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Abstract

NADPH oxidase 1s the major source of non-mitochondrial cellular reactive oxvgen species, and
also is reported 10 be a major causc of various diseases including atherosclerosis and hypertension.
In order to screen a new curative reagent thal can suppress NADPH oxidase activily, we developed
a Drosophila melunogaster (lv that would overexpress human Dual oxidase 2 (hDuox2). a member
of the NADPH oxidasc family, as a screening model. These flics {(GMR-GAL4/UAShDuox2) had
a high generation of reactive oxygen species in the posterior region of the eye discs along with
an easily recognizable rough-eye phenolyvpe, which is an ideal and convenient marker for further
screening steps. Morcover, the hDuox2-induced rough-eve phenotype can he rescued by feeding
with a culture medium containing mulberry leaves, which reportedly have an anti-metabolic effect.
Some commercially available antoxidants such as quercetin-3-O-D-glucoside or quercetin-3-()-
glucose-6"-acelate, or the naringin contained in mulberry leaves and other herbs, also have shown a
similar suppressing effect on the rough-eye phenotvpe, Our results suggest that flavonoid glycoside
is absorbed from the intestine and {unctions in the body of Drasophila melanogaster as it does in
mammalian models such as rats. Thus, the GMR-GALA/UAShDuox2 fly line is a promising model
for the screening of novel drugs such as NADPII oxidase inhibitors and/or anti-oxidants.

Key Words @ Anti-melabolic disorder, NADPH oxidase, ROS, Mulberry leaf. Drosophila
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Fig. 1. Adult compound eyes observed by scanning
a, the carrying
of GMR-GAL4 (GMR-GAL4
appeared as normal a phenotype; b, flies carrving a
and hDuox2 (GMR-

showed a mild rough-eve

electron microsce Pyv. eyes of flies

a single copy +)
copy of both GMR-GAL{
UAS-hDuox?2

c. flies carrving two copies of GMR-GALA4
(GMR-GAL4; +)
carrving two copies of both GMR
GMR-GAL4: UAS-hDuox2

rough-eves phenotype. Magnification 1s 200 for left

single
GAILA4
phenotype;
had many fused ommatidia; d, flies
GAL4 and hDuox?2
showed a more severe
panels and

at 25C

700 % for right panels. Flies were reared

Immunostaining of eye imaginal discs with anti-hDuox2
Eve anti-
hDuox2 antibody followed by anti-rabbit IgG Alexa Flour™ 488
a bl a of GMR-GAL4;

showed no detectable signal; b, notably, in GMR-GAL4; UAS-

antibody. imaginal discs were reacted with rabbit

antibody Immunostaining of eve discs
hDuox2. an ectopic hDuox2 signal from the posterior region to the
morphogenetic furrow in eye discs was detected. Immunostaining
of eve imaginal discs of both GMR-GAL4: + (c) and GMR-GAL4:
UAS-hDuox2 (d Alexa

488 antibody showed no detectable signal. Flies were reared at

with only the anti-rabbit IgG Flour™

28C. The arrowheads indicate morphogenetic furrows in the eve

discs.

Detection of ROS in eve imaginal discs of third instar larvae.
Without CM-H2DCFDA, there
or GMR-GAL4

However, by incubation with substrate CM-H2ZDCFDA.,

substrate were no detectable

signals in either GMR-GAL4; UUAS-hDuox2
b

a weak fluorescent signal in control flies (GMR-GAL4:

a
flies
+, C) was
detected. Remarkably. a strong fluorescent signal was detected
(GMR-GAL4; UAS-hDuox2, d).

The posterior of the discs are on the

in hDuox2-overexpressing flies

Flies were reared at 25C

right. The arrowheads indicate morphogenetic furrows in the

eve discs.
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Fig. 4. Effect of MLs on the hDuox2-induced rough-eve phenotype. Scanning electron micrographs of adult compound
eves at 200 % magnification of GMR-GAL4; UAS-DREF (a-d) and GMR-GAL4; UAS-hDuox2 (e-h). GMR-GAL4:
UAS-DREF flies fed culture mediums containing 10% (b}, 20% (c), or 30% (d) MLs showed no effect on the rough
eve phenotype as compared to flies not fed MLs (a). However, compared to flies not fed MLs (e), the rough eye

phenotype of hDuoxZ-overexpressing flies was suppressed when fed culture mediums containing 10% (f), 20%
(g). or 30% (h) MLs. The suppressive effects can be realized by comparing rough areas of the eves marked by
dot circles. Flies were reared at 25TC.
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Fig. 5.

compound eyes at 200X magnification of GMR-GAL4: UAS-hDuoxZ2.

Effect of flavonoids on the hDuox2-induced rough eyve phenotype. Scanning electron micrographs of adult

Untreated GMR-GAL4: UAS-hDuox?2 flies

showed a severe rough-eye phenotype (a). Treatment with 3% (w/w) quercetin (b), rutin (c), kaempherol (d).

and epigallocatechin gallate (e) showed

no detectable changes in compound eyes, However, treatment with 3%

(w/w) quercetin-3-O-D-glucoside (f), quercetin-3-O-glucose-6"-acetate (g). and naringin (h) strongly suppressed

the hDuox2-induced a rough-eve phenotype. Flies were reared at 25C,
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Aggregation Properties of the Factor X from the Epidermal Cells of
Agrius Green Larva
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Abstract
To clarily the molecular mechanisms of accumulation of nsecticyanin (AcINS) in the epidermal
cells of Agrivs green larva, secretory granules containing AcINS were purified. The purified
secretory granules werc quite large (about 1 um@ ) and have relatively high density. The granules
contained AcINS, epidermal carotenoid-binding proteins (eCBP) and many membrane-binding

proteins. _
alkaline condition plus relatively high Ca™"

The soluble fraction of the granules had an abilitv to aggregate AcINS under mildly
concentration. This ability could be the key of the sorting

mechanisms for AcINS from trans Golgl network to the secretory glanules,
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Fig 1. Purification of secretory granules from the
epidermal cells of Agrius green larvae. An arrow

indicates seretrory granules.
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Fig. 2. The purified secretory granules.
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Fig 3. SDS-PAGE of the soluble and membrane-binding
fraction of the secretory granules.

Lane 1 : marker, Lane 2 : AcINS, Lane 3 : eCBP, Lane

4 ! soluble fraction, Lane 5 : membrene-binding fraction

(insoluble fraction)
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Fig. 4. The precipitate of aggregate of the purified
AcINS,
A Ino addition of soluble fraction (control), B ! addition

of soluble fraction
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Fig. 5. Soluble fraction of the secretory granules
required for aggregating of AcINS.

Lane 1 : marker, Lane 2 : soluble fraction (sup), Lane

3 : soluble fraction (ppt), Lane 4 : membrane-binding

fraction (sup). Lane 5: membrane-binding fraction (ppt)
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lauryl sulfate (SDS), 5 % mercaptoethanol, 10%
glycerol, 0.002% bromophenol blue, 125 mM Tris-
IIC1 (pH68)] #hmz., +#IZ®E L. 100CT
57 ML 72 #EhiL Laemmi (1970) @>F#E:
z#tfﬁofu] RO A CEORE
L BEEEY LR ANATA 7 (Nakalai
tesque) FHV SRR T SHAZFIR LT

Bl hal,

2. 9 NZE®R7 I /BEES|824T
2 THTHONSY VP HB2. STHIZLE
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v, BRI A fro, 2750, RN OB TR
{28 1 mM thioglycolic acid 21272

SDS-PAGE L2 & »THBEE L4 » /37 EIX,
&% 02 polyvinilden difluoride (PVDF) [
(Fluorotrance, Pall) 1285 L7, B ¥ L) K& S
&b T L 728K (ADVANTEC No. 590)
A AR [30 mM tris, 20% methanol,
002% SDS]. Bifi [25mM tris, 20% methanol,
0.02% SDS]. Ci [25mM tris, 20% methanol,
0.02% SDS. 40 mM G-amino-n-caproic acid] (2%
NEN 22157 RE L /2. PVDF IROEM
fbiE, methanol (25 & L. K TE T
. CHIZR L7z

I F7AR 7Ty PRE (Semi-Dry Transfer
Cell. Bio-Rad) % Hiv:. BEBMOEE 12, A
2R L2 BiglliR LA, PVDF B, ik
oy v, CHIZELAEMONEZTE» P L,
N =77 L IZHEL T, 400mA EEE, F
BT2RE7OyF1 > 7Btz

Zw5%0 PVDF ik, 01% (w/v) coomassie
hrilliant blue R-2504% & rmethanol-acetic acid-H.()
(9:1:10) H@iZSTHMER, IR L. 20
f%. methanol-acetic acid H.O iR &k TLo5 MR E
L. &51290% methanol T4OF RISt 2470, B
gt s/,

BTG SNy 27 Bk, ~NF3cyh
ML, 73 /88— 7 ¥ — (PPSQ-21A
Shimadzu) (2 CHHF % T 720

3. &R

3. 1 HIZIED 5O initiatorin & /Y7 B O
Y

01%CTAB % &#50 mM Tris-HCl (pH78) €
B L, A L 72 A 7 BR L 49 22 500 mM NaCl
4150 mM Tris HCl (pH7.4) T Tk L 7- Hi
Trap Benzamidine FF # J A (2L, WA - &%
#3205, 50 mM Glyeine-HCI (pH 30) #%#
TR RMFICWWEZ 22 LIZE > THERE
T&7-m3o 3 b, 12, 13% (20 A2 BAEEase
EIZESH SIS (Fig 1A). 25000 2ESr

(2010) Nald

ZiRA 2% L. Hi Trap Desalting ## 7 A (200
L. 150 mM NaCl #& 20 mM NaH.PO, - 21L,O
(PH70) T CBEB I v, [MEB LU
g 2. 3MIZTEVH L LE TR
Z A, WHARTFORELEM . R8T RomE
BT E, 12, 1I3FOT S OREEL. ik
B <1285 CTdh - 7> (Table 1), SDS-
PAGE (2 X W73 FE29, 26 kDa D ¥ ¥ 237 DA
At ch/z (Fig 1B),

3. 2 NXR7 I /BESIRBF

BITH S A ERE ) & PVDF B 405,
Whd L, NRR7 I /BRSBTS -7
29.26kDa% » 78y T EHIINERGT 3 / ARECY %
HOPILYT A I EWTEL, WSk - 2REF)
&, mig e bizlal % IVGGRRAVPHSFPXTVA
EALTEY (2L, XEFRTE Lo 4),
CORFIE, Aigaki et al. (1994) HiHE L 2SR
2%+ ABAEEase ¥ » /37 EON LSBT I/
EC# [VGGRRAVPIISFPWTVAILK & &% L 7.

3. 3 BEFHNME

Initiatorin {2 & 2 % T L& L. aypsin ®°
endopeptidase ArgCIlifiHTAZETE L
&5, CHR¥miZ arginine % L 2 6 FE¥OF XA TE

AT AMESMHEOREEZIT o FLT,
MY 7Y v[EfE, initiatorin (2 C RIIZ T M F = &
HWREEFFO>EG 5 N TE YW T & % endopeptidase
ThdI EHPERTEZ. L L. ¥ Boc-Phe-
Ser-Arg-MCA 1285 2itE%100- L, i
VAP ZiEE R R AHE I CRTIT A &\ trypsin (2
DWTREDZE S REERN S RHT o/
DKL, AIZIRRERL Y » /37 Bi33Y Boe-Gly-
Lys-Arg-MCA & Boc-Gly-Arg-Arg-MCA ~®#{
HEEAENENIIGT, 6757238 MO THREMT
&7z (Table 2),

#E Boc-Gly-Arg-Arg-MCA * FHWT., $#
pIl, CaCLOFB B L FHEFIOFEBIZOWTHE
LA, TEpHEO0METH D, Ca' Ik
WEE Ch o7, HEROBEBIZOWTIE, AT
L7z serine protease AEH 5T 44712 antipain,
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Fraction number (1 miftube)

Fig. 1. Elution profile of B. mori g prostatica extract on affinity chromatography with benzamidine and SDS-TPAGE
analyses,
{A), The crude extract cbtained in the presence of (.1% CTAB was applied to a column equilibrated with 50 mM
Tris-HCI buffer, pH 74, containing 0.5 M NaCl The column was eluted with 50 mM glycine-HCI buffer. pH 3.0, at
a flow rate of 1.0 m#/min. Fractions of 1.0 m# were collected, and 100 4¢ of each was determined for BAEEase
aclivity. Pooled fractions (fractions 12 and 13) were concentrated and applied to gel permeation chromatography
equilibrated with 20 mM sodium phosphate buffer, pH 6.6, containing 150 mM NaCl. (B}, A sample from gel
permeation chromatography was subjected to SDS-PAGE with 125% gel, which was silver-stained,

Table 1. Purification of initiatorin from the g. prostatica of B, mori.

Specilic
Taotal activity  Total Protein Vol. pf_m,tL Purification Yield
. o . activity )
{mU) (mg) {me) : Y , (fold) (%)
(mU/mg!}
Crude extracr ° 10857 8487 15 128 1.0 100
Hi T
o 4500 3006 20 150 12 4

Benzamidine FF *

“ Crude extract was preparcd with Tris-HCI buffer {(pl176; containing 0.1% CTAB,
" BAEEuse activity and protein concentration were determined after performing gel permeation chromartography
as described in the lexL



leupeptin (2 & 2 B/ WEE TH Y, g
trypsin ¥ L 22{80)TH -7 (Table 3)-

4. EE

BIVZRROTWWIHET A4 = v M) /IR
DBITLTHIBEMILENTE LV INED
LE BANCEEN S BAEEase ¥ 22 7 HOR
DT hiL, B TR0 29 kDan ¥ 27 g
ARSI, 20kDa ¥ ¥ /8y BV TIE N Al
73 /RN (TVGGRRAVPHSFPWTVAILK) 4%
Hardniz(24]. LAeL, ZDF 28 BTk,
HHEtbEtE T3 5 = & 25134, initiatorin

(20100 Nal4

ORI L LT A 2 LR L b oarz,
LWl BIAZR S initiatorin Z W FIEMHLEE L
L CHB L2 5, Algaki ef al. (1994)
Al#%i2 BAEEaseifitt# & L. B F&E1126, 29 kDa
THH, LAebPsEI N NERT I /AT
(IVGGRRAVPHSFPXTVA) (3@—THh 5+ 25
Rz ZOFROERELTUTOLS &
SERERBD, B2, Aigaki et al. (1994) (X,
HOOHIME e © O A | T LR 5,
3EOBHEBEHE 7 O~ b 757 14— (HPLC) UB
WD BIhoTWEY, ZOLHETIR, £<{O
MR A4 2, -0F Y, initiatorin A* BAEEase it
P HL_TORIRETH-TH, BREETOEL

Table 2. Relative rates of hydrolyte activity against various peptidyl-MCA

substrate by trypsin and initiatorin.

Relative activity (%)

Substrare E—
Lrypsin initiatolin

Bon-Phe-Ser-Arg-MC A 100 1000
Boc-Val-Pro-Arg-MCA 56=0.3 467+ 06
Boc-Ala-Gly-Pro-Arg-MCA 375=02 1281+ 02
Boc-Leu-Thr-Arg-MCA 188104 547+ 08
Boc-Glv-Arg-Arg-MCA 36.1+04 67572.3+2942
Boc-Gly-Lys-Arg-MCA 191+02 4157+ 104

The enzyme activity toward BOC-Phe-Ser-Arg-MCA was taken as 100%.
Duta are expressed as the mean £ SE., where n>3.

Table 3. LEffects of various serine protease inhibitors on the inilialorin actvicy.

Relative activity (%)

[nhibitor

trypsin itiatolin

Control : water 1000 1000
Antipain 4202 20009
Leupeptin 11=01 507+14
TLCK 288 =10 65125

Control @ EtOH 1000 1000
TPCK 1RO =04 76209
PMSF 82927

94.8 =012

The enzvme activity Loward BOC-Glv-Arg-Arg- MCA in absence of inhibitor
was taken as 100%. Data are expressed as the mean = SE. where n>3.

_2]_



KAk

OFBEEATW A 2\ & AEME X AT L
i & A O R R CTHFIGELEESRKIBLTLE -
7zl 6D, BT, HEEROK T IEMRL
GHRTEICMEEH e EZ NS, K
WFET b A in vitro OFG FHEEALIE U REE T
. MAAFmDBEEpH X, A4 K H—
BB AR vz, ) oA -k Rk
EALEIZBES AL, & 512 tris 2 Vo 72 Algaki et
al. (1994) HHEEEIH W TR, RAGREE
UM A — ¥ —THE B LeELERT (RWFE
RET—9)s 771274 BB, S 7 AT
ENLVH I NET N O8RS FIHL
T, R Oy BRFPRESTRETED L)
VUTREBRME AL T A, Benzamidine (3,
factorXa %2 thrombin % &'@ serine protease @[,
FERTHLIc0, ZHEFHATLZLIZE)H
Wit E, 1B 5 L7 — 7 THENBZ
BZBEChol: MAT, WRULAY V4
B in vitro OF T B LR EEILRT S DL,
RO 5 BITETIA R L, Xy o< b
7% 74— (Hi Trap Desalting ## 7 &) & H\WT
FR PG L CEESERVWEHCEZT >
EEAE @ (500 mM NaCl # & 20 mM NaH.PO, -
2H,0, plI70) (ZEWTE/-Z LD, BFIE
PEALEME P FEICRILTE L DEER 5,

WA IHOBFRBUIC BT, initiatorin 0
=T, EEREZETL . =60 ZHE
RAREEA LT 5, ZO—#DRIE® [sperm
maturation | &R, B ITIEHEF LI & R B8
H O EFFORENL: arginine & K RUSAHIET %
L#EZSTHEY, Zhit [arginine degradation
cascade | EIFINTWA[10]. 2L T, ZOME
A 23T A initiatorin ﬂf’l‘fﬁ:l.‘?.!i\ Dy v g
? arginine A& T adk L, £ C Kl % UMW

ol ol s Cif:‘m_ arginine * § X7+ F &
ElT A2k, OQF LT F VO C Xl
@ arginine &3k % e &4 4 exopeptidase @RSl
B LT 2 ENFELLON TS, WIFIZE
‘T4 initialorin £ 8 ¥ v /82 KX, — B h v~
7B ELEL T, FD LV arginine £ % X

AL, 44 D arginine &, BT & 21

L 1.2 arginine ®# VR LEFI 2 G4 7 v 8
VY TCHLEFEENS. LoT. RAFETRAE
A7z initiatorin O Arg-Arg NI R 5 228y
PR, BESNAZETY DN HOBFEL NN
T FEI[‘)#EEU‘@L’CHZ;&'%“ B3d, HIAL

IR & B, B K VBB & FLAR O i & R
5&"“‘}1}'(!—!"‘ Ak, RN arginine 75

ST A Z A6, arginine carboxylpeptidase
A, B E S F AR S £ OFLLABRIZ TR
LTwa Lok Flshs-[25]. £ LT, arginine
carboxylpeptidase HEAM LA THELE L., RE
(O FLISR. HTRE. Al BV g E R e 2
ENEL R [26] MAT. LR KE
(T 49 4 arginine  carboxylpeptidase i& %
. LR OB L o HEEEICEL S
trypsin Z{RMT 5 2 &2 L Y A0 TiEPEMRE
Bz, SO LiE, WEEOBMNIZHEES S
carbaxylpeptidase B 7%, (rypsin {2 £ % RE 57
(X NEEEsNsZ 2 BB LT 5[27]. B
Fxtmal, A4 I VEHEBRIZTFET S arginine
carboxylpeptidase OFETE{L(Z. trypsin ([ZEELL
7z endopeptiduse. F &t b,
bOTHD LM SN, IR CRERB K
L T\ 4 arginine carboxylpeptidase & ## & (=
(GenBank : ABAR5777) AL FMlEh LT I /8
Bedl & L B8 71T 4 carboxylpeptidase &
et L. FOMEMED S trypsin & £ X D TIHF
BN % promature WBLOEIWTENL GFPEEB) R
) % P9 2 &, 320 arginine OEE Y & LA
] (Arg-Arg-Arg idy]) RIS N2 (B A%
FT-- 8, 2RI, initiatorin @ Arg-Arg B
FUIH 4 5 BVFEAFRIIC L D AEER arginine
carboxylpeptidase & FHRAVIZFEL L L, &L
TWAAREELH{IRLTWwALO LT L3,
LTy BLEVCEDW 7RI initiatorin O FH
N TABEFRIZE > THATH Y, BFIEHL
DF AN ALFHIZRICTIOE PREN D,

initiatorin IZ X %

BE
B A TH A AL EEE MR AT BT

_.‘32_



VEFPEE ST MR T Cinitiatorin® & 453
L7ze Brzhpsddmilbiio BB izt v fiy o8
B, BAEEase ft5% 4L, £ONERT 3
FEACEN I, T TR ST /a s & iR
.72 BAEEase D7 & —F L7,
endopeptidase ¥ L TOEEHEMoMAE L X
4. ZOFEFE serine Bl endopeptidase O —
T A trypsin [ 7F KD Arg-C £ % 58
T2 FHIZ20D Arg 3R L THET AEH
REMIIRGT A EwANEEEL T,

o
7
&

o BT

T3/ FRECTIERATCES L, RO H AR L
TTFEwI LR LEHERT & InETiE
BRI L TIROE#P L i Ed.
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Shielding Efficiency from Ultraviolet Rays by Cocoon Extracts of
Bombyx mori L.

Masatoshi TAKAHAMA (ICHIDA)*, Natsuko TAKANO and Keisuke ITABA

Center for Bioresource Field Science. Kyoto Institute of Technology.
Ipponki-chou, Ukyou-ku, 616-8354 Kyoto

Abstract

In order to clarify whether or not fluorescent cocoons of the silkworm, Bombyvy mor, contain
shield chemicals from ultraviolet (UV) ravs, UV shielding efficiency was assayed using agarose
films containing cocoon extracts with ethanol and boiling-water. Among cocoons from 9 races. the
higher shielding efficiency was obtained in boiling-water extract of LYS race cocaon, and conditions
for extraction temperature and time were not greatly influential in the efficiency. The ethanol
extracts from LYS race also showed to have higher efficiency. but lower efficiency was recorded in
extracts with 90% and 100% ethanol. Compared between ethanol and bolling-water extracts. the
LJV shielding effect was higher in the ethanol extract. From these results, it was indicated that
fluorescent chemicals responsible for shiclding from UV ravs are present in cocoons, which arc not

sericin protein and its hydrolysates.

Key Words @ UV shield effect. ultraviclet ray, fluorescent cocoon. Bombyx mori L.
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A Study on f-Lactamase in the Hemolymph
of the Silkworm, Bombyx mori

Yasuo KATO

Faculty of Contemporary Human Life Science, Tezukayama University,
3-1-3 Gakuen-minami, Nara 631-8585, Japan

Abstract

A fraction obtamned by gel filtravion of Bambyx hemolvmph was lurther separated as two
protein spols by two-dimensional polyacrylamide gel electrophoresis (2-D PAGE). Each spot was
excised from the gel, and then subjected to in-gel tryptic digestion. matrix-assisted laser desurption/
jonization-time of flight mass spectrometry (MALDI-TOFAMS) analysis and a SWISS-PROT protein
database search, The resuits showed that the one spot obtained by 2-D PAGE was GDP-mannose
46-dehydratase (EC4.2.1.47), and the other obtained by 2-D PAGE was flactamase (EC3526),
I was able to obtain these very interesting results taking into consideration the organism defense
mechanism of Bombyy mori. However, the reason why these enzymes exist in the silkworm's
hemolymph is still unknown, Accordingly, I studied the method of the estimation ol f-lactamase
activity in detail. To examine the physiological roll of f-lactamase in the silkworm, the enzyme
activity in the hemolymph was monitored during the (ifth instar of the larvae. resulting that the
increasing activity was detected up to spinning stage and then decreased toward pupaton stage.

In addition, separation of f-lactamase in the hemolymph from B. mori was carried out by gel
[iltration and Mono Q ion exchange chromatography. The pattern of gel filtration showed to be
three fractions with f-lactamase activity (Fr I, FrI and Frll), among which Fraction II had the
highest activity. Using Mono @ ion exchange chromatography. factamase with higher activity was
eluted by 025 M NaCl. These results indicate that Bombyy f-lactamase could be separated from
the hemolymph by pel filtration and Mono Q ion exchange chromatography which has been applied
to microbial f-lactamase separation. Howcever, the chromatographical pattern of f-lactamase was
different between the Bombyx mori and Bacillus cereus.

Key Words : f lactamase. hemolymph, silkworm, Bombyx mori
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Fig. 1. Fractionation of the larval hemolymph of the silkworm on day 10 m the fifth instar

by gel filtration through Superdex 200. Fr I

(Fraction Neo. 20-32), Fr T (Fraction No.

47-49) and Fr Il (Fraction No. 51-53) were separately pooled, dialyzed and lyophilized,

Fig. 2. 2-D PAGE pattern of Fraction Il ublained
from hemolymph by gel filtration.  Arrows (Spot
1 and 2} indicale protein spots used for further
mass spectrometric analysis.
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Fig. 3. MALDLTOF/MS spectrum of spot £ that was obtained after tryptic digestion.

Table 1. Result of sequence analysis of spol 2 by database search. Database search identificd the protein as

[ lactamage (EC3526).

m/z MH+ Modificati Start
E B

Submitted  Matelisd S

1090.5287 1090, 3793 3

1184.3526 11841953  1PO4 197

1310, 3516 1310, 4342 223

1332. 7039 1332, 615 249

1457, 6939 1457. 7456 1PO4 1
1596, 1348 1595, 8263 170
1596, 1348 1545, 3479 70
1722, 9219 1722 7999 2P04 118
2120. 6992 2120. 3223 1Cysam 1PC4 170
2214 2768 2214. 3292 2Cys-am 2PO4 170

End Missed Dalabase

Cleavages  Sequence
13 0 (R) IVGSSMLAALE (R}
205 0 (RINLYENVHSK ([}
233 0 (K) GOMESSYWEER (R)
259 il (K) IMENLNLPYPE (K)
13 1 (- MRIVGSSMLAALK (R)
183 0 (K} DQGCVIIGDTLLIR ()
&4 0 (K) NGOAVITDPVLEQAK (1)
133 1 (RYELTGCQSVIAAASCAR ()
187 1 (K)DQGCVFTGDTLLIRGCGR (T)
187 1 (K)DOGCVI'TGDTLLIRGCGR(T)
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Fig. 4, The relationship between the concentration of ff -lactamase and absorbance.
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Fig 11, Mana Q ion exchange chromatography of the microbial f-lactamase from Bacillus
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Easy Rearing System of the Silkworm on an Artificial Diet

in Non-aseptic Room during Winter Season

Toshikatsu IMAMURA*, Masatoshi TAKAHAMA (ICHIDA)**
and Toshiharu FURUSAWA***

* Aseptic Sericulturc System Laboratory, 250 Chikuyama-cho. kuze, Minami-ku, Kyoto 601-8203, Japan
**Bioresource Field Science Center, Kyoto Institute of Technology,
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R

Kinugasa Textile Research Institute . The Kinugasa-kai Foundation,

29 Kitano Shimmo-Hakubai-cho. Kita-ku, Kyoto 6(3-8326, Japan

Abstract

To assist the biology education, the newly-hatched larvae from the eggs which had been
loaded into the Intcrnational Space Station were provided to applicants in schools. and used for
understanding the effects of cosmic environments on the development and growth. For this purpose,
an easy rearing system on an artificial diet was developed. The larvae were reared on the diet in
a plastic container (155 220x40 mm). Removal of feces and exchange of the diet were carried
out inside the polyprophylene bag (6450 %800 x 0.03 mm) where semi-aseptic conditions were kept.
The temperature for rearing was maintained by a commercially-available pocket warmer. Even
in winter, this method lead to successful rearing during larval stage. and produced cacoons, pupae
and adults, meaning that the silkworms through all stages can be used as an experimenta) material

for teaching biology in schools.
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