE A
@ Nd-s §8x [oSS $AMA ko ARe 2 AL,
gl sS Py o+ 24 A LAYE SSA, SSB AR 4.
484 2 AL [oxZY N YA 478 ol A,
@ S54%24 o5+ §uA ZUE ° B4 24
o Byuts B4lo4a n2AlY TyrASY Bty 54,
e ol @ $84 Aatoss AxA AuLY 24 (IR
:},g -’:“; o Bxbabal BA|os/s, SN, NN & AAz|e] DSC B,
® BAL U S [of47 BAYE P2 D ofulal BA,
4A4A JEEN 0 B4 23 Ao ojulxal 24 By,
O ALAS ol 0 S4¥RA AES thBAS LAY,
s 9 YA osNd SVATY DA AZAY,
3 :f igﬁ e 23 oSS AE LA U B4 Fad 4
Nmaw | @A7E Ao5s By HED A2 W A AZ.
U 54 A 0UAE Folo TERE Aa el Ay,
A4 Az o ZEH ALV Aol B AEAA A,
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2 d e ALxAfe HEE obiste Qo2 Exustel A" o

2
(o
o

o

| 8532 9lov} (Kawahara et al., 1996 ; Kuwahara, 1968), ¢
B WFE ol ol BHY B¢ FFMo] wWAske B £ A o
A 2lt} (Lombardi, 1929). HMZA FFoIM ‘roux] HFygae ¢3lo]
REFY T BEFY 27 gon, A ZFAM daxe HH
B¥Y Tl BEEYZSE s F¢r7 "ok ot (Yamazaki and
Taniguchi, 1932). 2], BEFHFY 7ol #HMo] mEHA i3}
of 8 ¢4U Zeg WA, WE W REYY Do SdBAL
F o] A71¥ vl= olt} (Yamazaki and Itinose, 1936). g}
olg¥t Ae ME HRY FAEFT U IFYAlol wlE xlololl4 ofrlE
deom, ¥y HHEFTES FAHLE o] U ATY 1S EE, o]
E o83 ¥3A A MPE 9 el fdo] B3 A7 Wasicl
ERL 2AFPNL MY gadTs Bl ASE HIY £+
o™ (Chang and Nahm, 1988 ; Matsubara, 1993), A4} A 223 W 3
E43tet VAP HEPHEMAE Y THedol st FEE sHx7) Qe
2o zichdch dgde] EFHELE BHEHF oM {goz 3bds)
71 ojd¥ EBolxnt, 24 Spectrum oA #o] nj$ Lojsict.
a2z, &34 MBS T3 WS FUstA dedY 44 24
e WHEo] M, MEE ol AL Aol s3], 2
3go] BEstAU Fdet fad 4AE 23 AMELS FolEF 8§44 o

7 A2 AU fsted B&Y £ A& Jez syt

i

ol

kd
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4
nm o] FupPE AR B¢ o Ttz P Fydo| WS F,
2t)d 24} 220 254 nm U F9 NS A5 HaE Y FaE
o2 Aol BHSIA] ¢S A&l 366 nm olME BEE Y B¥ES
E BYsiA pEH At wepd, ol ¥ B dxpelAdz
Z2tejdel 22 ¥9d 254 nm o L ol&IE= ALE olon}
(Chang and Nahm, 1988), ©tu% Rrhe 22194 49 366 nm ¢ %
upgte] of §ET Rog Wl
JE2 & dForMe olFe RE AlYrE BHE#NA 366 nm 2
Ad g 241819 E o BEL NS JEeR g, I AAE v
wA3tadct. HEF RN Frolnxle EEFo] HEMY F9Y B
A2 B3 BAE v Rl B F0 Fo| HAS U, HEEW E
JlEl HEES Fa B2 uRso] HA BE ve) 5 sy ¥
Ao} wbgstoich HEEN U HEl roluxe ¥uMLe FHiaz Tus)
A A% e FF wel I HE ushia USS gsido
(Table 2-1). 22|31, dFRZT 7o WX PP F33 x)o]
7b BEE =] el
E, P EFTA 2WF ALK |EES AN P g Z7do B
o, 23F Foluxe PFAL o} 5AE YFol uisted Ay
ZALE AAlstolch €% FEF 4E ZAB/AQ dEA LF Aj07,
Ci19, Ej23, Gjl13, 1j25 + zzt 2107, 2119, 2123, 2113, 2125 oA
AUE Ag2g2M E34L AT 2 B4S 2ok YEF 54

2 BB FTTHAE P ¥ U S A FR/E olFUD, g8

3]

0':‘-

rr
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Table 2-1

. Variation of

ultraviolet spectrum in the silkworm cocoons

of genetic stocks
Silkworm o Cocoon Color by Light Source
Srains OriEin - Visible Ultraviolet Wavelength (366nm)
Light eleng
Tw Baghdad White  Yellow > Blue > White
Oh KwWpB White Blue, Yellow, White
K9 KH908 White Light Blue, Light Yellow, White
SS Cheongsook White Blue, Yellow, White
Cp Jam 119 White  Blue, Yellow, White
Ww Yulgukjam  White Blue, Yellow, White
. Blue, Yellow, Reddish Orange,
Wy Yulgukjam  Yellow Pink, Violet
Dark brown > Brown > Mosaic
Le LT Yellow of Dark brown and Yellow >
Yellow
. Brownish orange > Yellowish
Ys Shansurian Yellow brown > Pale yellow
Yw YW Yellow Yellow>Mosaic of blue brown white
Ry Yellow-R Yellow Dark yellow > Light yellow
Yellow > Mosaic of Dark brown
Yp Ap~(p) Yellow and Yellow/ =Inside ; Pale yellow
Mw B. Mandarina Yellow Pale vellow > Vivid Yellow
Beige gray, Light brown, Vivid
N1 N12 Gamboge 0w Pale yellow
N7 Daejo Green  Vivid yellow, Dark yellow
Xe 1042 Green  Yellow
Pale . .
Tg Baghdad green Yellow > Blue > Pink > White
Pk Red Cocoon Pink Blue, Violet, Pink, Yellow, White
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Table 2-2. Fluorescent color of white cocoons following illumination
of ultraviolet wavelength (366 nm) in the female and male of
original silkworm strains for commercial varieties

) Repli- Female Cocoons (%) Male Cocoons (%)
Strains
cates  glye Median Yellow Blue Median Yellow
1 48 0 52 52 0 48
2 57 29 14 44 11 - 45
, 3 25 58 17 24 46 30
AIOT 60 40 0 40 34 26
5 24 76 0 22 78 0
Mean 43+7.7 41+12.9 17£9.5 36+5.8 34*13.7 30+8.6
1 39 12 49 63 6 31
2 51 47 2 71 29 0
, 3 17 83 0 16 83 1
G194 13 87 0 15 85 0
5 22 78 0 20 80 0
Mean 28%7.2 61%14.2 10+9.7 37+12.3 57+16.3 6+6.2
1 70 0 30 46 39 15
2 25 50 25 24 52 24
- 3 42 2 32 45 17 38
Ej23 4 47 42 11 40 55 5
5 43 57 0 50 50 0
Mean 45%7.2 35+10.2 20+6.1 41+4.5 43+7.0 166.8
1 43 57 0 60 40 0
2 100 0 0 100 0 0
, 3 51 49 0 50 9 41
G134 56 36 18 63 25 12
5 45 55 0 44 56 0
Mean 59%10.5 39+10.7 4+3.6 63+9.8 26+10.2 11+8.0
1 6 94 0 0 93 7
2 0 100 0 0 100 0
, 3 0 95 5 6 94 0
L2 4 13 68 19 10 76 14
5 9 75 16 5 86 9

Mean 6*2.5 86*63 8%*4.0 4*19 90x4.1 6x27
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A Azl £2E wE A T4 Axste B 2B s
A, BF U BEE 229 Yyo] VA Mol Holst otk YA
Fol fZold nAe HYNEL BHEES vlgo] BEE Hub w3, A
179 (AjO7)~ 22 8.68) (Gj13) BEe] Z x}o|7} 2ith (Table 2-2).

2. 34¥Y 2 BAYYD TAEF Y

ol x| 2] FPMof Usl, HEES FEM K, el HaXe
I ERYecz EEm, Aol aiet xjolrt iz BE3H uvp gt
(Yamazaki and Taniguchi, 1932). ZL2jil, £ ABojM: dy AejEE
ol X LA HFY Z7, dRE T xo|st AFEA] Ut UEA UF
S BF U REE BY LAES PRt Bol¥UA £AY RelE ALy
A, BREE, BRRE, B’REE, A, el 370482 A9 334 A
dx Zstgdch. W EYE (Kim, 1991) & 23 o, MF AojA
MZ digste] gFoll 1Y KE} FEsS SR AUt F¢ 3NE
4L dd8el ARs] MY REV ZEEATE B PP d@AG A
Bt Ao, ¥4 FFAFTE ddrteidol dE=HAch 6~10
¥ o] A& TS W AU &4 A, “‘SFEY ARH” Pido]
7bsdt 2L FolATLEAN “HMYAA” UF 8AT & “gMyyH”
HF 5AITo] S8=ct. BFMFFAL dEA 4F Ab, Cb, Gb, Ib ¥
37 €% Bb, Db, Hb, Jb Folr, BAYZAEL oo ¢ Ay, Cy,
Dy, Gy, Jy & 5A%& A §/33stdct (Table 2-3).

Y HeAET ¢F2 TSR FHEM e PHPo] 7oy A
ohd ¥ HAL FEsI: £Ax 2 YT Agos F24 U slet P

o] WA o2 £FY 4 qlgrh. ol AfE FYHLE 13}
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Table 2-3. Silkworm strains newly bred for white cocoons with
specific and uniformal fluorescent color under the illumination of
ultraviolet wavelength (366 nm)

R Silkworm Origin
Cocoon character Silkworm race strain (comparative strain)
Ab Aj07 (Jam107)
Cb Cij19 (Jaml119)
Japanese races
Gb Gjl3 (Jamll3)
Ib [j25 (Jam125)
Blue fluorecence
Bb Bc08 (Jam108)
Db Dc20 (Jam120)
Chinese races
Hb Hcl4 (Jaml14)
Jb Jc26 (Jaml126)
Ay Aj07 (Jaml107)
Japanese races
Cy Cjl19 (Jamll9)
Yellow fluorecence Dy Dc20 (Jam120)
Chinese races Gy Gjl13 (Jamll13)
Jy Jc26 (Jam126)

£ oo, dA2ide Aateld ZHARA Spectrum &) BB oJFE A
ASoln % EY F@o] ohjet: AME U™ o (Kim, 1991 ;
Park, 1991), 9272 SN AZS Fstey 272 ALY £
e HEOZ +3Yol o wiAY Aoltt. W, P Yy Hus
2 g AFS HE I He U 2 FBA gho] Exstgon, §Pe
FYH LS FUEY ALAS wisted A AzY YA HAT} (Fig.
2-1).

Folaxe] FFM} Arlzige] VY A7t £yE wp gon
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Fig. 2-1. Difference of fluorescenct cocoon color by silkworm
strains. 1A, the uniformal blue of the strain by breeding : 1B,
concurrence of blue and yellow cocoons in wild type strains.

Fig. 2-2. Fluorescent color of silkworm cocoons for an evidence of
sex-dependent inheritance. 2A, separative male (up) from female
(dawn) with broad borderline : 2B, clearly segregated male of
yellow from female of blue.
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Fig. 2-1. Difference of fluorescenct cocoon color by silkworm
strains. 1A, the uniformal blue of the strain by breeding : 1B,
concurrence of blue and yellow cocoons in wild type strains.

Fig. 2-2. Fluorescent color of silkworm cocoons for an evidence of
sex-dependent inheritance. 2A, separative male (up) from female
(dawn) with broad borderline @ 2B, clearly segregated male of
yellow from female of blue.
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(Ajisawa, 1968 . Chang and Nahm, 1988), &x7tx| 9] ¥ EF 45
I A8d AWeg nE o, AdAE=A AYY HE T B9 7
A3 PP dgzdol ARHYTS T QA= asith A
37t A g 7EE AN, EFEFA Ao RG] Y 55
FAGNE T L 7o F 8 U= AHAE IS F AL e

Z1He o,

le
e
il
Jm

3. IRERA FFA 112 AT A

T3 9Fe dEZH g, FolnA PFao] gz By
B gAsRen, #Ee HEAs HEe a4 F34E Jehgdd
o (Fig. 2-2). 48 ©& F3AMe] AE FF5 9 A% e g,
BRI HEo] AU FH4E d A Bold SRV EHE AS
R ZAZ g FEsA FEHE A0t FFHAG. (Fig. 2-2). 23y

i dE2F A5 #EEMolv 78 FElE FFdMe rolnxe Bty
32 (Yamazaki and Taniguchi, 1932) o] Q1A% A &tct, 3tH . &3
HelEF T2y A" 541859 F34 9% Bc08, Dc20, Fe24,
Hcl4, Jc26 & ZtZF 2108, 120, 124, 2126 oA A Asez
A Aol e FFAae] Aolrt BEAEAC, nx| FFAo sy A
o] dFHU.

Foll e 253 WEel FFo] dxstA] FAY 4F FFo] 3
A BHE U BRE FHIE BF T4 MAle A 4.4~49.6%
2pR et Wolzt vl Zth (Table 2-4). M RFEE WZE: 3L
71Eo 2 WHR B folle Ao fifo|l FE MM HEolArt.

p
it

e

ol

50



Table 2-4. Expression of fluorescent color on the white cocoons
depending on their sexuality in the Chinese silkworm races

Strains Repli- Female Cocoons (%) Male Cocoons (%)
cates  Blue Median Yellow Blue Median Yellow
1 61 38 1 10 38 52
2 24 76 0 0 2 98
BcO8 3 72 28 0 0 4 96
4 o1 49 0 0 16 84
5 43 57 0 7 53 40
Mean 50%£8.2 50*8.2 0£0.2 3*1.5 23%+9.9 74+11.8
1 84 16 0 0 16 84
2 17 83 0 0 32 68
De20 3 87 13 0 0 35 65
4 58 42 0 8 0 92
5 79 21 0 0 53 95
Mean 65+13.0 35130 0t00 2*1.6 18*7.0 81%*6.1
1 80 20 0 0 24 76
2 93 7 0 10 32 58
3 84 16 0 0 19 81
Fc24
4 75 25 0 0 21 79
5 89 11 0 0 44 56
Mean 84%*3.2 16*3.2 0*X0.0 2*2.0 28*4.6 70*t54
1 81 3 0 8 32 60
2 87 13 0 0 19 81
3 96 4 0 3 42 56
Held 4 100 0 0 1 6 93
5 98 2 0 16 4 80
Mean 92*+3.6 4%+23 0x0.0 6*29 21*7.4 74%7.0
1 90 0 10 5 15 80
2 84 12 4 0 0 100
126 3 67 26 7 2 16 81
4 89 0 11 1 0 99
5 95 5 0 13 22 65

Mean 85%4.8 9*49 6%2.0 4*24 11%£45 86*6.6
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X sEe RN AEY FRNES Fuos AT B YA
R LFS oS S8 Aoz oatsigict, god RAgt 5

ofnxlo] cist &2t WFe] AL 12T ZS FoME ¥ WeE
el Bk 95%0l4oln, E3] Dc20 2 98.8%, Fc24 £ 99% Z A ol
¥ gt (Table 2-5). g71x] 2APZAH] &ALe & fAeHy o
FA2e thre

AT F97 sk 3 ol®E, F3A4 ¥ €A FEo] dFsA ¢

A
k-3
3
ojt
filo
fal
ox
o
e
N
>
el
I
32
X
4
i
X
N
ok
[z
hul
X
£

ALl 3 71Eo] BEIIR] 3, B Bald) Hel ASd ylel Mz
" Holr}, Ieln, FaFHYPoL ReyW = Eaygy & KXo gl
Alol FgE x}o] (Yamazaki and Itinose, 1936 ; Yamazaki and

Taniguchi 1932), 21| 2|5 U WF FFMo] AXsl: &AL 13| 1]

Estedw A (Chen and Lin, 1988) 55 &2 o] ¥ 43iT
AYAgol obd ZHEFY F34 ¥F 648 S tid22 YA

< Zele] oA E FEIYF Y HeYY AAE 28T By wes
R 22182 94.7~99.6% A A UelWth (Table 2-6). =

82

5| 2120, 3124, 136 52 FFMol 2%t AgE TELE of¢ 43
don, 23| =EA S FEgE U XEEES Wil BIEsts 4
27t AU 4Fe] H JiMle aujEs BE Aol FoE HAYgSs 4
Astodct. 2Ade AxRY] FEe] gk Aol A£H ul glenyd
(Kawahara, 1996 ; Kuwahara, 1968 ; Matsubara, 1993), x}2j4 Z Ao
oJste] wAste HHPMLS (Lombardi, 1929) £33 ZAlo] nf$ &3}
gdch 53] 366 nm o mAolA UAEE o] FPMe T

Zto] Apgzbdol HEH 4 AUS ¥ ofel, ooy E¥EL Foll £33

-.,4
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Table 2-5.

Sex-limited expression of fluorescencent cocoon color

in the original silkworm strain for commercial varieties

Sexual Segregation of Silkworm Cocoons®

Sgé{ W.orlr)n %. Blue of %. Yellow of Male
i Fem.ale Cocoon . Cocoon Average (%)
Bc08 94.41+3.43 99.6+0.39 97.0+1.84
Dc20 97.61+2.40 100.0%0.00 98.8+1.20
Fc24 98.0:£2.00 100.0£0.00 99.0£1.00
Hcl4 93.6£2.70 100.6x=0.00 97.6*+1.36
Jc26 95.8+2.13 93.4%2.04 94.8+0.97

Y Data from 5 replicates ; 100 of female and male cocoons for
each was inspected.

? Median fluorescent color of the cocoon surface was reconfirmed
by those of inner laver.

Table 2-6. Probability of sexual discrimination by fluorescent color
of the cocoon surface from original silkworm of Chinese races for
cominercial hybrid

. . e . B 2}
Sexual Discrimination by Coon Fluorescence®

Snk-w{-)mll) %. Female of %. Male of

Varieties Bl.ue Cocoons Yeli)t;w Cocoons Average (%)
Jam108 99.8+0.20 96.6*+2.14 98.2*+1.15
Jam120 100.0£0.00 98.4+1.60 99.2+0.80
Jam124 100.0:+0.00 98.0£2.00 99.0*1.00
Jam114 100.0£0.00 94.4+2.94 97.21+1.47
Jam126 93.6+2.01 95.8+2.35 94.7+0.96
Jam134 99.81+0.20 99.4%0.40 99.6+0.24

Y Data from 5 replicates.

? 100 of blue and of yellow fluorescent cocoons with exception of
those appeared median color.
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filo
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Ax
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HEE RERE 90% o2 A of
Ag  AAE FYstd £ o, B0,
Dc20, Fc24, Hcl4, Jc26, 2108, 2120, 2114, 2126, 2134, KWpB 5
1170 o] BE 334 43N rollnxl 3o Rigny ddo] Hxad
2, o3yt B4 st A B/Y F3FA Y4Bl FFHeR Ae
o] §3%
2oz ywach ZEuy 23¥eldrd REAT KWpB £ ¥l
AFY RETH ATLEA, §5710 AA o Feo] wlel £ ¥F
22l AFgEta, Lhge]l © che ZAR Az, B@EFHY B@ERS 99.3+
0.44% 4%t} (Table 2-7). 2322 A FEF] 34 UF2 13
gPAol BigRo] 7|2 BT EXUA £ BERS Uepde ¢
g + Adrh

Chen and Lin (1988)°] 4% R#P I AT il pesyd o
Bl weygolddd dy vayg o, B dFodMe 19 55T 2xtad
dodo] nhgg AlgstEZolE E7o #M-FEEE U ER-HeyI
o BYEZ chu|E Boli: FFo] Adrh LUz} FAEZA F3A A&
Bl YFolM EHxos Hpdel Rty Udo] JF¥Hrhe s e
2 Adolny, F3A JF2 YBA YFE ol AAFA =ue £
B8 o] EF Bus] FAE JHx7t e ddolch. FRAY RBEM
P S FALR Yol 712 REERE %o KLY vz Fof ciste
F3% "ert gdon, &Alel o wE Agde] M W oot yAH
$8&AF7t F3gojof & Zolrt.

AR, d5de £34 ZAl] AHgE RARELS San Gabriel i8]

34 EdHolZA BETE EEAT Fol KWpB & tjyoz =
=z
2

k

()

=

of Zldsls RAL2AM U2A LFAE FolsiAl tzE o

fd
Jo
o

N Hu
rir
lo

aul
i
et

flr

Minerallight lamp (Model; UVGL-58)24, 7}A]3#M Spectrum Zof 7}
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Table 2-7. Sexual segregation of larval marking in the typical
silkworm strain of KWpB for laboratory standard as comparative

sex-limited inheritance

Sexual Segregation of Silkworm Moths"

Replicates %. Female with 9. Male Absent
Larval Marking Larval Marking

Average (%)

1 100 100 100.0

2 100 100 100.0

3 97 100 98.5

4 98 98 98.0

o 100 100 100.0
Mean £ SE 99.0+0.64 99.6 £0.40 99.3+0.44

* Each of 100 of moths from the larvae with or without larval

mark were inspected for their sexuality.

7H& 366nm & IAYdE F2 o] &3tA, VALY F1EY u

A 254 nm AME FHE YAt ZAAE wlasidch ez, B

B
™

oA UVE Rttt UAE = Folixel 442 F-601 Nikon 72}
2 Bt SEA4E U KAAY RES rol 19 AT Fuiat gy
of A%E ulxste] Y FEFTY YA % I3 4F W 2dAT
16 ¥ 5 35 79 U3 55F ol AHUF Fo § 40A4F ol
Folx o} the folat AAE e s Aok Fuid axE A
5 17Yd ¥ £3Y £ Ex 93427 70 CTollA 6-7A17 B= EEWY
SERS] frollaixof thste oF A UE FFMNE RAbstdch
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A ool Aled d o] o R8T BEFoTA, AR
o] A7} ¢ A <l (Fujii, H. et. al., 1996).

Ao &5/
74 400959 &<
3 FollA ZX[Mof Fste FHA= o 20522 A (Nakajima, M. et
ol {Ax zYo] e}
o, I3 74 @ d4 P Y 2o AFFeE Ud g Az

43

al., 1986), Lx|Ae] HidHol:= 2F E

fr

Lo @ojgtct (Sakaguchi, 1984). ©]+ carotinoid binding protein ©]
#AH YA E-$E (Fujii, et. al., 1988) 5 dcf QEst A A
AN 5 21 EB V¢ A7 U KA} A&7 sigol &
€3+ AIFY Zojrh. EE, AR JHFEckdME o uEH

x| MG b E3sle] (Han, 1997) Lx]|A FAL o|&& E4 ALz
it gl Jlgsde TEH MELE AE7 £5¢3 Qlct (Hata and Kato,

1996). FHirolnxe vt WAL FWol Asled (Matsubara, et al.,
1993), oFAAl:= B do| 3t (Nakajima et al., 1993) ujAlgt Medo]
RHEZE HAdH 6} gk ASE AMAY oyt FHET FAA FolEFY
ZBeole MAzjeti oz o] 2HH v} glon, JARSR: g3
7HEE ZZol &Y Ug MolFo] AHEH I gtk uwheld, QY Ay
L F7E doje Alol§ xUste] BHAoR FTRY 4 Qe MolE u
ety BAYE A2 axMe) AEJF Wesich 2 d7: 2R9
Ho| FUY HE] FolE 22 2t A%E x| Holot F M
15& B83tA #3833, Axastd Aol AESH: b, xjof a3t
22 W ol cfgste KA 2L SolH wdga g FE

°oﬁ,

o
Lo

32
a
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= A=E ZAPshch. A Wi

A3t izt A, [AA, A AR

Foystoict.

2tE oo MalE Pink %, Orange Yellow %, Yellow %,
Yellow Green %, White 5k § 5 ®#22 3A /Y + o3, tiA A
oz ANEREW, Z AFMo =ZEHE oz A& o]
Munsell $32 ¥7|5l3 oyt Mo|§& F33talct (Table 2-8). 714
dntdol 52 EEol Hie NP MolgogA B 1AM nict {2 A
4 EE Azol gt VT EEME UIUI(KS Code) o 7 ol
B A BAstach

Pink %< “@a#Fx"e] wolaxs AE712] A BFE E: BEE
olghe UE MolgoR SgEdo, AL Hoold AF F3le
“wehm BEA” o whs ATl 123, Orange Yellow % “of$ 2%k
S8 AR T3 AR 4 T8 AT “dL 58 A% 5ol

AR o2 AT Kol RAMO A TR, FVEA, AP, AP

-

Al So] #Holgladry. Yellow %/ ZAYL “of-¢ 23 =38 AT “xg
AT w2 w3 A ‘G =3 AT 9 A5 ol AT sfute}
71N, wE2A, w3, A ol B2 A, B4R, BF, I,

3

oift

ojgitt. «urtdog o2 HERS 2T Yellow Green REA “HHgt
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, B2, S, A5 Aoy § 9F o3 AHIEZ]
7t A= Pink % 1%, Orange Yellow~Yellow % 12%, Yellow
Green * 3FLEAN 16F 7 Ix|Mo] Halx|girl, E3|, SMHAHR)
|

flo

EE MolBoE Aol siYHAY, AN S (AEE EZ& A
& Aol opzl ARtMo] o wighalel e g welFTh Al 34

upetd A BE AEE 2 of, FAH BEE AN 4 k3™

[*]
ol

fr ok
o 2

AS’CE2A Pink®Re Mag 33t 9oy} (Park, 1991), UM F
T2 A Eolold= Orange Yellow %8 “ge 534 AE" &
ste ARMMNE Aoz dAsta olddck= AMdE FolFch  AMM(SYR
8/4)31 AYM(T.5YR 8/4)2 ATl vi2x|nl, Hx9 Nt 2z, wha
Futge] zlolrt 3nmoll S ZAMLT AN Aol o3 AL UYY
o, 3Ud TFY MAZoFE Pink%k KU} Orange Yellow % A=
AAE AAEE T3] AL Y ZHoltl

AN A (RS BEE U Rgeo] 2Jdon, BERS X Mon,
BREES W FA gl ugtpaog MEY £ o). clUANAGERRER)
< Yellowish Brown }*& ZBZMog2xA, “z1% 7t 7‘“%‘”’3‘ F 4ol
L Tupa = 9t B2 AT Y TR AR axjMos 24
EZ]qt, FAIZ SOl AT FolMd nxA A 2] AL EHAlsit]
THA(FEBS AFo] e ZMoletd (Nakajima et al., 1986), ThzA
3 22 Yellowish Brown Rofl &3iAqt cld A (RBEE) e 25
7t ®3 AETE W2 “pE BT~ TR AFQ Hof xlolst Q)

ol 3dd, £AJ(FEE) T NI GRBER Y ¥dE BT 75YR~
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Table 2-8. Color names and system for the cocoons produced by
various strains of mulberry silkworm, Bombyx mori

Silkworm Color Code Color Name Color System
. . . Munsell KS Cus- | KBS | Inter- |[Kore| Inter- | Color
Strain| Origin System | Code |tomal {Manual{national| —an | national | Class
Red ek 22 modergte .
Pk 10R 8/6 |KSO130|&& A |~ Peach | .| & |yellowish| Pink
Cocoon =3 OfAH pink
% | vivid
Yg | G7 |10YRY/14|KS0302| 524 | Sat4 | QrANEE| xist | orange
SE4| yellow
5 |5} strong
Za | Zebra |75YR7/12|KS0260| =&t | = 5 |Marigold| &gy | orange
- yellow Orange
Fk |AskoriA| 7.5YR8/8 |KS0253| & 241 | x| AFAH |Gamboge : g
uto light Yellow
Fn |AbenarN| 7.5YR8/8 |KS0253| 8 Z4 | x| X} M |Gamboge| 5y, | Orange
Fe | AbenarE| 7.5YR8/8 {KS0253| & Z 4 | x{ X} 4§ |Gamboge yellow
o pale
Fc | C 27 |7.5YR8/4 [KS0251| % 4 |7I2t4 |Eggshell| Sy | orange
° yellow
sfdte}|Chrome
Rc | RY | 25Y8/14 |KS0341|Satay | °L L | Chrome
sigte} (Chrome
Yp | AP-(p) | 25Y8/14 {KS0341| 3 &4 714 | Yellow e
Black sivtal Chrome| x4, | vivid
ZB | ebra | 25Y8/14 |KSO341\ S84} 5 07 (oo E 5;{ vellow
wext| The
Yc CcC7 2.5Y8/12 |KS0340| & 4 E Yolk of
An Egg
Le L.T 5Y8.5/16 |KS0375| & A | =& | Yellow Yellow
Cream moderate
Ym |Chunmun| 2.5Y8/6 |KS0337| @ A§ | B{44 Yellow e vellow
4 of Z | Naples
Qe | Q [25Y85/8 KS0332/2&8M | xo 2 | yellow | light
2'=M |Primrose| =& | yellow
b
Ww{ Yulguk | 5Y8.5/8 |KS0372( <&M 2 | Yellow
Ye | E 27 |25Y8.5/4 | KS0330| &tet4y | WS4 | Peanut | , o pale
My |gqvild | 5yg/a |KS0366|€84 |22 4| Cream | =2 | vellow
{Z T
N7 | N 74 |25GY8/8 [KSo498|s=u | B 5% | ellow| briltant
HET| Yellow | 85 | ¥S OV
Xe | G1042 | 2.5GY8/8 |KS0498| = =AY A Green green
: = | Light | ;o | light |yell
White ELECE gie ellow
Eg 5GY9/4 [KS0524| & =44 Yellow | & = | vellow
Egg (D s Green o5 green Green
H B2 : cio | pale
Tg | Baghdad | 25GY9/2 |[KS0492| et | 55| Vhite | BE )y jor
green
Ab07| Jam107{ N 9.5 - 2 | A | White | 84 | white | White
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10YRY] HFol &3t B2 gxot =7} tlE € Aapged 4492 2
2 ol EaE . 3, IMZ(EER)Y EE MolE2 WA Y
S|t GEY, M T2 ol ATl wE vy Hol2 HAch 2
gL} o2yt WHolAlF e W Aolste Azl tisteis A AEI]

o, C" 2t Y fH2t 9 JEl RolAFEHE 2XH YPo Hojste
FA EA Fhs/dol iy ZEI YR sict

459nm~630nm & ZHAHAd AMEH Ao|A Fraunhofer #¢ DX
A (589nm)E& B Foted Fo| x| Aupgo] 91x|3t, % 593nm oA H
th 567nm Ato]le] dodof Bx3tedch. XM mA2 593, 584, 580, 578,
575, 570, 567 (nm) T 73°| UBHEE, 759 MY g2 yxof
A=E delste 2 AEoE WHAHE IXMLS FA| YFoM 163
o aEelM AMEA LPEE 253FF Tyslel 18F0| HaHgel. &
3], x| mpo] 21X/t ¥ 26nm o *Z F 580nm & MuFL FA
L2 575nm~584nm 72| 9nm o] HeloA XA UEHIEst Hd &9
oo, FA KA ol 23 AT F 78% U 18AFo] o7lo] Ty = gic}
(Fig. 2-3).

thee] XA mpato]  #|x]g 580nm 22 AMaiEFIR(color
difference limen)°e] 1.3nm 24 (Kim, 1991) u}-¢ ojmiste, 2 wj&of
o] 4%t Aupy Hzto] izt cidgt Mol FEHch ‘pols, By MAE
A F o] Mupy xpolof oJsf thE MR UAEEe EUES o8 A
2, 3™ Mutyg FodolM ATEHE chdy axMo] UdHEE Zojt},
A2 - ztof] whet Mup dgo] Hojdte Hele AolE BIod, Pk
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nm nm

(A)———— |
750 ]
. 595
— Infra-Red |
700 — YPKF
4 1 500
©) g5~ ]
- q4 585 —
600 7 R :593~630nm ——YF
(D)i— YR H 580"“590 nm ] (Yr,Rc)
B Y :572~570nm —
7 GY :554~570nm 580 1~ YF
550 ] P :540~566 nm - YC, ¢
(E) ~———— G : 500~540 nm —
—| RP :494~512nm 575 T YC, .
(F)..500]  BG :488~495nm T YYme
—| B :481-485nm -
—-—% PB : 459~479 nm 570 o GI‘C,
(G) 1 T Ge
B l 5635 —
(H) _4@5_ Ultra-Violet —

Fig. 2-3. Location of cocoon color wavelength with relative genes
on the standard specrum of sunlight. Italics represent cocoon
color genes ; (A) to (H), specific black bands of light spectrum
orignated from the sun.
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rir

Egotdo] A 593nm, F & H2 342 g2 34 ¢ 5%l

J

A AFel ol2& 580~593nm, S4ZAY JAH Gre QL el G £ 74
#A2H= 567~570 nm 2, BIRAA} Y = /MY YL 575~593 nm
24 18 nm 72+¢] Aupe] BestAdct (Fig. 1).

e 2% PK(10YR8/6)2 FEEMXe(2.5GYS8/8) Lx|= Mupzt x}
°]7} 23 nm EA A 2¥Yo| YPKF/Gre ¥ BE AAE(F1)L I
(2.5Y8.5/4)01tt. o]AA aXA [Az} ZgelA FAAL UHS v W
C F3zt 7ol 4dste BAol Gre o 2 7154 2ujgcl. Fl
2 }HY FUAA FAlol BEIt sl @m¥Y EgelAd SAAA m
LEE (additive mixture) & &7} dA=|ct.  Fap e xjols}
18nm 24 FIFA} Y7t $853HE =W ZF(10YR8/6)Y F1 o] &
2] F7 XA (7.5YR8/8) 22 UH AL /A=A 24 YPKF/YC
2RE A== YF 2] 2go® niHch AYUM(7.5YR8/4)Y Fc AE
ol A2} Zro] 580nm A utPe] 2gk FHM Yg = EE, 584 nm o F33}
A} Za, X|X}M Fk, Fn, Fe %5 Orange Yellow A& RE 31xM2 yF &
Az g vYsts AT HMY 4+ Ytk Pk(10R8/6)X
Le(5Y8.5/16) o] A4 HErt ¢zl HFEch #aste &pte] Ty
A HEER & (subtractive mixture)d] A3 Z A, Pkx Xeolld] BHH
mEEE Trts ANY 53 S B4ch

¥, =3 (5Y8.5/16) 4 FRE=M (25GY8/8) ¢ 2YEF (LexXe)
< =% (5Y8.5/16) A ZAATU vhhbd (25Y8/10) & ¥ EHE £
gl¥ o}, HbE4 ol siaeo TAT FHY ajuls) AHA = ook
th. ZuU HEEA (2.5GY8/8) X9 Xe AlFol Le A9 YC U
439 FHY & shsdE dEsholel $EY Az Az 9y
(N9.5) =} siutetz]4 (2.5Y8/14) te] 2 %EF Ab0O7x Ype FAx 2]
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Table 2-9. Appearance of cocoon colors by crossing between

silkworm strains with pink, green, yellow, and white cocoons

Parent Cocoon Hybrid Cocoon
in Cross Munsell code Color name Frequency
Pk X Xe
2.5Y8.5/4  Peanut 1008
(10R8/6) (2.5GY8/8) / eanu 00%
Le X Pk
(5Y8.5/16) (10R8/6) 5YR8/8  Gamboge 6
Y X Ab07
y 2.5Y8.5/8 Naples Yellow 100%

(2.5Y8/14) (N9.5)

5Y8.5/8 Primrose Yellow

. My X Ab07 5Y 9/4 Cream varied
(5Y9/4)  (N9.5) 7.5Y9/6 Citron Yellow ¢
N 9.5 White
Xe X Le 2.5Y8/10 Banana 44% *
(2.5GY8/8)(5Y8.5/16) 5Y8.5/16 Yellow 56% *
Fn X Le 2.5Y8.5/8 Naples Yellow 80% *
(7.5YR8/8)(5Y8.5/16) 2.5Y8.5/4 Peanut 20% *

+7/Y 24 oo 1AM AL Yo|Z2 A2 (2.5Y8.5/8)4tt. R
o] “offzghcato] wiamstd +7C/YC 22 AAEHE §AA 2N
I shele HEI glou BEIL &3 2MEE AsiEgdch. WAz
229 F12 I ¥4 E& vehlol 2AY x4 B} gojairie 3%
o] (Sakaguchi, 1984) oj7jojl sgE]= RS2 Er} (Table 2-9).
Hrold (My)zh G4 HEuAA ArdAE (Ab07)Y F18) 2
XA @A {2 24 +7C/Y'Yme B FH ¥ E A3ds gL 2y

o] 2dolrt. I, ozt el ¢F F =lvel /e 3PN axe}
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dotel, BAY AE ol BE Wold FLHEY FE4E +V880] o
sf s, ¥ 83xd 29 BELS TSt FBALE Sl o
Wog ofWHLl FAMIoIME I HUA glozel eure ATielAl
g+ §BaE G 7K SV 4 AT, € 4ARI} EAfstA 2B

godoq AxdoR olFsted Meldlz ¥ nxAE RulgEd, +©

[}

—

o] #e ZAAM MEE o]8Ex] ¢l=ctl (Fujii et. al., 1988). uliol:s

ZFR AL gJFAelde] Qo2 (Dai, 1994), Alejidel] EFEE M
232 Fulol C AL 23] Y £ Q7] wiFol AN UH2

o

& g Zolvh a3x|E, Frolte aAFS FF AAMdA AT
3% WS Melidel 5 Fafel7] wigel € FAx171 283t Uil B

Azio] wey 4 olche shdol AUHrh IEmE Wiolet Bivoly

Ml

F1 ol +YC/Y'Yme 2%olA vrexat AEe axMo] Beggeong,
YC 7)%so] B4Hog LS 4Fste F22 sidHct (Fig. 2-4).
+7C/Y ' Yme oM 28T FeA3A (5Y8.5/8) Folaxe AP
+7C/YC % YO/Y'C oAA gdEE DA Holo] ZED, 104)
ol Az vlio] §FFFH HLAHM(5Y8.5/8) 129 yoATLE 2
Agadcl. Y'Yme & 131828 Z3Fo]A 2] carotenoid F2do] Y o
ofsf MAL, 2313 o8 FHAA dFAeldd A2og C §Hx ¢4
o] "4 a7o] Zoxlo]l 1AM wUdo] MAJAE g3 Az YUY
X7 H ZoE siNE £ glvh. FAel Holsl oA ERE 1/ 8
Aol 71Q¥THA Le AT YC = YC¥, Y°C, YC™, & ol- & A%
2 H71¥ 4 Urf. 2HEE A3F U 97t 2-25.6 BEA Y o ¥
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04 e—|—e——> e~ C e Vivid Yellow

o0 A |- Y | (Yellow blood) ||  (2.5Y8/14)
GO %) + ¥ | (White blood) > White
YN %“’ “;'/\' (White blood) =  White

o+0 00— e
o« P ...fI (Yellow blood)

0> ->@®@—>Ymc—§© Pale Yellow
E | Y | (Yellow blood) (5Y9/4)

= White

4

®.r-

00 @—|—0—|->@—C/Ymc||® _ Light Yellow
Ob+ F |Y/Y" (ellowblood) || ||~ _ (65Y8.5/8)
s rrk o s x K Ga— | | X Pale Green
©®0 6% iGa,GblGb +"Gb 1|7 Gy
0e * > Ll S gt *x *x >l %x ., BrillantGreen
SO H#*| Gre * 7 Gre {2.5GY8/8)
. Midgut_, |Midgut|__ <o, Silk
cavity tissue Body cavity gland Cocoon color

Fig. 2-4. Schematic expression for the transmission of carotenoids
(@) or flavonoids (%) from midgut cavity to cocoon in the various
silkworm strain of cocoon color. A, vellow cocoon expression by Y
with C gene. B, inhibition of carotenoids uptake by the midgut
with +7. C, the transmission stopped at midgut cell by Yellow
inhibitor of I. D, inhibition of carotenoid uptake by +7 at silk
gland. E, Y*Ymc in the B. mandarina deficient expression of YC.
F, recovered expression by YC/Y*Ymc combination in F1 hybrid.
G, biosynthesis or modification of flavonoids (%) from precursors(#)
cooperative function of Ga and Gb in the midgut cell. Gb acts alone
for the synthesis in blood system. Only the yellow green flavonoids
could transport from blood to cocoon (%), Ga transport those from
blood to silk gland, while, Gb participate in transmission from
midgut to blood. H, metabolism and transmission of flavonoids
controlled by Gre, both of vellow green and yellow brown flavonoids
(%) transmittable to the cocoon. The cocoon of white (B,C,D),
yellow (A,E,F), and green (G,H) by different gene expression.
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ool v g Avoe] ¥, Maewt o 23 340l ve} ol
o2 gt Adxte) dRe VPPTh o)y MR, ¢ (12-7.2)%
SU3 A o g WA Axoe P 9} ¢ Qi zZRAoz-

ol Bejste HAAlo] ma} ol s}

u

i FoAlEEE EFN W
Z21 & 5 A& Zojrh
Y'Yme, YPCP, YCP, YC" 5ol Wy B42 AT §3x Ueo) So
Ao UAY ado] wE HO|EA YC, Y'C!, Y'C” $28 BIE
UE BH FAA 2Aolets FES ALHTch ¢H, sleof 2 F9
AUALSollA, Zrol] A} FARE A e FEE AFol UdEE A
A7 EE2A WAFER, ofd Blipols Aot ETEAFTOLEZA Ao
x| Mol foists dd AP Aol A JtedE 23y Hart drh

DA HEH GHA 2] AR S

DA fAR e HEBAE sPols w4 U BAA HAL o83

o B¢ BREE U BEE 452 83T, A7l BH

3t FAxE= JHA G-1 oA G-4 7128 4F02 M, G-1 X G-2 &= H

32
lo
2
Jr
4
X,
o

EEM, G-3 & HUAFA, G4 v YEZAo|drt. HE=MA G-1 ¥
G-2 & F A% 2 2 E nx|Me ¥} ¢y, Mals Gre ol 4
$3e 53 E Boln, G-4 49 FlolMxE 2 #H3l= Holx] ¢koirh. 2
gL, G-3 %o AolM G-1 W G-2 £ Aoz My} wEgeg, £
AT 54 FlA sl Aolgt Qo] e Aoz WAL
G-3 2 G-1 of tisty dP22A G-1 9 HPSE xMo] FIlsigiz]
gh ohE G A% Y azddNE IR s AFEA dermg -3

= 5HFE 5473 §382 Ge(15-1Y 7Hs40l &th. G4 & ¢ &



2 AFM ARLE G-123 T FAxet g oz zgsled Ao
Z713t WA EMdo] WAEBE, o5 FoAFol 2N W e
2 g3t AR By 2ARARY WAde] dFEHI, G4 & Ga ()
¥ Gb (7-7.0) & 3=l (Table 2-10). Gre £ 3% 2 oA
2] flavonoid 4] % ZAAbdoze] Sube] o]27] 71x] mx|A) whdel A
ol TR0 R HAEAY, Ga X Gb £ FHAHRAAMY flavonoid 4
YA e Ao YYHoE 2L5lT Gb = Y FolA wELoE I 7
5 UHNYTh  GaGh o MR wHe FPMToN HIFog
flavonoid F2H= Gb 7t Alufstxqt, Holojs Axtdezel EPL t}
Al Ga ol &34 HER, § {AxY FEL UeHod, 2 F st
A4 2 "My} Hrlz it} (Fig. 2-4). 2L, A o]28 A

32| Qe FaY Yrlog WY ) AFFET WEfHab,c

S3ke G B0 URol Wlde AUT AL FAY AR A7) B

et
X,
H
b
14
o
kﬂ

st ¥, 25 AlelA flavonoid 2 metabolism ©|U} conjugation
of 3t Baol A AYAZY Jtsdel VY TR Az AAHIAU
21} (Harbone and Grayer, 1994), &%2] flavonoid ¥4 &= 4] 7}
4L A3 wiAHE 4 gl B4 FAAAEY B AE fUHYy
flavonoid Z4& o83 YAdcirt & $42] Jhs/doll Hstd T3 A
o] oA Hr A2l AR @ 4 ¥

Yellbw % 28] F1 2%3F Yc/Re ® Yg/Re & FH8 2AA F Re
A% #utetr] o] WVE UL, F, Pk, Gre & °lAAHU F31A1 7ol
A A5, MulepriA LGS 2Auists YC 2¥o] EANoIY FFHNE

[
-2

Au)Ets Y'C’ B}l £9jadc)h. uJlo]B = g (2.5Y8.5/8) & 3iule}s|A
(2.5Y8/14) 78] 1%F Qe/Ree BT XEx14(2.5Y8/12)0] d¥F| o] Fl
2 Fupo] A3} FodHM BEE F J2 HART} YL FHMolm
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Table 2-10. Expression of cocoon color by diallel cross among the
silworm strains of G group (G-1 to G-4) with various green of

cocoon.

N Male G-1 G-2 G-3 G-4
G-1 (N7) 25GY8/8 | 2.5GY8/8 | 2.5GY8/8 | 5GYY/4
G-2 (Xe) 2.5GY8/8 | 2.5GY8/8 | 5GY9/4 | 5GY9/4
G-3 (Eg) 25GY8/8 | 5GY9/4 | 5GY9/4 | 5GY9/4
G-4 (Tg) 5GY9/4 | 5GY9/4 | 5GY9/4 | 2.5GY9/2

2 Le/Pk oA} 22 ZHH A I37t uetkith.  Qe/Re?l #3xF 2%
& T YO/YC 7 ohdel, ddsiAls ¥d 2R Az AdE YO
o] 2 YC/Y'C' B Ut o|po] FAAFTA wHH 1A

YC 321 ddol A" rolPHo] Fr1xoE A7 a8

-~

AxA HAol MECIE AT Y ZAFAAN I FIF vy
ZE, Mabhue) 2 Faiztol chEtd Zoz ol S3te BP0 TR,
Y & (value) 7t ZAsteE A go] won, M =(chroma) & sXsHAH 24
sttt (Table 2-11). Foll ZAMZ YA (Han, 1997)3} &e] 7|2
o 22 E&= EFURE (70T, 12hr) FHAEI] 394, 32X NAZH
28%H (Hata and Kato, 1996) § A28 7}37&0] ="y, /4
AF Fole AE22A ¥ ohlel AHALE F4URA 22ME AE W

¥5tAl € Zlolth
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Table 2-11. Comparision of cocoon colors between the original
parent and hybrid silkworms following color qualities of hue, value,

and chroma

Hybria Color Change in Hybrid”

Parent Cocoon Note®

1}
Cocoon hue value chroma

nm

Yc X Re Yc¢/Re (0) (0) i VY

(2.5Y8/12) (2.5Y8/14) (2.5Y8/14)

Yg X Rc Yg/Re

(10YR7/14) (2.5Y8/14) (2.5Y8/14) | *05  {0) VY

Qe %X Rc Qe/Re

— . + o
(2.5Y8.5/8) (2.5Y8/14) (2.5v8/12) ' °0) O oYy

_Mgsysljse/le)x (112)11{18/6) (7.233/8) 0 -0z -3 Y+P
(2.5();(?{8/8? (15;8/6) (2;54:;/4) -35 +05 -3 G+P

(2.5(;139/2;(2.5?;’8/8) (sﬂgggfm (- 3-?) +0.5 -1 G*G
a8 (5 NI/t (=3.0) +05 -1 G*G

(2.5GY8/8) (2.5GY9/2) (5GYYH/4)

N7 X Xe N7/Xe

(2.5GY8/8) (2.5GY8/8) (25Gysgy (00 (00 (00 GG

Y Difference of hue, value, and chroma in contrast with the mean
of parent cocoon, the "hue” was compared by color weavelength.

? Numbers in parentheses represent the same grade of which
introduced in crossing.

¥ Silkworm strain pared with specific cocoon color : Y*Y,between

yvellow : Y*P, yellow and pink : G*P, green and pink : G*G, green.
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S THEMCE FEst). Table 2-8 oA wd 2 AM 52| Orange

Yellow Al IX]ME& B-carotinoid & £AE vehl, Pk 37 =¢

H =3Y Z34 12X sjd YAl d HAR cis-B-carotenoid & A%

S Yuj3te FAlddl, FHAA] HRES] 22 FAES UIFc. =Y, 3)

dl2}7]® 5 Yellow 7 X+ xantophyll ¢ lutein 2} violaxanthin

o] E20E 9ulst=s FAlol, M=o ulel FHAAL WHE FR we
A

2o E3 Fdeol dFHrl F, 9% BEE 1= FF
2
(<)

lo

A FER Wss3 X 35
A FE Frpe] BARE O fHxle] 2, A% @A axE
FRAAMY FE A ¥l EAFAEN ° FAx A8S Uehdh
Yellow Green A 1x|& ol SAME A oA Zo]M quercitrin, rutin,
quercetin & AZXHE Jl= flavonoid ¥4 Ex= FA5S teEhe AFE
2AM, £33 9 Arde MEze RS v 5ol #A /A=A
WS axMe g2 §olstA 2hEct poll XA fFHxte] 2E3p 11X
Aol B2, Fol 2t A% +4 U FAx UP )Y T L3
Be|ete] Aol Folle] HEIIx]} A2 7Hed S AAFch

AEREL ol Bombyx mori mori ¥ o}%F Bombyx mori

J

mandarina & E¥3te] (Bombyx mori % Bombyx mandarina T BgE2)
FolEFF 28415 Frl ABARS Z3} XN U¥Ho] fHFo
1 ASE #Rskdct. 47 2] a3 o oizol A8 YA
A 2gol +7C Q YEA U F2A EF YFo2A NP

do
N3
)

kd
oX
o
[\

rlo

£ Ab07 ¥ Bc08 A% (Han, 1997)S A1&3lgct. ax]A gy Mwue
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913ty ZEY FL FAA o]F 9 RFAAIZ (FBI-z9)) & olalg}
2t SEEE, C (12-7.2) / FHEE, C° (2-25.6) / WEEE, C
(12-7.2) / BEE|, C* (12-7.2) / AERE, F (6-13.6) / HEE, Gre (-)
/ E&ilia, Ga (-) / &b, Gb (7-7.0) / #ajlic, Gc (15-?) / Fm#
#, I (9-16.2) / KEWELSERNNE, I (9-16.2) / HEDH, Ign-1
(6-7.5) / KL&J, Pk (2-?) / &, Rc (2-31.8) / ¥, Y (2-25.6) /
ol B, Y* (2-25.6) / ¥, Y° (2-25.6) / =l olZEM, Yme
(6-18.7) / K#Eil, Yr (6-18.7).

o]} tiFY HAAL wWHel ¥ XML FPMLAAE AP
1935 ZEY A3, Pink®k, Orange Yellow3%, Yellow %, Yellow Green
%, White®&] X4 FoA, Orange Yellow®%} Yellow® $]52 AE
< Adwstach. 1x AU A2 dE2Ael F3A e B a oA e}
2ol A& ole] HUFZAMI A= Sl F EFE FEsI LYR
44%(Le, Yp, Fn, Ze) ¥ RY* 448(Rc, Yg, Yc, Qe)& AU Fo=

14

J8stdch. T2 opd BlFe] (MAIF)E F3AY W g, 21X 23

ol

42 AdA, ax¥ef ol ulel MA, MB, M(A)Y, M(B)Y, M(AB)5 5
AB FHAE §4351gct (Table 2-12). RNAL LBFo2A Hx
2 ¥3¥" LYXRY & ©dFo] 2.69g 224 Mabdo] &1 QX T
E Ry Bl dBHALH, F5FL GOLD & “He&E¥'os AY3
gt (Fig. 2-5). LY ¥ RY A% 29 23HH= 24t) o]F¢ 27|t
AFE ZstA 2¥EHD, §F AP ox DANNMER ayFE AHzxy
T 3, B A PAgo]l 51 AR E 354k X, 4 2
B2 E ZIY} RYQE S4RIFE F4ZA TEZOEAN, ASEE 447
AEE ol &3t thrlztel A&3 ey FFo|dTt (Fig. 2-6).
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Table 2-12. Silkworm strains selected by the character of colored

cocoons for specific use of silk resources

Silkworm race Strains Cocoon Color Character Origin
Le Yellow European LT
LY-Race" Yp Chrome Yellow FEuropean Ap-(p)
Fn Gamboge European Abenari-N
Ze Marigold European Zebra
Rc Chrome Yellow Chinese R-Whang
RY-Race" Yg Orange Yellow European Gu-7
Yc X::eEﬁzlk of Chinese Ch-7
Qe Naples Yellow European Q
MA Primrose Yellow L-Race M(A)xA
MB Primrose Yellow R-Race M(B)xB
M-Race” M(A)Y Citron Yellow L-Race M(M X A)
) M(B)Y Citron Yellow  R-Race M(M X B)
M(AB) Cream H-Race MA xMB
(Goly) Chrome Yellow H-Race  LYXRY
H-Race” YRQ  Orange Yellow H-Race Rc/Yg/Qe
YPL Gamboge H-Race Le/Pk/Yc
XTN Yellow Green H-Race Xe/Tg/N7

Y The L and R races are similar to Japanese and Chinese races
however, not the same as always on the effect of heterosis.
¥ M-Race bred by crossing of Ab or Bb with Bombyx mandarina.

» Hybrid between the races of JapaneseXChinese or L and R type.
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LY 1 2.5Y8/14 RY 1 2.5Y8/14

— X Le :5Y8.5/16 — X Rc : 5Y8.5/16
! |
X Yp:2.5Y8/14 X Qe : 2.5Y8.5/8
i X ¥
x Fn : 7.5YR8/8 X Yg : 10YR7/14
! cross for any !
X Ze : 7.5YR7/12 generation X Yc : 2.5Y8/12
L L
repeat ‘ repeat
| : 25Y8/14
|__LYB______'= (ChromeYellow)
[GOLD]

Fig. 2-5. Systems of breeding for silkworm strain of yellow
colored cocoon, and production of hybrid varieties, LYR
{commercial name of “Gold”) by combination between LY and RY
lines for any of the generation.

TPAXQe — RYQ — RYQ — RYQ — RYQ — RYQ — RYQ
/ / /7 /" / /

cross XRe XLe XYg XYp XYc XZe

order @ ©) ® @ ® ® rereat @

from

type {R] (L] [R] [L] (R] (L]

Fig. 2-6. Short term strategy to supply silkworm eggs for
temporary use on the production of yellow colored cocoon : RYQ
maintained high productivity of by accumulation of heterosis
following cross with the L- and R-type strains alternately.
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H4H FL8A Folx Y Nd-s 3= s

AEES vlEste] 49, XA ¥l AT KEAN VEEHE §
A A Hedd BAAN AR, nYEL Ay, B U 4
&, 71et v]AAE ARl ¥ xrtels Foo) TEHTL Aaloe His
Al FEEo] oU7] midolAinl, dAAe) Hal A4, A=A, F8, o9 53 4+
g = 2AL Qo FIERY BEHEIEH] EFHE Jel FHF AAx x4}
A2HLethal factor)oll E¥A]Z £ olch. i}, dubzel Al#AA

= 2418 Sd#o] ASolete xAl)xlrt E#EFEEC] ohd 7Sl
(=3]

J

Y A2 k= S HAAUS EUYT AU E 2USASY (Nurse
Rearing) 22 x|Al8 EQHo|A|7} B2 5= &= 7ls2do] AA =)
4009132 AFoll FAAL EoHo]l FolA Aajoju wse) 5 H2
of E2|% Hol& ksl EdHolzt glon, O Ratgo] AHA 44
bz XAMFAEALE ZHEdHcl. 23], gy Aabs ohux|gh Als
gl 2ol ute} 2 xpilo] thusts 9T XSt “xA1Y FA 2 =
WA 3= k. Ay {fAxE 3 £ Qs fFAAE 2ARR
A2 150FF HE FAMSEH (Table 2-13), olgjde EdHole ¢y
Solgt Hol§ FilsleE F9EA, Nd-s FAx= Follax] thyae] Eg
2 o] W¥E Az} 84 1AE Aech
ALY Ed¥o] AgLE TFEHE dF FAH3Y BEdAddMNE Nd-s
e B FAY 844 oA E AE B
£ BEAZE £ odvhd, AP 83 2= AP A2} FE= o)=Y

Bo| fxE ¥o) 24Y 4 A

tfo
PO
o

]
o



Table 2-13. List of the genes (lingkage group-locus) in relation
with abnormalities of non-molting, genetic disease, and other lethal

factors of the silkworm, Bombyx mori

al (5-37.9) / ap (3-22.3) / As (- )/ Bb ( - ) / bd (9-22.9) /
Bo (11-26.6) / Bu (11-287) / cal (7~ : fed (-~ )/ cot ( =)/
cv(-)/dep (-)/Df (-)/Df-t (20-11.0) / Dus (10-3.9) /
dw ( =) / dw-k (10-0.0) / &' (1-36.4) / E“ (6-0.0) / E“ (6-0.0)
/ E? (6-0.0) / E" (6-0.0) / E* (6~0.0) / ED (6-0.0) / E*™
(6-0.0) / E™ (6-0.0) / EF" (6-0.0) / E* (6-0.0) / EX® (6-0.0) /
EY (6-0.00 / E* (6-0.00 / E™ (6-0.0) / E*™ (6-0.0) / EY
(6-0.0) / E™ (6-0.0) / ET (6-0.0) / E™ (6-0.0) / flc (3-49.0) /
fs ( =) / Gl (19-0.0) / GI* (19-0.0) / gn (9-22.0) / gn® (9-22.0)
/ Gr" (2-6.9) / ki (6-8.6) / ki (6-8.6) / ki’ (6-8.6) / L°
(4-15.3) / 1-10 (11-31.2) / 119 (19-?) / I-72 ( =) / l-a (1-1.6)
/ 1-b (1-46.0) / I-be ( - ) / I-bk ( =) / I-bl ( - ) / I-br
(9-34.3) /1-d ( =)/ I-db ( =) /I-hb ( - ) / I~k (6-17.7) /
I-m (3-10.8) / I-mn ( = ) / I-n (12-0.0) / I-n" (12-0.0) / I-ne
(1-?) / 1-nl (15-33.1) / I-r ( =) / I-rb ( =) / l-sp (12-7) /
I-w (4-28.4) / Lan (21-17.9) / lem' (3-0.0) / Lk (11-37.4) / mal
(4-30.1) / mf (12-39.8) / mse ( -}/ ms-2 { - ) / mus (11-7)
/ nb (19-12.0) / Nc (6-1.4) / Nd (25-0.0) / Nd" (25-0.0) / Ndb
( - ) / Nd-s (14-19.2) / Nd-t (23;25) / nfad (25-?) / Ng
(12-21.8) / NI (14-35.2) / NI' (14-35.2) / NF (14-35.2) / nm
(11-11.6) / nm-b (2-25.1) / nm-d (9-16.3) / nm-g (17-?) /
nm-i (26-30.6) / nm-k (4-?) / nm-m (13-27.9) / Np (11-30.5)
/o-5(-)Y/0-21 ( -)Y/o-115( - )/ od (1-49.6) / Odc
(16-29.7) / og (9-23.6) / og' (9-23.6) / 0i ( - ) / op (23-7) /
oq (12-26.3) / os' (1-0.0) / p® (2-0.0) / p** (2-0.0) / p*~*
(2-0.0) / pe' (5-0.0) / peg ( - ) / rd (12-45.0) / Rg (3-24.9) /
Rg-q (17-2) / rh { - ) / rm (3-6.5) / Rt (2-?) / rw (1-22.8) /
sb ( - ) / Set (1-35.5) / sk (4-41.1) / sku (22-7.1) / Sl-v
(21-19.4) / Slg (15- 2 /slo ( - )Y /slp ( - )/ sls ( =)/ sm
(3-41.8) / sm" (3-41.8) / sm-2 (13-0.0) / Sme (2-?) / sol (6-7)
/ Spc (4-48.4) / Sph (21-8.4) / Spl ( - ) / spli (1-2) / spr
(10-12.1) / st (8-0.0) / Str (15-?) / Swl ( - ) / tub (23-6.9) /
U (14-40.5) / Vg (1-38.7) / vo ( - ) / w-3" (10-19.6) /.
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1. Nd-s®Axtet Nd 9 SS ®2e) 44

Nd-s EE SS RAEAe role 49 “delua ez gaA o
1
27k #9so] gk @Y, IuolME HIol S8ATZA B0 UEH

glon], 2 AU 19939 SAHOE Pl 34T rolAES Hae

{o
e &

P

(Watanabe, 1959a; 1959a; 1960), ¥ 2= 8 Mez] |AHsA

N

tJ

o] &y3}act (Ahn, 1995; Han, 1998). Nd-sS2 2} utdof $uisl 3%

3

[,

S dRolA &3lE= H4EE BERT HolBEE “Water-Soluble Silk”
gh= YrujoiA SS X2 Fotdch. I F “SSFATY] A3A, 49 A
elAl 2} TUA Nd-s RAztol] oJ3f UHEE HogA, “SSAHA”
o Basibde PHY A3 MRz 27 YEHc (133 38of
22 A A,

Nd-s f3-tol o3 wWass BEEULE NMd 3 (naked pupa=1#
ti) 2} SSPA (KBEM FoAIXNEA, TY KR &) U xqt, 2
HRoZE= Aol A chE FUHAY YA FAR FEHch &,
Nd-s & ##ii(naked pupa) + |24l Z(sericin cocoon) o Gejsind, 2
AE AR U AAGRW) 7T Yol W8St (Nd 8H), £ IXEAAH
ZBole Aejald g Aatgct (SS A)es Folth. 1BE, ME e
5712 A & “Nd” % “SS” § FHst 3FE F%, Nd-s e ol&
< 2YA7E vl FAsict, 5EH3] £ AL EY "ol g BAS
gz, Mejal 71 1|7t ohuel nEEQle] FRH o2 wWHA o]y
“Melal” s “Mejddroletn BEE AL d ElYsix] ook Au
shd, dRb pollix] W Nd-s e Ixe FFHOE mBEEU Ml

& YRSIEE xo|o] AAXA] deth
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3, Nd-s % obUzel Nd, Nd”, Nd-t, 52 ®u ¥ do] wadd F¢
o= 2% SS type 8] 84 Fol1XE & # Qrl. Zel1, ol A

WA E Nd-sHAxe] 9ot SUSA BEF vnE

nllo
nﬂ

¢ gl 138 FodE BF “Aejddrez FEre Faldaed,
o Aigjald e Aeldl fRgo] IHE Brl &A= 7] whEel A
Azt dAsAE gbeth (33E =) 53], Folux] FAol oistds
Meld £ fB Fog PEste Be Hrh 2Hdoes FE + o
“¢8MAH” o] ¢ ElEsith. & FIFAE Ad Fo] X 2 AHELS SS

3 o] ¥ejyy Zolrh. F /A
FAo] WP BAZE A Y Tl LBHA|RE, =3l e} z

¥Ue PEY WRI 9S FPolt “SS” B “Nd” 2 FEstel Bt

bt
4
fau
fr
»Y

.,.,

, 7w} o] &L oju] AAH o|Fol7] ufEol F&stA Y|
e sy, £ X9 “SS” FHo] AF UE&U Nd ¥HE ¥
e Jbsadel &3 shue] fAxb o= EI|H 4yol Qrh
utetd, A2 Nd-s & T2 AHESlE, “-s” o Fo{d oo A

fr

9] “sericin cocoon”°] ©}xl “soluble cocoon” E= “soluble silk” & 7Y
Bt AHEA olsigichd, “Nd” FA3 “SS” FAE eFH 2 vUehle
FAXNFOEMN Nd-s & &40 ¢g& Zolth

Folde FRudan 23PedAY & A3 o3 A A=

H Nd-s FABAL A7 FH L, ujdEY I A Fo| FH 9
F84 7idolct (Ahn et al., 1995; Han, 1998). Nd-sA SSEA L o
BollA “Melal A" R ol FA|L uiho] JlxAT = BB dEo] A
ARk, el slxdFe HuE vigoSely gxEE 8o BAUAA

the Ae 2 $axel Ty AlZe) Aol ARtk HTols el
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ge AErEo] Wxel APUS PHstd Aol H4sn Uz, Yol

ME Nd-s 32t s Sol 3 whgAdele] 8o A 37t 3

<& ek FuolMd e olet BIY A7V o] BE -3
=85 Fulste do] UES, AEE ol ¥ HIAANE 74351
2l dFF FAslord HWago] Urh

Nd(gu) AT FAzte AAtde] =37t ddo] Hol 2§ 3x] R
st ZRAIZE i HAASHAIE = whE, ded B84 4% "l 5 AEd
ol Zelsich. wetA, A E A=A U= NE oY ez B
®’ui ¥ &S SuiAZ Bf A AxEE A FU8HA "ol £ A7
Hel Z9 SS FES WA AVIE AFE AANE AdEA "o poljt
A, Nd-s fFA2E R/E FolATLEA AP Udo] AL AFS
elmdich ojef¥t 2fe] HA wiFeo] A AN} chdste Nd-s 3zt
T, YIAl 13 F717} oln] T3yl UHY BHo] den, FF9
€5 L oAz T3Helde JxE 283 drhd & FAE Jlcist

7] o8& 2R of4dHch

re
ol

%
lo

2. Nd & SS 'HolAlF Folld] NBASE

Tl AAolM Aity o] A¥Y RS FEY A,
kol AU ET Ao Erldo] uZYHelnE, RERLS nAUY
SWREoldTt e, FERKY 2xH Fulol i} B BRI
dztelo] & RFHA BRI ES R Asjsted AF Arslder
2, BEERS REAZCE WHAch I ARS8 E 2A1E
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Aol AlFolets XAIAZF B#IEHC] obd A9, AFHQQ vk
E IR SAHOAZ BEY £ odtie Bl HYHC} (Fig. 2-7).

olo}A2 BMR/E TAR YUY BFHHFX(Nurse Rearing)2 SH3h
Ae ¥ S R BT U =YY Aswdes gy 4 Aot
(Ahn et al, 1995; Han, 1998). wieltd, tZA{E A|=3 Az}, 53 7)
ol € 7 FYY §3HuA chdsts BYnde F¢, AINYG R
BEmfol 53] &ojstdrt. cthee At ATRY REKE S 2TALS
of g3 W2 4 AAT, BIANJFEL J2o2 54 FoAEoA UAEF
© AAFE gd™olol ciste Felde AoN HEFERS ALY 4+

gt WHBE AU 4= A e Y3sidch
BEAKOZT HEY Aol 2N S4o] Fol¥ MM DAY
°EZ, 3ol IV AME Fol¥d 2elg U HEHA(donor

parent)2 2 A3t Yug AM U 224 FHE 913 backcross
breeding oA R #(recurrent parent), FNPUA 24 Ab ¥ A
AYy 22 BbE =3ttt olE ASS BEUES 8%
Y 2 HAE AX dEA SSA ¢ F3A SSB & |4t o
Al o] ALY MUL AHAYUED F2A A P} xE E
ol Bio]l AUXA HFE AT 23U, 214712 FAY AR Ay
A Aol e 542 237 AR $90o BE 94 Ago] ® Holmg
5483 = 54 FolEF U2 ¥o2 ¢S A" Zojth. 34}
2 55 244 B A FESIYH &2 A dz dAEHE, o
R AEA FFol AFH BY A1 EFE 2YdY idHon xYe
g2t ApdY 7HedE ReFch

Age

—_—

oy
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Silkworms with Lethal Gene
+ Unknown Character

{

most of the silkworms die on the condition of general rearing

{

% Introduction of

Insect Pathology = Diagnose the Cause of death

{

[I]. Direct Cause — Impossible of Surval

I_. [I1]. Indirect Cause — Possible of Survival | *

% Needed Special Care for the Surval of case [I1]

!

Nurse Rearing

|

% Discovery of Genetic Resources for Specific Use

Fig. 2-7. Theory of Nurse Rearing, and its apply to the silkworms

with lethal character to isolate unknown genetic resources.

80



3. Nd-s Al #¥role] Axet anz A

3t SS FAL Nd-sHHxY FAMEE UehB2E2 A} AME

£3stgdct, {Ax 2% UNd-s/AXAA, US/AXAA, US/BxBB ¢
A= ZTEY(Ursa) & 292 obd 297 1112 FelElded, U
(14-40.5)F 425 /sl 7 Fod & 2ol ALY A 25T SSH

oiebd, SS HAL A 14 [Tl 245, Fegde] FHE F
& 3% o, 19.2 FAAAe] $IX A2 F Nd-s (14-19.2)0 23l
Auie & A Fshect (Fig. 2-8). 2 Ay A¥AE 23t FHx 24
o] UNd-s/oaxoa/oa %% xttizte] gejulo]M BE = SS FAo A
BA 2 2 £UY SSE wolux|e B 2 vjay F Loz PGl
Qg et

SSAEE ¢ 553 FARA, o7l H2Ig ol MY dAF
Z Bulsglo] Holy] £AT 97% ooz JutEFe] 74%9 1.3WE 9
, AXE gon ooy fIEHE 848 AIALAE B + Qo
3t SS AEL o] 8% 2AE SSXxBb L AbXBS o ©AFS 24g U
3.0g AERAN J|Z& AAEF 24T 150% 742 Fatdde] FuiE & “w
Hpol”’E BE £ UG Aoz AYHYCH

714 “4rm o FE A3Y "art ded, gRIALE ol
SZollN Y Frls ;Y EF2 10% oS 2UsH] o8 +&0
Tl 23BE 10%9 2u) oS 2t EE VIHLE HHslo, 2
U AME Sol B AHEFY 120% +F oY W ‘"R 33

a4 ot ¥Fo BY EFH FFY £F Ev I olYolRA EH

M

1o

?
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o8 AP FF 150% ool BBt FIHAE AEE Al HA

& ol d4A] ‘R "8 FFstd FUY Aoz Aztc)
Nd-s 7| SS3E 1 5f¢ wsde] W Achdd 438 »

2% o, oh33} 22 &M A7 HAE ABY = et :

O 8318 IES Al 3% ¢ ol gHEZ A& Z ofotFA W

A2 A2 LEALE YEIF22A Refsich

@ AF7t & “w¥Fol’s T3 wdol Felsid, w3 o7t ohd 3

Sl Fol 2|7t g7l wlEo] §53tx P 34 F AEAAE 14

1©
Jm

%,
to

>

ojct.
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Batches of Silkworms Mingled with Miscellaneous Genes

recognizable genes such as ; +", p, oa, bp, Ymc,
l Yf, I, Ign-1, Ze, H, CSt, +", and Nd-s or SS

character
Appears leathal character —>  Soluble cocoon (SS)
Ve N\
[Introduce Nurse Rearing Egg production
i
Improve the survival rate
g

Back cross breeding by
recurrent parent of Ab or «—
Bb silkworms

!
| |

{Japanese race] [Chinese race]

Selection of SS phenotype
[donor parent]

SSXA SSxB
{ }
SS (+9) SS (p) <« X U (Ursa; 14-40.5)
@® @ ®
US/AXAA US/B XBB UNd-s/AXAA

| y !

Segregation in progeny showed 1:1 between Ursa and
other larval marking, all of the silkworms with Ursa
produced SS type cocoon as the case of Nd-s gene as
control, replicates from 5 batches rearing.

Fig. 2-8. Genealogy and lingkage analysis of the genes related to
SS character of the silkworm. (The gene of SS character was
found as the Nd-s (14-40.5)
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1. S+E38 d8d

ok
>
o

FolEF 54

Tone

Fogol AE ol FAANLZ 254 nm oA Hrl ERAR S99
366 nm oA O& FHA FTEFIAcE HEE] FFNS Az} FA

& vIRsle] A S Fol EzYsty, WEE Vel FEE I3
2R FstA AFel whel B4 FA A 2F Het § rigsiA #

s ot
HEl PSS rold ¥F % 2IF A= B BY I BF
o] EFfEStL FUANE we AL tieE Axshke Mol UL o

AU, HFolAE: BFE U BRG] UPo] T Bt X3t BFE
v]&o] BFE Hrl 1L7~86MFER woton], dFART Feo X
o] e FHI xlolr} ¢tk GBURAN GEE g $Io oy
she WeE U F6& FFS FAESAM #MRI SEEdoU BE BE
., REE, ’¥EE, A, 7 FHES FRHR L. 282e 8
B AAEFY RN FEIL FWeo] HExfoln F FAL Aujsie &
Azt Huzgos F704z Jlel Yol UPsE Aoz FYsych

YEA dFolMe Ae@iolt Hel U Vel Hals SR i
B xol7b A=A dgich. U, #AY BE F3A dFolA HEH
L8 31X FPAL #E-FER 9 EE-WERY HEE 2t 24
o UeF HFAE Ao 28E o 3B FIATL RiEs BHol ©
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S FEsl mopd F3AT] BETHS RER 99.3+0.44% & T3}
7} ot WE-ME L HE-#E Vol 2AstHE, F2ATolM Fc24
W Dc20 9 HERER BEol 7t &L 99.0£1.00% U 98.8+1.20%%
3, a5 FEkE L HEesES Lho] =) Mo o2 HIEsAch
ol 31X HpAMS R HEMERCIL X2 &3, S &
& ol BEEE L @ KR W S ATE ot
FolARg @ Ay 34 A g iR 22 BEER 7F o
Agdel ez FAY FE e HEIY FEHEY die] shestad
th “SSEY AU Bio] s MEL FolATLEAN “HMY
A UE AT W “HMuIH” AF 5A Sl SE=HAt. FAFBAL
JEA dF Ab, Cb, Gb, Ib ¥ 374 ¥3F Bb, Db, Hb, Jb Foln, ¥

o

NEZAL woll F¢ Ay, Cy, Dy, Gy, Jy 5 5A%E A &4831a
Th dd 83 ¥Ed Aivled ¥Re 15 St 389 T
od

o FARMG LS fiste] d4Ad AHAE AZst

2. M3x AR wd AR SVAT 5

]

2tE XME ZAA3tY Pink 7, Orange Yellow 7, Yellow A,
Yellow Green 7, White Al 5 5 AlZ2E X 2|3l3l, Munsell 3¢} %t
ZEZME JdANTE Pt Al Fol W o] o5& A3
th & o2 =Y EMAdME FAY 21F2 #4373 XML Pink
Al 1%, Orange Yellow~ Yellow?] 12 %, Yellow GreenAl 3 F2EA
16 %ol A=Ak Pink Al =8 & ; Orange Yellow A= &
B Zaspa A2 AlgEY ;) Yellow SR diutetr] A, = EXPM, g

WA YolER A8 4z o2 3YUM 5 Yellow Green Ale 7
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oM dAfA wigtgao] Helxjgdch L Mo|F HWEES F &
2p7h Zujshs X2pa o Ao g AEED, BEES ¢ = v, ZIY
5E ZYste RFE UFY + Addch X8 {Axi) AP Anpy
Weol: Pk 7t 593nm, F + 580~593nm, Grc ¥ Ga Gb Gec AYEL 56
7~570 nm oo, ¥ FAAE 7 FYL 575~593 nm o MR
#oystedch

7B AMEY 593~567 nm Bl 7529 AL sEeg 18F
olxte] TajMo] HYUE, 53] 575~584 nm JHL KA 21 AR F
78% 71 T¥E]o], 580 nm & FA 0T ABHRIFIMC) oA NI Ao
ol Aol WE ciodgt AN o] JHey Zog wHACLL F
S-A2 dEMeEialol HAA wrolg} el 2AF(+Y+YY Yme)e
5o slrox](5Y9/4) &lol F4AMu (5Y8.5/8)0] 2elslddct. YC
ddolad Y of BUT AT/ 2 3 (2-25.6 YV, Y 52 FolAR

H Sol APt Byt AAE FAH, ool O, ¢ £ € o FEY
TR 7ol AZE S
HEHMAL Gre o BAEE 239 FERY, 5P 5494 Ge A #

A MASM, Ga EE Gb 240] VAol FAHE WYR Mol HAUxY
th  Pink Al XYellow A X2 P& ZAgg Bol3l, Yellow Al
o] “ofg MU e” X ] TFolME fuiepr]go] 902 UHEA
th. Zeld, ditzes {fAA 4F 2 F1 XN zhhdEAe] Al
FA3te, A XA @Y VI ulaste Muye ciny o
2 olFsln Bt Axrt Mtele RS vehidch

Orange Yellow®2} Yellow® $132 $JAFS Austgdz, 13 4
UL AT dEAd F3A 2] B nelAel o] Fx olate] AF
ZAIZE ABEE Aol d F FFE FES LYR 4A4%8(Le, Yp, Fn,



Ze) ¥ RY® 474F(Rc, Yg, Yc, Q)& £/t 22|32 ofy =lwo]
(MAZ)S F3AA 9 BE, 32X 343 A4, 2X¥e) Fol uhe}
MA, MB, M(A)Y, M(B)Y, M(AB)S 5A%2] 4448 &dstdr]
FANAE AAFToRA HERE HYHY LYXRY & & Fo] 2.69g &
2N BAgol &I HHRJFolT FUY FHol dAHAen, FFF2
GOLD & “¥%&B"o= Astact. LY W RY A% 39 azxaze 2
Mich ol Fe] 2ITARE FH3lA UPEH, §F A Y oJrciAoAM E
A ZAEE A2Y 4 A3, B3 x| Payo] g1 ANPE L3}
drh. EZL 4 ZulRE ZUY RYQE S4EIFE F4A HEFoE
A, AZRZ FAA AT o83t o] AL 7Hsd £EoATt

3. Nd-s+3z ¥ sS33Ax B4 AEF iy

duty el ALSBRF = BIER 80| AFolels HRIFERTFI EE
JERo| ohd Z¢, 5Ey 3 W B 29s =% AW
KR SdHoIAI BEY 4 tks HE#Ro] 4™ old ol EF
ZA 2sle] Aty BHEEFL(Nurse Rearing) S A T3 A3}, 49] X
A1y Eddo] AToR ZFEHE dF F3F NREY YLl 7Hs3td
th EY, B3ARHOE HEH AdEdH AFLEM +84 2AE
l= FolPAL SSAZOE st

ol AT BEYHE T4 AR Y A8 YAE AX 4
A SSA % F3FA SS 2ol (Us 14-40.5)
2te) IAFE ol &Y dBFE B Az, SSEAL A 14 duFo] 44F
o, E23ege BAE §& 1Y of, 19.2 {Axzt] A FAAL,
% Nd-s (14-19.2)0 23} i€ & dFstaich
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M 3d S+ daxe 25y 7Y
Ag A E

Aol (Bombyx mori mori) %8 AR AN AP E d

FZ Aozt Lolzle, 7§ Yo A/ W T, gel o] FEefZ HFOIY
HAEHENE Toll o]&€53 gtk ®¥ silk fibroin filmol AAE 1%
313} bio-sensor & H|®3l IleA ALAMEAMY Y sHssdol &rh
(Demura & Asakura, 1989 ; Demura et al., 1989). o]¢}zto] ojefdy
t AlaE A "E&IMX 7} Ve e AR Eelty 22 J1eA &
o A|YE FHEo TN &= MNUS AT AAF|L 3t H 2ol

Jhssith. of7lol ¥8Y Fo EAUEE ¥xsFWANMR), HHL

ok,

J

FEA(FT-IR), AXFAEZEF(DSC), otnieal U JAFA FolHe
o, roll3x] 7|El HEAL 1AM 348 At ol 23 3

22 ol gstdn, 209 Belshby Zalols glof AAY R Hu
B4 ae sostinth. 24EE, 2 At YuEdes ‘pasy o

2 BRxg 4 gon, “URATS BAI} St BE riedEl 4
2 Holk T T WA 2Iste HALEA L BALE e} AL
A elujz FAL

AEg Ae QEA Cj19 Fol2HE AP ¥ Fojd el o) &
AE FUY BAYHY Cyl9 FolnxE ol &steT, ¥ Hzhe] u] ol
= 59 Mz Gl of felstEA AT FARTY Cb19 rolmx e

slzstair),  Agwde] Tyr ASS [1-°Cl-Tyr ¥ SN-Tyr %ol
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labeling ¥ WE&ZA L A1L3le] ZA8lE L™ (isotopic labeled Bombyx
mori cocoon), labeling & 10%2 [1-PCl-Tyr @ "N-Tyr (99.5% “C
enrichment, Isotech Co., Miamisburg, Ohio, USA)E #4¢lo] Tuslo 5
2 54z ol & ule] o 10~12mg & FAstgch

X EUAE 9 viPAEE Rhee & Yeo (1996)9) TUR Wyoz
ZAstgct. g A EE FEH mE2Qd HR{E 9M LiBr £893 ¥4
40CellA 1412 Aelslal, B2 BolAM 4U L FAste Y3 4 AA
& kS 5%(w/v)7t S22 & E&A1Zch. 3 thg Orange 1IE (Tokyo
Kasei Co. Ltd.)& ¥ol #FH 22 Z}2} 3% (w/v) & 1.6 %B(w/v)e] 5%
7b (= F zEslodch. EY AR xRl wWE Tyr Y AFS
Orage 11¥ 3] g2 pH 7.0~12.0 EelolA zAbstATh

C NMRY %32 25C ¢ Aelold JEOL FX- 90Q NMR £33
EAE AHgstd FA3tdct. olufe] e o]F 9 7IEL tetramethyl-
silane, (CH3):Si& HF71E L8 319 benzene ¥ ZE 7|F2E Lehjidl
th. (1-"Cl-Tyr @ ["NI-Tyr 3374} 9 o]ga ZAate] vigags o
HRE5S YR L22 45X4.5X12(mm) A7|E THE Fol JEOL EX-400
NMR 3718 AHg3slo] 25ColA ztzte] 4] CP (cross polarization)
U3 NMR 2HEHE &3stolct. A8 FAAA} v]FdAA ol s}
o 475 ¥H)Y A=E FAY YPolA 00, 30°, 60°, 90° A=
oo ZHAH AHELHL simulationS® HE] AHEe Aekae x gl
microfibril g% WL =Astgden, I 99 AL Rhee &

Yeo(1996)2} =2 FUsHA stact
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[
S

T FPY AL S AN 4

E4 133 240 AU d3 U2 §4H vl RIAALE o83}
B4 BuA 7k 3238 B S, o TARA ALY Sty
Edol u3t ol Wasict, S LA 71A] UL B, AMEE &
=de JHsd AEE AT & U} 54 FHol glojA A, 7]
Aol gdatel 24 @ Ot Hf EEEM Bl AL AR A=
3t Zch

Instrong o} 83t Y8 AXS ZBAE F38L cut strip method (KS K

2

0520%)0) 3193, AlBE 4B o2A zlgT SUHE AHAY FIFL=
3 stdth 21d (213)9 AAIE RAIRY ZA, 34¥EPAA 2
AEL 4.5g/d, 21.6% oo, @R FFY Fol2A N A2 4t B
Ate 4.3g/d, 21.8%%ct. FdY FAFFE © 5FY4 (BFS)= thEF
o] #H Aalol wlsl 5% BE ZFEIH St en, fhE (elongation)E
2 zol7t AFHA oo, IAAUY dxe FF 2.07d EEM A|E 1 of
ZF7t 53T} (Table 3-1). uwlebd ¥3A P 7)dof ule} Ax}
o] ZAE 5 durdel 43I AF 5 FALL AH glod, 238 &4
o] 7/j4SE = 7 ¥Fo| Q1A HAC

M2 LR Az dofl ch AEE whefsiar, Ak Axrte} vl
st71 g8l §EEAIINAN 2= gl SUEEs AR &

(softening temperature) 2} &8 (melting point)S &F33lgct. S+4x
e
| =3

oL
ljo

2 g BFog AaH Ax BFS = 933 204~210C, &
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245CEA, Yut Aol Ay 200~205C, §&H 235~240C ¢ A 2
Al tix £ £8& vehf2ct (Table 3-2).

2 A2 AU ot d8AY EPHYL A FYHE Y
aFste gods] ZgsAg sigte A dHde]l A uF
Arre] Edol & 438 2H¥ 4 vl (Kataoka and Imai, 1985). ¥

A - sericin BBY - XA EJA - 2AMeE - BE -
o] Aol FHsle, LT ¥ LAE BusiEEAM 2EY dEAS
Axtslas B e 19959 E AHeEHol HF ZAE EstA sAdch
a3y, #HIolls dEME ojgt FAY 37t U o, AR

.

t} (Ajisawa, 1998). sericin 28] £3§4do] EJ U3 #B#EKD
RAAN Aol B =] o3, sWAAIR} sfaapge] A

2t 4¥g Fo, o)zt wol A71AY FAET VbR gisEe A

ol ol 7}
Zsg B

AALEAY FUQ AE s, B 9 BAPPY hdFo ¥F
MIXE Y = dE FolEFo] MUHCR, GH#es U A 2
4 olg Zolzke iAol AAY ul rh (Oku, 1933;

Hamano and Okano, 1988). £ 774 A& Fstod, 294ge 744
o] A¥ YL YEsladon, sericin FALT] TE—-4 AT 4
A5E g 5 drh Ey, AT XY TA BEREHEEN, P4
atol7} ol nlalE S oS WEstn YA FEYE £ AdA =HaA
th &8 1 : 50(v/w)e FHRsold 120C £ 5083 FHstAE o,
sericin AAZIPS FAYHPAC] 27.1%2 X FHYYA 24.2% Brl &

otth (Table 3-3). 222 JMFY Y9 shrgo] FXE Yol
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Table 3-1. Comparision of strength and elongation between the
raw silk of blue (BFS) and general (control) fluorescent produced
by the silkworm strain of newly bred and traditional wild type :
each of the relpicates presented mean from 5 data, estimated by
cut strip method (KS K 0520) with Instron

Strength (g/d) Elongation (%)
Replicates
BFS Control BFS Control
1 4.38 4.16 20.67 22.54
2 4.61 4.35 19.90 23.72
3 4.53 4.29 22.82 19.79
4 4.38 4.30 22.87 17.82

Mean 4.48=0.338 4.28+0.235 21.57+1.144 20.97=1.520

Table 3-2. Comparision of softening temperature and melting
point between the raw silk of blue (BFS) and general (control)
fluorescent produced by the silkworm strain of newly bred and

traditional wild type

Softening temperature (C) Melting point (C)
BFS Control BFS Control
204~210 200~205 240~245 235~240
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sericin?l &3 =7l £7] WA Zoe UdFsgdon, YeAe] FPo
7Y% %% sericin £3l52 EFd
AL BHollM e RAVsE0] Holxls 22 EE, g#AYo] EFysin,
A7 2ol mitld At ZRIA 44 Fo] WY 2y oum
2 29 AH3E eyl

ARl Bslizel] Jldddte EE AMIEA Al FH9E, =z

hu
il
o™
=
N
|
[
X,
52
M
faul
a
X

(winding) X (sizingt) AlZ%levenness) tH%E3d 4A3H(neatness), 2&
(strength) %l =(elongation) X% (cohesion) % (scouring) § A4 A
2] Aslolcth.  exfoliation 32 £ lousiness W 52 b £33}, A
EolAs ZBAMHmixed warp), ZAMEZ(tight thread), $|AMHmixed
filling), ¢1AI=3Z(tight filling), craping defect, shinning, nap, chika,
floating, 5 Z3d2] Wd&o] F7Igch. =3}, FAzare] ZHo] ofFv)
wfEoll FE2A2t B¢ AAEY 3 2F Folx By 48g 23}
o & AAERFY F4S 28I o PA Hck
53], Folaxs 2ol 239 4F 5 #BHLU sNE 34
&°| Astdctn 3R, PG A AEARE g o], A& BA
T 23 3AFBA 2] VAR FYsiA A alx] gt (Kataoka
and Imai, 1986). & S} LXHFY, AFAE Q A9 7o) 14
BB ol Usl FHY AES A2 5 QAW ol PR
TS| Qe FIEES AHEEY] WY Re2 2%y 4 Arh I

—‘T_
d, & AAE RSB A Uy BAPRAL, 12 tiEH AN A

4 29 roluAe AT S7lol x2Y P Yo FMoz
g ¢



@ gelM axe RE P47 AuiEE 100% of 77t I8 AEH
Fol &9 ZLE AYstie S0l 2" Felo sl SHolxez

H4o] WGk weld, FAHA A9BBe) Fe VA2 2 ¢

L=

"~

& P2 deon, 1z AN 1=A viehte A3 FEEAT G3E
of BNPFA AL IF=E BFY BF, AFF FFHeldelol wet 2
BE = d8dY SHME FBA A BeRx A BFY 4 ol
ole}H e Jlad F3| A4F 77t BupEa XA € o, FF He A
A2 dudY FHo F3Isls T3 WA, MMELAL] 2315 Al
AP + AUe 7R BRY 5 %loy, MER FF SYE §8&H +
A& Zojct.

At A zol glolA BifksE W FE BUE AW AP BE £
Y ZH T 7IAH 24 =9 AEet Mt Jled dysiden,
HEAe dH sjdo] glo] Z1A W HAFIHA FH A wegEs 3
T Aol = Jefolrt. MMEQLS AL AzA]
AAEA} 22 BNl At Aol A7, FZAAY F3
A 90, gAY BRE2Y, +2 F Y&5PY 2E A AT 2
2L FUAA AFE FAUSI AUrh. T ol FH ¥AAS 4stei:
IF HED S S TIeY LR A, sericin §METF FURY} £BF
3o $4& A= v} ok, @AspA] @ojd AES FHA

2
o], sjA-&o] TIE Fo]EFZ L sericin Aol xoj7}t Y& & §HA Q9

lo
ok
r)'
ok
o
W

o] Eay2 LB Atdoltt (Haga, etal., 1991).

il AF7A I YHES A7 2 FFE A USIAL, @)
M7t 2T FFE ZEliste 5 AATe Y Adio] E7bsdgch. BHRY
A FAAE ol §3tx] R JfAIRte] st o AR AAF el A

S A= PP VAR E ZAE @A Eolach FFAol Aoyt



£ ATolAE A §3 L Ay

&
sidsh BEYE WA, 29t BAY B 54T Jls & Ml
ke %

FrAE A DHAdME AHAZ DT obd AT MU RN, 1E
B AUTEY IAFGYAE olgstEzM a4 EUMN W Vel Eg
QA ol LY Follo §Fol stestdct. Gito]l Yt nFA
ol #2¥ rolaAE gato] JHeT Tl FF S BIFUCH, g »

T80l HolHd %8S nlAEs 13 Ve v 2y EAE )

i)

71l A -Sof BHo] QAL 7o A= AL WEA & 22 &
£ F2 sericin 3o Ex3t, C;y-Cqpe & M 9 Ex|AF F2o] whsl4
4 RYE EE Cis-C»8 d4H n-paraffin TYEE d8A Act (Iwa,

1998). 2|1 {&BRZANA #@##It s Exe

w
o
o)
8]
5
lo
w
oX
Ae

(S-1, S-2, S-3) FollM S-2 EAs}A] Ut & FEFol wlE Holx W
# olct (Haga, etal., 1991). Z2]3, 2x42l E307} 233 Y8A9
sericin 4& 242 A5 ot ¥o] ©WE EAE FYEGTL o
of At ZAF AL Molux] 2EA AAzle Aiy A2 AL
Alatete FF FFeord pAlolAwt, ZAE sHAY HAUL 4] sericin
of AxHch 33 F43tet VAY ALHA AxE, MR Al A2
# W obul2t okl i & ¥ T dtdE dS EEFoH A2
NED W S5 Jle] side] sty Fojth

1995 = 2 7L U ol F, FHPMo] ¥ drAC] Y=
S0l oA EHAl HAW JleFd BAE

dAFoz HAY + Uk 2R AUEE BV LRNE 1A

ku
X
N
>
¢

o
o
o

Aol WY Aol AT BHS HolA HYow, Aol wET A



A PR FH 54 A2 o, FHHOR UM AN WS

the3t 22 o« uiEol 4857 ErtsdE ¢ + At

@ +u~ U o4 YRAS shbal AMEE 4dsts Y e
A
=

A AxZHolA BUHoE Ao E7HssiH, A2} =¥o| Yol 29
=

@ BPMe) AFe HE A= Ay 5o &y} FEHDE, Bay
%

A EE A AT IAE 2/AS ] ol ojYPa, Jt A

Q® T e 2pF AEIE Midsitets B o, ¢
F2] wild type HEA2 23] 53 WiF JHo] thE F97t SloiA

T BB A e FHY dEe] E7tssich

rﬂ.
¥
2
o opu

@ 9% HRNe F2E B U FAYRo] Tk AT QloiA A
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Table 3-3. Difference of sericin solubility (%) between the blue
and yellow fluorescent cocoon by autoclaving at 121°C for 45 min.
after chopping the shell : with reference to the data of boiling for

10 min. in water reported by Ajisawa (1998)

Sericin solubility (96)

Replicates
Blue fluorescent cocoon Yellow fluorescent cocoon
1 24.8 26.9
2 23.2 27.3
3 24.6 26.8
4 24.4 27.9
5 24.0 26.6
Mean 24.21+0.28 27.1%£0.23
P 2 2
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2. Tyrosine A%z A3 28219 TR 3y

Aol Ak AE F43: otuliedt F Tyrosine (Tyr)2 ¥ BEQ
o] ujZA% FE& PEUCH= ol YA o9t AN 2= A= 9l
t} (Takahashi, 1983). Tyr ¥ 5% Z=EAM, Tyr 7= 1434
9] #§&&(chain dynamic)z} ZAY¥$Y 7Z2eo]l F8235tM (Asakura,
1994), Tyr ¥V AT & 9 Fddo] T AL [ AA o] Ao
sk o= weA git} (Matsubara,1993). oj2l3t AlAlS ZHehyt o, 21
A QL g Aeje] Ao tisied FAHBAM Tyr 718 ARG
stepshs A2 Fasich 2 d7oldE £33 el osle Axtua
o] Try #7loll oi¥t 323 3jiHg FAEsIAcL

BN¥F Folaxe Al gz} FASHA gy FAS vehida
gh, BAYY ax= FAA F FAYPPo] 24T B IHe 3
PP gro] AU BMYY IXE FAV3 366 nm A (UV)
stoll A Zaggo] GAs] 449 Z¢ d¢&L 27 % Ak =R A
d AARodME vAF2E BBR2 2 ol B8 Edo] 23t
oz et ez ziviziolcth. wiebd, AMRol YRB AMzjale] AAR
B E 8olsHAl ¥ £ o= FNPYPAL o3l Tyr 7Y AF
& EAstadch. PN-Tyr & 24 CP NMRS 2HMEHA FA A o=
MHEQl qte] Fxof BY PRI} BHEAOH (Fig. 3-1A), nFA Ax}
o] Z% AMziddel ¥R FAPPo] AAUSHEE HeAl BAE PAEse
Tyr 122} MHEAE 2438 Tyr AI7F FAIAEH Zos vty
t} (Fig. 3-1B). ©] 2MEYL njAld oy HR-E2} e 2 £=
B2 RHE wtgdsing, PN 2 Sz ¥ B2l e g 2
A 4 At BRE AT FAlo 2 E2HY 4xE d2stes HEol
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U oeige] I= & delsls gAY £2E motd £ gt} (Asakura et
al., 1984).

Aol ZAxtydel AZPFES F4sHe olmlxiat 2L glycine,
alanine, serine “gw#°] & 85%°l4S Ax|sh= Zoz #H ul Qr}
(Kweon & Park, 1994). Z3 9 u|ZdFe] TR AE 2o, Aelilz}
IEEQle] 7x ¥ tlE Zo|BR Fig. 3-1 04 A ¥ B & & AmE

& H|23t2 2 RS Esr2 A PN-Tyr o B33 tig sj4o)
7bestolch. &, B2 F Tyr 9 nlAd 21 428 Uehls 54
of M B2 & FA43H= microfibril®] wi3E UENE Fig. 3-1A & A&
HEY simulation oA = ¥ge T E Uehls AE(P)o] 54° 2 e}
sl 2 A3t 2P PN-Gly 37171 wige $Eo] 83° & 82%
Zzgicths AHd(Rhee & Yeo, 1996) 2} vladl o, 23HLS ohn A
d Bed= ke & FEslo} gt (Table 3-3).

X, ON-Tyr o4 d8%3 N-HY 2=& °N-Gly @718 e

83° T AlaEonE Hxpze AT g delste A HEL ARE
2 efstth. weld, PN-Tyr o Z¢ ®N-Gly 3 g 21 442e 24
22 N-Ho % Hyo] ¢gomy tha &5 uiste Uehlj: Rog

E 4 ok 2 d7 weog PN-Tyr o 77 2% =& uZd3Les
BBYTIL FAE & el polyamide Al oj® Md{E wARY
ol MYA=E EA4¥ + odrke dxFAAE ;Y "West oy
(Asakura et al., 1994). 322, vkl m|B 29| Tyr 277} u]AA
< BT HEE Feele 2 Eab oA kel 2t
A VS ALY o, iPE ol e S FEsL. 19
w Tyr 271 A7 Alel utet 2349, £ v RE FAHYTE 4

olgt ool AL ol Y AEL A B Aelojr}

s
2

4
Ae

op
il
fr
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(Takahashi, 1983 ; Asakura et. al.,, 1994). .3t Fig. 3-18] A3} &
3¢ o B2 Tyr 277} AZEEE F4%ctn Bolole o &3t
o, U] A% F3& FA4%UctE Asit o el Aog uis At whebA,

DN-Tyr & “28% Mefol 7I72HAMT M T vi&2 of2 A"

A di4 shydo] obd ik vl o #8499 thyo|n,
[ ~VY FAIRE PA311 (Komatsu, 1980), E3F 2|4l gto 2= uj
3 A28 wEJ] ofdrh. mAFA AXY PN-Tyr ole o 30% 3=
Mglal 1% uido] ZYH ZolBE Fig. 3-1B & AHE-HN B
o] AMEYS PHIIRIH Aejile BY FRE FAstAct  Fig.
3-1B & ¥ 4 & % Fig. 3-1A 2 fAI 2HMEYH L njB 212 JFo
o, BjE2Qle AMEYNI} BHY xjo|§ Ho|n Az FHold BEHE
e AHEZL HAly PN-Tyr 27] wigg ueld ez A9
th. N-HY Zz& Az £o02 Z4+{ HARE5S FHLE Hojxj7] o
Eo| (Rhee & Yeo, 1996), Fig. 3-1B ¢} simulation o4 A =}a&e} 4
ftifd(half width)ol B3 37|17} vla¥ 22 2¥MEYd 4L HFE5E §
Ao 2 N-He Zx7t HojZrta & < olrh

mlEgelel uldy 54" (Fig. 3-1A) & 7|£22 Fig. 3-1BY
simulation oA wi3ke] 2L E A& A2}, MeEjAY Tyr 22 $3HE:
d20] 40% Exsta 2 wige] A= WY W2 237 2 ueikich, xR
N-He| Zt=9] A4txlE 50° 4t (Table 3-4). Tyr o 40%E A4
A ARE 27% tha Arsl o, wige] EXE vehds 23" &
2o wigko]l Ao REFPol sizitin W 4 A& Fojtt. EEZE
7t &g A FRF AR JHdthe o]&& 13t Al ol

7t ARG oo wiy el E ZAGU o), vH=2 FHE ¥ESL s
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PPn from '°NHNO;

Fig. 3-1.

calculated

Comparision of the experimental (solid line) and

(broken line) N-Tyr CP-NMR spectra parallel to the

magnetic field for degummed (A) and non-treated silk fibroin fiber

(B).
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1 ¢ 11 1 1 et 1t L 1 1

300 200 100 0 300 200 100 0
PPm from TMS PPm from TMS

Fig. 3-2. Angular dependence of spectral pattern of [1-"C)-Tyr
silk fibroin fiber : A, degummed ; B, non-treated silk fibroin fiber.
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Table 3-4. Comparision of the spectra simulation data of "N-Tyr
and [1-"C]-Tyr labelled B. mori silk fiber.

“N-Tyr [1-"C]-Tyr
Items
degummed non-treated degummed non-treated
Content(%) 100° 60°, 40" 100" 55°, 55
P{degree) 54 54, 23 58 56, 20
N-H(degree) 83 83, 50 - - -

p, orientational distribution around the silk fibroin.
*,  component of B. mori silk fibroin.
% conponent of B. mori silk sericin.

Alelade] Tyr & T8l 77k 2o ARl olejgt AXE ¥
Atz gsted [1-PCl-Tyr wWigA 8] 2712 A& & A¥EY A3,
AAAA (Fig. 2A)%t n]3 & A} (Fig. 3-2B) 2% ®N-Tyr (Fig. 3-1)
Hrl 343 A EYo] A&t

53] ufgHo] kRl Wzt 00 () H$et 900 (=) B¢
WA tE g AMEHS Borl Fig. 3-2A9 AAAAE Ty
MBS 2 simulation ©] JhHsdtglom, 1 ek W wjgre] AL (P):= Fig.
o] 4EE 7IEL2 A9 e F=9rh Fig 3-2 oA BFMez ¥
A ~HEHS] simulation A28 Fig. 13} 8]2 ZAEGen, 53 4
P Ad (& A¥EY)Y BA (simulation)?] AAx]7E 1R A U
A ke o8& vl eR HF ANE s, 1 ANE FYsl e
stqith (Table 3-4).

¢
Pk
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3. Orange Il €8 % HHAAN} Tyr 2719 A4

Tyr ¥R AFS & W FAdol At AdRe] BHB HAq3

= 2oz WA olonm (Matsubara,1993), iL-§2] ZAutrlo] g}l

-

W7ol tidt TN E AFsE £ AU 7HeAdS 72 Aok 2=
2, A259 Tyr 2718} Orange 11 ¢8 7t Al wpE WIS

ZAPSHE ¥, Fd ¥AL FFAZA (Han, 1997)& o] &3t AL/
Tyr %719 Orange 11 €& 7te] @Al whE HE =Arstaich.

Aol Orange I do] Sy ¢ wHZ Fxte] oF F9lef
Rbgete] AY oz, AU Aejol ot FiolE HE
NMRS] E4& o|&3tn2 M 2y £t F43 #Ho] i3t HIE 74x]
g 4= olaltl (Fig. 3-3). Orange 11 €% ¥§ Aoz mEg
golo] wiars wl Tyr U BAS] AT E Uehl: NMR AME#Ho]A,
Tyr & Exl2 ol 2Actste] WA 25 & FHUSTH OH 259 ¥
F43 A%l AFHACL

9714 carbonyl ¥4-8] 3¥H o]5 (chemical shift) BHE 170~
177 ppm (Rhee & Yeo, 1996)22 T35l 3, FrIEol gl=] ¢ 1 9
¢] 3L AY Orange 11 & ¥AE AUl Fig. 3-30l4 FEY
RS Tyr & 24& FAstEs AR vt AF2A, C7, C°, CF, C°
8] m|Foln, 2 FME 53] Tyr EAtollA AR FHo] 7Hs3t C7,
C'REe Azzry by olFo T AFE mofd $ gtk
Orange 11 ¢ 3|3 % pH 7 oAM= tlE pH %ol v|slo n| 3 |
fgo] W& "ldl, o2t vy o F49%9& Moltls pH 8 o] FFH 3
2 o8 Folxles PAE LIEhZ itk E¥ Orange 11 ¥ 3= pH 8

oL E FolAFEF I FelY FAdel o wEA UetuA o, IR
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180 170 160 150 140 130 120
PPm from ext, TMS

Fig. 3-3. "C NMR spectra of the aromatic and carbonyl regions of
B. mori silk fibroin-orange Il in aqueous solution as a function of

pH.
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of 8} wx 4228 A} Orange Il ¥/} ¥alHz 2132 oul

ol WM Tyr 7|9 dyitolz & i & £ s
o, 53| pH 10214 HE pH 11 ¥ pH 11.5 FZolA FAI 3¥H o
58 Uehle Zaio] WAL (shift). pHI0 olste] RZAo|A 23}3 o]
o} W3yl dojubx] et A& Tyr 3 Orange I £32} Zhol] ¥ xo
3 J3ago) utE UL L2 UL ust, 23o] © F4HZT
2E Tyr 2719 OH 18& B335tz 97| jEe Rog sjde-4 o
t} olx % Tyr Za¢} Orange 1II Ex} 7+ 32l Ao Fzlef 7l
3te Aeog F3dcl
NEEQY £8Ae A FGA gelEtst dojUBE, Tyr & f40]2
55 AR F499e Jdos dztelFe HeldAd FAHsAh =
3t Orange Il €8+ ARAQY ojl2AYPo2M EuE2HE= st 4
& gefol2 g, untd o2 = pHI i el A ZZolAM @AMt Ig=
, dxaro] 3] Asige ¢ge] oA Orange 11 ¢ FE2Q 7
o] sjatAYe] B FHEE estr] oMol W, MH2ALS it
Aol A BalEle FEH dolng ozte] 2AoAMY] FEAAL
#AH Exbxid e sehibg E3t g v} gich
B Aol yeA Tyr 2718 ¥ 43 whgS FaY o, oz
ZZ0lA dold £ e HHES F499E Hojvle pH 8 olF F§ 4
23, pH 10 #8 7143 5o, pH 11.5 #& A& ol&cin 3
4 glch. o] Ae 2 pH FHY+F A YA o]F2 Tyr 7|
e O° 753 Orange 11 £219] SO03™ 2te] A3 nbile] sl &
43171 Zo|stA dojdtthe ulz MY 4 oldrh. Orange 112} 2

Ye Urol AWNAL o}gY NMR 2MEFL ¥} 42004 Tyr P

hu

N

J

[S—y
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Bl ATol AdFe FHol 2B Pri: M (Matsubara, 1993)&

AHgstdeh. eln, 2R Pdel o3 A

TE 2o E2sH= £ 28719 4T Lo Expaiet
hgoll A A Fohe AMHE WA

Aol Ao etz 22 siE ol glojd iyt BE} Wy

o] =Y 4 ox|gh, ojujiat vzt 53 olnjinate] Yol Aeigichd,

€5 L 2 N J137e A sl Hoh AR YA Ay

4 A& Zojrh. Fd IR 4 £548E ulE Tyr & HLNSoN

BEFEA L Tl sl Hrl AARCE 3 Yart glon, of

TFZ Pel A ATl glojoix EFY W2 IA s +
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38 4843 AL “SS7Y Husta EX

Achid §do] ¥IFH EdwHole LAE H A Kol gt

Jj
oX
Yo
=2,
k1
N
i}
pet
rlr
oY,
Jo
2
k
8o
flo
Id
N
t
rlr
ih+4
o
Rl
L)
2
N
op
ox
0,
Al

Ed¥o] AT E H3AMANAT] WER (Flc, 3-39.0), A 14G A2 A
ZAA (Nd-s, 14-19.2), 25 GMA] BEF (Vd, 25-0.0), 71E} Nd”,
Nd-t, Nd-s®, Nd-b, 5ol ath. 2 ZolA Nd? (25-0.00= Ndst tiy
Aol glom, Nd-sP(14-7)= Nd-s ¢ chu@Ael 2tt (Gamo and
Sato, 1985). Nd-t& A|23 ¥ 25 F4¥ T UAII T(23:25)Nd
olmy, Nd-b(-)= #ifb, Nd-s"= DES (diethylstilbestrol) A z]ol 2js}
sl Algjaldeltt (Banno, 1995 5 Gamo, 1980).

ole}e KFAFYAL A 2% oA =% uie} Lol Nd (#4E naked
pupa) X SS (K&E##; water soluble silk) 7} QloeH, 1 % SSAL &
olgt £gd BAH 549 MUzt FEHCL [» BEFS 21X E A
ol FolE Eotn UEEE 8ol ool thE] A d8FoEA
o AFHA FE2A SS ¥ FolnAe Ml dR2Fo] FEY siME
o] BA 7ol o]&E 3 ot} (Haga et al., 1988; 1991). 2, +&
g ozl & SS XE FA3e= SS A TEA A F4L&= A
I 7bsd S EAl8ted, SS AxkuAe] Bl ety Asly £FHo 7
Bz} el 53] £8A4 HAIEA SS AL YHHoE 43 e
24 gel, sol, film, powder 5& A =Rof &o|3ln, 2J§ W v]2g8 L A3
coating, 3% biosensor ¥+ bioreactor 7|E} 7]%5A zMEEA L3

217t vi w7l diEol FFs) 2F F5 L2024 sfde] Zjcidr)
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T84 AR &5 o] FPY AFTE sericin® o] &3t
E578 polymer #|Zo] A]SH v} glon, o] wf 22 ZAghuyel Ex|
ol 60,000 olst7t =E BKgEo] BA3HA HojxE2 A T7] o]
o] Exlgo]l 7™} (Akiyama et al., 1993). A3 &2} Eof 28
3 BF &Fo] UAEAYL, +84A Ffols oA gt Az
sol B gel Jel2 Felmo] ndat delg @7) 4dch. 123, §7180)
o] &% AxkNU LolorE UFol & AAsled ojago] 2ltt
T84 AUEA Z¢ 72 dA AAY 5 o, dxAez gy
ol HolEa demz, S H|R3ld 22Uy Bujo) AAZS g%
Sdyt 23] A¥yHrl, A3 1A= I Qo A nAE AP

9

i

(Asakura et al.,, 1988; Demura, et al., 1992; Demura and Asakura,
1989; Asakura et al., 1994; Furuhata et al., 1996a, 1996b), dgt Al A
AN2A 4¥ 71gol BAY &3 (Goto et al,, 1990) Y LEojL} Eutel
AHZ (Demura et al., 1991; Yoshimizu and Asakura, 1990a) 5S¢ o3
7t UstAl A= 2 olch

3 P29 P2 ey @Y ojs§ 24U, Brl &2 754
o] BFE FFA1717] 218 72 o8 ¥y} whdE9 AAE A=
ok, 22 el ¥ FRof BY A3 AW JFE Hojzm gt}
(Asakura et al.,, 1991b, 1992; 1993b; 1994; Ishida et al., 1990;
Nicholson et al., 1993; Yeo et al.,, 1994; Yeo et al., 1996; Yoshimizu
and Asakura, 1990b). uwietd Tz} 75l VY dFE BT &
M3 E4e dd Ex E2MdAN Hed 3RE AFY Zojrl. 43 2
T2t A7 UEA gLty 1t o]4& FtiAZd 4 & Biochip
oLt E2tA$]x| 7iY Biosensor Ei= Biosensor 5 Hgt ME Aixz

8] ol &7IA Mg 2% d32 AAH + AL Aot
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1. Nd-sA +8&87(SS)8 FT-IR &4

Nd-s 3zl o3 UP=E FA FolA SS (kE#EMH water
soluble silk) LX|ThA-L £EJo] FAH Fe| 343 B4 /usix
7t 8 duF AR F JE FolM 2ol EE4Y fibroin ¥
84 48 sericin & SSATN A} vla EA3] 95l ABE i
2} o] Eulstdrt. WA fibroin = Cy A% BNYAA Fo2x§ o
£3ldon], 1X1m o]3t2 A HolA 1%(w/v) ol2A u]eelo] Bu| |
: 50(v/w) &2 100T oA 302 BAstdch ulxgdoly FH ¥ 3
F42 53 washing 3to] M2lA& AAs: gAL) AP 23] W
3ok, 42 ¥ BN BRUY EH S §&slo A sl
ARG 2o FAMENE AYAsiATt. A HolA Fuy Yo
2xe] dfE= 8] 1 25(w/v)Y] FHaol Y3 autoclaving (121T,
30min) 3t F#&H Mgl o] Yol M gel 2 H ctio] FAAZR
st} EAjstadch

RE BAEL dityeg 3R/ AFE sta don, 3R AFS

stdE Exbol FYM(IR) wH3E A% oz zashd, £2}
53 T2 £ FugEs F4EHI, EAFR gk AHMEZRS A4S
4 ot HeM EHUEAM (Fourier Transform Infrared Spectroscopy ;
FT-IR) 23, sericin (A), SS cocoon (B), fibroin (C) & Ztz} 5H2
spectrum & YUEhRSt} (Fig. 3-4).

1,800cn™" I 600cn ‘oM fibroin & HA& I Uehiz lon,
1,650cn™ #2¢] Amide I, 1,500cm™ ¥2¢] Amide II, 1,200cn™ ¥
®] Amide MM, 650cn™ %22 Amide NV JF4uirl JdFHcl B3,

ramdom coil = a-helix FRojA Ho]H 1500cm™' 222 Amide II
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2 1,200ce”’ ¥22 Amide Il FZ& fibroin o4 F3islsct. SSA of
M= fibroin &) EAE Rt FAU IV AFHY 2 7= 2 ¥y 7
47} 5312, sericin M e SX AL w37} JEsA #AE=] Qdgdcl
ARG do] BAst= 3,200cm'9 shoulder EEoA sericin ¢ IR
spectrum (A)2 SSZ (B) ¥ fibroin (C) 3} ¥|2 & wf HEF} xjo]E B
Zch 3,200cm™'9] shoulder @ 1,200cn™ ¢ Amide Il F4chs 1 EA
4 IR-crystallinity € ZPACZ 252 4 9= ddog odajx glow
2, ZuiFd A2 FH crystallinityE A4rslgct (Table 3-5). 2 2
3 AZREY ¥|&2 sericin (A)o] ¢} 30%, SSZA (B)L 44%, fibroin
(C) 70%=2 A, SSZ°] sericin Bt} FA® Z2&E ¢ wo] ©-§3slar}.
ARHOoZ SSAZY sericin A ZAgo] tiEx|gl, TR EAo]
Aol FEZo Jtthe AMEE & 4 ek 53] 1,200en™ 2 Amide
Il F4ctiE ramdom coil F22 B2 ZES vtdslEg, SSALY 7
£ spectrum®] peakt £%¢] fibroin A2 {3 2o AAY 4
9ltH(Fig. 3-4B).
Table 3-5. FT-IR crystallinity of the soluble silk from SS type’

cocoon produced by Nd-s gene, as compared with normal fibroin

and sericin of the silkworm, Bombyx mori

Silk Samples Fibroin Sericin SS type silk

FT-IR Crystallinity 70% 30% 44%

* SS type cocoon shells with Nd-s gene could be dissolved by

boiling iﬁ water.
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2. Nd-s Al +843(SS)8] DSC &3

)

S7AL sericin & 2| fibroin®] Ez247} YFSAY £LH0|BE,
Bojgt 127t AN, ZF 2= Wl oA dFA 258 FHYI
H, Mol7} dojite E2FEH TR 5Xof B¢ BHE & + A
Hol@g Holx| Ut 7/IEEHY dua FIHE dBsA KA
2k, 53 & AgE FF2M dolzt dojut, ol utel FFEH & o
yx|e] e H3y Fo]s] mjEolct.

ARt B

A FEIHE 2 2HY sericin (A), SSA (B), fibroin (C) o]d,

Ct.

-

A (Differential Scanning Calorimetry ; DSC)ollA

100°C olstollA] A=} 72t =4A%e] 71¢23l= extended configuration
o] Zall ol Z7] E5F3A ueludct (Fig. 3-5). &, fibroin (A)Z
74°C F-ZolM EF+H B9 ¥iol 28] f-configuration®] I} 7} A3}

3 &S ouyich olet P2 FH A7 SSANME (B) 34T ¢ 84T

oAl £ ¥ PARBR £72& F£317] e F2FH EZ S igstes A
o2 Ny 4 ort. 22]3, sericin & F¥ (C) ti: B3 JFS B
o, B-configurationg F/J3IX] Ut A= oA AxY, 2 A8 2

oA I~V AFIZRE st E4S ¥3Y + g A B
o] o9& Zleog Azt™cl, L}, sericine fibroin Br} H# 3, SS
Zoj u]sle] tiA 2 48C F28 2o Fof 23t T2 Ho] E

€ FE F77 Bolsitie A& o + qlglch
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Fig. 3-4. FT-IR spectra of the sericin {A), SS type silk (B), and
fibroin (C), produced by the silkworm, Bombyx mori : silks of A
and C produced by normal gene, while that of B by abnormal

mutant with Nd-s gene.
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E3k SSAL K] AolH(glass transition temperature ; TG) =
116°C 2A, fibroin BT} 10T ©|4 &7] wioll 2rtd B3 Jdo] 3}
i 228 ¢l 300CE AF3 91x9 broaddt ¥IZE polypeptide
7 943 2l 224, fibroind BH3IA 333ColM EH A S
BojZEch, SSAL WEY 72 AolE iehdn, 190CoA ufp &t
3t a2 A g-helix 23 W X850 Uizl 326CollM S-form
o WY Y Y Ao FAHch olehFE DSC FAS SSZ0
fibroin BT} a-helix +28 ¢ wWo| ¥Rl o, fibroin & 73}
2 eg SAo Ak |

Achine] gBsjo] glojA 300 T ool 2EF AN HARE= F
dzMolME SFRMET &S BEE fibroin o] FFEEEI L2
fibroin Bt} W2 FI3E viehdtl (Tshkada et al, 1988). 122
2, o4 fibroing] 333C Erl W& x| 326TColAM w3H SSA Y
Ao 4FRMET &2 fibroin o &2 7154& &njyich

3. SSEo} #AAY 2} SSA] DSC 24

3 282 IAFY 2AEA AU flste] 2AMAA R F2
siMo] BIW whEEe] VYL 93 43 APol B HEIUH F2
uialo] A]|E5 3 Qltt (Asakura et al., 1990, 1991a, 1993a; Yeo, 1996).
olozte =z} Wsle], AAEA APl Bt ol IR &
AR Ul Bsldx FAF FUPo] oy YUY AEJ M
B3], 4714 FBsis ZHYPoIT, wiey ot FAE iR FUY
7123} ti2d, a8zt $2E tdste Adold Bl A Jde XY
¥ oyl
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Nd-soll #ske SS #HEE Nd-s (14-19.2)8F FU3A U
(14-40.5) d@UA] clormz AH14dAF 19.2 FAAR] Y
Roz oAs|ATL, olet A A3 F2Y P2 Aol g FHI] +
Ag "wert ek 2ol A7l uiel Zol, Nd AT ol Nd B3
(B4} SSE A (LB A TY Nd AT FAA wEsos gy
A= A fAF Aok £E&EA(SS) FH VAL oY FF

& {Ax(genotype)} &3 A (phenotype)dl A3 ¥z} 72 £

A3 agzie] BE TFHAE ol =3t SR 24 B

oz 2e A homotype ZXE S/S, B4 oyt A¥AE +/+, 2
2] SS W +/+ 28] F14l hetero 8 IAE S/+ 22 #3333 DSC
£ &Astalct (Fig. 3-6). <714 DSC £33 ¥’} Fig. 3-5¢ t}
2182 40T olste] A2 g 400T oY 12 ool HIEE &3S
| Qdotort, 74°C B 84T oM Y AA FHArt JRS A

2t fAzx} 2§ polux]e] DSCHEAMLE Oy Awtogdy S/+
(A), S/S (B), +/+ (C)E& uYehdn, heter ¢l F1 22X S/++ homo
FH 2 S/S W +/+ o F0HA AAE Vel &, S/+ o ®
B8 AL fibroin ¥ SSAY Telsistd Aol YWY Aelel Belsiey
BAR ARY 4 9o, fibroin ¥Fe $EBAE S/S < S/+ < +/+

2 wickdch  wpebr, Nd-siel TR AsdelA £30]2 st|rt fibroin

A

2] mRNAZ} $73=En, By SEBA S Nd-s/Nd-s < Nd-s/+ << +/+
2 3 ey d7o Az} gt (Suzuki, 1974). Nd-s
2ol X% fibroing ©-8-3}7] wf&Eol (Tsukada et al., 1988), & A ¥
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Fig. 3-5. DSC thermograms of silk sericin (A), SS type silk (B)
and fibroin (C).
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oA fibroin 2] &x§7} ¥o|"! SSZAL A2% 39 AuF AN 72
S F¥Y o, Nd-s A SS €& MBI 5+ ddch
Nd-s%2] ¢ Ho|ATA s-2" sericing& ¥A3i, FArolote] 2

oj

AF Ach(F2) oM B3 U Nd-s Fo] B2Hx|t, o] o s-2" gL
Nd-s33} B3] A% FX3lgct (Gamo, 1980). 3Bg, A3
IEA Ho] {AxE BiF YANAY HE2 Exiche 2alo] g2
th o3 Zzte, @AZEA] <A flc (3-39.0), Nd-s (14-19.2), Nd
(25-0.0), T(23:25)Nd, Foll ¥ ArA AT A fibroin FR-FA=}
EdHole ofd 2oz 353 Qr

NdZo)| 2lojA /A2 ZMo] homo % hetero ¢ ZF$ REZE
fibroin H$#2] mRNA7Z} $$44E]x] ¢}o2& (Gamo, 1980), Nd = Fib-H
(25-?) Udoll Bt ZFRAHAI] QWY ZHojel= F3bo] A7 1Y u}
itk Zu, xR A3 Fz2, Nd |HRE fibroin H |33}
(Fib-H) 7t7to] $IXI8A|%}, Fib-H FZ/Ax 9 ZA{Aze] FAatal
‘rollot B3 xtolrt AR EA] ket (Hyodo et al., 1982).

8, Nd-s Folle]l Aol fibroin® &2} olgke] (Fib-L)7} 23|
shx] e T BAAHY wolete] xlolFol FHEel olr}l (Gamo and
Sato, 1985). ZAAte] wHAZZo| It Hehdd Baolq Nd-s A

(lo

fibroin 22 /¥ core F&o] F4¥ol AFEo X8, Nd AL o]
o ci=A fRelm FIstA EEo] e delg A%}, fibroin
¥P2 Nd-s7t Nd Bt} gon, AZAe] Hu|gdoldE Nd-s @ Nd
Ztol 3% xlol& AFY 4 9t} (Tsukada, 1988). 1 BE, Nd-s
U Nd A2 A g @ ohel Bululs At xlo]E FAlof ofy)

st Azt E2E oujdith.  webd, F ABolM BYEEE 43 2
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Fig. 3-6. DSC thermograms showed the difference of phenotype
silk proteins by the genotypes, S/+(A), S/S(B), and +/+(C) in the

silkworm, Bombyx mori.
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2xhe ofn x4t 24, 8314, €3 54, 232, 5o S5 4dg U
el A =l (Zhu et al., 1996).

Jdd], Nd-sA SSZAL B4 ol F¥AA WiEclA tizgd Hu)
g A2lale] S-2 polypeptide (£x13F 180,000d)7t ¢ il §-27
polypeptide (164,000d) 7} &zjsict. o]elgo] Nd-sA SSZA-Lfibroin Y
L&E7F A" 9of sericin 4EE B4 Follg} thE B4 S Ayt o9}
= uzE o, DES AHeE U Nd-s° & Zfol:= EHHPo| gy
Nd-s 2} o}2 FAlgole B33l sericin 2] £ FAtolzl= Ao 1
Wt xjol 7t UHHch

Nd-sA SSA-L AH14 FAo] Exshs Fib-L (14-2)8] Hol2A L
88 fibroin ¥4 A3 A3} o2 fibroin ¥iko] mf¢ AL FAloj
+88& Uehle 5, Selsidbdo] Folgt Anhdalo] YHHAZE B

Frtl (Fig. 3-6). ¥, NdAY SSZA2 AH25 G4 A2] fibroin H 8

1S

N

FAHzM] Fib-H (25-?)2] wWolo) ols] HER fibroin ¥4 A= FY
% gltt. 28d] Nd-sA SSA-E fibroin ¥4 AslE sericin T §A38}
= o] ojuzl, L& fibroin o] ZH thil HEA fibroin $IFEA BE

Akl Bt g-helix #28 o Wol #43ke S43 224 4de o
eluiAl oot
#igel =7t oo

fibroin H #8 #3231} Wololx|nt, 214 Gl &2} Fib-L 8ol
2}-&3to] fibroin LEAZE EstA] A "l olejdE Z9 Nd (2) Zol
Me Fib-HHH=te] BRUANAM AA=HERZ HEVE g4EA don,
Fib-L G382t Bdol22 F4 ZAxd HXE uolEs LV 4" A
th. 2¥dxs £33t fibroin L7 E24312] W= olf&, HAY ¥

78t HolAZ o2 Nd (2) & #25 gaa) Ao
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2 HER o] ZAYo] E7bsstAl =u, 2 A} LR &v8l7t Asix]s] of
v Aoz A7t

NdZZ Golgi 217} 23] 23 WHEgslo] glom FRAAMdAE B4
Follet tiEA AR It 52 o] JAFH AR, Nd-sZ-2 Golgi B2
7} Badojxnt, 12 AR hef fibroin M FM 7} BHEA] e BE7 wrl
(Gamo and Sato, 1985). AIHOE % ABL BT fibroin Yol 4}

!

23] dastA EHe A7 A71A]gh, NadAl SSA2 HER ZAdol s 55

O

3t EAol A3 3Ex}7} YAt 2|3, Nd-sA SSAL LR Ao)
=2 HE AV NdA SSA wel, 7] Hdo] 543 Avkuag g4
4 4 oA " Zojrh

HS8A U LR fibroin F38XE 43 £43d il /fAaAXEA MZE t}

T GAA Aol Ezisin, FaHo] AFolMEe wHA 2] LFEAE A3
S48 ehid s P48 + odvh A3 2EAY AE Enlol a3 7]

b

delad o By A7 AAIEA g2l FY et FEE A=
Y JEx7t Qlth olgjEe AR MEY AlEE, 5 Ve AZ 2EA
N 5 &€& EFTY AdFol oie Fu|FR IHAA AA==A 22 7}

=49 A A,
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A4d BAZ D S5 A4 42 B

1. SSZ 2] ofuji:eAt =3} Eeld 43

Nd-s#] SSAEL o] &3l ofnxxatg ¥43813, fibroin ¥ sericing
z}zh FAstd 2 BAME vyt A, Nd-sAl SSAL fibroin B
sericin 2} T} 55% J224& uvehlgrh fibroind ZA3 P8

Rog HolE glycine (Gly), alanine (Ala), serine (Ser)°o] 85%

2
a’.:’

olA& xlz]slH, Gly 42.9%, Ala 30.0%, Ser 12.2% ZA, 53] Gly &
Ala ©3o] 9}2 B2 Ror). §HH, sericine® Gly 13.5%, Ala 5.6%,
Ser 33.4% 24, 53] Ser ¥&o] A3 wolAM fibrein & 2.7v) ol4&
71834 fibroin o BI3lY] aspartic acid (Asp), Glu (glutamic acid),
arginine (Arg) ¥3o] Mrix o2 wiglch, -4, SS AL Gly 41.9%,
Asp 14.86%, Ser 8.83%FA], Glyo] W3 Ser ¥ Arg ¥do] Fg2
fibroin2t FAFSIAIRE, Asp, Glu 7} H]2# w3 Ala 7} 32 B2 serine
= B2 $33 545 Jehdadrt (Table 3-6).

49 “Aeld@” olele olE§& A Nd-sAl SSZAE, HAE sericin
o] & HE serine 2] ¥ao] 23] fibroin BT} A3, A3 Bxle] &
AHolo M E sericin BTl fibroing] L§ie] wWHolst o #HAslgdcl. g
B2, Nd-s £ Nd 5o +Us= vl &3 4] oy A¥AL
“rgd FAIATE FHstR “SSTATE A BIIshe WA (H2%
43)0] EbitS AAY 4 Qlch

Achiag s 244 ofnlieato] iyt X4 ojmjical §gkm)

=, sericinollA 7.7, fibroing 1.9, +84 A3 Nd-sH SSE 3424,
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Table 3-6. Amino acid composition of water soluble cocoon (SS) in

comparison with normal

fibroin and sericin of the silkworm,

Bombyx mori : comparative composition of high(4) and low(<) in

fibroin, high(@®) and low(Q) component in sericin, different from

neather of fibroin nor sericin ()

Amino acids
(%)

Bombyx mori Silk Proteins

SS cocoon Fibroin Sericin
Arginine (Arg) 0.34 4 0.50 d 3.10 @
Aspartic acid (Asp) 14.86 @ 1.90 16.71 @
Cysteine (Cys) 1.05 0.03 0.15
Glutamic acid (Glu) 521 @ 1.40 442 @
Glycine (Gly) 41.90 4 4290 4 13.39
Histidine (His) - 0.20 1.30
Lysine (Lys) 1.38 0.40 3.30
Serine (Ser) 8.83 « 12.20 < 3343 @
Threonine (Thr) 3.11 0.90 9.74 @
Tyrosine (Tyr) - 4.80 2.61
Alanine (Al) 370 000 4 5590
Isoleucine (Ile) 2.69 x 0.60 0.72
Leucine (Leu) 4.81 % 0.60 1.14
Methionine (Met) 0.56 0.10 0.04
Phenylalanine (Phe) 1.19 % 0.70 0.53
Proline (Pro) 3.02 x 0.50 0.68
Tryptophane (Trp) 1.17 % - -
Valine (Val) 4.95 X 2.50 2.75
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K44 ofnjxate] H] &L fibroinold oig ualth. Bo] E44¢
fibroin 2= ThE2A], 844 sericin oju} SS Tl Ao H4A
oAt kBiZl £ £XE 7|Sstgrl. SS AL Ala & A9

RE 444 olo]xal §Hek8]= fibroin U sericin o 8l3] tid Hokxlgl,

AMA o8 x4l olujxit ko] fibroin Bl HASIA wlgch e

et

3, SS AL 70% Ex L o144 w59 Ethyl alcohol £%of x| 2&
2FAe 23 A Sl 28 el §sfige] Wit

o] %% random coil 28E f 1k F229 oo 3] RoldlA YA
25 At} gelit BTl (Zhu, 1995). TH, Aol =&3iA HA4H o
2}Z-e gel Exloll £2] Hlo] &ol3tm, 7idol W& ALEFLE 47
ol Axislo] BRI} mifglo] Eol A &MYt (Zhy, 1996). SS
AL dedolld] A &slxlo] sol HelE XA, Yol st7tte] uiel gel
& gAstdon, 5~63 Jtd o W32E VEIAE sol-gel 9 MATEM
A @rt ARk SSTL sol-gel 2 METWMEO] sericin 2} F415}

dem, ol A4 oimkxAte wWol HASIR U7 wiEd ez wch

e

+

ch. 44 oln:Atg iy /Y AP, random coil® FE ExI
B FZRE A Holxja YATRE A3t gelo] HAT,
A oAbz el 2 E sol HElRY Ho|® LoldiA HE A

tZH L8 fibroin < Y% gel E EHWH g3z 23ix#] ¢z
ool sl ulridel AejE ¥l ¥rc} (Kratky and Shauenstein,

1951). &473 olnlxitEg go] -3t fibroin & 53] ZFPAHo] Ala
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W Gly o] WH4H F=Zo|t} (Lucas et al., 1957). uwlelA, kol o} 2
2 E o2 FAHAZE SRRl B (L7t dolutm, Ex} ol Ttied] $47F
Y FHoez AUstA KEEZ NM3 BPIFRE P45t gelol Hch
fibroin& ZlA 7}43tA 50CHE random coil & silk I (fibroin a)
o] 27t silk 1I (fibroin A2 Ho|7} dojiim, o]} HHZof 2%
EE3E u7lgd A 4Ag uA He 222 MY £ AUl

sericin o= fibroin Rt} Faflol F471& 7Hx= olu|iite] geon
2, ol g E ol &3t BAE Y + dvid, 2 JeA

Atgl 4 9l Flolth. @, sericing fibroin e W2l $E AE

o

i

membrane FPEelE o|&¥ £ ¢l7] wiFol, polyvinylalcohol(PVA)
polyvinylpyrrolidone (PVP) ¢ 2&7]7} ct2 E¥=HE A Rste U
o] 2etsl u} qltl (Tsukada et al., 1988). & ¢Zolx Nd-s Al Fol2
e PP SS Awud e F471§ Wol Ald sericin o A
fibroin o] AU EelY 71658 ERY Zol2E o] 43l
Fagbgo] eyt #ojLt pH XA izt 4B S F7/MZE £ UL A

oltl.

2. BAA rolo] Y4 g ofulipal B4

X AT FolEAM 2 HAAE B3l F¥H AUEF “HeR
(GOLD) 2 LA % RA 23%Ed LYXRY o|d, sjuleiz|y 2x& AR
, 228t datgo] mfe £ 54& Adch (A 2% A 3% #H=z). 2
E%2 Zelol del AREHD e A7 BRAIEL oMY &= W o}
2 ol7id defd 4 AAM YAt B 9 BE2 ¥EUIXE BRAY

L27} grh

b4
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gt 5% 5¢o]
odlE 70T o EFAZY 7+ ¢t HNA FUEFF AbXBbUIIZ 84
& AR 2ol vlsld BIEF Yol FXsldrh 53 €Yol &
< Fld4 (AWEY ERY oy #38))E, Mg 1,424ppm (108%), Ca
544 ppm (118%), Fe 1.7 ppm (243%), Cu 0.70 ppm (161%) &t} o
714 Z&(Calelut v2ulE(Mg) S Atgte] A 43 Qe
Ve RAshed dold FrIEY ez oy 27sE ciadL(buk
element) 24, 3150 U & AT 3= ZEoltlh

E3] Ca & we] ¥7]3 X hydorxyapatite & 34 Eoln, Mg
A ZHHBEez Zesiy HAZ 24 E Auel Z4A Emsin
2% 24azg Q@ Adlgde g3 d diojch  slEl wEpl 27233}
22 3= "oy U oA 2 A H(Fe), F2l(Cu), o} (Zn), TUE
(Co), UA(NI) & /3l ol FII¥RE 715 &2 84380 23
22t B B2AAZ 2gsie, vlelgle] 34 Aol EHIYE ¥t oy
of 2Hg7137F BFs] AFEHAE YUt AECr) T2 gy Y
ojgo] Way ZoT oiEls §, BNA FlHdEL AN] BaF B
dF 2o $4¢ o2 VUHIACH (Table 3-7).

e, BAIGES olnxdt 2HE M3 nEAtY] SEe} Yl AR 9
Folnj, 53] kofzat F4ol22 A AN 2uY "art dch
a8BR, 53] 43 F47 ol falely olnjiate BAY A, F
of Ao Zo] felotnlial gaknlold HYE U HYAF o o] 2 2
ol& Holx] ¢kgtort g2 & xlol& Urehidch ¥ A o
%Y ELE(GOLD)= WY AU AbxBb Erh R ofnlxat ¢
ol AEsHA wWalth Hel ofnjxAte EHY AU E AXA] Ys
FEF48ol 58 ZolEE ot o] 5o AARZANFOEAN uf$ &

2
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& Zloltt. 1 EBE, BFstx wigolrt Al Ero] BatEe FU7Al Ff
2L ol 2pdel YuE Y AEL 2L £ AF

of 7lei¥ Ziog MYHc} (Table 3-8).
BN, E4 HAFLAEAe FHilol ¥ ddM ilAE carotenoid
2 daA 9omF (Fujii et al, 1988), Wxel EAML Aysigon},

Seriaze-konku 3= Biopuraze 5 #42] o]£& A2 MAE MY4

32

L 7% & AR} (Hata and Kato, 1996). ©]2} 2 &xof cjy]
3t AAp7igo] /YLt KK S ol &Y S+ Y Az U o] F Mol
1} X Soll $83ls 78 FIUCE S IE VoY AHE 4
Ate 7Hed ZleE Awsch

AMae] o]&& FF3te FHAME carotenoidAl MAZA A
Fol|2xjo]] Zzi3t=  carotene ¢ P-carotenoid, neo-B-carotenoid,
xanthophyll §9¢] lutein, violaxanthin S0l #3le] o|&7}A & AEY U
f7b 9t B3], oz flavonoidA A E  quercitrin, rutin,
quercetin & AIAE 9Fo] o2HE HXM, sericin ¥ oz}
fibroin ol& EYHc o]y MAEUL AF FHUE ol BU KR
5 7le el wizl 543 UAA}E Iy += S Zloltt (Sakada
et al.,, 1997a, 1997b; Mcgregor, 1972).
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Table 3-7.

character of yellow and white cocoons :

Inorganic content of the silkworm strains with the

S days old silkworm

larvae of 5th instar were dried at 70C of forced blow for 1

day, and powdered

Yellow Cocoon

Elements White Cocoon
Female Male Mean
Mg (ppm) 1,355.00 1,493.00 1,424.00 1,317.00
Ca (ppm)  536.00  552.00 544.00 460.00
Al (ppm) <0.02 0.06 0.04 0.32
Fe (ppm) 1.90 1.50 1.70 0.70
Zn {ppm) 1.60 1.40 1.50 1.30
Cr (ppb) 9.8 16.7 13.3 11.7
Co (ppb) 2.8 2.8 2.8 1.9
Ni (ppb) 30.0 31.6 30.8 22.9
Cu (ppb) 790.0 606.0 698.0 434.0
Cd (ppb) 0.1 <0.1 <0.1 0.2
Pb (ppb) 2.2 4.3 3.3 3.1
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Table 3-8. Free amino acids of silkworm hemolymph on the yellow
blood" strain (Gold) and white blood” in general strain (AbXBb) :

larval hemolymph of 6 days after molting at the 5th instar were

analyzed
Amino acids Amount (pmol) % Amount
(%) Yellow" White® Yellow”  White”
Arginine (Arg) 146.749 63.739 3.25 3.08
Aspartic acid (Asp) 313.785 174.237 6.95 8.42
Cysteine (Cys) 10.086 4.078 0.22 0.20
Glutamic acid (Glu)  566.152 248.308 12.54 12.00
Glycine (Gly) 644.254 365.372 14.27 17.65
Histidine (His) 201.167 69.945 4.46 3.38
Lysine (Lys) 229.672 25.843 5.09 1.25
Serine (Ser) 446.013 220.874 9.88 10.67
Threonine (Thr) 194.196 92.464 4.30 4.47
Tyrosine (Tyr) 83.557 38.728 1.85 1.87
Alanine (Ala) 641419 309.756 1421 1497
Isoleucine (Ile) 151.882 64.541 3.36 3.12
Leucine (Leu) 179.766 79.267 3.98 3.83
Methionine (Met) 55.768 25.456 1.24 1.23
Phenylalanine (Phe) 231.165 109.794 5.12 5.30
Proline (Pro) 181.679 70.537 4.02 3.41
Tryptophane (Trp) 11.621 1.779 0.26 0.09
Valine (Val) 225.060 105.125 4.99 5.08
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[1-3C)-Tyr @ ®N-Tyr £8° 23 NMR¥& A g2 AmEg] 4]
Reolde] Az Fe FP AR vHES Z¢ 54° o wigE& Yehd
och =3 o]FF Are MeElA W Tyr F&olzla Bz E ¥Lo
40% ZA3t HRES S0 230 o w2 uj3ke] EXE 3 9SS
ottt F, Tyr 3718 Zfe AdB =Y YUAYEHE o] FLl, F3F
of 7I7t& el Aoz HAF ALt

Orange 117} A 3B 241 o] Ex3te Tyr 7Y AFL 40l
27t d7el 522 ZA4E Tyr o EAl3ts OH 289 ¥ #4371 o
oLzl #9AA, pH 108E A3 HHE Rl olRL o] &9
pH ¥ o] H4F Tyr 3718 O F+F3} Orange 11 &3] SO; o] 3
71X wbdof o3le] © #4371 dojit AXE M E AL

2. +8%4 A4 SSo =3 5A

24

SSAL FT-IR 4ol 1,200cn™' &) Amid Il F4cth’l ramdom
coil & B F2 ExE VPER yHZo] Y, APHTE
Aelale 30% Rrh 8 40%2 AHEEdeh. SSAL “Mjddz} Fd
3 A14 A Nd-s 32 d8ol 3 Aoz mEZole] Exjjr}
#gaolxlgdcth. B2 Nd-s#3 FAAXE “Aejadd” @ “Aejaddrel
gtz BEL e Byelsin, FolE SSF 2AE “SSAU” EE: “£8M
2 o] vlgtay Zlojr},

DSC oA +/+ 72 3HREAL B-configuration & T}2]of 2j3t

f
rr
>y

E49 1Azt 74C 2o EafskA|gE, SS A2 34T W 84TolA 23] HH

och Zel3, B-configuration & FA43Ix] ¢t ez <2 Mg
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AoME [~V o] Z2FP2RE HGste 5ol Jd¥"HAR, Fdv3aE
TB2Q B} HA e 48 T 24 SS A} HER xjo]E Rch

E3] SS Aol #el™olE (transition temp. ; TG} 110T A ¥
B29 Brix 10C ol €3 Addo] Fsidrh. W, 32 Ao &
HElE FY 73 SS AL MHEZAE Yi3E Bl Mejd Erloa
~helix 72& o el Y ASE ¥ & + AAch

hetero 8¢ Fl x| S/++ homo ¥l 4 S/S & +/+ & 3
Al ZAE vehfdch &, S/+ o FEF AL fibroin ¥ SSAY el
e Qo] EyY el B 4AE Ad AR ¥dEolen
2, fibroin ¥39 $EWAE S/S < S/+ < +/+ 2 dBLHch Nd-s
7] SSZAL fibroin Y4 H3Z sericin ¥ A3t Fo] ohel, LR
fibroin o] Zoid thdl HAR fibroin IF2AM HE AxhYE ¥c} a-helix
FZ2E o ol ¥R Sy A H4AE dehiA =Hodoh N

(25-0.0) & Nd-s (14-19.2) #3Ax}2] §8L8 NdA SSZAoM+= LR

fibroin &% E47, Nd-sA SSAL HM fibroin TF B4 Achyd g
B 70 £ & Zojch
sjBgele AARHG sl ROFT Hol: glycine, alanine,

serine ©] 85% ©o]A4& x}x|3tH, glycine 42.9%, alanine 30.0%, serine

b

12.29 <t el Aglale glycine 13.5%, alanine 5.6%, serine
33.4% <ich. &, SS AL glycine 41.9%, alanine 4.4%, serine 8.8%
2AM, glycine ¥3o] w3l serine ©] AL A HEBAM {FAIsiH,

aspartic acid 7} ¥|2A 93 alanine ¥ako] ML HE Azjala g2 &

rlo

& EhAich
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AAG RS otnkeAt W 4 2P I EAPY £ dE] HE
giFoly, 53] wotat Filolmz goystal dHAAN 1 "aert A
th ®E IXE A& Fol ATLEM 2 AAE Bl F4H AUEF
“¥£B” (GOLD=LYXRY)S d48A Zz, dub widzd 3 2EZo|
ulsle] RI1EF o] FHsIAen, Mg 1,424ppm (108%), Ca 544

-J

ppm (118%), Cu 698 ppm (161%), Fe 1.7 ppm (243%) <ic}.
A48 A3, ol MY F2 fFelopo

Z+2 histidine2} lysine ©] %3t

53] freldeld] otojiatg
A e vl gl HEARA 3
ol WHAT ol ol Z xlo|E Rolx] Uttt 53|, HE A
FolE%2 HLEB(GOLD)E WE WA AbxBb Brl f2| onial
Ar) fPo] WBstA wWkch fel oluliite 5HY AP S AXA|
UDE Frgol & A0EE Fol NNFFEL o4z} ofzlo] T AAA
Eo2A g {&3i0, 5532 B Boll MEE FIUIXE &7 915
of ¥2Y £ oE ol AdeE AgHch

3hE, B4 dfaizAMY HEol ¥8E HdM Mare carotenoid
2 dA demzg Hzeo A2 AYystHdorl, Seriaze-konku E=
Biopuraze & &49] o] 82 o MME A & THedE AR
th ol & &xof thu|dt AHablgo] UHCIE KES ol 8Y S+
Ak Az gl olE Bl X Bol $83t: AXE FIUcHE S5+

g ZE Jhuld AAE AR Vel ReE =8
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®3, Nd-s §3x ddo] filEs U 2o 84 FTUUE SS
A3 g axA- AP B AGY 15 vP AU deENBLS F
o] dFolNE 238 FHoE NFH = Arh oAY2 FAFEE
G ol BH ditol oA H&H 4 Al thstd AF AHS4]
2 S ZAF "ay Fojch, I B ozt 1FY RAAJAUY =
AP ANH T XA PP EdHlE HWHenR A5y
Holl il B8 Ax o Ut Fost 27Hch AFAHAN

e Il o EAAS Asta dRVIeE=A A £ e LU

°]

fr

g ¥Rt Y FolATS, AI7A ARG HAA
Aol iiol EA Rada, oidd) FUIIIAME HEEY A ARG
E308 o]&H3 A& A=olrh. Ll ulWE chujdte] Aoz 1&
2 #AAHA EAPY V&S FFUCHE, Folo 558 JEol sl
biomachine & xtdollA #&71xE A3 Wart ek uwietd, £ 244
g B3lo] 84" R Rl EFFol Wiy B AR T HIAES 2
28 5552 A Bt A8 Aol Bidol =4 FFE ohuiR 7]
¥b 7l&o) ZEE 2R 4 vk 2 #w opel, njx]Y /8 FAAL

AZH o8 sYste gRoAME ol Bxt ozl op¥F slipol &

<
AP Ao 3t RALE "Rt Aroll’]l Bombyx mori mori &l o}Fof

fr
i

sl ol Bombyx mori mandarina = %Y 2R LFEH, 3

| R ¥

= opggelE f2utelol del BEsta glth. R 7te] AEet @
7 2ym o] JuYol whel sl WAL HA] FAHSA HAstn
Qth. ZEBE, o o4t £XUEIL Fo1E7] Mo olFE AMAsA #
AL L R, ozt B3l ASAE REE ]9 FAAYSE

Ut e ko] aHTh

135



108, 2119, 2120, 113, #1114, 2125, #1262 =22 FAstadch 4]
£ £/d% Ab, Bb, Cb, Db, Gb, Hb, Ib, Jb 52 A& d8dogN,
sericin 83l FAFPPA Hrp &2 ez wich (H3F 23).

sericin 8] &= ¥EFF Rl B o), FEE et F

2

add, R =48 & AUx FELE Y] stde, M2

S8 AT tEd H 88 Aol A FFol vsty AFsAY A
o] MY £ Al iyt FFo] Yasich FE, §F 717, &3
A3HE, A 5 4 ASEE AEFH 2AE e 2
2}, Ab-%107, Bb-%108, Cb-3119, Db-3120, Gb-&113, Hb-#114,
Ib-3125, Jb-3126 el ztolzt gloict. mhebr, x| HFAE Ayl
oA obZld 4 ol A8 el AFHA deorz ALIXE

Zyl Rog #elEladrt (Table 4-1). A2 4T AZM: whAZE 9
Atztg So] oy PFof vty rtlh F7ste HIS Kol AL My
B4 oA AnEAd el f3sle BE AS S 2HaE 15y

slstod olFWE AMS Y AT Azt
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Table 4-1.

strain on the original silkworms :

types, from Ab to [Ib are newly bred strains

Economic characters of wild type and newly bred

‘from Jam107 to Jam126 are wild

Silkworm Hatching

strains’ rate (%)

Larval

duration

{day)

Pupation
rate (%)

Weight
of Single
cocoon{g)

Cocoon No. eggs
shell ratio laid per
(%) moth

Jam107
Jam108
Jam119
Jam120
Jami113
Jaml11l4
Jam125

Jam126

23+04

92+0.8

85%2.0

89*2.1

84*1.1

91+0.8

1.9+£0.02

1.9%0.01

1.9+0.02

2.0+0.06

1.8+0.02

1.9+0.04

2.110.02

2.1+£0.02

22.1+0.14 514%£10.8

22.5%0.25 504+13.6

22.9%0.19 513% 9.1

22.7+0.30 511 6.4

22.1£0.39 485+ 17.1

22.6%+0.23 515t12.0

21.9%0.09 500t 9.2

21.9%0.14 527120.8

Ab
Bb
Cb

Db

Hb

Ib

Jb

89*1.6

85+1.3

92+0.9

90£0.5

1.9+0.02

2.0£0.02

1.9£0.03

2.1%£0.09

1.8£0.01

1.9%0.04

2.2+0.05

2.2+0.02

22.9%+0.17 532+ 9.3

23.2+0.20 508*17.0

23.3%0.17 530+ 14.4

23.3x£0.27 480t 7.3

22.4%0.11 553+15.0

23.0+£0.15 503+12.8

22.1%£0.22 520%£13.0

22.4%0.25 525+ 18.6
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Table 4-2. Economic character of wild type and newly bred
strains on the hybrid silkworms : "Wild type strains, Jaml07X
Jam108, Jam119X Jam120, Jam125% Jam126 : Newly bred strains, Ab
XBb, CbXDb, GbXxHb, IbX Jb

Silkworm  Hatching Larv‘al Pupation Wen.ght of ~ Cocoon
strains” rate (%) duration rate (%) Single shell rate
(day) cocoon (g) (%)

Jam107

X 96£0.7 23%0.1 96x1.1 2.2%£0.02 23.5%0.28
Jam108

Jam119

X 96+1.0 24%0.1 96+1.3 2.3%0.02 23.2%0.22
Jam120

Jaml113

X 95+0.5 23%0.1 95+0.3 2.0x0.04 22.0%0.31
Jamll4

Jam125 ~

X 98*+0.2 23%0.2 93£0.2 2.1+0.03 22.4%0.30
Jam126

AbxBb 96+1.2 23%x0.2 97%0.1 2.2%0.02 24.0*0.26

CbXxXDb 96*+0.5 24*0.1 94*t1.6 2.5%0.03 23.9+0.19

Gbx<Hb 96+0.3 23%0.8 95%0.4 2.1+0.03 22.8+0.20

IbX]Jb 98+0.4 23%x0.3 93t0.6 2.2%x0.04 23.0%0.21

139



At ol A Fol itz 22| FRA 542 Abde] mietsiE ezt o
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2. 5 334 92 A3 « Ax Az

OKJ-

axof cthsl] AAME drAoZM FHE A
ZT b 1A Al Tt RN ES o,
HE: Y AAES Y EAJ V&Y 4F ¢ aF vastdch. @z
HFe 729 1AM Zole 107, %}108, 2119, #4120 Bo] §43ld
™, 2 71%%<¢ Ab, Bb, Cb, Db 52 900m o| 224 t}Z AFol
sto] e4stgdrh. 125 126 W 2 AFEA Ib & Jb & NS K
& o] ¥FslEA Y, HEI} 2.8d A tia F7] "o 2XA Zole 1
b3 ol At (Table 4-3).

AAE 2xo B# HES 1,300~1,500mEA 23, =& 2.8~
3.0d A, 9% X0 vlstd IHF DAL Ao F FE S vehd
oo, Batzdulg 9 shAgo] FEAUCh B3], YAHIE 19~20%,
3M& 69~73% ol H2EAM, UF] FAIHE 17~19%3 A& 60~66%
of ulste] RFF T Bk LA Fe3tach. F107x 108 (EEF)
ol A% 4% ABEY AbXBb £ 2ol 2w HEs} BlIH sty
oM Ml HAEASBAM 440 Feezch. ¥H, CoxDbe A=+ 3d
Ae2M e FFo ulstd XM Ax #FE& 54& Ried, /%
A&7 7bo] EFE 1 gHE 31X Aabdo] FuiE £ dE AR dF
& 4 el (Tablé 4-4).

AZZE AbxBb, CbXxDb, GbxHb, IbX]Jb & %] HIM JJHS

—r

|o

3

g At &4 ZAdel= =3, ZHz JRRtA] o2 AdEiel H107xF

108, Z119x 2120, Z113x 2114, 2H25x 2126 of Bldle] dubael

(<]

# Aol Belt ol Ushix dolth IAA Az 49 GvEQ
e AA EE RaYF olnAe] 1R YRMo] AalHE A

odrh. 2 ofoll A bl P FY FF FEIAU 2 ol

J
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Table 4-3. Silk reeling test of the cocoon from original silkworm

strain of wild type and newly bred : "from Jaml07 to Jaml26 are

wild types. from Ab to Jb are newly bred strains

Silkworm Length of Weight of F i%ament Reelability Perce.nt.
.. cocoon cocoon Size of  of cocoon rawsilk
Strains  filament (m) filament {(cg) cocoon (d) (%) (%)
Jam107 973+65.6 31.5+0.27 2.7£0.08 63.1£0.47 18%0.1
Jam108 950256 31.1%0.16 2.7£0.06 65.5%£0.41 18%0.1
Jam119 935*16.8 30.1%x045 2.7+£0.05 62.3%0.39 18%0.1
Jam120 946+14.1 29.5%0.33 2.8%f0.02 65.8%+0.73 18%0.2
Jaml13 873+3.63 27.9%0.30 2.6*0.04 62.61+0.36 18%0.1
Jamll4 857%18.0 27.1+0.35 2.6*0.07 60.8+x0.30 17*0.1
Jam125 828+18.8 29.5+0.37 2.8%0.04 63.1x0.61 17*0.1
Jaml26 856%25.6 29.8+0.20 2.8*0.04 61.3%0.94 18*0.1
Ab 986+22.0 31.1%*0.11 28*0.05 63.8+0.99 18%0.1
Bb 991+ 88  31.5*%0.56 27%0.05 66.3%1.33 18%0.1
Cb 942+358 30.5%049 2.7%0.03 62.6+0.88 19*0.1
Db 1,005%x29.8 29.3*0.26 2.8%0.04 65.9%t1.14 19%0.2
Gb 887+10.3 28.9*1.32 2.6+0.08 62.9%0.82 18%0.1
Hb 827%10.4 27.9%t0.28 26%+0.03 61.3*1.17 18%0.1
Ib 846*+26.0 30.5*x0.34 2.8*0.05 64.110.79 18%0.1
Jb 823*134  31.0%0.10 2.8%0.10 60.7f1.12 18%0.1
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Table 4-4.

Silk reeling test of the cocoon from hybrid silkworm

strain of wild type and newly bred : "Wild type strains, Jam107 X

Jam108, Jam119X Jam120, Jam125X Jam126 : Newly bred strains, Ab
XBb, CbXDb, GbXHb, IbX Jb

. Length of Weight of Filament Reelability Percent.
Silkworm ) .
strains” cocoon cocoon Size of of cocoon rawsilk
filament (m) filament (cg) cocoon (d) (%) (%)
Jam107
X 1,397+x11.2 44.8+0.23 2.8%0.05 73.5%0.61 20%*0.3
Jam108
Jam119
X 1,479+16.7 50.8%x0.23 3.1+0.10 68.7%0.23 20%£0.1
Jam120
Jam113
X 1,252%£29.8 39.4%*0.58 3.0+0.09 72.6x0.45 19%*0.6
Jaml14
Jam125
X 1,273+30.3 42.0£0.20 3.0t0.09 69.8+0.78 20x0.2
Jam126
AbXBb 1,458+18.4 46.1£0.54 2.9%*0.05 73.5%x1.74 21%0.2
CbxDb 1,551%134 52.6x0.35 3.1x0.06 68.8+0.78 21%0.1
GbxHb 1,332%+35.5 40.3*0.54 2.7%£0.12 71.5*2.21 20=*0.1
IbxJb 1,320t14.8 42.8+0.85 2.9+0.08 69.7+0.99 20x0.2
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o2A P48 Zog uusidth Yoz A4HoT 54¥PA ATY
AFe FHshA Bel SHUTHD, T2 Bol¥AY el WAY 4 AL
old, XY ERMet HE ol FUe A BE FAY FUE 7
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Aoz ERE 107X 21082 AAY 8 ohzl, AL
A $ FAF o2 g v el
A8 AL At e UEFTL M AFTsn Aekdl 3= A
oL, HZIE WeslY AR MIn: 033 WA Witz g Al
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BEsa deidoe] s cias @ dojrh. AMEF Ay FBA
of st B AUFEFS T BYEFS dolud 7jeUdS 2
S & AL S 2=} FHsA] Yk

107 x 21080 A Mo w7]5y] oMY Y 270 u}
gt v ZAHo g RN o]F 7ix], HQel £ AFAHANE EE ¥
Foz fxEI gk HeEAEE BEE Adsd 8% 5y Y dF
o ALFAL ekt Hxg ALEE JE F
4 ek & A +¥ LY
TY BFoEA AuUAZY 2UF AbxBb W I fFo] YoTE= ME
 BEE EFoz2M &Y AHolth. ulF ¥ FFolet=
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A3d Nd-sA E+3E 23X 4 LS A3

1. Nd-s FoAAE 34 U A1y Ad

Nd-s# 4847% SS e Audae] Bolgt 24 N 4T ¥

fllo
il
AL
g_n'

Ir
n

ol Al 4% FE ol &HE U2 T 2EHE KA
742 FHYLo|l BPFolth. I FolM ujFYHA U 54
&3t A7t 2 w¥eoll Bidel o] &€ 5 A& Zeolth. homo type 2
SSXSSE thde g, AAYAE LA €3U AA ¥ 337 ¥F BBE
=qdsta, 3 afF rold FR7IN AFE 2Asielch. A7 4F

W iE el WLE fistel, BA YUAFY T ¢¥ AA U BB ¢

AA % BBE Zt7t Ab EE BbE ¥HOoR o]jf31geTZ Table
4-18& #=z3ste] SS o AA 7o BFPA S AtEste st /371
2t A U B AT 23Y oj2loLt SS9 A 4 B AUEFS 21674 E
A SS #Hzat L wEolden, T AYFL EF Y HIU 224 A
Bt 3A ¢&EHAchk ©AFSFS A W BY aFS 27 1.96 W 2.38¢g
ojodon, ztz} ofxe] HWFXQ 1.57g ¥ 1.62gS AE3lH, SSXBB =
B +£&& wrstdct. 53], B ¥3o] =YW SB o AALY A}F
AAXBS & ©HdZo| 3.0g oMo 2AM Ao FFE A XYsid, B
8 BHEFY 136%E w7Iste “fruroll”st BI¥stATh A2 47HolA
AR 7]&0 o3td, AAXBSE ©@ o] “suFo”2 %F5H7e] &
gt £F02 syt I, AFFS AAL} SSTY HHEA 23.5¢cg

gl BB& SS7He] HF 25.0cg Etl €53 18.0cg ol E3stFon}, SS
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2] 3.5 cg of ¥lstd= A ZRAE et WA F2 A Fol vlasle @&
g A A3 £ELE Fu=Hd e, E AP vzt 43 Fui
= E7sIa §5 AS7ITE 2318 YHEHE BES 2 At nie
g|3tA o] 8" + gltt (Table 4-5).
Rz} zf2Y vloj2aE o] &Y FEEF i Ff, S0l A
Uols ZAabdo] tiFEE& ERSHA =lof Bitde] HolxA vt Nd-s

B Bult Al 2% SIFEA Aapd o] njofstag Solgd 4

)
rlo

Aol

=

felsicl. #Hole dEAME oldPE BEE Nd-s Ao §8&
UFshe Azt gy o, HEe Fois ol2] AAXBSS 2
Zof ol&x] E3}: Qlt} (Yamazaki et al., 1997). L 2oE o E

11
tlo

+

o] 8-%

op
2

FEEE BAVISEAM AEG wix]E oY Pibrlso] A=

)

2 olct (Choi et al., 1997; Tarasaki, et al.,, 1990). §32] AF7} 3
A2 vl go] Yo Teo BEXo: BEYE Iuidy 4 U F
o] Roi¥ith, ujeiM, Algolrt A B H2Y KA YEAL
AEZEogM ol felsich Y §F 9 Hussl & 842 533
sigole Rejstn], o7} ¢k7] whiol FFstx A 4F ¥
ZExABHe B4 A0 208 =¥ A7 d3o {831
axjAdel Rulgge]l Fom A 1At F2A oy F
Nd-s 8d¥o] FolAE S 2 fAY o] Ikxoz ey
o] o9 o, ojegt Al Aol BIAMGO] KESICH (A2 43).
aeuh, JFYE AeZ A AEY SfAle] FAY ATES 2uisted gt
FEE =UsiHRlE, Nd-s B3 S84 Hol 7] ol A& Esle
gol Horg duEsde wWalol 713 yte] ¢k whebd Nd-s3
o] FA W ol ARgAlols AAPE dEiAg Hop 3Ey dHos duE

FH HES HE F s YAHE BFshe Ho] ReY Hojrh

L

L

P

fir
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53712 of thidshe €8s H&E ZaA717] 1T B3 AR
o024, BE rolo] FeRct dF dujrt AzY o 2188 FY
the, I glol 1-2m Zo2 A ML BUL IYsYch olze 2
IAR YA EQT A3, 60% WYY A &S 7158 Nd-s AT
o] gy A28 80% BEE SAE AL $Ax Z¥o] Nd-s/+V Q
ZARolE 449 YuEedo] YAEUoLL, o] BrdE BEAZY FH
gyjgo] tia F718ledct (Table 4-6). L8 AL Ag wrlo] Hof
E Y EAREYLE Yo| oxtelo] A AR A ot ®ulsly] of
& 2A7 4" 1EE, Rol2E o] 1Y FYS 2 sE
¢ 5 ojFY 1B %E EYsted =&  Rojth. "Hust &2
2 ded Azte]l o A2%d, ¥3jrt 1AH FEY H2 ¥FIL vje
Zold fd4S dA HEE, AAY unjx] B2 Husl o odA
Hch x3, 283} W FYY BUdL ARY wAztele] 71§ FF3
A HE2Z gy AYPFo] Y2 mF7 2ol ABE AAAFT o
Foll gujo]l 433 ZA7t FUBstad Aoz Azisc

gtz og Tiyols Y7t Fua Aot Aol o o 71x] 98~
1728 B=7F 20850, 9u¥ 1242 712 8& F2] Yotx 2%l ¢17)
jEof o] JZole A E AZSA /AU AxY 2L Yy
Aj710l xtol7} Qo= eofle] zgtAE W EA JE4+ lon, ¥y
2% Hol chyt Mol ofyd o, AR A VHE HAYEE AAY
% gty I, Nd-s¢b T REARY] B TBFLKOEA ojg O
2 Y F Fo4 FUoE Uzl At FEI Fotd AFFY F
)zt ¢lgo] gl |, oYL WA Y BIJoME, ¥ F AL
ol Lt o7} Alzt7] ¥& 9] AR djZe] dAle]l Ae A R

o
2

=)

)

147



Table 4-5. Development of hybrid silkworms by introduction of
Nd-s gene with standard strains of Japanese type of Ab and
Chinese type of Bb

Larval duration Single Cocoon shell Pupal weight

3 (day) cocoon weight
Silkworms A
Whole 5th weight o
instar __instar (g) (cg) (%) (g) (%)

SSxSS  21.83 6.00 124 35 28 121 97.2
SSXAA 2167 583 196 116 59 184 94.1
SSXBB 2167 583 238 152 64 223 936
AAXBS 2167 58 304 180 59 286 94.

AAXBB  25.00 7.75 2.05 49.1 24.0 1.56 76.0

Table 4-6. Percent success of final larval molting for 5th instar
by application of nurse rearing’ methods for SS silkworms : ‘for
the practice of special care, littering nets were put into the rearing
tary at the early time of molting, and mulberry leaves chopped

longish shape were supplied as early as the molting begins

Silkworms Percent Success of Molting (%)

(Genotype) Control (customal rearing)  Nurse rearing
SXS (Nd-s/Nd-s) 63.3%£6.17 86.7+2.40
SXA (Nd-s/+""%) 92.3%1.45 94.3+0.88
AXB (4774777 99.6+0.34 99.3%£0.33
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stA Hol Ugg 2EE + ¢enE, A AEA HES HAY A
& #e7t g¥ch

2. Nd-sA +&47(SS)e] it ZAA

Nd-s7A| SS#e] AU Fe] 3ol Holdiy, Sz A

o] i Jhsidol MAHERE (M3% 3F), SS Ao AL AP 4
slod, dEA W F3A UFL AWFE oY +84 A A

& A¥stdch. 2FF SXA, SXB, AXB & oix] g2 oln|
Table 4-5 oM 7|22 & HEILORRE KA} 2450 ulE &=
ZAME Bl £8&4 AN S 439 + UL Zolth. 121TAA
45% 7 autoclaving 313, kit ¥ A Zeroz Y £84 Ay
A #8&, homo type (Nd-s/Nd-s)Q! SxS9 ol xl&= 1x} A ejollA
92.4%, 22t Me|¥F 93.3% 2 W ATl  hetero type (Nd-s/+")a §
x A2 A 12} Ael¥ 75.6%, 2x Me] ¥ 76.8% M £83 Ay
A g 76% A2 EQIEch oyt Ackwale 23]19] autoclaving
F Aztgdo] 30% Bz HE 2L ¥ o, SS} FAAH 1Y F12 +&
% A geko] ¢ HF 61.7% Erie tht EUTH (Table 4-7).

-J

T8 ALY B3 FUE 2131, oa, A, B, § FAASE
2% 2P Y FhsdS AlEstlet. SSA2 Nd-s homotypeo A 1}
£0] 14~15% Ut en, 58714 ofF Fol&Haf 7128 73|S0l

3~6%%L, MNAY &4 Ay

(a3
>
>
>,
o
"
lo

o BT %'?'Sga_ 3.5~3.6Cg o]g’i
t}. oa/oa 12.8~13.5cg, A/A 42cg, B/B 45cg &8 FAIX| B2 F1 I

N eNd-s/+) 2EFS BF @39 FEAA 95 cg ¥ 24.3 cg o ¥
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14~15¢cg ©l

o
L

sl] oo, 0a/SS 7} 6.0~6.2cg, BxSe A 23

2itt (Table 4-8).

of v]sld 62~64% FELE I A ZAsAch

1o] BF4Ql 61.5% Br} &

P2

ol ZALo RIS 76% FEEA

Nd-s/+

& AxS W

Pl ¥

ool 11.4cg (

15cg X

BXS azEoAe] $££4

76%) &2 ZAxigdom, SSEe] 3.5~3.6¢cg o B3l A Aatye

ch= 2ich

Ko

3uj ol4t

E
3l
50

oy

3

£
53], AAXBSelA 45H HF2Ae el

4B

e st s, gAY 34 EEEFU A

Aol wie Takaoliet.
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Table 4-7. Solubility of the silkworm cocoon with Nd-s and
noramal genes by autoclaving at 121TC for 45min. : data exibited

the cases of treatment by 1 time and the repeat of 2 times

Solubility by autoclaving (%)
Silkworms (genotype) : —

treated once treated twice
SXS (Nd-s/Nd-s) 92.4+0.32 93.3+0.25
SXA (Nd-s/+") 75.6£0.83 76.8+0.68
AXB (+™M7/47) 25.8+0.72 30.0+0.12
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Table 4-8. Expression of the Nd-s gene in relation with water
soluble cocoon of SS type, naked pupae or heavy weight of pupae
on the original hybrid silkworms following cross with various
strains : the percent calculated from the number of 5th instar

larvae soon after molting

Silkworms Percent. Percent. Percex?t. Single sh;:figzgzht

(genotype) naked larvae cocooning cocoon s
pupae (%) dead (28) larvae (%) Weight (g) (cg) (%)
ol 1aa 27 829 L1135 3.1
T2 148 60  79.2 116 36 3.1
O%dy 05 0.0 995 119 128 107
R 1.0 0.0 99.0 119 135 113
el 54 11 935 134 49 37
ez 36 10 954 125 47 38
QL 18 46 936 115 7.0 6.0
Sl 44 36 920 123 76 62
oy 34 25 941 192 139 73
N, 32 08 960 165 133 8.1
Sy 08 75 917 208 154 74
S, 00 66 934 215 155 7.2
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FEEL AYEE EENAZAM Folg] ¥ 9E 7S AFAeZ HE &
€ Adsted ZIz7t e dAEE Agsiact. ol V& dAxel
U2 roll FAAILL] UF W 2ol s 22 JeA4S A 4EV
A2 pudgictd, JPLEL YAFEY eAA o] ARE Med e
¥y 4 2dch (Fig. 4-2).

BEZIARAMY oll2] 7158E A3 4HolM EXg

Jo
&
Y
r
2
o

23 Ay AP A2 KLY U2 e d S nif Tl @A)
Bsindes ARRZAE &5 EE, A2YFIxLY Udolu 2% A
xufier 2} (Choi et al.,, 1997; Tarasaki, et al., 1990) ¥ t}zt=el &
2] Musbsdol AAE ek a8EE, 23 3HA ¥ o|E
9 NZARE ZAZR §49Y K47 AEF RYQ ¥ RYXLY 4arde
23517 218 ARRAIEE syt A wjaE
WA B EF R B$ Table 4-1014 A&2E ©AdF 2.2¢ A3
8§ 23.5% &5 1.68g +&& 7IE2 = 3ch

]l $4E3 RYQE ©H3F 2.08g 8AF 1.78g ASEF 29.7cg
A5 144% 22X AAFL 3] L3 AE5HS i FAES
Brl d53tdek. RYQ 2t /B3 RYXLY & 4§ “33gre
Bystdon, vtASS 43 3.05g 3 2.34g of W3l HIFIYHL
©dFol 2.69g &AlF 2.24g AFF 45.1cg B3H & 16.9% =AM, £
%2 133% $£Eo1dch. Id2E, 2% 4H e J1E L FLyrid Fay

E “srErol”e] HFo &3t Zoz YHAd o, AF8| &S WA

do,
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Head Thorax Abdomen l| Tail
|
A Y
L] 1 L
Fore-gut Mid-gut | Hind-gut
Mouth Body cavity & skin
part
Regulation of Ma\)ou.r Process
*fermentation
supply and .
*separation specific
Prelimimary epr e :
*purification |reaction
reaction .
*collection
Preparation : Finishing : Processing of
selection, supply, concentration, waste product :
crush of the raw and Storage of remove water,
materials the Products compression
Fig. 4-2. Specification of silkworm body as a biomachine for the

synthesis and concentration of useful biomaterials on the

establishment of new technology.
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Table 4-9. Productivity of the silkworms for yellow cocoons
compared among the newly bred silkworm strains of Bombyx mori
mort and Bombyx mori mandarina of wild type ollected from

mulberry field or domesticated

. Mean of
Silkworms Sex Single cocoon  Cocoon shell Pupal
weight {(cg) weight {(cg) weight (g)
+ +
B.mandarina Female 86.9+4.12 6.2%0.31 061
field collection /., 44.5+2.40 3.8+0.30
A Female  209.2%4.27 30.2%+0.77
B.mandarina 1.32
domesticated 71 jo1.1%255 14.9%0.53
Female 232.0+0.06 31.1%+0.30
RYQ 1.78
Male 185.0%£0.05 28.310.24
Female 304.9t0.17 47.310.28
RY XLY 2.24

Male 233.5£0.08 42.8+0.21

AL gt AL EA) v £E2LEA ol EVIXE ¥4 £ AUA
o} el #ZeMME o8 Uy
AE ol 8% B FAY YAE
2% 4 2t} (Ohmura and Hshide, 1993). 12 ® “433A72 A%
HEANEFE, 50t o, A FollNd gah, Hadard 59 o}

4 olg Aog A} (Table 4-9).
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e
afk
op
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3
iy
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meE,
i

“HI2L LexYpXxFnXZe A9 RexQexYgxYe AQ 7t m%to

oJa A HEATOEZRE W &4 JHedt FFolW (H2% 3
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), A7)0l 295 it FFWE ] 2~30) FEH H& vt R
ol alrh

3t Aol (Bombyx mori mori @ 13t B. mori & B} 2AF
S82A o] 7besta xche] gAlo] JHsdtRE BHCR HFEHE ofd
Hi3eol (Bombyx mori mandarina : ©|3} B. mandarina & W) & &
A polAFelEE, “HIA" Al FAlstch Bl hAFL of
4 APAT 0.657g off vIste] AFAHZelA = 1.552g olglen, 2.364)
ol Fui¥ AL uf¢ 1A Aot sy, opdE Y B¢ A
FAHRE AFE AAAT Bt AFo Zolrle oA "ol st

YR At 225 vehliddr] wiEelch. 2 wgk ofvel, AFANS Al
2

=

% ez o
E AN 3l
| =]

=
—a

i

2. Brol AEL chsz gad 23

opAe] Biol oo} 2
2 del YA gou, oIREE Y Aot gol A AUl 4

A A-gste] dxFog Aztx A £ e B0l UEHFZ 2 AFlA
3

2
ofN
lo
e
X,
ro
ofl
]
lo
fe
El
223
o
N,
or
rol’
X,

#+& At YoM ©wAF S 1.6geE AHFsIACE
(Table 4-9). A¥o|e AR L Table 4-1 & HAL HA=Rdlo 207

g 119+ 1.9g, #1262 2.0gS 7IEL2 ek whebr, Mx 2107 2
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1.8g 224 ¢xe HFo| 1.75g Erhe oL} 2107 Bris yiotqn,

Mx 2126 2 ©tdFo] #+4u MU 126 3} FEsiddch. MxFH119

fr
2
N,
lo,
o
el
flo
W
rhu
o

119 2] 1.9g Bt} & 2.1g 284 AEAANE=
b3 "dxstadch. T, s} Aol 7t AEL oju FRox

A%% € A3u8o] Aol ¥F Hrie Y2 S Uehladrt (Table

¥, &5 ASAIE 2ol A dMxdM & AUSd 2zE o
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Table 4-10.

Productivity of the hybrid

silkworms between

Bombyx mori mori and Bombyx mori mandarina of domesticated

race : M, B. mandarina ; dM, domesticated ; J107 to J126, original

silkworm of Jaml07 to Jaml126 for commercial races

Silkworm
hybrids

Single cocoon
weight (g)

Cocoon shell
weight (cg)

-—"Cocoon shell
ratio (%)

Female Male

Female Male

Female Male

MxJ107-1
Mx J107-2
MxJ107-3

Average

1.5%0.05 0.9%0.04
2.210.03 1.1£0.06
1.8%£0.03 1.1x0.03

1.83 1.03

13.0£2.65 9.5*1.13
17.1£2.56 10.4%0.98
15.1£0.76 12.6%0.66

15.07 10.83

8.2t 1.60 10.211.15

8.0+1.19 9.6%0.69
9.1+0.81 12.1£0.61

8.43 10.63

MxJ119-1
MxJ119-2
Mx]J119-3

Average

2.2%+0.14 1.220.03
2.1%£0.14 1.2£0.03
2.1£0.31 1.220.03

2.13 1.20

35.4%2.12 22.010.76
32.911.01 22.4%0.82
33.0£0.70 21.210.57

33.77 21.87

16.3%£0.33 18.0%£0.42

15.3%£0.28 18.0%£0.27
15.6%+0.18 17.310.30

15.73 17.77

Mx J126-1
Mx]J126-2
MxJ126-3

Average

1.7£0.03 0.9£0.04
2.2%20.07 1.120.07
2.1+0.08 1.2%0.02

2.00 1.07

22.3+£0.61 12.8+0.82
30.7%£1.28 20.510.81
30.6+0.51 18.9%0.50

27.87 17.40

13.4%0.15 14.110.34

14.0%£0.33 16.4%0.35
14.2%0.12 16.2%0.21

13.87 15.57

dM xdM-1
dM xdM-2
dM xdM-3

Average

1.8%£0.05 0.7%0.04
2.0%£0.03 1.0x£0.02
2.110.04 1.0£0.03

1.97 0.90

23.2+1.08 11.5%£0.83
28.4%0.55 15.0+0.48
30.2%0.77 14.910.53

27.27 13.80

12.9+0.31 15.510.44

14.4%0.35 14.4%0.35
14.510.26 14.7+£0.24

13.93 14.87
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Yellow Green &, White k 5 5 R#22 34 EFY £ o2, tjx] A
BMes MEEIden, Pink & 1%, Orange Yellow~ Yellow % 12&,
Yellow Green % 3F 224 ¢UFe XML 165771 s} ol
ARe S WS J1Ee2 AMAAEY (color difference limen)e] ¥
g AU FEAM ol AN N Bx AEE AFSI2 Munsell

FaYoR ®I%n, I EEMF U 93 BE4F 2AY Joja

@ 400%9%2] Hrol EdMo]l KA} FolA TA[Mo] Bt K3
Al o 205024 XML Udel= 23 X 1 ojate] fAA 2ol

"esto], FEshs 4 U ¥4 FEA0 AY e 2PAHez Ul o
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Az 2ol Hojstgdrt. VY SFM(AE) XL EE MolEFLR2 A
o] ojug} Orange Yellow %&] “®E S AF o] &l Aol
3, LHEE ANE PinkFk AQEA e wald B AE7og A
2 gleh e Mool Pink Al A2 A3, felvtelE R
FudodE Fupge] xo]7t 3nmoll B2 ZAMLZA Yellow Al A

A2 AN ke Fol2E Aol HH AT

o

IR upAre 593, 584, 580, 578, 575, 570, 567 (nm) & 7%

%

Ae o BEyg AEE Yelshs 9] 2Hgog nx|Mo] WY
dod, A YFoA 163F LHZo AEA HEEE 253/7E ZY
3ted 18Fol A Ak role MxFEFIRA(color difference limen)o]
1.3nm 24 ¢ ozlgt 580nm $2 EAL o] &3i2e ¥FA My

FAolM AFTEE i ax|Mo] = At

® FAA R wE Azaje] wde, 3w 23
Pk(10YR8/6)%} Xz Ml Xe(2.5GY8/8)Y AiFE: nxjMe @ye] 23t
oA ERA A pnEkEf(additive mixture)d HA o] VEelWty, =3tuw 2

% Pk(10YR8/6)% 2l Le(5Y8.5/16)) A& (nkie] 3z F4

,,
p

Wi (0 (subtractive mixture) E 271 el A x| oA,

@ Yellow A2 “of-¢ A =87 2] 2] aFolAe siuietr]y
o] 9|2 waEdrt. Ieul, ME thE ZAAM e aYF Foliixe]
A @AY BFz viayd Z2, didhue) & Fato] iy Hog of

, I (value) 7} ZtAstE A9t won, xl=(chroma) = A 3}HA
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® Orange Yellow A 31X|4-& p-carotinoid 2] Ex& LEh|3, =
M 3xje sjdYdAojd A A cis-B-carotenoid 2| HHE Y

FHAAMY #ES] B Fa4E AAbstdct. siulEizlA § Yellow Al

ol
8
5l

1xlE xantophyll §¢ lutein 2} violaxanthin &} Z2& ¢jnjsls 4
of, Mzol umiet FFAAD Wity T Ex 2He] £F T3] i
gEldch AR BEERS FYAA FE ANy 2AFNEA C &
Azl g, S AEBRRERES VAN hE Fuie 3%
B2 O sEzY 2g, 2F BRelS Y444 FE

Aeapdzt ¢ fAAY g oR HHgch

_L,

e

@
o2 ol
o] MAE A4S e 7Hs8E AlAch olgh 22 gxo tiulgt Hat
Zigol gt HWME o8 S+ Ao Az 4 ofF #ioly Xk

Boll 383t AT E St E4% T3E 70 AE duxE vt

Jm

F SRR ol €78 M MALE= carotenoid &
o

-—4

B2, Seriaze-konku £+ Biopuraze 5 &42 £82 Hd

® BEM 22 &5 AEE F73ts BHAMNE S4A ASE F
230, “AH AT AT FEEA L MutFo| 567~570 nm EA
Foll x| A FolM JHY whupe] 3t ol & flavonoidAl XM
quercitrin, rutin, quercetin & HFAME Fl= 9F 2] M4l FolEHE
#HlE, sericin ¥ ohzl fibroin Al EHEE 2oz oA olrh
TJHEE, olfge MAZHE Z4F FEYES ol 8T #R 5 7le i

utel S I RE V¥ £= AL Hojch
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@ =lrole] ©AFS ok AYAFol 0.657g olA oLl AFAISo
M 1.552g A A& Z st 43 2.36v) ol FuiElddR, 2~34)
Aut ¥ opdatelo] 3ulo] Wil 1.97g S FAE AL Ao e 2
FE MxH119E 2.13g 224 FYyolRrt 43l AFRAE 718 &
Astoich e, slpol x Aol aydFe 453 F AFHES ¥4 I
ol fFNTh A2 2hg viehlch. op mliol: nlx|e] o §AR}
¥ HEARZA AELE uiE AUA =Hod, o ol wWAUET} 7hAE
7] Mol f4¥A LIS MFEE Zlo] uighysitl. LA AL
o] o] #3d T FAHHEAM XA itz FHY KFARP S 2%

o2 ZElEAY] wiEol, I 2o FHPHUL ofY uliroly HE Hof

BEFo Ag 7H58E ZIthsts 4 ol o1& Zelch

-

3. #84Y Yolax|et Nd-s w8X& 7w

O 3Wede] Ygold A SodHo] AZY FERS FHY 2
2t BIEERS 1AM SWBRFOIAL, HEERS REAELZ Wze
Dz 5E3 Aes W 2 A IS SUT AEPALE BE
fi 7 (Nurse Rearing)& etstalch. AFAQ Hrfim= IR &4
Mol A7t BEHE £ o, BE AToA A EFo] Holdt AL
welHol Nd-s F38#8 LwZstalch

® Nd-s & $tEB(donor parent) &8 A3} FA3A o2
(Ab) & Z£ZA (Bb)E KMBB(recurrent parent)2E EU3} backcross

breeding 22, ©¥& U 7Z2Ao] sjMH odEA SSA @ £2Z4 SSB
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2 g4dstdch pllels 543 235U FAW £ BE 4 Ay
ol g Zo|2g, B4y H T BF FolFF U232 ¢oE g FAE

7IAE A dch

Q® Nd-s fHdxzje] o3 ddsls Y L2 Nd B3 (naked pupa=
wan 2 SSBA (AN FolREDEA, BY FAAo] o3 Wzl
Ao HAol Y tIE FIAY S5YAHA FA2 EEHACE F,
Nd-s & #%i(naked pupa) + A|2]4lZ(sericin cocoon) of Fe3IEE,
AAE AA U= AR I Wol WA (Nd 83), B 2AERNA
H APole £84 2 Aelad (SS ¥ yatstdcoh. 1EE, A

Z e F7HA 8 F “Nd” % “SS” § Hste 23U Eesdol A7

@ SS ¥ Nd-sHAA} FAMEE UeliEZ daz 24 23,
FA2} 2§ UNd-s/AXAA, US/AXAA, US/BXBB ¢ ztjzoMe
ZE Y (Ursa)dd 2 ¢
FHH ol EF SSE 1A E Adch uhebr, SS AL A
14 d3Fo] A%E, Byt 24 §& 28¥ of, 19.2 FAx}
2ol ¢lx]3t Nd-s (14-19.2) F@alo] s AwigE UFshA,
UNd-s/oa>oa/oa & AthdolME SS &alel ABAAE A Haich

2]

g ZALr 11182 B, U (14-40.5)53%)

® SSATE ol AT FFEol AEF 5= Sulslo] Ml

FAZY 97% ol o UHHEF 74%o] vlsle] 1.3v(E ¥, A= 4
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71 AHAEZ 23129 150% 29 “FHYFAE BE £ U= T

® BRI AFHE HAsl= Z1oT Hol: glycine, alanine,
serine ©] 85% oJ&& x}A|3}H, glycine 42.9%, alanine 30.0%, serine
12.2% <Lt el AMelale glycine 13.5%, alanine 5.6%, serine
33.4% %tt. 3 SS A2 glycine 41.9%, alanine 4.4%, serine 8.8%
24, glycine ¥%o] "3 serine °o] AL ZAL mEIJAZ} [FA}3IH,
aspartic acid 7} B3 W3 alanine ¥o] AL FE Mgjalz g2 &

A& LiEh At

@ SSZAL FT-IR 2404 1,200ce™ 2 Amid Wl F4cizt
ramdom coil &3 B TR EE WYPIIEE 3B EQlo] UFHH,
AR E Melale 30% Bl B 40%2 ArEsgdch. SSAL “Ml2lAl
473 SUT A14 SN Nd-s 3= ddo) o3 FeogM muzel
o] 27t #elselch. B2 Nd-sE3} FoIXE “Mle]Ad” gl “A
glalAdvoleln BEL RS E3le|sn, Fols SSF TxjL “SSA” =

“$8HA"CE R2E Zo| uigAY Rolth.

® DSC oA +/+ A2 3222 B -configuration 2] 3ol &
gt F9 ml3st 74C FZol EafsiAgt, SS AL 34T U 84ColA 2%
2lxjodcy.  222]3, B -configuration & FASIA] U= o2 dHA
AZAAME T~V & AZFZE UFste 5440 dBHAR, FE3a
mEZel Brl ¥ w2 48 T M SS A FHY xlo]E Ech

rJ

rr

SS 78] &e|Ho|& (transition temp. ; TG)E 110C A ¥EZQA X

179



Che 10T ol4 ®F 4ol Zstdrh €M, 22 Aoy BUHE &
d WAL SS AL FBAS wastE SAol MalAl Ko} a-helix T2

S
m
£ o "ol AUz s A"A ¥ + Udch

@ hetero B F1 2x S/++ homo type ¥3 S/S & +/+ ¢ &
A ARg vehjdch &, S/+ o ERF AL fibroin ¥ SSAY B
gleletd o] EH Aeld] Byt 4AE Ad Aoz gAHIL
22, fibroin 32 $ABVAE S/S < S/+ < +/+ B JFHcL
Nd-sA SSAL fibroin &4 ABYE sericin B YA3t= Zo] ols}, L
#8 fibroin o] Zol™ tial HER fibroin $IFEAM BEE ZAyd Hcl a
~helix #Z& ©l Wol &/l S8 E2ly 43 & VA =HAch
Nd (25-0.0) ¥ Nd-s (14-19.2) {328 &2, NdA SSZolAe L
g fibroin ¥H E44, Nd-sA SSAL HE fibroin ¥ S4 Achui

g8 T 71vhg 5 A& Zojch
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