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Engineering of glycosylation pathway in the silkworm

Hajime Mori*, Masafumi Yamamoto and Yoshiyuki Hayashi**
"Facalty of Textile Science, Kyoto Institute of Technology. Matsugasaki Sakyo-ku,
Kyoto, 606-8585, Japan
**Kinugasa Textile Research Institute, The Kinugasa-kai Foundation. 29 Kitano Shimo-
Hakubai-cho Kita-ku, Kyoto, 603-8326, Japan

Abstract

AcNPV is an aftenuated virus against silkworm and can be used as a vector for forcign gene
transfer, In this study, we report a new mcthod for silkworm transgenesis. This new method consisted
of DNA injetion by AcNPV infection and transposilion by piggyBac transposasc. Transgene (3 14-g
alactosyltransferase gene) was inserted between inverted terminal repeat sequences of piggyBac. This
genc cassette was introduced in AcNPV genome and a recombinant virus AcpigGalT was constructed.
Another recombinant virus AcpigTrans contained piggy Bac transposase gene which was cxpressed
under the control of Drosophila HSP promoter and it was used as a helper virus for transposition of
the transgene. Silkworm larvae were inoculated with two recombinant baculoviruses and the
transgenesis of the silkworm was investigated. The N-linked oligosaccharides of glycoproteins of the
transgenic silkworm were suggesicd (o be structurally identical 10 those produced by higher cucuaryotes,
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pink bollworm Pectinophora gossypiella, />~ ¥ 7
7 Anopheles gambiae, A T/3TEDIEFIIE <
7§ M T piggyBac BHERET 4 & L AR S AL TH
0 [9-16], HEHIRIEROIERICIFE ICHF SR T
WLILAZMCHD,

LIAT, BHERM TIPS 8L Y |

BRETHLY, COFEMRSLHVCIZEREH -
Ty PRy A TEY BRAME S NI, 19834
Smith% (2 & » THERF DN F 207 4 L2
{Autographa californica nuclear polyhedrosis virus,
ANPVYDZ HKRIEFO TuE-—-4 —%FfL
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A 2NNIRET DA, EOITHRE IO TEL
HA DRSS L F R, Hh, MR, 9

~NDOEEICOEB LW EAbAo72[19],
AcNPV 7% 3 — F ¥ % Ecdysteroid UDP-glucosyl-
transferase (EGT) HZFND/®HIIZ, #faDxL
254 e NELEAE20], BEIIHEE L
A, CHHWRICATIZD 2 VATaS V&K
SLLBERBFTHATLZE A,V [21], 2
DA NAES A IOMBEATHEESE, 74
WARET LA A TORET OMAER 2T
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HATDY 7 LNIHFEEZEFEEAL, U4
R E L I EAEEE 5 72[19], S5
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itk AR AT X5 X 5129 570012,
MBI BV THEARBE#EO N EE Y 2/
#C# A 3 14-galactosyltransferase D BI{x T- % E A
Th, 7ET, RREFAVTE T 7 F R
A DMERE L 7 o T BESEE L2  A T
PRCEHLDEIRRFTE, HLVERELHED
B A IDEIRE FR e o7 e ROV %
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‘ a 1,2-glucosidase
a 1,3-glucosidosc

Y e

N-acetylglucosaminyltransferase

w -mannosidase

‘ ‘ucnsyltransferase
Inscct Mammulian

N—acety]glutus&miridasc‘ ’ N-acetylglucosaminyltransferase

i Ldgalactosylbansferase

Complex N-linked glycans
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DNAWIH 2 &L 7 vzl ) L, Framssg,
TE bufferi @& L7, —A.
7 % — pAcpiggyBac T H| BRBEFE Pst 1& Bgl 11T
BML, RIS EHFOME, DNAZ XL 72,
IEIHRGalT%# +F » A7 7 — X7 ¥ —pAcpiggyBac
WAL, T YAT 727 ¥ —pAcpigGalT
EERL 7,

P AT 7=

YaALEF > MY A X AcpigGalTOER

Bk, 3 o A0 —HTdh b Spodoptera
frugiperda (11 3 ®IPLB-SF21AE (Sf214i1) % H
Wiz, SR OKTFEZ10% (V/V) @Fetal bovine
serum (GIBCO BRLFIE) +0.26% [w/Nv] @
Bacto-tryptose  (DifcofL %) % & & TC-1003% ¥
(GIBCO BRL{LE) % w7z, #HaOR;#1327T
Tiro 7.

AR AL & 4172 AcNPV 1 2K Baculogold™  Bacu-
lovirus DNA (PharMingenfl#) 2 Rwv7:, 77
WarFa—TFIZbTF AT 7 =7 ¥ —pAcpig
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DA/, 2TCT24REMIEREL . #ILETC-100
B2 H &, MiFA D OTC-100K 22 ml
MZFHU2TCTHELZ, £O50%, Varve
TV b A NAS RS SR SN T E LT
FREML L, FRTI60X g, 50 OFCTH
Bzt s, Zobife 77— 7 #boBEOR
F & L7,

HAZ, 35mm i A — LASSTHERL % 1X 106 cells/
dishiZe A L )i E, WA, FLT, K
EREANOBE, NI AT s a3y Lk
WLz AN MR L2 b O %200 4 132
FEL27TCT1IRER 7 4 IV A 2 Il med 2270,
1 B, PRERAID PR X, 12CTHL L %

FIEH &2 mINA 7. S DKWL, BYA
T3%WHEH»L, WELAEKBRAETHU— 2R
(ScaPlaque GTG Agarose : FMCIH#) # K3
Tl1%icLzboEHWE, BRLAELRPET -
7otk S mOKEEEER L, 27CTY,
SOKEELA, 4, SHEAFHEMSETHIRZ ¥ &
LIz A WAGTIR LIz 75— 2 BHEL, /3R 7 —
WEXRy FPTERIEMMILL, 1 mORRE R
RS, TR E LTH L < ST
ICERL, 27CC4, SOErERLAERERE LFLL
WL, FBiRTI60X g, 57 [H &L THIMR % LB
S, VAL EF L P7 A NAAcpigGalTE &2
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{5 F-D¥nf.
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OB R EGFEHAAATERLL) 2
F 2 b7 4 W AAclISPTrans IIHSP 7/ 10 € — ¥ —
A T #iZ piggyBac DWEAIBEFR (b T v AAR¥ -
) 22— FYLRIEFHEBEEATEN. BY
HEEREZRBT 2 00BN 2 &b,
F 97, piggyBac DRILFI % G177 A X Fp3E
L2% Hind ME2RIFZL I DOTIT 47— Hw
TR,
PBTrans-1 :
5-AAAAAAGCTTATGGGATGTTCTTTAGACGA-3'
PBTrans-2 :
5-AAAAAAGCTTATACTAATAATAAATTCAAC-Y
PCREE I IXLA Taq polymerase (TaKuRaft$)
rHWT, 70 I—= VIV ST 720
PCRZ X & IR EY) % fI FREE X Hind TITIHE{LL
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{HILL . DNAWTH £ EUTL 7z, ML L 7-DNAIT
ERR 0 B0 L7z, WA R L 72 pBlueBac
HisC & pUC/Hsp % # N EH08% a5 7 4/ 0 —
AP VCRRREE, F10kbD X2 ¥ —DNAHK
R mIgL 7z,

Hsp /I E— ¥ —§FD 4 ¥ — b LpBBHisC %
P e G e W BPpsl g
pBBHisC/Hsp % 1372, = ®pBBHisC/Hsp % Hind 111
e L, p:ggyBacﬁLfff BE M Ty & b

Ty AT 7—7 7 —pBBHisC/Hsp% 7 { F—+ a
L. P77 YA 7 7—~7 ¥ —pBBHspTrans % 1
AR

YAl EF > b4 XAcpigTransDIEH

{8 L 7-pBBHspTrans & WA D HET, #IKAL
& 4172 ACNPV H 3 @ BACULOGOLD™  Baculo-
virus DNA (Pharmingentf #) & STfifaz b 7 &
AT ard LI ETANI—01)02A
AcpigTrans ZEE L 72(X 2 ).

SEA1 IO EF L b7V Acpig-
GatT R UAcpigTrans D1%FE

KT HEEY L 7o SR kS ) HUIZ AcpigGalT & Acpig-
Trans#{RE L7714 VAT (FhEFREX10"
PFU) 50 u 1% 804 S 72710088 % B v TRETE
A REMCRA L 7o, AL, FiRTYRARREER
BlopELT»LBURABOLICEL, 25CT
fo) T il 72,
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PCRIZ X = T 3 1 4-galactosyltransferase & {50
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S MCEE LTS S LR D01,
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ZOPCRIZIZLAT DT 7 4~ —
it 74k
Inv-1: 5'-ATCAGTGACACTTACCGCATTGACA-3'

,&mh"f:n

Inv-2 : 5“TGACGAGCTTGTTGGTGAGGATTCT-3'
T e ks

Inv-Gl : 5-AAACCTCGATATACAGACCG-3'

Inv-G2 : 5-TGTCATCTGATGTACCAGGC-3'

G212, AmpliTag Gold (Applicd Biosylems
HH) BLUREDI0XPCR butler I (100 mM
Tris-HCI[pH 8.3], 500 mM KCI) , dNTP Mix
(dATP, dCTP, dGTP, dTTP g/ %20 mM) %
Hwv, RIS ES) w ITPCRETT - fo0 RIGiE
95°C 1027 M n# L T Ampli Taq Gold®iFM % I
ek, T 19 W (Denatured) . 55C 1 714
(Anncaling) . 72°C 2 4 (Extension) @ ilifE
H%60liro fon FDHS HIZT2CTTONMEA >
Fax— LAk, AT PTFRICE#ET EE,

1 > IN— ZXPCREY Dt

A » 73— APCRIZ & V) JR1E & 417 piggyBac D
B OBF)EDNAY — 2 1 A2 X Y A
iz, -zmmmMWEm%mWW<
7 % — (Invitrogenfl: %) | TEAITV,
mmv-ﬁlzzﬁﬁ%ﬁotg

1 235~

L/ w S

LoFJOy b

GR20RL(Z40 e 1D Y) > BEAR T @ 2 A THERL
Too HRIER ATV, FO k%) » IR EGE T
1085 A%, SDS-PAGE%* fi~7:, = bt
O— ARICikEI L2y v "2 H48S L, ConA
BXURCAIZND 2T OL ¥+ THY 237
WO x AT L7,

BRIV ER

A= LRl R 277
B2 02 BIOMAME T A WAE DA T 5
PHRCHEMELAK, PCRIEICE »T g 14-
galactosyltransferasei {5 T & o0 B Z 17 -
Peo
IHETIZI2L OEERE {7\, 99457 (421,
2:573) @71 4 ISERSHMIS Y F VAL EIE L7,
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fFOA/F INT194BH5, 2 b 19485 (JT77,
A7) CTholze ZDIMFPRA LREMIZT 2 A
ZHH LPCRICEBAZ ) — = FxfTofck 2
A, 998 (2:5,%:4) X H, g14-galactosyltirans-
ferase B = T DIGIEHHERL S L7z,

S 62, B 14-galactosyltransferaseifi {n T JEIE
DHERL S L/-F IRROE @ 5 & 703 % (8 B 1= £
BL. SERIE A5 5/ AL R 4TVPCRIZ & %
A )=y T oefrolze A, BIIBRL Y 814-
galactosyltransfcrascif {5 T O Y4 IE AR S /o,
IDIL, HOMBEDY AV AREBR LY, L)
%2 { 3 Ld-galactosyltransferascit = T- A5 A S 4172
A arBRENI,

AcpigGalT(vector)
——piggyBac-GalT sequence..- TTAAATAATAGTTTCTAATTTTTTIATTATTCA

Transformed silkworm
——piggy Bac-GalT sequence TTAAAGAACTTACTTCATGCTTTCTOCCACTAG

TTAAAGAACITACTICATGCTTTCTCOCACTAG

B3 TANREPF VARSI T, A
S #7231 4-galactosyltransferase B (= F D #
A 25 7 & LD AN EORAT

B 1,4-galactosyltransferase i 1= F D Ex L F iz D
R
ZOFERA 1 2% £ 23— X PCRTEH
L7z R, M3 CRdY ., B 14-galactosyltrans(-
erase L F 290 4 I RBARCHEMNLL TS L
Bhhotz, Lo, COEMEBMIZ 74704
YHEBETONTHL Z L WHIL 7,

3 1,4-galactosyltransferase @ 15 FH Hex s H 1
I0EE R LN BB

g0k 2B L, 3z 37 ] % SDS-
PAGEfR, V27 Fr71uy p&irv, ¥ %7
HORWBEWBEDOWM tiTo 7 (H4), 72701,
B4 ZRdED, BB E T 5 314-galactosyltrans-
ferase Mo T EEIR A A 2 TH HE R EE L
DRWMO7 1704 YHSU LPAAA TR TW
v, T2, SHILZoBEERI4f 2 (§) &

WEOHA 2 () E%7CAL, OB e
yURIEERARTODL D, BaEL )
A 1 4-galactosylransfcraseif {o T-0 2 ¥ — #1314
Thb,

p1,4-galactosyltransferase +

e

EggsinF3

SDS-PAGE and lectin blot

M4 3 14-galactosyltransferases# fz—+ % 4 [7) He
B0 1 I E—FOREEHERN A3 ()
LBor4a ($) £#XBL. Bonk
B a8 8y H 2 i L, SDS-PAGE
bl VA S i w B ol S

TERIZHW/ L2 F O T, ConAldRMO
— MRS N HOBRRE RO LN
Y AR ERFEEBL, THEET L. A,
RCAI20(IMIFLEI ORE ¥ 2 N 7 HOEHEIZH &
N LAY D 5 1,4-galactose T 22k L, Zh
e TL, FOC. RERBRLAIA2LDH
I E IO DORES 87 BOBY#EIED
W EAT o7, TORR, v~/ —ARBHEER
WY AConADKT BTN ADH Y /7 HE TR E
CEVFRLALVOEH LT, BHERLLAA
DX DN EOEY 87 HIZRCAL204Z 0}
LTHLHEETEHI ENbhro: (K5),

ConATIAMR LN L VDI, HMHEEEDY
BIAER WIS TIEEbICT L ) —ATHD
ek ZEZ D, —F . RCAIXMTLEN Y o
§ NI ETHLESTUREHD B 1.4-galactose &
FFROCREEL. CHIZHEET A, CHOZELD,
WEEMmINL AL ahROHOEY 7 ED
BRI R ROBEARBHIZ L v o
ThihEz LN,

DT EHb, WHRRLIAA I 2FFEL
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H5 BEpoilLzs v 2OV F 70y
747 (EXBERiKELLY 228D
dethff, HAYIE= Y /- AZKEET LY
ISP, B3I 2 P—RAIHET
/nyﬁ&mtﬁimumﬁwm@ka
DY N HTHBOLDO L BL T, ¥
WMENZ FHHWIIENRLNI/ZF)

THNFaa P4 AN §—FRTEY 232 8%
EOWY 3 BB LA, WILEO b
DEBML 7Y BB TELLDEW
FCTED, FIZIE, AV TN W0 F D
B T NRO—T5 N HHAD R E 2 5
DY NI HIIES LY NI THD

Z OfFEIE, 3 14-galactosyltransferase # {2 }fiﬁ
BERAD A 2B A 2 INZ I F o TS
eODEEEL L TH®HIGHT & 2 0]kt % v 7:
bDEFRAHH, SLICEHORRIZ T VEEE
M3 EL 70 DUNEBEERIE T2 BALTEE
A 4 IOERLZ L, iy X EMEIIRE R
TWwh,
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Induction of the cell death process by the artificial
introduction of TIA-1 homologous protein into Bombyx mori
cultured cells

Eiji KOTANI,

Tadashi OHBA®*, Toshiharu FURUSAWA®,

Yukio SUGIMURA*, Yoshiyuki HAYASHI**

*Faculty of Textile Science, Kvoto Institute of Technology, Sakyo-ku,
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A developmentaly-regulatcd RNA-binding protein, named TIAH, which is highly homologous with
mammalian TIA-1/R known as an apoptotic regulator, was found 1o be expressed specifically during
metamorphosing stage. In order to elucidate the cellular function of TIAH, induction of the cell death
process was investigated by transfection with the recombinant RNA recognition domain ol TIAH and
with the recombinant plasmid expressing the same region of TIAH into Bombyx mori cells. The re-
combinant TIAH protein was confirmed to have strong poiyA- and polyU-binding activities as mam-
malian TIA-1/R family has similar binding properties, Approximately 20% of cells introduced with 40
« g recombinant TIAH showed the DNA fragmentation detected by TUNEL-staining Zh after the
transfection. Also, DNA fragmentation in approximatcly 20% of cells transfected with 16 2 g recombi-
nant TIAH-cncoded plasmids was induced Sh after treatment. From these results, il was demonstrated
that TIAH in Bombyx mori cells is involved in induction of the cell death process which may be re-
lated to the tissue decomposition during mctamorphosis stage.
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Influence of Heavy Metals on Germ-free Silkworm Larvae
Concentrations of heavy metals carried over from the previous
to the next generation

MASUI Hiroyuki*

*Kinugasa Textile Research Institute,The Kinugasa-kai Foundation,29 Kitano
Shimo-Hakubai-cho Kita-ku,Kyoto 603-8326,Japan

Abstract

Germ-free silkworm larvac were reared on an anificial feed (o which no heavy metals had been
added during a period from the day of halching through the 4th instar.From the beginning of the 5th
instar,the larvae were administered Cd.Zn. or Pb alone,or a conbination of Cd and Zn or a conbination
of Cd and Pb und they were investigaled lor concentration of excretion ol the hecavy metals during
thelarval stage,concentrations of the heavy mclals carried over to the pupa and adult after metamorpho-
sis and concentrations of the heavy melals excreted as non-fecal materials. Then the eggs obtained from
pairs of these polluted moths were allowed to hatch in aseptic condition,and each individual was
reared,mated and allowed 1o lay eggs in aseptic condition.Concentrations of the heavy metals carried
over from the previous generation was determined in each inatar.
The resuits follow.

1) Fach heavy metal administered during larval stage was found to be excreted in high concentration
in feces. In addition to feces, the heavy mctals were also excreted as exuvium of the larva, cocoon,
exuvium of the pupa, meconium and egg shell. Tt was also found that high concentration of the ad-
minisiered heavy mctals was carried over to the pupa and adull after metamorphosis,

2) When the eggs obtained from these heavy metal-polluted moths were allowed to hatch in aseptic
condition, the hatching rate of the eggs was high, and the subsequent grouth was also good. These re-
sults indicates that concenirations of the heavy metals carried over from the first generation to the next
generation was not su lurge as 1o give harmful effect on the hatching of the eggs and growth of the
larvae of the second gencration.
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Table 1. Concentrations of Cd excreated and carried over to the pupa and adult"

Exuvium Exuvium _ Eg
Feces of Cocoon  Pupa of Adull  Meconium?’ qh%]g}
larvac pupa ’
control 0.0 0.0 (.00 0.0 0.0 0.0 0.0 0.0
Cd 36.6 141.3 0.22 1350 0.0 216.6 19 4.7
Cd-Zn 52.3 115.9 0.20 1212 7.6 165.8 (.5 1.2
Cd-Pb 43.2 172.1 . 022  124.0 34.6 178.5_ 0.0 3:1

1) The values (pg /g dry weight) were obtained only for single determinations of

the pooled malerials.
2) wg /ml

The larvae were reared ascplically on an artificial diet { without addition of Cd ,Cd-
Zn and Cd-Pb ) from hatching to the 4th instar. The controlls were continuously fed
on the same diet, while the metal-administered larvae were fed with metal-containning

dict from the Sth instar only for 5 days.

Table 2. Concentrations of Zn excreated and carried over to the pupa and adult’

Exuvium
Feces of Cocoon  Pupa
larvae
control  135.3 45.0 0.00 3918
Zn 318.6 447.1 133 688.0
Cd-Zn 31938 548.1 0.00 6676

Exuvium ) E
of Adult  Meconium®’ gg
shell
pupa
104.2 574.1 12.5 274
258.8 3158 51.0 42.2
144.6 759.9 79.0 155

1) The values (zg /g dry weight) were obtained as shown in Table 1.

2) pg /ml

The larvac were reared as shown in table 1.

I OBESE S5 X THPEEPOZn 131353 1 g,
W 391.2 g, HAUIOT4.1 0 gi¥d B LA, Zalidh
BXUCZn REFEGFREOBEE S OZnE 1T T
EHARTEL, TREFN386 B L 3198 gil
HHN, PHUEEEMFETHEERZZD LRIz,
T 7CEETIA667 ~688 u gk (ZITERAME S /205,
R CIZn AR 5 T3158 4 g, Cd-ZniR GRS
RC99u g RO K TE D72, ELAD
& OHEH 12D T A o BT 2 Czn R 5
T4471pg Cd Zn REZKT X TH48.1 gk ¥THG
XDL0f50L EOBHASTED L iv. Enego iy
BERCl4 ~25 5, MRT40 ~6.3 f5e#hilL
72H5, PERTIACA-Pb IREIGR TR L.

P HiE L UfCd-Ph ZIRA LT, S5HEMIC
G LG aohRodkks, & - mE~0R%
ITFREREE B X B DA 6 ot B i own Tt
Table 3 V2R L 72,

A5 X OE I DOPb#E X478 gTH A D3t
L. PoEMEB XUCd-Pb IREILEG X TiEPhDHE
HMRIRE {, MHETIHIZZEEOH2 ~550pug
Bobhiz, W, BBICBITLPhEIIDWTIT
HIRTENREFNRIBS pgB L 143 ugalld H /.
PO S CUIEEETI90 n g, HETI55ug B
SR, Cd-Pb GRS TIIEHTING ngT, M
TRRPE 180 ThH o7z, WB LUBREA
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Table 3. Concentrations of Pb excreated and carried over to the pupa and adult'’

Exuvium

Exuvium } Eyrgr
Feces of Cocoon  Pupa of Adult  Meconium”’ thé!ﬁ

larvae pupa i
conlrol 47.8 4.0 0.00 18.5 276 14.3 4.2 22,9
Zn 551.5 69.4 0.55 19.0 20.3 15.5 4.1 43.2
Cd-Zn 5422 58.5 0.08 19.6 341.6

20.8 18.0 7.1

1) The valucs (g /g dry weight) were obtained as shown in Table 1.

2) wg /ml

The larvae were reared as shown in table 1.

ORITRERIEIZCd Zn & L L Th R d o 7z,
LIS & OEIHZ DT, o B g TP
WL C694 10 g,Cd - POIR ARG T585ugk %
oS, WOBRERCIAMIK & bl L.
F DM, WEB X U boPRIZHME X
TIREHESEOVTIIZBWT b AR & b T
ML 7248, Cd - Po BEUGKOIRFHF D
PhElEE 72,

BHOFEEBEOHEICE L T, N3 FTQCy,
FeNibB X U'CdizowvTHRY, ¥, Momhms
Vo srmmrlimiion, UL M
Pl TVE I EAREIR TS
(Heliovaara et al,1990a) .

WRE LBV THYHEIRG SN EREIL
ZBLIHEBICHHLE N, FIZHmH 6 RIUZW
LEREOBIE T LR, DRH D VITREOHER
. fE & UREIRIL DR SN S b D
WHRB SN PROSEBEOFHLRANDE
FRE-20w T, Cd, ZnTREFCEDLR
o5, PoTI3FGE D o7,

QPRINIZES L - ELBORKEADBITERE
R

5EEHE TS L 2-Cd,Zn Phid AR E X MR &4%
SOV NOBE LR RRNRKEIIBITAY L
fo. £LCCd - ZaiRGH G X CTIE RN
IFE XD G AT, CdiilE L U°Cd - P il
TR SIX TIIREWCI R S5 Lo, RS
REMBIIEERIZL O THESNSE LN
FTHE (Heliovaara et al, 1990b) 2 LT 4 78,

WA A BN THRAED Z L Bg s .
FZITEKEDEEETINOREZERLL,
BEONEp 2 B E ST 108 LR LR AR, 18
OB AR L, EERILSE, SIXYIIECREE
FNDOALHEEFH TEHEENE L IIBEORDOE
BEB X UCALZnPbDEI & ) OBITTREIRIEL &
h B TR,

FEFCADFil L ) OBITFREIREIZOWTIE,
CA#M, Cd:7n BXUC: Ph BEHRSRKIIE
W TIRERIC I E A ICCdidERe S AT, gD
LOMITODEMOETENCHREIL DWW TNV
TNLMCERAEL P TH O TEIIRE 2o

+-
I

ZatZ oW TidTable 4 (2L 72 & 902, WhAEK
MTE RO LGRS, 851228, 3#ERG
IfE - TZnifE R L 7oAt WHEE LS K
TRERGI#O LD, SEHHRTUHNRET
PR X E LR ERAHINEARETHD.

Akao(1939) 3 BHF DB EDORE NS 5 #h
TORFFNN) BRAEERTEOHELHAITV S
A, nBIIEAELIIIE o T, MM T
LWL LTWA, ALFAHBIZLHEONE
AR EEahbZn (MWIL6, 1967) HEEE
FThTwad (RBES, 1986, 14351986) 7%,
ZUEHOHELERCARERLL.

Pblz 2V TidTable 5 (/3 L7A- L 912, #MRIZE
WX & po MR 5K & DI 13 A B E A
ottt L, Cd-Pb BERSRIZENT
EIAS M ENRED b, FO%, 3E, A&
BLUFELEEASED I DX F WA
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Table 4. Concentrations of the transported Zn to the next generation
of the Zn-administered silkworm'’

5th instar

Lst instar Znd instar 3rd instar 4th instar
control 6732100 266- 64 243 +40 155--8.2 118+11.9%
Zn 540+50 214456 210421 158-£7.0 105485
Cd-Zn 51905 214447 208+ 17 142487 114198

1) The values (g / g dry weight) were expressed as mcans+8D of three determinations for
pooled dry larvae.

% . Significant difference at 5 % level.
The larvae were reared aseptically on an artificial diet ( without addition of metal) [rom hatch-
ing to the 5th instar.

Table 5. Concentrations of the transported Pb to the next generation
of the Pb-administered silkworm '

st instar Znd instar 3rd instar 4th instar ath instar

— 104£230  430+730  268+1276 1740411 1170288
Pb 1150247  373.779 2194786 1464232  85+2.15
Cd-7n 682+ 134%% 5574800 2834647 1484213  83+1.34

1) The values (g / g dry weight) were expressed as shown in Table 4.
% % | Significant difference at 1 % level.
The larvae were reared as shown in table 4.

MR G DER XK EOFHCIZ FUT T RIS
DWVT B (1981)  ATH ) oAl
MP P, EPN#LSOFC~DEBIZHUHITIL
5EGEEH, S MIB LS METHHOIRTH S =
L, FAWALMESO% A S ITHEEIL Sk
WG Lo a, 1HGAZOMP PRBKED
#1116, EPNIZ#1 /3 THET L E2REGL
Tuwh, REBRTORKORLEI303% 2 - Tht
WXL CHEMTHY, ESBOEE, 5 HEA
WA 5 L 2oCd(80ppm), Zn, Ph (250ppm) Hifd s
X FCd - Zn, Cd + Ph(80-250ppm) B DR
Tl LI B e IZE L5 THh S,

Tl L ERA ORI G VRN LT E
CRIEY BRIV - IRE (197TIIME P,
AEEE 7 « = — /KGR, (T JE (1984) (IMPP,
MAFA. DPTHB XU CEBECHTVAED,

HBE L GROMICEELREERO TR,
AREBTCII LML AETBHOR L ES
BEH, KICE~NORBITREEBLUIEFT N
(ZTEEERIH, SRl LHBRE RO
B EL ARV B O I E T

DEDLH IO MU ESE 2 e L URA
25 Lol E, BRERON - Stz NeIs BT
R Lo, BESRLRARE~NOREROR
TR IRBE XL R F IS EERA L RIZ5 EITWw
Teb o7z,
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A Study of a Simple Measurement System of HE-values of Fabrics
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Abstract
The Hand Evaluation (HE) values of fabrics are usually cvaluated by the KES system, which needs
the mcasurements of as many as 16 kinds of physical values of fabrics and then they must be substi-
tuted to the lincar equations to obtain HE ‘values. In comparison with this. this report describcs a new
easy mcthod to obtain HE values without using KES system. At first a drape image of a circular cut
fabric is measured by video camera, and then automatically the image is processed to obtain the prin-
cipal components of its outlinc and finally the components are added inlo a ncural network to get the

HE values.

On the contrary we mention about the method to obtain the physical valucs, the fabric of which has
the desired characteristics, and furthermore prove its possibilily cxperimentally. The proposed method
might be usclul for fabricating fabrics in the near future.
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# 1: Definitions of HE

no.

Japanese

| English 1

HE Definition

KOSHI

Stiffness

A feeling related with bending stiffness. Springy
property promotes this feeling. The fabric having
compact weaving density and woven by springy
and elastic yarn makes this feeling strong.

HARI

Anti-drape stiffness

Anti-drape stiffness, no matter whether the fabric
is springy or not.

FUKURAMI

Fullness and softness

A feeling comes from bulky, rich and well formed
feeling. Springy property in compression and
thickness accompanied with warm feeling are closely
related with this feeling.

SHARI

Crispness

A feeling comes from crisp and round surface of fabric.
This feeling is brought by hard and strongly twisted
yarn. This feeling brings us a cool feeling,.

KISHIMI

Scrooping feeling

Scrooping feeling. A kind of silk fabric possesses
this feeling strongly.

7% 2: The physical values used for KES system

| Block |

Mechanical property

| i | Symbols

Tensile property

LT (Linearity)
log WT (Tensile energy)
RT (Resilience)

Bending property

log B (Bending rigidity)
log 2H B (Hysteresis)

Shearing property

log G (Shear Stiffness)
log 2HG (Hysteresis)
log 2H G5 (Hysteresis)

Compressional property

(o | || =

LC (Linearity)
log W(' (Compressional energy)
RC (Resilience)

ot
o

=t
—

Surface property

i
L]

M IU (Coefficient of friction)
log MM D (Mean deviation of MIU)
log SM D (Geometrical roughness)

—
(]

o
-

Weight and thickness

—
o

logT (Thickness at 0.5¢ f/cm?)
log W (Weight per unit area)

—
{=2}
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# 3: HE values for experimental fabrics obtained by KES system

| no. | samples KOSHI | HARI | FUKURAMI | SHARI | KISHIMI
1 | hemp 8970 | 11.129 1.926 5.891 4.552
2 | silk 6.042 | 5.782 2.573 4.101 4.808
3 | wool 7.212 7.671 2.186 9.596 4.067
4 | vinylon 7.488 | 10.986 1.798 4.248 2.283
5 | acryl 6.542 | 9.825 2.130 2.921 1.963
6 | rayon 8.171 | 11.314 -0.199 6.233 2.769
7 | acetate 7.901 | 11.548 0.790 2.901 2.087
6 | nylon 7.199 | 10.534 1.052 1.628 1.980
9 | polychlorinatevinyl | 10.104 | 13.063 0.229 6.215 | 3.940
10 | polypropylene 7.105 | 11.028 1.653 3.927 1.569
11 | polyurethan 6.049 | 8.372 3.353 1.802 2.664
12 | cotton 5.945 | 8.506 3.296 1.696 2.374
13 | cuprene 6.927 | 9.272 1.943 3.957 2.853
14 | polynozic 7.805 | 11.274 1.914 4.076 2.669
# 4: Average errors of HE values after learning( x10~%)
KOSHI | HARI | FUKURAMI | SHARI | KISHIMI || avrage
Average | 0.43 0.74 0.33 0.23 0.27 0.40
# 5: Errors of HE values when only FFT spectrum is used

Sample no. | KOSHI | HARI | FUKURAMI | SHARI | KISHIMI | avrage
13 0.546 1.034 1.080 1.113 0.728 0.900

14 0.871 | 2.001 1.298 1.475 0.853 1.303

3 6: Errors of HE values when auxiliary inputs are used

Sample no. | KOSHI | HARI | FUKURAMI | SHARI | KISHIMI | avrage
13 0.670 | 2.310 1.343 1.534 1.407 1.453

14 3.332 | 4.123 1.510 3.048 1.458 2.694
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F 7. An example of physical values calculated by the psseudo-inverse method

no. 1 2 3 4 ] 6 7 8
KES | 0.459 0928 39.790 -0.656 -1.057 -0.359 -0.896 -0.3032
P-inv 0 0 0 -0.181 -0.727 -1.561 1.793 0

no.| 9 10 11 12 13 14 15 16
KES | 0.184 -1.200 38.100 0.132 -1.790 0.797 -0.459 1.101
P-inv 0 0 ] 0 0 -2.309 0 0
Y x 1073
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The learning curves when the physical vales are estimated by IIE values using a
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Appendix

'ij for woman’s thin dress

C‘J

i | KOSHI | HARI | FUKURAMI | SHARI | KISHIMI
0 | 5.1991 | 5.0816 4.7891 4.6833 | 4.0158
1 | 0.0003 | 0.1272 0.0399 0.0189 | 0.0205
2 | -0.3688 [ -0.2409 |  0.1015 | -0.1181 | -0.4831
3 | 0.0242 | 0.1212 0.1264 | -0.0982 | -0.0557
4 | 1.2622 | 1.8527 0.0474 0.0770 | -0.0218
5 | -0.3961 | 0.0462 0.0199 | -0.0602 | 0.1018
6 |-0.0247 [ 02238 | -0.0018 | -1.1854 | -0.1765
7 | -04317 [-0.1366 | 0.013¢ | -0.0112 | -0.8711
8 | 0.1781 | 0.1281 0.0104 0.0012 | 0.1120
9 | 00561 | 0.1163 | -0.2820 | 0.0674 | -0.0504
10 | 0.1096 | -0.0361 0.4589 0.0469 = 0.1902
11| 0.0285 | 0.0164 | -0.1401 | 0.2745 | 0.0314
12 [ -0.0596 | -0.0119 |  0.5535 | -0.1014 | 0.0834
13 | 0.1760 | 0.0999 | -0.6889 1.0850 | -0.1089
14 | -0.0537 | -0.1379 | -0.1246 | 0.3082 | -0.4783
15 | -0.2405 | -0.0990 |  -0.1367 | -0.0748 | 0.0044
(16| 0.0281 | 0.0332 | 03154 | 0.1958 | -0.0041

X; and o; for woman's thin dress

| Block [ i [ X; | X | & |

1[LT 0.5906 | 0.0939 |

1 [ 2 [logWwT | 1.0551 | 0.2728

3 | Rr 43.0828 | 12.0448

2 |4 |logB -1.7749 | 0.3592

5 | log2HB | -2.0351 | 0.5126

6 | logG -0.3731 | 0.3044

3 | 7|log2HG | -02733 | 0.5586

8 | log2HG5 | 0.0295 | 0.4506

9 | LC 0.4483 | 0.1109

4 [10[logwC | -0.9951 | 0.3174

11 | RC 49.4168 | 11.6778

12 [ MMU 0.2258 | 0.0452

5 [13|logMMD | -1.6832 | 0.2191

14 [ logSMD | 0.4892 | 0.3999

6 |15]|logT -0.4253 | 0.2209

16 | log W 0.9623 | 0.1768
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Fiber Assembly Structure and Basic Mechanical Properties of Silk
and Tussah Silk Nonwovens Made by Needlepunch Method

Morihiro YONEDA*, Tkumi KITAMURA®* and Takashi YAMAZAKI®*

"Faculty of Human Life and Environment, Nara Women's University,
Kitauoya-Nishimachi, Nara 630-8506, JAPAN
**Kinugasakai Textile Rescarch Institute, 29 Kitano Shimo-Hakubaicho, Kita-ku,
Kyoto, 603-8326 JAPAN

Abstract
Fiber assembly structure and basic mechanical properties of silk and tussab sitk nonwovens made
by needlepunch method were measured in order to investigate their use.  The basic mechanical prop-
erties are measured using KES-FB system. Fiber assembly structure was observed using scanning elec-
tron microscope and was analyzed using image analysis method. The results obtained are as follows;
{(1)Recovery from tensile deformation was not good and non-recovery component was observed in (en-
sile/recovery process.
{2) Linearity of shear force-deformation curve was obscrved over wide range of shear angle.  Shear
stiffness G and shear hysteresis ZHG and ZHGS were large compared 1o ordinary woven fabrics.
(3)Bending rigidity B and bending hysteresis 2HB were large compared 1o ordinary woven fabrics.
(4)As for compression properties, the samples were casy to compress and recovery from compression
was good.
(5)As for surface propertics, average friction coefficient MIU was large and geometrical surface rough-
ness SMD was very small.
(6)The cffect ol punching density on fiber assembly structure was cvaluated using image analysis.
Average spacing between [ibers und standard deviation of spacing were decreased with increasing

punching density.

1. ¥E

HBIEEOT Chz@m, BRoEL &, RiEM
e EREHBEE LToOBE Lo Rl
bol-MifkChb, T/, HITRKHELD Y i3
JERPLGABMETH Y, RYEMZT CRAER
BEEZ b H, BRS RG2S EH ST
BHo L L, i, EICHRIZBWTHOAEE
®IXWMATLEMICHY, EHRMAILEEINT
WA [1]l, #2°C, bhbhld, HOHLVHE

PARTAI LX), HIOLERE MEME T
K327 O0NEERLHWT, i L UTEMME
LR AT ITo T4 [2],
FELIE, ABLPSEYEMELT=—F
W FRIZE D AREAI 2 R(EL ., CTEDAT-
PEAKRMOER AR, £OR&CEREIZOw
THRET 4700, HEEEGIREDL X URER ) F4
BT AMEEIT > DT, EEIZOWTHE
Th, B, HlxTEHELT=— FARYyFAi
MAMES N Z L ST THID RV,

*EAEN L B LT REFFRIEFM. T630-8506 B AR, Comail: yoneda@cenara-wu.ac.jp,

T & BN 0742-20-3463

%k B R ATREE SBETSEET . 603-8326 LIELTTACIRALYF FLIMENT 29, E-mail: zai-Kinugasakai@nifty.com,

TEL  075-461-5949, B 075-463-6679

— 3=



MM AT RS

2. AEFE

T O 12 I KES-FB A 245 M il & A
ThEHW(3], HEBHE, S . TH,
BT, SR, ROEEEE, REMETHD, #CiC
BHlzoTIE=— FUAL TG OMMEESHE L
BLUNFHEONMEEEL T, KDL 42l
WEBEL - TIi o720 TIERY . SSKr, #iFICs
WTUX, AEDF ¥ v )T T — 7
THE L THlE LA, Wit EeHErZ8T 0L,
SERD bW I EAFHEHIND D, yl5k) Ol
ENITHE &M (Fmax=50gf/cm) TAT - 72,

iAW EOBE ., EENE R (E
AET- ISM-T00) # IV CTHi- 7, BHE@{%IL
AF v ;o BTN T IR AHK, BifEULTE
V7 B (WIinROOF! # v T, ##teEoillEs
L USRS O Bl T 72,

3. ##

FLIZAB O Z RS, BrEM LT 548
Ai3H (NANBNC), SL{ELEM LI LA8Mm2
FE(NSINS2) BX U HBIHHELTEYZAF

L ANER A 1 (P) D FHOED AT & 7o, #i B
SUILKEFFGOERLPSEHRBZVEH I, A
WAOREEE LTII=— PV Fike R L
720 MBI, MOWM IAEICENTEY
SYBEMTbNHBO 74 Ta AL #EMEE
LT, NP EBE2IRFICEL TEREALD
DTH5, B, GIRIBE LT7 1 704 »ilE
WAL TEKRIRFR AR L 2 ) » TS5 L Twh,
S AT, HEED S  EHIMEL K
Be LT, AUy FEEL2ERICEL TR
1:bDTHLH, MMEFERIIHE, K X752
pmfEHETHLOIZHF L, & { FIX35~40 2 mfE
BERVWHBHETSH L, HE1F2.3~4.5mmDHEH.
ZERRAIL0.94~098DHHTH V. KRAFERTID
) ABIIEEMICE A BV E ) e
ATW3,

U, SLEBLUFEY A7 LAEAD
EERNELHMBEICLI5ELZRYT, HARAm
NA, NB, NCOBs {5, VLo ) 7T
LG, RWIELAS-TWAE L) Tahh 5,
THIZH L, 8 CEANAIL, SAESBICHAT
KL, MHRBT 2 ) » 7ORESNS VI EaD
»h,

Table 1 Details of nonwoven samples
Samnple Fiber Thickness ~ Weight Density Porosity  Fiber diamcler Punching density
(mm) (mg/em?®)  (mgfem?) (yem)

NA silk 2.373 11.96 44.71 0.966 19.lé N small

NB silk 2.875 11.23 32.09 0.976 18.84 large

NC silk 2.213 12.2 50.31 0.962 20.83 large
NS1 tussahsilk 4.525 11.31 24.99 0.981 34.71 small
NS2 tussahsilk 2.863 16.03 55.99 0.958 39.38 large

P polyester 2.675 20.13 75.28 0.946 226 large
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Table 2 Mechanical properties of Silk and Tussah Silk nonwoven fabrics
Block B Tensile - . Shear
Sample LT wr RT !:':MT G o ZHG ZHGS
(nd.) (gf.cm/em’) (%) (%) (gl/fem.deg) (gffem)  (gffem)
| NA 0.825 50 20.2 243 1.89 7.33 7.59
| NB 0.92 36.1 47.2 1.73 347 5.45 7.2
NC 0.8 133.8 25 6.0 1.72 5.58 6.68
NS1 - - - - 0.344 55 5:25
NS2 0.862 56.9 20.5 255 | 173 5.93 6.8
P 0.929 156.9 260 588 | 1.68 8.23 8.05
Block Bending Compression B Surface
Sample B ZHB LC wc RC MU MMD SMD
(gfem’/em)  (gfem/em) | (nd.)  (ghem/em®) (%) (n.d.) (nd.) (pem)
NA 0.498 0.463 0.147 1.53 55.4 0.25  0.0096 2.35
NB 0.36 0.285 0.223 2.29 53 0.235 0.0102 2.55
NC 0.516 0.433 [ 037 1.21 42.9 0.249  0.0099 2.21
NS1 0.315 0.265 0.228 4.10 46.2 0.281  0.0098 2.18
NS2 1.054 1.378 0.704 1.51 42 0.277 0.012 2.28
P - 082 - 1.333 0.585 1.371 54.1 024 0.0124 3.22

— 39—



HRAEDTZE AT I 7o i

4. BREBE

4.1 EAEHOFPEM

7 2 \CAREAT BB R ) F e ol e A R &
JESEo 7O v 2HIIRT ., & 612, AR
AEO NSO RT 20, K2 12RE
NAD AL 4O MO 2R+, T
(2. 915k D, UM, MY, TEMRS L OVRM (GRIf
BRI, REHE) OFHFMHICoOWT, MRS %
aad o

51k 0 vt oM, K2 @) Rd X9
(2, SRRIESEMFTRmaxdh S Wiz b 53,

F, gf/fcm
50 f

WE/[OEO 7ot A CIEREOES AL S =
ECHbH, T LiF, T CHlELLTSTD
AR BV TELTEY, ShLED
PN CASAT & L COREEIZME L CHED S 2
ZEERLTWES, R2ZDFERVEFMENT A%
xHTHhDLE, EORFHIELTHL, ERATY
AWEASKE WV (BlERD L P9 2 ARTHVHE W)
CENEINTHY, T LI3TXTORFHS
OVWTHHERBEMNRL L ZVWI EEZRLTYVD,
A EFEEMTIZOWTIX, NANBNS2 T3/
&<, NCPCRAKEWZ LAbhbE, L7ZL.
NSHIFED 12 X - T, HifEOT W ILT D AHE

F's, gf/cm
25

12.5

E, %
(a) 513RH
M, gf.cm/cm

0.8 [

0.4

‘1.2

(c) M

Fig.2 Measurement curve of basic mechanical

(a) Tensile (b) Shear (c) Bending

==l

..4/“" 0

1-12.5

(b) BYIMHT
P, gficm?
1850
- S 0
T, mm

() JEHE

roperties ol nonwovens (Sample: NA)
d) Compression



L7:7:8, MESHASNEARTETH > 720 i,
SLEOBHEEENRKE CINTFHIMEAKEWT &
BIU, 20T HpswZ iz h#oikas
VA TR ZEWIEILLZbDEEZHRD,
ZDLEIBESLRICBIT AARBADOREMEIZOW
Tid. NS2TRI T HIEFRKREL{THILICE
0. gl D Pt ol e 2 R Z A S
= ZCHGE L - AERAT R i
BWTHIR D B H L RPIEAS L { w2
Eix, BXU, /8 { |AEEA ORI E KR AT
HLILERLTWS, 2% 0, RV LKA %
5L ZMECREZ 2V DEEZEZOLND,
PRI B W TR, == FU2y FARG O
YA BN TV L, AR ETIE, X2 (b)
l2ALND LI, TRXTORE VT, BIHF
MDILVHIHIZ D> THEMRZO LRz, =
nid, AL S TFIHMERO A I =X LD
LTCHHrZbickd (0% hlHs LMoo
HIED) bokiEREns, Zhid, SN
AR L5 R0 hde = — F A3 F A8 O B HE
SHEDHMERM L TWwWArbD L EZ LMD,
SURTMIPEG 3 & USSYIT & A 7 1) & A2HG, 2HGSIZ
HEOBA LM TLEKEBEFRL TV,

M FE kD fE M OB % 4 2 () iZRd, Z
nEhiFrz MiFe A7) S AHKEVWT &
Wb, #2OMTIEFEDINT A=V 2 ATH
b L, TXTOREHz2WT, T

TWwhe L2LS

L arr g e

v, ""l'."‘__luu Es s_unn UB'

Fig.3  An example of binary image of
nonwovens (Sample: NA)
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Table 3 Parameters of fiber assembly structure

Sample Number of domain Fluid diameter{ ¢ m]
Average Standard deviation
NA 80 32.24 10.96
NB 50 30.24 6.4
NC ol 30.03 6.04
NS1 38 34.76 17.58
NS2 51 31.56 8.32
| p 29 2958 5.36
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made from silkworm fed with anificial diet

In this paper, the researches on silk/cotton mixed
weave fabrics [1] will be reported and application
of these materials for care vse will also be dis-

cussed.

3 . Structure, Mechanical Properties
and Hand of Silk/Cotton Mixed
Weave Fabrics

3.1 Method and Sample
In order to observe fabric structure of Silk/Cot-

ton mixed weave fabrics (S/C labrics), the right

Table 1
(a) Details of yarn of S$/C and fabrics

side, the reverse side and the section of §/C fabrics
The basic

mechanical properties were measurcd using KES-

were photographed using microscope.

FB measurement system [2]. The items of the

measurcment are tensile, shear, bending, compres-

sion and surface propertics of fabrics.  The basic
Hand Value (HV) is calculated using KN-201LDY
cquation for women's dress use [2].  Silk 1will

fabric (SA fabrics) was used as rcfercnce sample
to compare with S/C fabrics and the measurement
was carricd out the same way. Table 1 shows the
details of yam property (a) and fabric construction

(h) of S/C and SA fabrics.

Details of fabrics and yarn of S/C and SA fabrics

sumple warp welt _
material count material count
S/C silk fgfﬁ cotton %[1}13?5
SA ! silk 80d silk 80d
(b) Fabric construction of S/C and SA fabrics
sample dtf]z:& (lfcm) thickness weight weave
warp weft (mm) (mg/em?) L
S/C 74 31 0.435 11.5 SA
SA 90 40 0.290 25.6 will 172

3.2 Structure of Silk/Cotton Mixed Weave Fab-
rics

Silk/Cotton mixed weave fabrics (S/C fabrics)
are made by using mixed weave lechnique and
satin construction and has (wo-layered structure of
which right side is composed of almost 100% silk
and back side almost 100% comon.  Figure 1
shows u schematic diagram ol weave construction
and section of S/C fabrics and Figure 2 shows the
microscopy of the right side, the back side and the

section of S/C fabrics. White part in Figure 1

*al pressure 0.5gf/cm”

shows silk and dark part shows colton. As far as
we can see the diagram, it is supposed that the
right side of S/C fabrics is composed of 80 % silk,
and the reverse side ol fabric is composed of 80
% cotton.  However, the actual surlace of the
right side and the reverse side of S$/C fabrics is
composed of almost 100 % silk and almost 100 %
cotton, respectively, as shown in Figure 2. Picture
of the section along warp direction in Figure 2
clearly shows that silk yamn is running through long

distance at the right side ol [abrics and S/C fabrics



has Lwo-layered structure approximalely.

3.3 Mechanical Properties and Hand of Silk/-
Cotton Mixed Weave Fabrics

Mechanical properties of S$/C and SA fabrics
measured by KES-FB system are shown in Table
2. I s recognized that there arc large differences
in icnsile and shear properties between S/C and SA
fabrics. In tensile properties. S/C fabric is casy Lo
stretch  (large EMT) and has large hysteresis
(small RT) compared to SA fabric.

posed that this cffect may arise from mixing of

It is sup-

cotton yam (spun yarn) into silk yarn (filament
yam} in S/C fabrics. 1n shear properties, G, shear
stilfness and ZHG, ZHGS, shear hysteresis of S/C
This el-

fect may be influcnced by the fact that construction

fabric are smaller than that of SA fabric.

Ne 6 (2003)
of S/C fabrics is satin weave. In satin weave,
number of interlacing point between warp and welt
yamns is smaller comparcd with plain weave or
twill weave, and this small number of interlacing
point may help casy movement of interlacing angle
between warp and weft vams and 0 decrease G,
2HG and 2HGS.

ences in bending and compression properties.

There are not so large differ-

Results of the measurement of friction and sur-
face roughness of S/C and SA labrics (warp direc-
tion) arc shown in Figure 3. The surface
properties of the right side of S/C labrics arc al-
most the same as those of SA fabrics (silk 100
%) judging from (he shape of the measured curves
and the values of mechanical parameters, MIU:
mean friction coefficient, MMD: standard deviation

of friction coefficient, SMD: surface roughness

Table 2 Basic mechanical properties of S/C and SA [fabrics

Block Parameter SA S/IC Unit
Tensile LT 0.739 0.607 |
WT 4.75 £.50 | glemfcm?®
RT 72.1 438 | %
_ EMT 2.63 4.30 | %
Bending B 0.055 0.057 | gf.em®/fem
2HB 0.041 - 0.039 | gfcemjem
Shear G 1.230 0.376 | g.cm/deg
ZHG 1.05 077 giem
2HGS 4.00 1.79 | gfem
Compression  LC 0.292 0.215
wC 0.084 0.121 | gfemfem?®
RC ~71.0 | 628 | %
Thickness T 0.290 | 0.435 mm
Weight w 256 | 11.5 | mgfem®

Table 3 Hand value of S/C and SA fabrics

| SA

HV s/C s
KOSHI 6.947 6.763 6.843
HARI 5.018 7.878 7.899
SHINAYAKASA |  2.638 2650 2.532
FUKURAMI | 6.639 5.392 4.863
SHARI 0.965 1.783 5.221

~ KISHIMI 4.865 4.756 4616
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(pem). (8/C: S is the right side, C/S: C is the
right side.)

Hand Values was calculated using measured
values of mechanical properties of fabrics.  Re-
sults are shown in Table 3 and Figure 4. Calcu-
lation was carried out using KN-201LDY ¢quation
for women's dress use |5]. Hand value of the
right side and the reverse side of S/C fabric was
calculated individually because. in S/C fabric, sur-
face propertics are different between the right and
Iland Values, "KOSHI",
"HARI", "FUKURAMI!" and "KISHIMI" ol S/C
fabrics are almost the same as that of SA fabrics

of silk 100%. Hand Value of "SHINAYAKASA"

the reverse sides.

both in S/C and SA fabrics are small and equiva-
lent value. Only "SHARI" valuc of S/C labric in-
creases comparcd 1o SA [abrics and this fact is
because cotton yarn (spun yarn) is mixed with silk
yamm (lilament yarn) in S/C fabrics. As a result,
surface properties and Hand Valuc ol S/C [abrics
except "SHARI" has equivalent with those of SA
fabric of silk 100 % and this lact may suggest that
tactile sensation of S/C and SA fabrics is almost

the same.

4. Change in Mechanical Properties
and Hand of Silk/Cotton Mixed
Weave Fabrics by Repeated Cycle of
Washing

4.1 Method and Sample

Change in mechanical properties and hand of S/C
fabrics by repeated cycle of washing was investi-

gated in order to confirm the possibility that S/C

fabrics may use for daily use [3.4]. Details ol

samples are shown in Table 4. In this measure-
ment, plain weave fabrics made of silk (S), cotton
(C) and polyester (P) fabrics are also used as rel-
erence sample to S/C fabrics.

Repeated cycle ol washing was  carried  out
under following conditions. Detergent used is
commercially available onc including cnzyme to
simulatc machine washing in ordinary home.
Washing machine used is two wash-tub type.
Temperature of water is 15-17 C under room tem-
perature.  Time ol one cycle of washing is 7 min-
utes. Concentration of detergent is 1 g/l and
liquor ratio is 1:100.  Rinse is carred out by
overflow method the laundry is dried in the shade.
Under these conditions, 20 cycles of washing was
carried oul and change of properties and perform-
ance of each fabric were measured.

Items of the measurement were basic mechanical
propertics, basic hand, shrinkage and surface pho-
tography.  The basic mechanical properlics were
measurcd using KES-FB measurement system [2].
The basic Hand Value (HV) is calculated using
KN-201LDY cquation for women's dress use [2].
Air resistance is measured using KES-F-8AP  air
permeability measurement apparatus [5]. Shrink-
age is evaluated according 1o JIS-L-1042.  Surface
of fabrics is photographed with microscope.

Mcasurement of the mechanical propertics and hand
was carried oul before washing and alter 1, 2, 3,
5, 7, 10, 15 and 20 times washing.  Air resistance
was measured after every washing limes and the

picture of fabric surlacc was photographed before

Table 4 Details sample for washing durability
Sample | Count (tex) Wea:ii:y den (1/cm) Thickness Weight
warp weft warp weft (mm)* (mg/cm?)
Sik | 85 8.5 50 41 0.34 794
Cotton 16 16 55 28 0.51 12.7
Polyester 5.3 8 32 29 0.09 5.21

*at pressure 0.5gffem?



washing and alter 3, 5, 10, 15 and 20 times wash-

ing.

4.2 Change in Mechanical Properties and Hand
before and after Washing

Figure 5 shows the change in mechanical
properties and hand before snd aller washing plot-
Left and right
side chart is S/C fabrics and S labrics, respectively

ted in chart for women's dress use.

and O and A denotes before washing and after 20
times washing, respectively.  Change in mechani-
cal propertics and hand of S/C fabrics is little ex-
cept in compression and surface propertics.  This
fact shows that the performance of S/C fabrics is
stable in terms of hand.  In contrast, change in
mechanical properties of S fabrics is recognized in
increasing of bending and shear properties.  This
fact supports that, in S fabrics, stiffncss increascs
by washing as a whole.  Change in Hand values
of SA fabrics is recognized because of changes in
corresponding  mechanical properties. "KOSHI"
and "HARI" "SHARI",
"FUKURAMI", "SHINAYAKASA" and "KISHIMI'

values decrease.

values increase and

In order to investigate the time change of hand
by washing in dclail, change of hand values plotted
against washing times is shown in Figure 6 for $/C
and § [abrics. In S/C fabrics, change in hand val-
ues by washing is small.  In S fabrics, hand val-
ues are changed largely in the initial stage and
change become slowly afler increasing (imes of
washing.  This behavior shows that, in silk fab-
rics, hand of silk fabrics at the initial state was
damaged with washing. In particular, decreasing
in "SHINAYAKASA" and increasing in "HARI"
arc remarkable.  Summarizing these results, it is
clear that change in hand values by washing is
small in S/C fabrics and fabric performance is sta-
ble in terms ol hand. It is supposed that small
change in hand values of S/C fabrics may be

caused by mixing of cotton yarm with 8/C [labrics.

No b (2003)

4.3 Change in Shrinkage and Air Resistance

Shrinkage of fabrics was measured to investi-
gale dimensional stability which is important in
practical use. The standard length for reference is
15 em.  The results are shown in Figure 7, of
which the upper graph is for S/C and S fabrics and
the lower graph is for C and P fabrics.  Vertical
axis is shrinkage and horizontal axis is washing
times,  Suffix | denotes warp direction and 2 de-
notes wefl direction.

As for shrinkage of S/C fabrics, shrinkage along
warp and weft direction except 1 10 3 times in
warp is constant.  In the case of § [labrics, large
stretch and shrink is recognized with increasing
washing times, and in particular stretch along warp
direction is remarkable. In contrast, results of C
and P fabrics show that these fabrics have good di-
As a result, S/C fabrics has

good dimensional stability the same as C and P

mensional stability.

fabrics.

Change of air resistance of labrics with increas-
ing washing times was measured to investigate
structure change of fiber assembly by washing.
The results of air resistance plotted against washing
times are shown in Figure 8. In the case of §
fabrics, change of air resistance is large with in-
creasing washing times, and air resistance is (end-
ing upward for over 10 times. This fact
indicates that silk fabrics tend to be "stiff" by
washing as mentioned in 4.2.  In contrast, air re-
sistance ol the other fabrics including S/C fabrics
does not change with increasing washing times.
This fact suggests that structure of fiber assembly
of these fabrics including S/C fabrics is stable
against washing, Summarizing these results, struc-
ture change of fiber assembly of S/C Tlabrics is
small and stable hy washing though satin weave
does not have strong in structure stability compared
to plain weave. This fact may explain the stabil-
ity of hand and dimensional stability of S/C fabrics

by washing as mentioned above.
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5. Summary

The mechanical properties, hand and washing
durability of S/C fabrics were investigated and fol-
lowing results were obtained.

(1)S/C fabrics has equivalent hand of silk.

(2) Degradation of hand of S/C fabrics by washing
is small.

(3)S/C fabrics has good dimensional stability by
repeated cycle of washing.

We can develope the two-layered fabrics which has
equivalent touch of silk and good dimensional sta-
bility by using the combination of satin weave and
Good
washing durability of §/C fabrics supports that the

mixed weave technique of silk and cotton,

fabrics can be used for daily life including repeated
washing which could not be expected for traditional
silk products.  S/C fabrics is already applied for
bedding goods such as futon cover, cover of pillow
case and pajama etc.  One ofl the expected appli-

cations of S/C fabrics will be material for care use

Fig.] Schematic diagram of fabric con-
struction and section of S/C [labrics

by making use of its good tactile sensation and
washing durability that will be needed in actual
care activily. The technique of making (wo-
layered fabrics using the combination of satin
weave and mixed weave technique can also be ap-
plicable for another combination of fiber material

such as silk and polyester, wool and cotton etc.
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Carbohydrate Metabolism in the Silkglands of the Silkworm,

Bombyx Mori - Trehalase in the Anterior Silkglands

SADAKANE Keiko®, FURUSAWA Toshiharu™ and HAYASHI Yoshiyuki®*

*Bioresource Field Science Center, Faculty ol Textile Scicnce, Kyoto Institute of Technology,
Ipponki-chou, Ukyou-ku, Kyolo
**Kinugasa Textile Research Institule, The Kinugasa-kai Foundation, 29 Kitano Shimo-Hakubai-cho
Kita-ku, Kyoto 603-8326, Japan

Abstract

Changes of trehalase activity in the anterior, middle and postenior silkglands of the silkworm
Bombyx mori were examined from the first day ol the filth instar through the end of the spinning. The
trehalase aclivily appeared in posterior and middle silkglands from the 2™ day of the 5" instar. The for-
mer one reached at a maximum level on day 6, and then decrcasced thereafter. The latter one increased
steeply until day 8 when the maturc larvac hegun to spin cocoon filaments. Concomitantly with the de-
crease of the activity in the middle glands from day 8, trehalase activity increased in the anterior
silkgland from the beginning of cocoon muking, Therefore, in order to clarify the function of trehalase
in the anterior parts, a competitive inhibitor of trehalase, Validoxyamine A (VAA), was injected into
the larvac 3 days before spinning and into the wandering larvae on beginning of the spinning. VAA
inhibited trehalase activity in short time (about one day), resulting in the decreasing in the amount of

liquid protein which was flowed from the middle glands to the anterior glands.

Key Words: Validoxyamine, Trehalase,
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