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Expression of Foreign Genes Introduced to Mulberry Leaf Cells

Miki OHYANE, Sakihito KITAJIMA, Hisato KATAYAMA,
Toshiharu FURUSAWA* and Yukio SUGIMURA

Graduate School of Science and Technology, Kyoto Institute of Technology,
Matsugasaki, Goshokaido-cho, Sakyo-ku, Kyoto 606-8585, Japan
*Center for Bioresource Field Science, Faculty of Textile Science, Kyoto Institute of Technology,
Saga-Ippongi-cho, Ukyo-ku, Kyoto 616-8354, Japan

Abstract

Vital factors affecting the efficiency of gene delivery into mulberry leaf cells were investigated
using a particle inflow gun. A chimeric plasmid DNA, pBI 221K-Hm, which contained 3 -glucuroni-
dase (GUS) gene and hygromycin phosphotransferase (HPT) gene under the control of the cauliflower
mosaic virus 35S promoter was constracted and used in this experiments. Non-transformed tissues were
significantly damaged by culturing onto 25-50 .z g/ml hygromycin-containing medium, by which trans-
formed tissues could be selected efficiently. The bombardment efficiency which was evaluated by tran-
sient expression of GUS was remarkably increased by optimizing two factors examined ; (1) shot dis-

tance between target tissues and microprojectiles, and (2) pre-culture periods of target tissues.

Key Words . Gene delivery, Mulberry, Bombardment, /3 -glucuronidase, Transient expression
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Agrobacterium% - L C 7 THEB LT 277
VAR ICH R BIZTFZEATH I EFRE SR
T\ % (Machii, 1990 ; Nozu er al., 2000), L7
L. {8 A S 7l A & O 4 A AR i
ThH, RERHEEREIELSATVEREY, —
B SRBETFEESRTFICHBE L. 7 7 MRS
BHEETELAATHREREFEEATLI &N
A HETdH A (Machii, 1996 ; Sugimura et al., 1999
b;2000a), 7. 2T ANARLELNIT T
F7Z A b EHWT, electroporationiZ & V) #{x
TEATALIELHESINTWS (Sugimura er
al, 1999¢)o L LZA5, Wihd ¥ ABGT
D—BURBIHE SN TVLEOATHY, ¥/
LDNAICRER A S N H R 7 7 off

HIZE>Twiw, 7 TREIRRAE ER T 572
BOI2iE, (DM, HAEED S OB L RO,
(2) BhM 2 BAR B AN EORBE;LHEMS & &
Ho NET, 77 HEMD O O EHEEE KA
FHHEL SN TWADT (Sugimura et al., 1998 ;
1999b) . £ DEAEFEAR TORIEZFEAE DR
PEEFhTnD,

AHETld, E{5F# (particle gun, bombard-
mentiZ) T HWT, B4 D] HE % EHER~O
WRBIZFOBAFRHEBET L, REET L
LT, [3-glucuronidase (GUS) i#{znF & hygromy-
cin phosphotransferase (HPT) {51 % F§2 &/
2=y FORBEMT I AI FEBE L. GUS#E
EFRLF—7—RIEZEF L LT, HPTRIZFI3E
Hx—A—BIEFLLTHEET S X ) IC&ET s h
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MR L7z WA CHS ICHEkER, FAENEK
B SRR L . A TR SE (27C, Mbels &)
THEERL 72, BEHFRE I, ArgicEr
TH# L 72 (Sugimura er al.. 1998 ; 1999b) . ¥
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A&ar (27C, 120FMBEEASME) <O ~ 5 HIEHT
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terminater] # 4t v b % 538EL 72f%, pBI 221KD
Kpn I 44 MIZ#FAL, pBI 221K-Hm7 5 A 3 F

(Linsmaier and Skoog,

AHE L7, fEoT, CORBMETIAI FNY
¥ —i, CaMMV 35870 E— ¥ — D FiiiZGUS
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i—]
FoR [

CIMM\'JSS> GLS > Nos.
pBL 221 (5.7kbp)

44— Replacing FcoR 1 site to Kpn I site
4— Digestingby Kpn I

HPT cassette derived from pTL71G221-130Hm

CaMMV
‘ CaMMV Ky HPT I8S-T
'y

Ligation

[—>QMMV 355—P>| GLs * Nos-T CaM\fN JM\

pBI221K-Hm (7.8kbp)

Fig.1l. Schematic flow for construction of pBlZZIK-Hm
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M), 20 IARIL I Y 2 (0.OM) 2 MR Z T, %
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ulMA T, 79 A3 FDNABE SR T BB %
B L7z, D5 RSl E 1 RICEEALE
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Table 1. Leaf tissue responses induced by hygromycin

Hm conc. Induction (%)

(e g/ml) Adventitious bud Browning Chlorosis No response
0 94.5 0 .5
125 5.6 2.8 2.8
25 0 7.8 222 0
50 22.2 77.8 0

& 1%

77 A3 FDNARBE SR FPELATINIE
Mk, AR EF R IZEBRL 2, 2H
M5 L 228, 50mMY) >~ EE#RE T (pH 7.0) %
& 1mM X-glue (5-bromo-4-chloro-3-indolyl- 3 -
D-glucuronic acid) (2R L, BEZE@RE L7z, 37T,
6 ML LIS S €728, 70% % / — VTR
B SETHE L. X-glucldGUSD AT IEH
Th )., GUSHEIE A —BMEEB L -Mil Tix,
HEORNEES > P TF o ARERSINL DT,
HHETCETOHFBARy VAT M L1

3. XRfER
3.1 BEANS IOV L ORERED
1iEd

fERE L 72pBI221K-Hm 7" 7 A 3 Fid, &~ —
# —#{Ef & L CHPTEIZF2S A SN TE D,
TR AR TIEHmIS A LT & 22 545, 3E
T BRI CIIIES %5 0 HmO Fediii e # #%
EYAHZEIZE D Hmiie P E il e o 2=
B 7% BRAIRE S B

I E AR AT HM IR I X D A F AL, 5%
BEAG, BOELICEDREZHE L. FEFEK
R (4 OHmERE 2R M L T, SR 021t
REELL (K1, M2), ZORFE. ERNE
o (FHR) T, EESEY S GHETAEFOR
AT STz — 7. HmiRIREAE L % 5
e, RO KERSIZ 6N, 1250y
mITIIAEF AT Z 55, ORI,
ffaANEMm L, BEMICEERE L, 5
12, 25 g/miTid, BEMAMROMNE KL RA5E 4 I2H)
il S, b BB E L o7z, 50 g/mlT
2, WEEA e E L { EMBoRtEIET Lo

o B

& &
1."

12.5 g g/mi 25 pug/ml 50 4 g/ml
Hm Hm Hm

control

Fig.2. Leaf appearance induced in hygromycin-containing

medium. Arrow heads: adventitious shoot buds.

7o 2B, HmZERIKTO ¥ » 37 Skt %
PIHIS 5 7200, FEHEO CLEERDSHE SN D &
EZibNhd,

I e % Hm (2 & 1) B AR IS T R BOE &
&, FBEERMILTIIHPTEE T DRI IV
Hmifith & ANl L TR BRI O & % S
5L THD, BREOHMBMIZ, FREER
Pl 2 BIE S5 2 LIZI3ERTH B, Lo L,
i H e AN T OHPTEIZ T ORBELS D L W
A, MRS A F N AHmDO RELAAR 4 &
el TEEIAIR T b A 4 1T KA A FHEATR
ESND, O L xFEEL T, EHHHmKEE
1325~50p gmIDS# L TWaH EEZHEND,

3. 2 ENFOREAHAFRICLD
FEFHHRADTE

ST LT, RETHRETFERLAD

728, BRI & Tp B SVHEF LA (2 5l Mo B A 1l A

mbHs, ZOFEEIZLY, SRR HED 5O E

FHEPHITOND I eHPBEaEhD, BHTD
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Table 2. Effect of bombardment shot on adventitious bud formation

Shot distance (cm)

Adventitious bud (%)

No response (%)

control
6.5
7.5
8.5
9.5

94.1
87.9
93.2
94.6
94.6

5.9
12.1
6.8
54
5.4

Table 3. Transient expression of GUS in different conditions

No. of blue spots/cm’

Shot distance

Plasmid Pre-incubation period (days)
(cm)
0 1 2 3 4 5
75 pBI221K-Hm 20.0 25.3 29.6 1322 444 29.3
' pBI221 16.5 253 60.2 196.7 28.2 17.1
85 pBI221K-Hm 0 3T 5.0 35.2 4.8 10.9
' pBI221 3.7 6.7 15.3 16.9 6.3 9.6
95 pBI221K-Hm 0 0 2.5 4.8 28 0
' pBI221 2.8 0 47 88 0 3.4
105 pBI221K-Hm 0 0 0 0 0
’ pBI221 0 0 0 4.1 0

MEH 4 S EERY AL  COFE HBEREZ T2 & 4,
BEENAREFRI R T HEER~72(E2),
FOFEFR., AR HEBEAY65emIEETHE, N
EFEREFETET T 2255 ), 7.5embh
FOHMA RO ZEPUETHLLEZ LN,
o TUTOERTIX, KXBHEH%75m~
10.5emDFEHTHRETEI L & L7,

3. 3 RENXIZ-OEAFMGE—BNRR
BT CTHRBIZTEEAT L5, WHEH
HREEYFHERDVERT 5, WEMERE L
T, BIZTAETH 2 &R T OnEHEE, FEAH
BERTOME - HBNICbLEIF A—4—T
Hh, KREBETIZ, HFMEMHD A% 75em~
10.5emi= 28 L, &k AP AR S5 %
HEBI LIz —h, EWFERNT A5 —L L
T, BETEEAT 5N TERRE O £ B IREE,
MR R o &HL T O BHEIRPUREATE 2 b 1,
CNEHRFARETEADRE LR T L L BES
M5B, AIEEEEIZ L ) MBI B X YR
Kgx &b ¥, B FEARICRITTHEL
MRz, Tabb, BEHEMEO R EEM (0

Fig.3. Transient expression of GUS in bombarded leaf

tissues.

~5 HME) OofdiftxMor. T, Ay ¥ —
& LT, pBI 221 &pBI 221K-Hm% VT, Tlij#
BMOT77 A3 FEEROEZRIZOVWTHTELL
(3. EH3),

WA 170 & B2 By LRk $ < o S0 B 8E % 9.5cm
F7:13105ecm IR E L7- & &, GUSBIZTDOFHH
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Dveing Properties of Chitosan-Treated Tussah Silk Fabric dyed
with Cochineal by Mordant dyeing

Takeshi KAKO and Takashi YAMAZAKI

Kinugasa Textile Rescarch Institute, The Kinugasa-kai Foundation,
29 Kitano Shimo-Hakubai-cho, Kita-kn, Kyoto, 603-8326, Japan

Abstraci

The dyeing affinity (K/S value) of chitosan-trcated tussah silk fabrics (chitosan-treated fabrics) dyed
with cochineal was higher than that of untreated tussah silk fabrics (untreated fabrics), and the dyeing
affinity of these unmordanted and mordanted fabrics increased in the order of unmordanted<Cu-
mordanted, Sn-mordanted < Fe-mordanted, Al-mordanted. The hue of dyed fabrics was light Purple,
Red. Red purple. Purple and Black, on unmordanted, Sn-mordanted, Al-mordanted, Cu-mordanted and
Fe-mordanted [ubrics, respectively., By chitosan treatment, the hue was rarely changed in every
mordanting. except in Al-mordanting. The brightness decreased in all mordanting. And the chroma
tended to be higher in Al-mordanting and lower in Cu-mordanting and Fe-mordanting. The wet rubbing
fastness of untreated fabrics and chitosan-treated (abrics were low in all mordanting, But the fastness
was appreciably increased after soaping, and it was considerably increased by treating with cationic
surface active agent or formaldchyde. The effect of chitosan treatment was very little observed. The
light fastness was generally high and tended to be higher in Cu-mordanting and Fe-mordanting than in
Sn-mordanting und Al-mordanting. Chitosan treatment increased the fastness in unmordanted fabrics,
but decreased it in Sn-mordanted and Al-mordanted fabrics.

Key Words | Tussah silk, Chitosan treatment, Cochineal, Mordant dyeing, Dyeing Property

(2004) Mo &

1. FAHVE

FAL HARE A L, SRR b &5 HiER
2R X Lol - L CRYPERf ST,

Z{OMMD ) LRAEMIE, A4 HIHINT
WAHHET, BEHO ) BAEEERG S (RE
S, HKEMICHATHmBE, IEEE. IS
LET AV v/ A N SR R VRN B Ada chs i T o
& =y Mah, RES R SCHWSRLTW
L5, BEMERVE bR TWS,

AT, ERHE 2 A TF b I A

ARG TLE, EEFESENTLI LG L
72[1].

a2F =L, FERFOIIELETL AT DK
EORRHE () ©, Lokl hLr I qmg (oL
TS S NERELOT N TR/ FER C -
BifER) ThY, HLEBL Y HL L
Vbidl, B BFIHERTEL, T0, RED
FERTEN 2 5 BEARGD AL F I T T,
O e CERE T, HTH D B E (F
EINTVAI L b aF—LHFE M5
TG, —HACERA L A0 %miconT

FDAH

ARG T MR AFCE R EERTIERT, 603-8326 RUERALICILSr T HARIT29,
E-mail [ raikinugasakai@nifty.ncjp. T 075-461-5049, BE  075-463-667%

_7_



o

bECDRELH L [2].

Z T, Al ERER ORER G o)
LSt SRS L o F = LA T, A
EHORERE D L TRERA I L RO Z700
SfEg (R L% %/iﬁﬁﬁﬁﬁww

Felo iz o TR L7z,

2. MREFE

T DA S TN . T O ol N AV (9 I - 3 i
defe | ShaRye I oS EL. B LN R
Aol Eiks bR TRIIRLE,

2. 1 =#
ArELIL] & ] UAE e R V=) 2w
72,

Bl EAE vy - Fohydiz L 4,
PIT. oh iy b4 2.

2. 3 X b
FER 1) 2 F U adip-2nipEEiz X %, LT, T4
Z070%F P LRI & 35

2. 4 eBZamig

(1) AABEF MUY L SNk 7Ll %
B, (2) BERE7T L I =7 4 51, (3) BEfg
M 5N, (4) KEEBEEBEOMAD KB A+ i
OGRS L 1200 TARAERTIL, WS 20
T 2T, 600, HEEUEE Ko7z,

2. 5 6
OF =) (G 200% TE LMY
L7z, AREMACTH D@28 L. $EHN
E L7z, 80°C, 6OGFRY. drHL L D 120CHE L
AR, FIREIR LG,

2. 6 #u|

(1) TNt A8 51, 40T, 200718, #H
1 120Cy =¥ 7L, ki, HHREREL,
(2) V=Y o, 74F+ Emna 4 ma, &

BE (99.7%)
T

SmlT, 20C. 304 M. &H1:120
iz, FIskegl L7 (3) v —
Vo is, R ) o (A0%) 2 Y%, NEREE
(99.7%) 19%, B0T. 2057, &1 ; 120T4
B, [aAkikfR. ARREE L,

2. 7 HBEEREE

BERy 7L AR R ERT210-AB & TH
Wi, BN (K/S) I EIRRE T TN L,
Kubelka-Munk T, X 0 & H L7/ [3].

2. 8 BO=EM
HaEM®E D 55— A — ¥ —
th “RBHEAEL 7.

ZE-2000% H v,

2. 9 @&E
1976CIE (L*a*b*) FHFRIZ X N A(EHab) #*
%Hj[,f;c

2. 10 $EBEA5E
JIS LG L7,
(1) EEHERLA 9 IS 1 0849-1906,
R EE DRy
(2) 7KBES 9 EEIXIIS L 0846-1996¢ 248 /2,
(3) fRLER5 H BIINS L 0844-1997 A-1ZHEL

BRI

(4) JPEES 5 IZNS L 0848-19961 HE L 72,

(5) FZA ) =22 782 BIENS L (0860-
19961 2H: 1272,

(6) kv b TV v A BEILNS L 0850-

19944288 12 4= (2000C, 164).

HoGERA 9 BEIIIIS L 0841-1998 128k L7

(G5 U ek, 20885 ) .

e
=
—

3. BREBE

3.1 %5
TF = ORI b L MOLELER, % b
W IR ORG & Table TR L 72,
fhnrB g, A b LR 0 Ge s I (s
TS R TR RV, BEATHE L D 1.9
e, L LEREAF WG L T, Gk

_8—



Table 1

chitosan-treated tussah silk fabrics dyed with cochinecal

(2004) o8

Dyeding affinity, tristimulus values, three attributex of color and color difference of untreared and

Chitosan K/S
Mordant  Add-on X Y Z 1.* a* b* Z E*ah
(%) value Rate {value) *
Non 0 21 1 1 {08 2240 1942 21.7% 5117 1611 2.00 0.0
0.75 3.9 1.9 {11y 1294 11.21 12.60 3993 13.48 1.61 11.6
Sn 0 98 47 1 (4.8 2128 13.03 707 4281 1699  23.17 0
0.75 11.8 1.2 (7.8 19.89 11.89 2.67 41.03 47.92 25.66 3.2
Al 0 124 59 1 (11.8y  10.23 6.06 6.66 3077 3375 3.98 0
0.75 15.1 12 1370 9.8 6.27 350 3007 3383 7.12 3.2
Cu (} 8.0 38 1 6.7 7.50 5.92 8.53 2021 18.23  —5.32 0
075 10.7 1.4 (8.0) 6.03 1.72 650 2083 1663 —3.93 3.9
Fe 0 120 57 1 (10.2 3.66 3.46 518 21.82 4.09 —5.30 0
0.75 125 1.04 (1041 3.55 3.37 202 18.37 221 =334 0.5
* (valuc) : soaping after dyeing
IR TIEEREN38 5T, & b SECEL LI, FoEi s A EES AL
o ULER R TR 2 9 39T R oz, WEZOWTIE, F Mo AUz k-

F A AR O G5 1B VLT LD
Pol. FERA 4 L REREHROIF LI X
AL . & L B Ok iR 1
VT R < S - A L PR - 7
3o MREONRIS S o,

EDX ) CdeFEgEE, &0 I -
TG L OREOHRE NS, FEL BNl
ZAUE, B FER AR TSR R L 2
ERTELVH, EREEL SO F AL
25 - TENE &DE, £ F 0. RERD

Lo OENYEZ SLs,

3. 2 BO=E4%

2F oL OEEME L D EAERR., F b
i EE OB O M, fFE £ Table 11075
7.

BOZ @O LRI oWTIE, EEGRTIE
BEEBETH W, BEROAECL, IF2—1o
BV LR OESS) PEBAL A LT
BT 4704 5T, FEF LT L
GLT, BEEMIZE L L TEREILL. AKX
e —ARt, TIL 3 D7 AR -
B PRI, Fo, X R
MIZ X » T, T3 =y L 22 B O 4k

TVTROGET LAz, THIEEEReEryS il
B EZ SNA. BEIIDWTIE, A AR,
T3 o7 AT C e B A5, B S
BEf el 2R C R A A AR LR SRS
SO STREC A ED & Y e L 2o E R
DERAF P LBEDFTEOBESELTREL
(4], PRI AL JMTEEBL+2 (6
FOAD) DAHEREECH L -0, 1T oY
O XS BEReE AT ORAMETEEEL D
AN SRS L B EARO BN S (L BROEH
BLEATVEZL[E], £/ 14080
L EEEA A 1TE, BBoad By 2 & (6]
LECLLbDEEILNL,

3 [ AE*ab) 12w Tld, F M
T o THEREEIE6EHE L CREL D, B
HIL05~3.9 & ey & A A bz, 2
Mbid, WIECiE, HIE, B, BEOH B
BAEL (AL, BeFBE s o mL 727:
WXL, £, — ), BREAUETIEE
( AB*ab) /RS eaid, & MBIz L ARG
M, BECILAETOEELS LA, PELL /D
L REREELENTEIEIRELERALR
RHEEZILHND,

o
ATV S

—

o2



T I
Table 2 Color fastness to rubbing of untreated and chitosan-treated tussah silk fabrics dyed with cochineal
Mordant  Chitosan K/S Rubbing
Add-on Value Non-sorping Sorping Soaping, Soaping,
(%) Cationic  agent Formarine
Dry Wet Dry Wet Dry Wet Dry Wet
Non 0 2.1 ( 0.8 1 2 5 4- 5 ) 5 4-5
0.75 39 (1.1 3-1 2 5 1-5 b ) 5 1-b
Sn 0 9.8 (4.8 3 2 4-H 1-5 5 -5 5 4-5
0.75 11.8 ( 7.8 34 2 4 3-4 5 -5 5 4-5
Al () 124 (11.8) 3-4 2 3-4 2-3 5 34 D 4.5
0.75 15.1 (13.7) 3 2 3-4 3 5 341 it 4-5
Cu 0 80 ( 6.7) 4 2 4-5 2-3 b b 4
0.75 107 ¢ 8.0] 34 2 4.5 3 5 b 4
Fe 0 12.0 (10.2) 3 3 4.5 5 3-4 5 |
0.75 12.5 (104) 3 2-3 1-5 4 5 3-1 5 1

K/S value ( ) ! treated with maruseil soap g/ at 40 for 20 min after dycing.

Table 3 Color fasincss to water, washing and light of untreated and chitosan-treated tussah silk fabrics dyed with

cochineal
Mordant  Chitosan K/S Water Washing Light
Add‘f’“ Value Staining Change Staining Change ZL*ab
(%) o) S in color C S in colar
N 0 21 (08 45 45 3 5 s 12 24
0.75 28 (11 3 4-5 2-3 5 ) 1-2 0.8
sn 0 8848 3 5 3 5 5 3 18
(.75 11.8 ( 7.8} 3 3-4 5 3 4 2.2
B A_l Q 12;1 (1L.8) o 1 b o 5 4-5 14
(175 15.1 (13.7) 3 4-3 5 5 4-5 4-5 34
Cu 0 8.0 (67) 4-5 3 5 5 4-5 31 1.4
0.75 107 (&80 4-5 5 5 ) 4-5 4 1.5
Fe 0 12,0 (10.2) 5 4 5 5 4 4 0.9
0.75 12.5 (10.4) o 4-5 h 5 1 4 0.7

K/S value { ) weated with maruseil soap 5g/1 at 40°C for 20 min after dyeing. C . cotton, § I silk
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{2001) X8

Table 4 Color fastness to dry cleaning and perspiration of untrealed and chitosan-treated tussah silk fabrics dyed with

cochineal
Mordant  Chitosan  K/S Dry cleaning Perspiration
Add-on  Value o Acidic Alkarine
(wih) Staining Change | ;t-aining ) Changei Staning Chage
C S in color C 5 in color C S in color
~ Non 0 21 3 g 3 45 45 23 45 45 3
0.75 3.9 2 5 3 4-5 4-5 2-3 4-5 4-5 3
Sn 0 98 3 5 34 34 3 453 L 34
0.78 11.8 J b 4 4 34 45 3 3 3
Al 0 124 5 5 4-3 4 34 4-5 4-5 3-4 4-5
0.75 15.1 3 5 4 4-5 1 1-5 1 31 1-5
Cu 0 8.0 3 5 4 3-4 4 4 3 4 3-4
0.75 10.7 B O 1 1 4-5 4-h 3 4-5 3-4
Fe 0 120 3 5 4 34 5 34 345
0.75 12.5 5 b 1-5 3-4 5 3-4 34 5
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Functions of Silk Sericin of Domestic and Wild Silkmoths

Kaeko KAMEI", Nobuloshi TANAKA™. Masatoshi ICHIDA* *,
Takashi YAMAZAKI**™ and Akira MIYOSHI****

*Department of Applied Biology, Faculty of Textile Science, Kyoto Institute of Technology.
Matsugasaki, Kyoto 606-8583. Japan
**Center for Bioresource Field Science, Faculty of Textile Science, Kyoto Institute of Technology,
Saga-Ippongi-cho. Ukyo-ku. Kyoto 616-8354, Japan
***3-A-506 Mukaijima New Town, 151-3() Mukaijima-ninomaru-cho, Fushimi-ku, Kyoto 612-8141, Japan
¥ Kinugasa Textile Research Institute, The Kinugasa-kai Foundation, 29 Shimohakubai-cho,
Kitano, Kita-ku. Kyoto 603-8326, Japan

Abstract

It has been reporied that sericin possesses antioxidant activity, tyrosinase inhibitory activity, cell
growth promoting activity, UV absortpion property. moisture retention ability, and high biocompati-
bility, Duec to these characters, sericin is being upplied to cosmetics, medicine. functional food, and
so on. In this study, the properties of sericin were compared among silkworms (Shunrei X Shogetsu
and Ringetsn X Kansen) and wild silkmoths, Japanese tusser (Antheraea yvamamai Gueriin-Meneville)
Japanese tusser LY (Antheraea vamamai Gueriin-Meneville), Chinese tusser (Antheraea perny Gueérin-
Meneville), and Eri silkworm (Sameia ricini Anderson). Sericin of wild silkmoths posesses higher
antioxidant activities than those of silkworm. Among 6 species, sericin of Japanese tusser and Japa-
nese tusser LY showed the highest antioxidant activity. In contrast, only sericin produced by Ringetsu
X Kansen showed significant inhibitory activity against tyrosinase, one of melanin synthesizing en-

zymes, These results indicate that it is necessary to seclect suitable sericin for a practical utilization

such as cosmetic and medicine.

Key Words : Sericin, Silkworm, Wild silkmoth, Antioxidant, Tyrosinase inhibition
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Detector Response at 280nm

BFRT AT T

WA
A x|

28

Elution time (min)

K1, )Y Dr VBT O T TT A~ BHES NTH Y
g7V 73> (5166000, BAKT VT I (5FE

45,000)
Fl., )T 07 I BHE (V%)

BExEA  RAXEI BrHr BrHLLY FoHr  TuHs
o 15.60 15.05 15.44 15.37 488 1419
Thr 8.31 751 13.85 14.21 15.03 6.49
Ser 33.23 34.03 23.38 23.93 23.59 31.91
Glu 5.01 5.98 6.33 6.36 6.43 8.62
Pro 0.70 0.60 118 0.98 1.35 1.78
Gly 15.61 14.34 19.47 19.00 18.50 1213
Ala 5.06 473 340 3.20 257 451
1/2Cys 0.32 0.64 0.30 0.25 0.64 0.88
Val 3.01 2.98 1.04 0.97 111 1.4
Met 0.05 0.56 0.21 0.15 0.61 0.60
lle 0.76 0.82 058 0.5 0.86 0.92
Len 121 1.33 0.67 0.62 0.74 0.96
Tyr 3.52 3.29 5.23 5.27 5.73 441
Phe 0.40 037 0.35 0.32 0.09 0.76
Lys 269 3.29 223 2.26 1.69 5.10
His 1.22 1.20 258 2,60 264 3.07
Trp 0.13 0.10 0.08 0.05 n.d. n.d.
Arg 3.17 3.17 369 3.80 3.54 2.2

" Total 100 100 100 100 00 100
nd. . R
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Abstract

A TIA-l-type RNA-binding protein (BmTRN-1) identified from midgut of the silkworm, Bombyx
mori, has significant homology with human TIA-1 and TIAR, recently reported to function as important
factors for either splicing or translation. In order to investigate whether the BmTRN-1 activity can re-
late to the RNA virus growth in the cytoplasm, we constructed the BmTRN-1 knockdown cells by in-
troducing the modified antisense oligonucleotide and small inhibitory double stranded RNA (siRNA)
of BmTRN-1 mRNA sequence into BmN4 cells which were concurrently infected with the Bombyx
mori Cypavirus 1 (BmCPV-1). Effective declines in the amount of both 42.5 and 44,1kDa BmTRN-1
protein bands were shown [or al least 48 h after the antisense DNA and siRNA transfection. Signifi-
cani increases of the BmCPV-1 polyhedrin protein detectable by the Western blotting using the specific
antiserum were shown after 108 h post inoculation. Also, number of cells containing polyhedra observ-
able under the light microscopy was elevated in the BmTRN-1 knockdown cell cultures after 144 h
post inoculation, These results indicate that BmTRN-1 which have been shown as an RNA-binding pro-
tein regulating the cellular transcripts, also functions to limit the early processes of BmCPV-1 infection,
possibly nteracting the viral RNAs.
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Fig. 1. BmTRN-1 knockdown in the BmN4 cells (a)
Western blotting of proteins (3 g) from the cells
treated with sense and antisenseDNA of the BmTRN-1
sequenc. (b) Comparison ol densitomeltric analyses of
the sum of BmTRN-1 425 and 44.1 kDa band from
the cells wansfected with sense (S8E) and antisense
DNA [AS), and BmTRN-1 siRNA (60pmoles/ plate).

and the cells treated wilh only the transfection reagent

(NT).
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% [ Average numbers of the cells containing visible
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cach dish and standard error of the mean calculated

on the data from the three rounds of experiments.
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Fig. 2. Expression of the polyhedrin protein of the in-
fected BmCPV-1 in the BmTRN-1 knockdown cells.
Solutions containing the BmCPV-1 wvirion (1. 2 and
opl) were added 1o the cell culwre trealed with no
nucleic acids (NT}, with sense (SE) and antiscnse

DNA (AS), and siRNA synthesized on the hasis of

the. BmTRN-1 sequence. The polyhedrin protein band

in each culture 108 h after the BmCPV-1 infection
was detected by a western blotting using the specific

antiscrum.
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Abstract

The changes of Sorbitol-6-phosphate dehydrogenase (S6PDH] and trehalase activities in the anterior,
middle and posterior silk gland were cstimated during the development of the fifth instar larvae. The
S6PDH activity increased remarkably toward day 4 in the posterior silk glands. and was also detected
wn the middle silk glands during the fifth instar, but the activity in both glands decrcased afler spin-
ning. In contrast, the activity was at tracc level in the anterior silk gland, where trehalase activity was
increased just before the spinning. The fluctuations of trehalase and S6PDH activity were compared
among the anterior, middle and posterior glands. In the anterior glands, trehalase activity was increased
remarkably after spinning, but S6PDH in a trace level throughoul the (ilth instar. In the middle glands,
SOPDH activity was higher than trchalase activity before the spinning. ‘The S6PDH activity in the pos-
terior glands was about 2 tmes higher than that in the middle ones, but trehalase activity was at a
trace level, suggesting that utilization of trehalose and sorbitol-O-phosphate is different among the ante-

rior, middic and posterior glands.

Key Words ! Silk gland, Bombyx mori, trehalase, sorbitol-6-P dchydrogenase
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The preparation of the enzyme was the same as the

methods described in Fig. 1.
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Knockdown of Transcriptional Factor of Anti-bacterial Protein
by using Transgenic Silkworm
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Abstiract

Recently knockdown techniquc by RNA interference (RNAL) is widely used to analyzc gene regula-
tion in many species ol Drosophila melanogaster, Caenorhabditis elegans, etc. Our ncw method for
silkworm transformation by using a baculovirus Awrographa californica nucleopolyhedrovirus and a
transposable element piggyBac was applied to knockdown of a transcriptional factor of antibacterial
peptide. BmKel is considered to be a transcriptional factor of silkworm antibacterial peptide genes.
Transgenic silkworms with BmRel knockdown were prepared by this novel method to analyze the ef-
fects of the BmRel gene on the transcription of antibacterial peptide genes in vivo. The HmRel-
knockdown (ransgenic pupae were injected with Micrococcus luteus and Escherichia coli. Then, tran-
scription of silkworm antibacterial peptide genes was analyzed by real-time PCR and compared with
that of normal silkworms injected with the saume bacteria. The BmRel gene expression was suppressed
significantly in transgenic silkworm against the injection with gram-positive bacteria M. luteus. The
rates of antibacterial peptide gene expression under these conditions were also supprcssed, suggesting
that the BmRel gene plays an important role in vive in the activation of antibacterial pepiide genes
upen infection with M. futeus. However, the down rcgulation of expression ol BmRel gene and silk-
worm antibaclerial peptide genes was not observed against the injection with gram-negative bacteria E.
coli. These results suggested that BmRel gene was involved in the activation of antibacterial peptide
genes apgainst gram-positive bacterial invading.
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L, dsRNAZZEHRT LMWEL(ERL, Thr T v
AL hid e b v, 3k 4 DES LB
P TIER TR P AT 22y Y
NATZHBL 8N TE5, FOORMETITH
{ IEEICBT AR EEFORNANIL S / v
7 F Y EEOWHREII DWW L 72,

L @RNAIEFT - 720, BROPEY /32
B L COERMGEIDE T 2i0H ¥ 0%y
EEGTOESMBRE S CTB], ReltEE
(RHD) ETHEMLEREHE>Y VN7 ETah
AHRel¥ ¥ 7 EE L CAA4 ITHESIL/Z2Bm
RelBmTN/ v 2 ¥ & fTad, ZOEEC
LUHAaODME Y /3y BRSO B #
Br a4 BT AT 2 2 LA ieE &
Dy HADOEPNTEN L BAERISET L8R
BRES AT AT L ZEHFTEL LIRS
ith,

2. MBRRUFE

2.1 FSLRTyp—NTH—
pVLPIgEGFPReBEE & A%

NATAT I F/ASTOE—F—2ELT TR
I FpA3LacZ % 67412 L TiHI BHEY E EcoT2214F 1
FaEfIL72 774~
A3Eco .
5'-AAAAATGCATTGATAGCGTGCGCGTTACCA-3'
Bl EERPsAY 1 PR fFIIL7ZT 74 v
A3RPst] :
5'-AAAACTGCAGGAATGCGCACTGTTCGAGCA-3
FHWT, 94T 1585, 55°C 3040, 68T 600D
BB & 3008l # D PCREUIGIC & A3 7T 2 € —
Y —RIE AR L /. PCROFEY 27— E 2k
KOD-Plus- & v~ 8§ S 1L 7:PCRE 1 12 QIA
quick PCR Purification Kit% W THE L /2%
5 =i R AT foy EELETERME (10mM
Tris-HC1 (pH8.0). ImM EDTA) 2Lz, X
Oz HIREER EcoT221 2 PstI CHLE T T V7 = J —
JHH ¥ = il R T B 1 % T H I —
AN THEGIKENE TV 1800p D H T h 2 &
G RO HE LI, S LS ODNAKE IXQIA
quick Gel Extraction Kit* W CHiS L, =% / —

WL B A TERR R M L 72, R P 7o X
77— N7 ¥ —pVLpigASEGFP % [Al#5 (Z HFRRE ==
EcoT221E s CRLE AT /28, 7= /7 — L3
- LF J — Nk AT CTERE I ER L 722,
B, RKma ) CEELT A O IBAPILE &
CCIREIT» 7o, ek, EED 72/ — 1
T L, 26V I LI —F LI A%
SEAT 72 FLTLY /= Vil L »T
DNAZ M LTERFHRIZER LI, D77 A
INEAISOE— Y -OPCREWEZ RS L.
DNA Ligation Kit ver2xHl\WT 74— a >
Birod, A — 3 a »%IMI09 Competent
Cells~T g d it /-, H£HEGER L2 KGH
2 XTY /L — MBS ETCT M &1L 72,
FLT, anz2—#RERLAKBEEHE->TLS
ml? 2 XTYRHEClosRMiiR & Y EE L0, BE
By ELGIZE-TEBEL, Wizard® Plus SV
Minipreps DNA Purification System% fI\T 7 7
A I FDNA pVLpigEGFPA3Z il L 7=, fiv T,
7 1 IRel (BmRel) HfZF DecDNAD 7 10—
734775 A 3 FpBS/BmRel (Tanaka er al.,
under submission) % #5%2 L "CHIFRE¥ & Beli1t
A bRl 7T A<
RelBglZ !
5-AAAAAGATCTATGGACATCGGCGGAGACGC-3'
HIREERPsAT A bR 277 1~ —
RelPstl-3 ;
5-AAAACTGCAGGCTCTGCGTGTGCGAGCGGT-3'
THWT, 94T 158, 55T 308, 68T 60 @
B % 3000148 0 2R T PCRICIG . & 0. BmRel sk
O CHEBIELS, PCROFY A9 —FI21d
KOD-Plus- % A V>, BSUR 5 472 PCRE W L QIA
quick PCR Purification Kit* HuCTHE /-
¥ =ik T T o 720 EBRGTERE R IZE R
Ui, S5ICHIIREEZEBM Y Pel THLIE #4707 =
— W - Ty 2 — ViR R T o 7R 1 % TN
O — A4 TR A RE) AT\ RI600bp @ H 9T
FEGINEFYW YL, S ODNAKR
{ZQIAquick Gel Extraction Kit’:’H:JL"CMLH L.
Iy — VLB ETERER ISR L2, S5
7T A I FpVLpigEGFPA3 b [7) #% |2 il [R B¥ % Bel
ILEPSATILAEXAT o 722, 7=/ — Wik -




y 7 — Wik BR A ATV TERR &
Iy R IY ERAET 57 I ZBAPMLAR £ 37TC
TLHFEMTT - 72, RIofE. E/0 7« /- LT
WL, il Flr—F 0ok 5Ht % 30
TFof, FLTEY /—WilBEIZX - CDNAZ
WX L 2 WIYE L 22 DNA S TESR S i e L,
ST T AL FEBmRel DPCREEW RS L.
DNA Ligation Kit ver2Z W T% f ¥ —3 3 =
AT 72, FA Y 5 ¥ $H1IMI09 Competent
Cellsn TR EME T~ /-, FEER L - KEBE
W2 XTY VL — MZERES37TC TR L 72,
IR L 72K w448 - Tl5
mlD 2 XTYRH CleArRRE S8 E Lz, BE
e, mOlE o THEE L, Wizard® Plus SV
Minipreps DNA Purification System % Fi\wvWC 75
Z I FDNA pVLpigEGFPAJR% fliH L7z,
B2, 77 A3 FpEGFP-N3® 858112 L T
FREEEBlIY 1 P 2N L7275 o~ —
SV40Bgl2-1 :
5-AAAAAGATCTTCATAATCAGCCATACCACA-3'
5v40Bgl-2 :
5'-AAAAAGATCTCACAACTAGAATGCAGTGAA-J'
T, 84°C 158, 55°C 30fL. 68°C 60Fb o
JOL % 301 0 3R 3 PCREUGZ & 0, SV40E ) A
e 7 F VAR L -, PCROA) A F—|Z
{3 KOD-Plus-% f v, Y405 = 41 7-PCR & 1 2QIA
quick PCR Purification KitZ Jv: TR o
VLB R AT o 70, LB TERR & I
L7, ZoIIHIREEEBeMTME 2TV = / —
Mg v = iAo Bl % T O —
AN TERIIKE) £ ITWAI700bpD H T % &
DHELEFYORL L, XL ODNAMIZOIA
quick Gel Extraction KitZ flVW-CHiiE L, =% / —
VL BETERFHEIER L. 351277 R 3
FpVLpigEGFPA3R b [F kR iZ | MR EE 3 Bl T LI
T/, 7o =ity = iR R
ATOTEREFUCHEB L, 3512, KEdhiy
AR H 7O ICBAPALBE 2 37CC 1 RefifT - 7.
WIGH, FEO7 = /- LTHHL, 3oi2vT
FAT—F AN E 3T, #LTT
¥ 7 — LB X o TDONA% NI L TEEE 12
B L7, ZOT T AT FESVAD polyAfT il

%l/wC\ au=—
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TFNOPCREW R L. DNA Ligation Kit
ver2ZHW TS A 5= araiFoi, 745 —
3 »1IMI09 Competent Cells™~E B4 11>
Tro WHEHBR L RGHEIZ 2 XTY 7L — MCEE
ITCC—MpREEL, FLTC, aun=—%2FIK
Lo KEE - CT1loml? 2 X TY Ko< 1607 4
e DRER LI, AR, WOKL>TEREL,
Wizard ® Plus SV Minipreps DNA  Purification
System™ VT 77 A 3 NaRH L., wIREE
BIZENI - OFMERRETTAIF
DNA pVLpigEGFPA3RSY % i L 725 T,
72 A X FpBS/BmRel T § /M2 L CHIEFFEPsid
FEIMLAT T A v —

RelPstl-1 :
5'-AAAACTGCAGATGGACATCGGCTTAGACGC-3'
RelPstl-2 :
5'-AAAACTGCAGCGTAGATGATGTCGGACACG-3'
FRAVT, 94C 1586, 35T 3044, 68T 60FFd
IS % 30101 #8 1) % T PCRIZIGIZ X W . BmRel #5%
D—HEIEL 72, PCROF A5 — |2
KOD-Plus- 2 >, HE0E 3 4L 7-PCRE W 1L QIA
quick PCR Purification Kit% H W\ THE L -HT
7 S — VLR R AT o 72, IRBO I TERR @ 12 i B
Lo XOITHIREB RPsI T LT V7 » ) —
AR - L8 S — VLR T2l BT AU
ANV CEKE 7 T W RT00bp» BIKFE £ &
L Eg L7, 7oA S ODNAKTE HQIA
quick Gel Extraction Kitz BT L, =%/ —
WL BETOEE I EREL /-, S50 77 X3
FpVLpigEGFPA3RSV % [f]4f {7 i KR 8% 3% Psrl T AL
BEeiT-o7f, 7o/l - Ty ) — iR
TR OCTERRERICER L 20 8512, KT
Uy ERET A O ICBAPILEE R 37C T 1 AT AT -
foo KB, B0 7« /— LTl L, 35612
PRI NL—-Tni LM 3Rt fo, FL
CI &7 —LibRZ L - TDNAR [N L 72, (=
WL 7:DNAETERERIZER L, 2075 R
1 F&BmRel®PCREH # iR 7+ L., DNA Ligation
Kit ver2%®HWC T A 5 — a3 o 2iT-7, 94
7= 3 v 1%IMI09 Competent Cells™~T5E firni
RiTo 7, REEBRLZKBRI 2 XTYF L —
MI &P TCT—H/FELS, FLTan=—%



Fonk L 72 KB R 3 - TLomld 2 XTYR #C 16
BRI & SRR L, R, B0 X - THRE
L. Wizard® Plus SV Minipreps DNA Purification

System% vy, MIBEEEZEARI LD A T — D
FM#x s LT 77 A3 FDNA pVLpigEGFPA3

Rela fidi L7z,
2.2 USrEFLRMIAILZR
AcpigEGFPA3Rel DER

M7 AT =7 F —pVLpigEGFPA3Rel 5
pel HARL S 72 AeNPY (€6 3k @ Baculo-
gold™ Baculovirus DNA 0.5 gk 7 7 L2 F o
7(BM)Tﬁ L. BB T26 . LIFHEE L 7o,
Z Z4Z, Lipofectin ReagentZ 14 ¢ If1 A . iR T1H
SERE L7, 35mmd v — WIS & R
S HFEIE O Grace 55 M T L, B/ ICENE
DGrace 5 E 2 mlllz 7%, 77030 Fa—
TCWE L7240 w12 S22V G L /2. 27T
TAURFMETE L. [ % & 1rGraceli iz L
P ORTCCEE L2, SR, BiRi xR
L. L000rpm. 553 @m0 CHlllE % S S 4,
IO T AN AR 7T — y AL
L7z, 9, 35mm> ¥ — LIS E 1 x 100
cells/dishiZ % 4 L D WS Eg s/, £LC,
EEEERY, YALALEEIGRLZLOE
200 HEFBL2TCCT IR, 4 V2 &M
Gesd /o, 1 FERIGRICEMRE LY B Z42CTH
mUZCERER L 2miiDA 7z, JOEFFL
BEMTI%ITE LR Lo E iy #r—2
FERMT 1%L b o Hw, 58 L%
FEHMPFRE - HmE2LIE I mogERY Tl

L, 2TCTHHMEEFEL, 5 UK. BlEh
79w7%m2v-wuﬂybmﬁfrkﬁﬂ?
1 mlDOE TP IR &4, T EBE -
UUS2IMMBIc 3R/l L, 27°C T 5 B L 725k,
BESEE LS £ 1.000mpm, 5 4 B0 TR L
¥ b 4L A AcpigEGFPA3Rel (Fig.
1) &%,

2.3 ALAAPANQUALEF L P IA LD
=iE
B FHEDD A TRy 1L A/ (40%

AcpigEGFPA3Rel, 10% AcpigHspTrans, 20% Gly-
cerol) R THhmENIE L5 v 7 AT 80
FErmil iy, EREMBE T TN, ¥ Yy ioa

vl AV ary UL, Yy—LV N
GRS TR £ 20T, T b2 O
I CRE L, Bhd 5 2 aficy ) — N

FATHOEZ AT, FILLAGO oL HR
AR T T CTCATIMEE o,
2. 4 FILATLZyohAaAD
A==

P HE Lo AL B G OO 4§
MBI EEROSRAH LB L. EGFPOGEH
KB IS0 ERL, HF R

2. 5 PCRELCELS RS LXD 1
RAADA TV ==
kLo A 2GR E D 472 A%
L. PCROEHM & L THV:/>. BmRelE{n 7147
{IHFDPHF > T AT2DIZEGFPO T 7 f 7 —
BHG, BUREE T 2250k aT I AV
TS HAUDQAT )=y i,

i

2. 6 HAINDEEORERE

BmRel / v 7 &2 5 4 2B A HNUEY ¥
PRV ENRRER LIS T ABIERE TH S
Micrococcus fmreus (NBRC3333, BLALGEMhE i 4k
) & 77 LPEME T & D Escherichia coli
(NBRC3001, #ibatfibc AR o 2 BEHO
FfRE 4 R L 7,

Micrococcus  lurens %215 T A 2 55 8 (10g
Bacto Polypepton, 2g Bacto Yeast exiracl, 1g
MgSO; - THOL) 12mA., @kEzr 71— Mg
#y (10g Bacto Polypepton, 2g Bacto Yeast extract,
lg MgSQ, - 71O, 15g Agar/L) (2% 3307C T48
s L7z, 2L, Bl oo=—xiho

T AmlOPEREEHTI0T., 18RS ST L
7o ZOBRFRET10 1% 3mIOTARERIIE L,

R AR BE I E 3 20D600 0.7~ 0912 4

HETCNCTIRE A EELITH - WHIEFHE
ELCEE T 15,000 ipm, b MI L D
L, RFEEEY B E001 OPBST 2 A



P L T 5500 £ IMPBSIZEH L, 17T 20
GIEEASEA L C IR AR S L
BT, Escherichio col i BRI 3 LRSS 2
iz, BHiEE L MERIIEE X30°C T4
ML, #LT, Bl %24 7C
3mlD F AR H-C30°C, 24BEHE & O B L 2
TORERE10.1% 3mIOWEEERIZEL, &
PR BRI E T 2 0D600=0,7~0912 7% 5
FCNCTI/RE IRERET o7, WM E
L 725y &% 15,000 rpmy 5 3@ & M L D ER
L, R0 B2 #50001 OPBST 2 ik
LT o500 IOPBSICEE L, 11TCT2045
Ml F 2 LT e Witk & L7,

O ZEEOWUHE & LG 7 B H 2BmRel
S g L aBLFarybtu— Lok {2
\ZFILEIG0 0 HEFE L 7o

2. 7 HA4JMEHE,» SO b— 4 ILRNAMEH

B A EE L T s 2 B R om s By L,
HERE T 170me % 1.5mlF = — 7128 L . BT
SV Totul RNA Isolation System (Promegath®¥)
THWEI—% VRNATHIH L2, BT ¥y b
7 R v B Nk S [V i SV R

2. 8 b—%2/RNAM S OCDNAD SR

TAH L 72 SRNAD B AW BERH Tl L,
F D25 u g% I Firsi-Strand ¢cDNA  Systhesis
Kit (Amershamtt®) 2T IdT7 54 7 —
TeDNATTET o 70, #HIFldFy o 7o b o—
WAV T o 7o,

2. 9 RT-PCRICLZFRIBENAT

RP-PCRIZ & - THERE %78, Bm
Rel. Attacin (878369) . CecropinA (D17394) .
(D11113) . Moricin (ABO0GY15) |
Lebocinl&? {AB003036). Lebocind (AB003033)
Lebocind (ABO19538) 3 L (FPIER= » M 12—
ELTHAID30KkY » 787 30k19G] (X54736)
THhib, ()T =N I F—FN—A1T L
AT oYy gt yn—%5t, PCREIULT®
T4 ATirT~ . 4 Blebocin® 1 &
2 Tz FROMETEATE (. PCRIZ X 2857

CecropinB

(2004) No &

WA RER 72 1 L 220774 v—CTHlE L
e
BmRell{ 7% 4 < —
Forward 5-AATGACCCCAATCAACCTAAGG-3'
Reverse 3-ATTGACTCGCCATGTTCTCTAAGG-3'
Attacinf] 77 1 7 —
Forward 2'-GCTCGCTCTAGACAACGTAAACG-3
Reverse 5'-CTCAGGTCGTGGTTGTTATTG1G-3'
CecropinAR} 75 o = —
Forward 5'-CCGTCATAGGGCAAGCGAAATCC-3'
Reverse 5-CGGTCACTCTGAGAAAGGCAATGAC-3
CecropinBH 77 4 7—
Forward 5-GTACAGCGCCGCTTGTGTCTTAAC-3'
Reverse 5'-CTTTAGCCGAACCAAGGACCTCG-3'
MoricinFl 75 4 < —
Forward 5'-GGCAATGTCTCTGGTGTCATGTAG-3'
Reverse b -CTGGCGATATTGATGGCTCTTAG-3'
Lebocinl &2 77 f ¥ —
Forward 5-GCGGCCGCTCAACATGTACAAG-3'
Reverse 5-CAGTACTTGGCGCACCAGGAAC-3
Lebocin3H] 75 1 =< -
Forward 5'-CTCGGTGGAAATCATCCCTTTGCC-3'
Reverse B-CTCCAGGTACATTGCAGTGTACTAG-3'
Lebocind H 77 1 ~ - -
Forward 5-GGCAGTGAATCCGTCATTCCTAACC-3
Reverse 5'-CTACAATGCTAACGGACTCGCGC-3'
30k proteinB 77 £ ~ —
Forward 3-GAAGTCCCGAACATTACGCTTGG-3
Reverse 3-TGCTCATTCTCATTGGTTCGTGG-3'
R ESYBR® Premix Ex Taq™ (Perfect
Real Time} (TaKaRaft$) % Jhw, 20, M O F
BETIIWT L7747~ FLT 1 w1OEHE
cDNA (20ng) & BEZEEACHE LAz, LTI
FOGHEMAL % 779 . SYBR PremixExTaq™ 12.5 1,
ROX Reference Dye 0.5 1, Forward Primer {20
#M) 023 41, Reverse Primer (20;1 M} 0251,
WEAFA KOS 11, BRIDNA 1.0 1T &2
25041, BLMNIZIZABLI PRISM® 7000 Sequence
Dctection System  (Applied Biosystems FL#) #
T o7z, BGIE95CCLOT0 N L 721,
95°CC 5HFH], 60C T3 O RILEE % 40mT -
. FEW W ORI ABT PRISM 7000 SDS



TAERBAN

Software (Applied Biosystems fL%8) 12T 77,

3. BR
3.1 VaArEFLbRIT1ILR
AcpigEGFPA3Rel 0 {F

IR sv40

ECEP A1 sv40 A} ITR
poiyA promoter polyA Rel Rel ' prometer
™

.
\
1157 1157

558 558

Fig. 1

worm. ITR, imverted terminal repeat of a transposable
Svdll poly A, poly A additional
signal sequence from S$V40: A3, silkworm actin A3

Vector virus for BmRel gene knockdown sitk-
element piggvBar;

promoter; EGFP. green fluorescence protein.

b?yzyl:yﬁﬁfj%mwtﬁ4ﬂﬁm
TE Y R A L, WICH A ITEENTBm
IMEE?QMWA@4%*BAF¢%MM®&
VBT X » TRNALIZ X A RGBT F O EHE
fh'llfﬁlla“:ﬁrofco RNAi R 75 DMz 1 L
2 AcpigEGFPA3Rel (Fig.l) !ZBmReli&{rT D i
B3 W TdH H508F H O AT A 5 1167 H
FTOE00bp L, F I A5 12607

3. 2 BADHGANLADA LY7o
LU AV IZ Yy TALID
A==y

PRI RS SR W'f)b)kAungGFPASReI&

AcpigHSPTrans T IR S5 L7227 A LAWED 4 »

7y E L OOERK ”ﬁ%%Lt@@@ﬂ

Hrfrw, BLESTL 24 o 72 L Z A3

HER[K 1 TI352.0% ., EEIK 2 Tid620% TH -
fmo B 51041 B TENE I IEGFPASFENINERT S

A190nmO L R & BT L s B
DAZ) == T 4T\, BGFPHEI{Z T # o b
EZONLEEERAB LI LA, FOHEITHE
EilX 1 T41%, EEBX 2 Tidd2% THh-o72. 2
NPT AV =y ZEEICOWTIIER
THRE ZIT, ﬂmﬁmﬁ%ﬁfzkﬁMé@ﬁ
#1872, 55N ZG 10048 X Y RELE R

2 LRI L. EGFPE(Z T % M IZPCRIC & o

TR X425 2 & C, EGFPEfa 05 % 4 2 D%
BERFIEASH TSR Lo, Bl FE
AR TEL P TI A V22794 2220
TRMEXIT . 4 EHIZEGFPO kB E T A &
VoD y TR R. EGFPE v —H— & L
BﬂM@@MM#ﬂﬁT R G HAUTE T
TEINLEBFIRLHRAEER SN
(Table 1),

Table 1 Tsolation of Rel gene knockdown silkworm and its efficiency

HORFHE A H008FA LT

MEH AT O E—F— 2L D Experiments E;)e:tfed T::t.c';lid :;'n;::scent :2:15 positive Ruorescent
#5505 . 11585 H O fET e | Mowe G Gbes | B
A 1260% B £ T 04 100bpAi~ Lo ; \ ('95,2'53
7V ST TE S BN AT, ! 325 (52.0%) 4.1%) (57.1%) 21329
mwaﬁﬁ%mmmAmm%ﬁl (e
it d L ARNADPEE S 4 (:ngf/z)
FUlnE, TOREL DY) 2 200134

b AN AEERL T Y 2 412 (622?(,17"/9) (4.121%) (81.?1%) (::ﬁ:/;)
AV oy v A4 arERL Iz, ®A4%)
2RI X 5 TRNAQ X 2 BmRel (143%
IR T OmRNADFF R4 2
NELOEBRfFE NS,

3. 3 WMANOEFEOEEICLD
BB & 87 BORBEN

BmRebf{i/ v 2 ¥ a4 aRgfay ba—



WA A 22T BERE L Micrococeus  luteus &
Escherichia coli®) 2 FEHO AL A 4 2R L,
B ISR S b — & LRNAFHRIL L 72,
A AT L = CeDNAR SR L 72th, U7y
4 ART-PCR:Z & = TBmRel % & (FIZHLE 7 > /8
7 & Attacin, CecropinA, CecropinB, Moricin,
Lebocinl&2. Lebocin3, Lebocind# [ THEL 2 &~
RN ELTAH A aN30kY 2O BET
Ll ToOFERaGsMELLL, FOHR,
Micrococcus Tuteusts FX 2BV TBmRelE R/ v
YETYAAAI2TEAY P MDA AT
VIS TBmReli 8 (AT D) 7 1 5 4 LRT-PCRIC
L HIEIEHE <. BmRelBIR DGR M &
MNTWEIZEFbdhos (Fig 2). T4 b,
BmRellBZT /v 7 ¥ 04 1 20\ L7 b
etz K2, Z@OBmRehEEZF/ v 7 &
7 ¥4 251 A Anacin,  CecropinA, Cecropin
B. Moricin, Lebocinl&2, Lebocin3, Lebocind &
TRTOMK S - 3 7 ERETOEEEOELIC
DV, FOFE, BRI Attacin, Moricin,
Lebocinl&2, Lebocind, Lebocind 55w ( FE

CFLCR D, F 7 CecropinA. CecropinBi- 2
WTIT Y PE—- O A XD b FOEER
KFLTWwWAIZ Edbhhat (Fig2s), T4
FEBED - P30k s ¥ 8P HIZoWTiE, /oy
s¥yhALal T M- Lh 4 3Tk RIZTE
e IIEIR L Lo 2o (Fig. ).

—}i. Escherichia colife5-[X 12357 [3Moricin,
Lebocind (7 FOES R HTACTLTEY,
BmRcl, CecropinA. CecropinB. Lebocin
1&2, Lebocin3 E{nf O EEITIZ & A H#E05E
Hohedo (Fg 78 72, 30ks v /37
HIZowTE, BrTomERIIZER L)
t(ﬁgmccﬂh%w@Lfﬁ%tmmd/v
VAT T LGERTH S Micro-
coccus lutews DHELZ 6 L TBmRel & UF— D
HOUmGREPEL L CThdE, 77 L
SRR T EF) A Escherichia coli DR B L Tk
BmRel L &iW ¥ ~ /A EOEEE| 3¢ 28
ZRIF S NEOFERSRLNA (Table 2),

Attacin,

iR AAY

(2004) No8

{A) BmRel - Micrococcus luteus
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(B} Attacin - Micrococcus futeus
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Fip. 2
expression hy real time RT-PCR in BmKel gene

Analyses of BmRel (A) and attacin (B} gene

knockdown pupae inoculated with Micrococcus luteus.

(A) Cecropin A - Micrococcus lutens
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(B) Cecvopin B - Micrococcus luteus
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Fig. 3 Analyses of cecropin A (A} and cecropin B (B)
gene expression by real time RT-PCR in BmRel gene

knockdown pupac inoculated with Micrococcus luteus.
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(A) Moricin = Microceccus luteus
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Table 2 Result of real ume RT-PCR in Rel gene knock-

down silkworm

Microcuccns lntews 325 | Escherichia coli 185

BmRel +++ +
Attacin ++ +
CecropinA 4+ + +
Cecropini ++ +
Moricin + 4+ -
Lebocinl &2 + 4+ +
Lebocin3 +++ -
Lebocind +++ +

BEROGIHMLL ++4 < 80%, ++ < 60%, + <d0%, £ 0%

4. BE

IhIE OB ay Y a ooy
Va7 dsRNA @38 A (2 X L RNAIIZ 2 W TiE, ds

RNAZ L L T 50O & 247, 400~ 500bp
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DN DLW I AREINTVWL[T],
F 7-dsRNA HALE ZF OB R {fE T A TW
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DASRNAT A » ¥ 7 2 1 ¥ QINEZEE R4 1%
L5578, TR CIIRNAIZ G| X 54
LI LA ST E8), L Ligds
RNADBEAIZL 9SO, ZOsiRNAD D]
IIBWThEE LRIV ESF LR THEvL O
O, —ETEHR S % 5 EEF OB SE S
T TEEEE R L 2 L THEASE S
EWEIEVE AT WL, KEOERTIE
100bp® - 7EERYI A 32T, 600bpBmReliE (R 712
T ABRNAFREH T AL T w277 —
TE-mWELL, RETHERL /2BmRel/ v 7
YHhHA 2Ty ba- L H A TDOBmRel®
mMRNADIRE R % 7L ¥ £ ART-PCRIZL T
g L2, U T Y A4 LRT-PCRO) HENE B 45 (2
AF-3 AThreshold Cycle (Ct) 76 [hBFCHELD
%h%ﬂ@%ﬁ?tﬁ?%ﬁ%%thdmAm
MR R L. Z DcDNAG AETER &
77Wyﬁ43&37km~wﬁ{uf&ﬁ¢$
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Fig. 10 Toll and Imd pathway for insect immune sys-

tem.
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Rra—=rFEhTnwb, ThEDEETFOR
B LT, EPoborEEEFEL7 T I —
FEBLTWAE I ENEITLNA([13-15]. 72
Pl 7 ¥ 237 B OBIZFRBAREIALIZIZTATA
Ry A, CAATKR» 7 ZA®D EfFiZ) KR H v
#74F (LPS) ILEELHI@ 5\ 3Rel/NF-«B7 7
IV —HEBEIPLTRONEZLESf ¥ —D1
1% 2 DILCILEBRTDFEIFFBITH S, Re
I/NF-« B ZHFLE D L Y F U EZEICBWTHE
¥ o7 EORBUCERER T 2 EHRMETR T
NF-« BOH1 T, Relfk#l® (RHD) &#EFHHEAL
FIHEFFORel Y Y X7 HTHbH, Fl2IEay
VauNIOREHETERINEIEY > /7 K
(. M R Y O MR R 4 & B B R S A R
TolllZ & » TR L. ‘AR IZHIaH o 3 EHO
RHD% #§- 7zRel ¥ » 737 & (Dorsal, Dif, Relish)
PRIBAIT L., B Y v /37 BBETF O Ry
IZIFET ARelNF-k B7 7 3 1) — 5 &3 ICH &

LTHWY v HBIETORIALMEET S [16-
18]c #14 TIZHB v CHifl S 1172BmRel IIRHD %
FooBIZFThb, TOMMERMEL, WHILED
A b A A 212k BNF- ¢ BIRTEME SR RIIE 2%
FHEEMHETH Y, BARREIEILDO T LY
MOBER» b7 bDE LTEZSRTWS
(5], #H. Rel¥ » N7 HIZEFER Y7 LHEHHE
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ICBL, BFIET7TF) ) E— % o 7Cact-
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2 >Tw5b (Fig. 10). LA L, AW
T 5T NHH T Cactus 33 fE S 1 5 L Relld
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L7zBmRel/ v 27 ¥y A4 3 bIZar bo—
NDOHA YT LEMNE TH 5B Micrococcus
luteus 2 5- L, i L7z b — % LRNA% 5 Bm
RelBIET L &HE Y v NV EDEEER ) T
5 A ART-PCRIZBWTHEHT L 724 &, BmRel /
25 A3 TEay bo— )k < TAttacin,
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Numerical Simulation of Moisture Transmission through
a Fiber Assembly

Taro NISHIMURA*

*Design Engineering and Management, Faculty of Textile Science, Kyolo institute of Technology,
Sakyo-ku Kyoto, 506-8585

Abstract

In this paper we attcmpted to simulate numerically the moisture transmission phenomena in a fiber
assembly. The moisture distribution was calculaled with the help of a two-dimensional model, which
was consisted by two rectangle arcas occupied by fiber material and by air space. Then the changes
of moisturc concentration distribution with time and of the absorption rate from the air space into fiber
material are discussed under the condition of various diffusion constants of fiber material and the
model dimension.

Transient phenomena of moisturc transmission with time are clarificd under the different diffusion
constant of fiber material. In the air space. the slope of the curve of the mean concentration change
with time 1s initially steeper for smaller diffusion constant of the fiber material than for larger diffusion
consiant. With increasing time, the tendency becomes contrary, and the curves interscct each other.

Effects of the ratio of medel thickness to width on the moisture transmission are also discussed in
this paper. For narrower model the time required to attain to equilibrium value of concentration is
longer because of narrow air space cntrance. With increasing model width the time becomes short
quickly. But for further wider model, the time required increases again a little because of lager en-
trance area of fiber.

Key Words . Moisture transmission, Fiber assembly. Numerical simulation, Transient phenomena
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Fig. 1

Schematic diagram of the model development .

calculation area
(a) apparel covering a body, (b)

three-dimensional model of apparel, (c¢) two-dimensional model by use of square pillar.
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the fiber area for various fiber diffusion constants.
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