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Antiamyloidogenic activity of mulberry leaf
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Abstract

Mulberry leaf has becen reported to possess medicinal propertics, including hypoglycemic,
hypotensive and diuretic effects. Little is known, however, about its medicinal properties for
central nervous system disorders, ncluding Alzheimer's disease. Accumulative evidence suggests
that amvloid B-peptide(1-42) composed by 42 residues plays an important role in the etiology of
Alzheimer's disease. Here we show that mulberry leaf extract inhibits the amyloid p-peptide(1-
42) fibril formation and destabilizes amyloid A-peptide (112) fibril. Mulberry leaf extract protected
hippocampal neurons against amyloid f-peptide (142} -induced cell death in a concentration-dependent
manner. These results suggest that mulberry leal extract provides a viable wreatment [or Alzheimer's
disease through the inhibition of amyloid f-peptide (1-42) fibril formation and attenuation of amyloid
B-peptide (1-42)-induced neurotoxicity. We identified anti-amyloidogenic substances, pheoporbide
a, kaemplerol-3-O-glucoside and kaempterol-3-O-(6-malonyl) glucoside, from methanol extract of
mulberry leaf. We further compared the anti-amvloidogenic acrivity of pheoporbide a and other
porphvrin-related compounds.

Key Words : Mulberry leaf. Anti-amyleidogenic, Amyloid beta-peptide fibril, Pheophorbide a,
Kaempferol
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Fig. 1. Effects of mulberry leaf extract on A f42
fresm= fibril formation. (a) Time course of thioflavin T
g fluorescence. A f42 (104 M) was incubated with ()
o
:g — (closed circles). 10 (open circles), 30 (open triangles)
P or 100 (open squares) ug/mé mulberry leaf extract
;.z 2000 — ) at 37C for the indicated times. Each point represents
= == the mean value of three independent experiments.
1000 — . (b) Thioflavin T fluorescence at 19h in (a). Each
[:L‘ value represents the mean = SEM (#=3 ). *F < 001
0 T T - | vs. A 42 alone (CTL) (one-way ANOVA followed
CTL 10 30 100 by Dunnett’s multiple comparison test). ANOVA,
Mulberry leaf extract (jg/ml) analysis of variance : CTL, control.

Fig. 2. Atomic force microscopy imaging of Af42 fibril

formation. A f42 was incubated at 37C for 19h in
the absence (a, b) or presence (c) of 100u g/mé
mulberry leaf extract. Mulberry leaf extract (100 ug
m# ) alone was incubated under the same conditions
d). The images were obtained at saturation phase
in tapping mode. The scan size is 3x3um” (a) or ]
x1um® (b, c,d). The Z-scale is 20nm (a. b), 35nm

¢) and 50nm (d). Scale bars : a 500nm : {in b) b-

d. 250nm.
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[Fig. 3. Reversed-phase chromatography of methanal extract of mulberry leaves.
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Fig 4. Anti-amvloidogenic activities of mulberry leal
extract fractions, And-A 42 fibril aggregation
activities (A) and A 42 fibril destabilizing activitics
(B) of mulberry leaf extract fractions cbtained by
reversed-phase chromalography of methanol extract
of mulberry leaf. The concentration of sample in the
mixture with A £42 was 10 gg/mé.
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Fig. 7. Anti-amyloidogenic activities of phcophorbide
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a, pheophorbide a purified from ML : Pb a OMe,
pheophorbide a-O-methyl ester: Phn a. pheophytin a:
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I{ ; ZnPP IX, zinc protoporphyrin IX. white, 10 ug”
mé . diagonal, 1 ug/méf : black. 0.1 gg/mé.
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Fig 8. A fi42-induced cell toxicity in mouse cultured hippocampal neurons. (a) Cytotoxicity induced by A #42 (1
uM) for 48h. Mulberry leaf extract (1. 3. 10 ug/mé ) was added to the culture medium 3h before the addition

of A f42. The lactate dehydrogenase release assay was conducted after a 48-h exposure to A f42. The open

column represents the cells to which A #42 was not added. Cytotoxicity was expressed as a percentage of the

amount of lactate deydrogenase in the culture medium of hippocampal neurons treated with 1 u M A 542 alone.

Each value represents the mean * SEM (#=56). **"P<001 vs. sham, *'P<00] and **P<0.001 vs. A 42 alone

(CTL) (one-way ANOVA followed by Dunnett's multiple comparison test)

Representative phase contrast

photomicrographs showing hippocampal neurons exposed to vehicle (b), A 42 (¢) or both A f42 and mulberry
leaf extract (d). Cultured hippocampal neurons were incubated with A 42 (1 4 M) for 48h. Mulberry leal
extract (10u g/mé ) was added to the culture medium 3h before the addition of A f42. Scale bar for all : 100
um. A p42 amyloid beta-peptide : ANOVA, analysis of variance. CTL, control.
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Identification of Two Tissue Specific Arginases Generated
by Alternative Splicing in the Silkworm, Bombyx mori

Sumiharu NAGAOKA, Yuki TAKATA and Kumiko KATO

Departmant of Applied Biology. Kyoto Institute of Technology,
Matsugasaki, Sakyo-ku, Kvolo. 606-8585, Japan

Abstract
Arginase (EC 353.1) catalvzes the hvdrolysis of arginine to ornithine and urea. Ilere we

have cloned the (wo arginasc cDNAs in the silkworm, Bombyx mori. The analysis of exon/intron
strucrures showed the two mRNAs named bmarg-» and bmarg-f. respectively. were generated from
a single gene by alternative usage. In the glandula (g.) lactcola and vesicular (v.) seminalis of male
reproductive syslem, bmarg-r was highly expressed whereas bmarg-f was active in the fat body
and muscle. The bmarg-r and bmarg f were predicted encoding almost same amino acid sequences,
excepl 10 N-terminal residues. The preliminary characterization shown that the preparations from
the v.seminalis rescmbled Lo the preparations from the larval fat bodies in the arginase activity, also
similarly to Escherichia coli-expressed arginase corvesponding to bmarg-r. The concomitant with
the decline in the g lacteola and v. semninalis of the mated male and the rise in the female bursa (b))
copulatrix on the arginasc activity suggested that the silkworm arginasc produced [rom bmarg-r gene
was secreted to the seminal fluid and the transfer from the male Lo the female during copulation.
Our results suggest rhat the generation of the two silkworm arginase isoforms may have a unique
functional signiflicance whether it secretes or it stay in the cyvroplasm ol each expressing cells.

Key Words : Arginase, Male reproductive system, Spermatophore, Alternative splicing, Bombyx mori

1. APE

7 W+ —+¥ (Argnase ; EC 353.1 : L-arginine
aminohydrolase) I 7NF=FFN=F LR
FANE MR B RUG A Ao ny | bl BT
5.

IMFLENY TIiX. 2RO T A VA 4, T4hb
5, arginase I (A-1) & arginase T (A-T) #¢
3 5. B b A-TIX, FFEHITkDa 24

Ty bEL, FEIEWEDIOBkDa ¥ » /8 7
BThsbiiEEINTWAD, HE, —HoOU5
EDHIINBEETHL L VIEBLEENTVD
[1]s A-TIRiEHEDLIZZ YT 2G5 50T,
BEENORESI v ATk, Ei2. W
AR MER DM FAT 5, —T7. AL,
T EAKDaDF 2 TH Y, FOHEEF
DOFERIL. FETEED S L vh b b (ZFRE.
MTEL, 8bic, £2heffonsdy 32y

JEARYE 1 D ETHEAE NS R LR TR RN E A A SR
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RNA O %L, GenElute Mammalian Total
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& oligat dT primer CIT- 72

2. 5 EIEFOHAE
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Table 1. Arginasc activity of the male reproductive tissues and the female bursa copulatrix

Activity of arginase {mU/insect)

Organ Before ejaculation (B)
testis 0.30£003
d. deferens 028 =001
ampulla d. d. 043+0.07
Male reproductive tract

g pellucida 027000
g lactecla 394+041
v. seminalis 1.71 %031
£ proslalica 028000
g. spermatophorae 030003

Total 6.50

b. copulatrix N.L.

After cjaculation (A B-A
0272000
27 =000
0.28 =0.00
026=000 001 ( 0.0%)
048 =001 346 (75.6%)
064001 106 (23.1%)
0.27=000 001 ( 0.0%)
027 =000 00 { 0.0%)
192 458 (100%)
302=058 3.02 (659%)

Mean [ =SE} enzyme activities in triplicate determinations are shown,
Dilferences of reproduclive glands belore (B) and afler (A) the onset of copulation are represented as B-A.
In the B-A column. relative values of the respective glands to the sum of total glands (458 mU} are expressed as

percentages in parentheses.
N.D. : not detected.

BHOT V¥ F—LiEMIL, CRHB205 TT TIZ
3.02mU OEUABD Bl 2B, SR
RANBTLTA ADLKRENIIHEEZTERT 5
VB AR WA T AT AFLERE, BT
BEICTTEL TV AT ¥ — EiEM gL 1k
VA LR tER I, 452 mU EHE S,

3. 2 WEiEFOHEH
TEF—EFRMIRH ATV 2FEES L
UHRHEIE[14] DL RNA ZHM|2, 2HEDT L
FF—¥Bunfrro—=rrL 7. FEERNA
\CHKT LB SIS EBETF (bmarer) OFERIR
1573bp TH Y, 233-230F B D ATCA M2
CThBETAE, FOT I /ERGORIED N
1E1229-1231F UND TAA TH V. 2OHTES
T®&i3363kDa & kol - -k BB RNA 2
M5 2 88 S8 fnT (dmargS) ORIL
1.399bp THH, 93-95&FB D ATG Ptz I
YTChLETAL, FOT I/ BRAOKED F
ZIX1L19-1201 % B D TAA TH Y, TOHES
[®i373kDa TH -7z . BREORGETF LT
ENAT I/ BERINIMEBEOLO L DR END
T3 METEEY A L, HIDNKRLIORES

Exon 1A 1B 2 3

bmarg-r
ATG
bmarg-f

ATE

IFig. 1. Genomic sequence and the exon/intron

boundaries of o region of the bmarg gene. Open

hoxes represent unranslated regions and black boxes
show coding regions, The verlical arrow and ATG
mark indicate the (ranslation start codon.

W E AL L.

3. 3 F/LEE

bmarg-r, bmarg-f O5 ImOBRYI B R4 L @ F
e S AERE (4200p) B WA TIHY I LT —
# (GenBank accession No. @ BABHO1002659.1,
AADKO01022568.1, BAAB01006348.1) % M T4
L7, B%, 120 Exon (1A, 1B, 2. 3 &
BES) ATFETE L., bnarg-r i3, Exon 1A-3, bmargf
i, Exon 1B2350HELAZ EARMEhE LT
(%11,
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Fig. 2. Tissue-specific expression of B. mori arginase gene within the male reproductive system of adult. RT-PCR

carried out for arginase by a common primer pair for dmarg-r and bdmarg-f (upper panels) with actin A3

specific primer pair as an internal control (lower panels
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Table 2. K, values. pH optimum and temperature optimum for arginase of Bombyr mori

Crude cxtract

E coli expression

v. seminalis fat. body rbmARGr rbmARGS
K, (mM) 313 173 289 5.76
Optimam pH 85 875 85-90 90 95
Optimam Temperature (T) 30- 40 30— 40 30 40
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Abstract

The effects of gravity fluctuation and microgravity on the differentiation of embryo in the eggs
of the silkworm. Bombyx mori was examined using 2-dimensional (2D) clinostat and the International
Space Station (ISS). respectively. The 24 hour-old eggs were rotated under 2D-clinostat. In the
vertical rotation, the occurrence of the abnormal embryonic reversal rose with the increase of the
rotalion [requency. The percentage of the abnormality was the highest in the 24 hr-old eggs.

In order to load silkworm cggs info the International Space Station, the eggs were kept at 25C
for first 30 days after oviposition. and then at 5C for 30 days. To examine the effect of microgravity
on embryonic developmenl, these eggs were cxposed to the [ollowing conditions | The eggs were
kept continuously at 2C for about 3 months until recovery (uG-2C). A part of these eggs were
transferred two different conditions, One was incubated at 20C for 6 days 1o resume embryonic
development (uG-20T ). anolher one was set Into a centrifuge in incubator to get similar condition
of 1G 1o the earth, and kept at 20T for 6 days to resume embryonic development (1G - 20T ).
In addition, the Ground control and Shuttle Fight were set up as controls, namely, as the Ground
Control, the eggs were transferred from Japan (Kyoto) to Kennedyv Space Center, and back to Japan
without going Lo the ISS. As the control in Shurtle Flight. the eggs were transferred once to the
ISS by space shuttle, and then coming back to the earth without keeping in the ISS.

Under above five conditions, rhe embryos underwent development normally in the three
experimental lots, Ground Control, Shuttle Flight and 2 G+ 2T, also about 90% of embryos in
1G - 20T perform embrvonic reversal. In contrast, any embrvos did not carry out the embrvonic
development in u G - 20T, suggesting that microgravity will affect the embryonic development in
the silkworm cgg.

From these data, the interrelation belween microgravity and embryonic development in the
clinostat and in the ISS is discusscd.

Key Words : Bombyx mori. Embryonic reversal, Micrograviry, International Space Station, Clinostat
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Fig. 1. Two-dimensional clinostat, which
consists of 6 vertical rotation(v) and 6
horizontal rotation(h) turntables. The
rotation numbers of these turntables
are regulated by the controller(c).
With contrast of these experiment
turntables, three stationary turntables
are equipped as control. The eggs

were adhered on the paper, and then

attached onto these turntables,

I ESEDIZIIRMERIE ol ZOBAE V7o
TOROFT LIWTIEEIS M Th -7z, EWEEH
25 At (B8R L N LD T RHD 2. 2 J|IIANDZRTI)IAHR Y b@iﬁir_i.ig

SNTWADT, DEDOITETIIHIETE S X AR Bk % H 3 5em OISR L 121
g "'."-' S NTvz, ZDk, o462 2HDIT REAR S A7, EBH 2405 M 25T IZRIR L 2: f;?'i;.
(FHEWA S 1), 3 JEDHD20094 8 H28H 411 46TC O3ENE (JLH1075) (25 @ A4 5 2
W59 (H ARERI20 M ¢ A 1205957) 27 #7571 LItk o TIEARKIRIZAZO @I, ZOHEE
FTHE¥—DoiTb Lo, ShFETICE n0, 24, 48, T;’H.‘:-Fu‘li'.é‘;::i--‘%'-'-.-11;*.:1_1?1 * T
LIERIEMIZEAT 8 M TH - /2 7 A%y bEE (IIFETE) ok, EE
COLHLEENS, SEERL 723X ToOH BILUKEY—vF—70 |28 L7: (1) 6
O, #30% L2 RIRAD SFERE L Ty il T, 7 %30, 425, 55rpm @ 3 I_K'_”):fz{'i'- 2. 27C7T
VHIOHMEZMIE 225460 TR o7 2O HME2 HAl £ Tlholz s 472
M. MIREAEOB I EHRT, Shf TRONEDILS [z LR (2 D IR & it (73T, lfiulif’ "::é
LAHEDREEBIZIOVWTOEENTLIL, €0 I EI2LhAHOKREEEL, HBBIEORE A
BREHLOT, hEFREEROFERLEOY 7 — < % Ohtsuki DRHFL[7] (T TEHELS

¥FLhi-nTHETS
B, FHESERIIoWTIE, BERD 2. 3 EWIBDEGF
THHOT, JLEHETLHLTETVA 3. 1 SHOFHL
FENIPIEIN O 72 o> D i A LR 1228k Kk
i L WRE 7 4 — WV FREEF IR > ¥ — (00
2. BPRBLUTA RE) Tl B MILE2007F1ZA LD
2. 1 #5058 NTRFHZ L > THEEXRGTLE LT
g /A8y bERWIERENZ(LDOERY A5 M i 2, 200044 A FTaEIA6 5 H EHIICA
LTI BV Rl & Hive 2, EERFHE R T — " L AHH R L7
Ta ZBWET AR, B (P/p) INER thami- kXA L 912, FERIEITFREOIT LITH
(p/p) ZHFEDE, LA ((KERIH) #* H H&bh, EEh 0T, 20004 BL W REA

(R

(4
e

o
e

-23-



LR

BAgh L o SO AR 7o BHOIRALE 5 A30
Hr6 6 AISHORMIZ v, 7TAHAI7TEF TOM 1
HADCTHREL., FOHESTIZHEL, F15E
WX ToM, #1AA5TIZHREL 2. [TARREEY
8 A29R 12855945 1247 H BT 47z,

2. 3. 2 FEEIBOINEIF DI

112mm % 110mm X 15mm &3 1 £ {RadSilk
Case) tZ#922000 PR % 850 72 B2 aliim
T L, LRUE. R ORLTBITNTE L,
RadSilk Case 7 3# 1 #1 (RadSilkCaseTriple) &
L. &ty Mo, BEEEE. (TLD-MSO) &
M3 (CR-39) 26 A XA TS
Fogt#aTE: (PADLES : Passive Dosimeter for
Lifescience Experiments in Space) % 59 i,
BATRERCRVNENOREORFHE Lz, #
BT D2, Lo RadSilk Case 1 (&fnT
i A) % RadSilk Case Triple &% | £ M
"L, LFroERRIZG&HETC5 Y PHEL,
Zh 7% GLACIER (General Laboratory Active
Cytogenic ISS Experiments Refrigerator © {Eili%
BRAGHE) I[CRESh, 5TIZRhAAR—
v PVCHEBEFEHAT—Y a r £ THk S/,

O vy Ml bL754 ME (SIEAE)
Mo bAoA R—R L FZEERS L,
D4ty PHEEBEEEAT—Y 3 VIIER
Nz, Lty FETY+ FUEEOBRIC
M EIZBRE Y DR 2T TRE S hi,

Px PV LFEAT—a v ilBaNR 44y

Mk, 2CT#H3 4. MELFI (Minus Eighty

Degree Celsius Laboratory Freczer for 1SS @ &5
- ) ThESNL, Zo4vy PUEFEH
AT = a YRTHEEHRIT LIZX O KL
Ens: (M2h).

Z v b2 uG: 2TCHEEYT: 1£v b2
iR ¥ CMELFIT2TC T ERRES
nr-.

& vy P33 uG-20THFER: 1k P
CBEF (Cell Biology Experiment Facility :
MIZFSFREEE) (-F 3 120T T 6 HHE{E

D vy M4 1G-20CHEEH RYO2Ey

Mid CBEF N 1G e DAl I3kl =
20T C6 HlER#E, ZolhE, O
WGP AR EDH 240y FHEVED 1
by MIFZER., tho 1 £ MIEERE
L Them#t, EOFRGHE. Fifllg
mEhi,

%, BOREL. KRN OTEE X8 2 /200
25CTHRMTHAH. MELFI TD 2 THREIZ,
B OB HE D26 Z PN OEERTIER
HETHhA72D, kit 2TC TRFEL 7. CBEF
TOREMMIL, BB CL325C T 8 H
HTHFECTH->722%, CBEF P ihodEFK 7 —
TEDIRPTH-7:7:0, EBEMNOT ) &by
Lol eiat:,

@it uG - 2T AERE. oG- 20CHE
WBIULIG-20CHERENE LY A5 LHO
RadSilk Case #8133 8, = FRITizrrs =
Hize INHILEBETFEFALLTHYBA,
¥ O 27 Iid 4T T Double Cold Bag {Z##4
XHURRLA (2 ¢,

3. REER

3. 1 ENEHFERESHCRETTHE
3. 1. 1 #172% 5 Milgsls e
E°" B OB A PRHK 058 & 4 B f2 o e O 2085 R
BICATaL (RUREREE) T2 L2k o TES
BE S, ZOHE BFERS0, 12535 L UB5pm
TEBL L CKEAMTHEES o B3 IIRT
A ) . ACHREEE XTI, B5rpm T27%. 425rpm
TL3%DIEIZRIEEFEA B S, THIK
L. e [fX T stage20 (FloT) B X
Ustage2l (EED) THREFEIETZEEHEIARD
L, INERE0pm TIE24% . 425rpm T366% .
Sarpm TH2% & iz, T2, #— 27 —7 I
Tl Lo EsMEfuLE D RELS AR
v, TOMBENPERL 2,

2 BHEHBEbx Y5258 R E L
[3E3pL
EEEABHE. 0, 24, 48, 720 @81 % 30rpm

< .

_2_1_



(2009) Nal3

8) Preparation of the sammples an \he earth

ndBilk Cose RadSilk Case Triple

With Passive Doaimeater
(TLD and CR-38)

{tndSilk (pae +

RadSilk G Teapte) X 9888

b)
@ Transfer of the Sample into 1SS

o

(DReturn of Launch
Control sample [ e

Fig. 2. Flows of RadSilk Cases. which contained the silkworm eggs, from the preparing the sample for the loading
on the space shuttle(al, through the process of the incubation of the cggs in the International Space Station (ISS)
{h), to the return ol the sample to the earth(c],

a ) In order to deal with the egg samples smoolhly in the complicated processes as you see later, the RadSilk Case
(112mm % 160mm % 15mm)  (designared as NoA}, which contained about 2.2(X) eggs, was prepared as indicated
at the upper-left side. As indicaled at the right side, the “RadSilk Case Triple”, which consisted of three RadSilk
Case (No. 1, 2 and 3} equipped with Passive Dosimeter (TLD and CR-39) was prepared. The former No. is used
for analysis of gene expression. and the latter No. 1, 2 and 3 far the detection of somatic mutation after hatching
and of abnormal reversal. Before the loading the these sample onto space shutlle. the RadSilk Case (NoA) and
RadSilk Casc Triple were combined to make one set (RadSilk Case + RadSilk Case Triple). and then five sels
werce put into at 4T in the GLACIER (General Laboratory Active Cytogenic ISS Experiment Refrigerator).

b) The five sets in GLACIER were transferred to the 1SS, the four sets were moved into 1SS (red circle 17, the
remainder onc was left in the space shuttle, and then returned. use as “Flight Control” sample red circle 2).
‘I'he four sets were kept at 2C in the MELFT (Minus Kighlv Degree Celsius Laboratory Freezer lor 1SS) for
about 3 months (designated as "G - 2C"). Thereafter. one set remained at 2C i MELFT for 6 days. and the
remainder Three sets were transferred to 20C in CBEF (Cell Biology Experiment Facility) to resume embryonic
development. one sct under microgravily (designated as “pG - 2007, and the other two sets under about 1G
{designated as "16 - 20T") which was generated by a centrifuge in CBEF,

r

! After the incubation, one RadSilk Case (No4) was take out from each experiment lot of “uG - 2C". " uG -
20C" and "1G - 20T". These three RadSilk Case were frozen in minus 95T to use as the analysis of gene
expression, and RadSillkk Case Triple (N 1o 3) of "¢G - 2T", "pG - 20C" and "1G - 20T, and the "RadSilk
Case + RadSilk Case Triple” (No.l to 4) of "1G - 20UC" were kept at 2T in Double Cold Bag. These samples
were return o the carth by space shutlle,

_25_



(2009) Nol3

a) Preparation of the sammples on the aarh

RadSilk Case  RadSilk Case Triple

With Passive Dosimeter
(TLD and CR-39)

(RadSilk Case «

RadSilk Case Triple) X 5sets

b)
@ Transfer of the Samp

(2)Return of Launch
Control sample

Fig 2. Flows of RadSilk Cases, which contained the silkworm eggs. from the preparing the sample for the loading
on the space shuttlelal, through the process of the incubation of the eggs in the International Space Station (ISS)
(b), to the return of the sample to the earthic).

a ) In order to deal with the egg samples smoothly in the complicated processes as vou see later, the RadSilk Case
(112mm % 160mm % 15mm) (designated as No4), which contained about 2200 eggs, was prepared as indicated
at the upper-left side. As indicated at the right side, the “RadSilk Case Triple”, which consisted of three RadSilk
Case (No. 1. 2 and 3) equipped with Passive Dosimeter (TLD and CR-39) was prepared. The former No4 is used
for analysis of gene expression, and the latter No. 1, 2 and 3 for the detection of somatic mutation after hatching
and of abnormal reversal. Before the loading the these sample onto space shuttle, the RadSilk Case (No4) and
RadSilk Case Triple were combined to make one set (RadSilk Case + RadSilk Case Triple). and then five sets
were put into at 4C n the GLACIER (General Labaoratory Active Cytogenic ISS Experiment Refrigerator).

b) The five sets in GLACIER were transferred to the ISS, the four sets were moved into ISS (red circle 1), the
remainder one was left in the space shurtle, and then returned. use as "Flight Control” sample (red circle 2).
The four sets were kept at 2T in the MELFI (Minus Eighty Degree Celsius Laboratory Freezer for 1SS) for
about 3 months (designated as "uG - 2C"). Thereafter, one set remained at 2C in MELFI for 6 days, and the
remainder three sets were transferred to 20T in CBEF (Cell Biology Experiment Facility) to resume embryonic
development, one set under microgravity (designated as “uG * 20C"), and the other two sets under about 1G
(designated as "1G - 20C") which was generated by a centrifuge in CBEF.

¢ ) After the incubation, one RadSilk Case (No.4d) was take out from each experiment lot of “uG « 2T", " uG -
20C" and "1G - 20C". These three RadSilk Case were frozen in minus 95T to use as the analysis of gene
expression, and RadSilk Case Triple (No.l to 3) of "uG - 2TC7. "uG - 20C" and "1G - 20T, and the "RadSilk
Case + RadSilk Case Triple” (No.l to 4) of "1G - 20C" were kept at 2T in Double Cold Bag. These samples

were return to the earth by space shuttle.
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Fig 4. The effects of gravitational uctualion
on the embryonic development after the
treatment with 6N HCI solution at 46°C for
5 minutes for artificial hatching. Trnmediately
after the treatment (Ohr?, 24hrs, 418hrs and
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adhered to the paper and atlached onlo
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Fig 5. Incidence of abnormal reversal in cach experimental loL.

Ground Control : The eggs were transferred from Japan (Kyoro) to Kennedy Space Center, and back to Japan

without going to the ISS.

Shurtle Flight @ The eggs were rransferred once to the ISS by space shutile, and then coming back o the earth

without keeping in the ISS.

uG - 2€C : The egps were kepl continuously at 2T in the MELF] in the ISS just before recovery into Dousle Cold

Bag as shown in Fig.2C.

uG 20T @ The eggs were kept continuously at 2T in the MELFT for 3 months, and then translerred to 20C. and
incubated in CBEF [or 6 days to resume embryonic development.

1G - 20C : The eggs were kept continuously at 2C in the MELFI lor 3 months, and then set into & centrifuge in
CBREF to get similar condition of 1G to the earth, and kept at 20C for 6 days to resume embryonic development.

n : The number of embryos after the slage of blastokinesis which were selected to observe their morphology rom

dissected egys.

RIEEE L 7-9028930% Th o720 TDER. 205
{b4230% % LA Z 3 hdoiz. E- T, 188
NTHRES N TV 2 4HOINOKRIETTREOE S L
309% & HeE LAz

COIIKIRERAT+7TlXb LA, 44
DM 3HEANLH17H 20183375 (H ARl (2 CBEF
RS, 1#HERVNT I (uG 2008 T,
b 21318 EEIZZR—D 16 ORFEZHE S X
912 CBEF AOR LI B 2472 (16 - 20T
Mo LT, ShH6m3#MIXZ CBEF AT, 20C
T6BE (MTH23MI8ESS IS &R T) ., FaE SN
oo B, AHMONKRIO 1 #MIIZDEFE2TT
ELIC6HMMERHEIT (uG- 2TH).

% LT, Eie® CBEF AD20TC TR R TOlR
DEGINREMET S/20, W FABE (Ground
Control) & LT 2CTHREL THANE20T Iz

L, BOUWMAIREIL ., i@l /2. #LC. 2
NOHOMWERET A EIZL T, 188 @ CBEF
W TOREMMFOREORFINTZHE L /2.
FORER FERARFOILIL . BAH] (Stagell~
14) THorzH, 6 NHERIIEERTY (Stage2)
FCEATWE = EDGH -1,

3. 2. 2 sfbLZdroMolEnRFIN
BUEA LS RUER L 7-FEB# ¥ (Ground Control, Shutile
Flight, 4G - 20CH. 1G-20CH:& uG:- 2TH)
20T, 2IEL 2o RENORORGINEE % A
ARz, FOREH. REiid 5 s bial £ TOES
WL L T A PEPII 2 TEAFAMBO T ¢#l
gL, MELTWEVEOREEXRL ISR
FOME, B ET2TIURREL., 0TIZ#
FTIZIE-TREELLE ENBR) T,

_2?_



1< % Hk it

A
<—
@

Fig. 6. Embryonic stages which is supposed to affect the embryonic reversal.

L The second maturation division and syngamy occur. Progress of synchronous cleavage mitosis is followed by
uniform invasion of the periplasm. 2 The germ band is formed, Suitable for acid treatment for artificial hatching.
3) ! Formation of stomodeum and proctodeum. 2 days after oviposition. (4) @ 3~3.5 days, Ivagination of the trachea
and the proctodeum proceeds and reaches the 16th segment. (5)and (& : Blastokinesis: embryonic reversal occurs
from 4 through 5 days after oviposition. (7' : 6 and 7 days after ovioisition, taenidium in spiral band is formed in
the tracheal tube. @ : 8 and 9days after oviposition, Pigmentation begins at the head, and pigments formed seta
and epithelium. A : Not decided experimentally whether this stage would be affect to the embryonic reversal

(blasokinesis). B @ The stages of (2) and (3) will affect the embryonic reversal. C © Stages of embryonic reversal,
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Expression of Hox Genes in Labial Glands of
the Sweet Potato Hornworm, Agrius convolvuli

Koji SHIRAL*, Makoto OKA, Kana FUKAMOTO and Kenji KIGUCHI

Division of Bioresource and Environmental Science. Faculty of Textile Science and Technology.
Shinshu University, Tokida 3-15-1, Ueda, Nagano 386-8567, Japan

Abstract

The sweet potato hornworm, Agrius convolvuli is classified within the Bombyvcoidea superfamily,
ITowever, despite their close taxonomic affiliation, the silk production strategies between A. convolvuli
and Bombyx mori are quite differenl. In this paper, we have cxamined the functional differences
between region 2 (middle) and region 3 (posterior) of the labial glands of A. convolvuli. The same
proteins are synthesized in the region 2 and region 3 of the gland during both the fifth and the
wandering stages. However, during the wandering stage, the amount (or ability) of silk protein
synthesis in the region 3 is quite higher than that of region 2. Macro autoradiography during
the wandering stage shows the putative boundary of region 2 and region 3. The expression of
Antennapedia (Antp) gene has only been detected in region 2. These results indieate that there are
developmental and functional differences between region 2 and region 3 of the larval labial glands,
although the same silk proteins are synthesizec in both regions.

Key Words @ Agrius convolvadi, Labial glands, Silk protein, Hox genes
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Fig. 1. The silk glands of B. mori (A) and the labial glands of 4. convolvali (B)
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Fig. 2. Comparison of newly synthesized
proteins in the labial glands between
region 2 and region 3
The region 2 and region 3 of labial

glands from fifth instar day 3 and the

wandering stage day 1 larvae were
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cultured in the Grace's medium with
radio-labeled amino acids. After 2 and
4 hours, the lumen proteins of the
cultured labial glands were collected.
Then the samples were separated by
SDS-PAGE. respectively, and the newly
svnthesized proteins were detected by
autoradiography.
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Fig. 3. Relative amounts of newly synthesized proteins at region 2 and region 3 of labial glands

Radio-labeled amino acids were injected into the hemocoe! of the fifth day 3 (A) and wandering day 1 (B)
larvae. After 4 and 8 hours, the lumen proteins were collected from the region 2 and region 3, respectively. Then
the relative amounts (cpm) of radio-labeled amino acids in the synthesized proteins were counted by scintillation

counter.

A B

Fig. 4. Macro auto-radiograms of labial glands

Radio-labeled amino acids were injected into the hemocoel of the fifth day 3 (A

and the wandering dav 1 (B)
larvae, After 4 hours, the labial glands were collected. and the collected glands were dried on the filter papers,
respectively. Then the samples were applied to the macro radio-autography for the detection of the boundary
between region 2 and region 3. The left panel is an autoradiogram of the gland. The right panel shows the pseudo-
color display of the same autoradiogram. An arrow indicates the putative boundary of the labial glands from the
wandering larva,
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Characterization of 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

In previous reports, f-laclamase activity In the assay for the activity was in view of poor activity,
so the assay was misleading for the comparison. Therefore, in this study. T tried to re-examine
the enzymatic aclivity of f-lactamase and on how to view it. The result showed that f-lactamase
activity was recognized in the hemolvmph during the fifth instar of the silkworm. Bombyx mori.
The activity was higher al one time during the metamorphosis period. These results suggested the
possibility that f-lactamase might be present aclually in the living boedy of B. mori. Moreover, 1
studied fractionating f-lactamase by means of Mono Q ion exchange chromatography. The result
suggested that fB-lactamase from the hemolymph of B. mo#i and the microbial-derived f-lactamase
were able to have fractionation by means of Mono @ ion chromatography. However. it seemns that

their elution patterns were different.

Key Words :© S-lactamase, Hemolymph, Silkworm, Bontbve maori
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Fig. 1. Relationship between the concentration of §f-lactamase and the consumption ol iodine reagent.
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Fig. 2. The lime-dependent change of f-lactamase activiry during the fifth instar of 5. mort.

The enzymatic activity in the figure is expressed as the consumption ol iodine reagent.
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Fig. 3 Mono Q ion exchange chromatography of (he hemolymph of B. mori. Peak 1 (tubes
2.3). Peak Il (tubes 6-7), Peak 11 (1ubes 10-11) and Peak IV ({ubes 15-16) were separately

pooled.
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Fig. 5. Mono () ion cxchange chromatography of Lhe microbial f-lactamase. Peak T (tube
3). Peak I (tubes 5-7), Peak M (tube 10), Peak IV (lubes 12-13) and Peak V (tubes 22-23)

were separatcely pooled.
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Study of the Ultraviolet Rays Fluorescence and a Color Value of Cocoon

Masatoshi TAKAHAMA (ICHIDA)*, Miwa MASAHARA*
and Yutaka BANNO **

*Bioresource Field Science Center, Faculty of Texiile Science, Kyoto Institute of Technology,
Ipponki-chou, Ukyou-ku, 616-8351 Kyoto
**Department of Genetic Resources Technology Faculty of Agriculture Kyushu University,
6-10-1 Hakozakt Iligashi-ku IFukuocka 812-8581, Japan

Abstract
The authors investigated the ultraviolet irradiation fluorescence for the cocoon of 455 silkworm
strains stored in Kyushu University, and then measured viewing-colored color value. On the basis
of the data, 2-dimensional figures which exhibil relations between a cocoon ecolor and the ultraviolet
rays fluorescent color, and a cocoon color and the color value were made.

Key Words : Ultraviolet irradiation fluorescence. Cocoon color, Bombyx mori L., L*a'b"
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Mechanical Properties of Kenaf Fiber

— Variation of Fiber Properties Induced by

Harvesting Timing and Stem Parts —

Akihiro NISHIMURA and Yukio SUGIMURA

Department of Applicd Biology. Graduare School of Science and Technology,
Kvoto Institute of Technology, Matsugasaki, Sakyo-ku, Kyoto 606-8585, Japan

Abstract
Physical properties of kenaf blast fiber were changed by harvesling timing and stem parts. The
denier values of the fibers increased along with cultivation period, which were closely associated
with growth pattern. The fibers were isolated from different stem parts which were harvested
in various cultivation periods and characterized to know the variation of physical properties. The
fibers from the middle part of stems that were grown for 4-5 months showed higher scores in the
breaking tensile slrength and the initial tensile resistance. Lower scores were recorded in the fibers

[rom the bottom and upper parts of stems,

Key Words : Kenaf fiber. Physical evaluation, Harvesting timing, Stem part
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Mode of Color Appearance

Akiko NEGISHI*

* Kinugasa Textile Research Insiiture. The Kinugasa-kai Foundation,
29 Kitano Shimo-Hakubai-cho Kita-ku Kyoto 6038326, Japan

Abstract

The modes of color appearance arc simply the various kinds of context or setting in which
color is perceived. There are many classifications of these modes because of the infinite variety of
textures and setlings with which colors are perccived in common visual expericnce. Katz was the
first to describe modes of appearance in a systemadc way in 1911, He thought the surface mode and
the film (illuminanl) mode were opposite and very important. 1n these two modes, color spaces
are consistently divided into 11 basic color categories respectively,

For constant background luminance, the appearance of the illuminant mode increases linearly
with increasing logarithmic stimulus luminance. The perception of the illuminant mode increases
with increasing saturation, thal is, 2 higher saturation leads to a stronger illuminant mode perception

for equal luminance stimuli.

Key Words : Mode of color appearance, Surface mode, Tlluminant mode, T.uminance. Saturation.
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2) #4 2® small heat shock protein (2B 3 215

A T2 2A5C TFTRELTHE LW LA L AHEEWRERTHLE. oD
EOBBMA ML ASEEE WS LETHA FLARENY Y2308, & IZBEXL (D
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DY R ETERRIZADPDSTILEFREL TWA,sHSP 77 31 —OR#Th % a-crvslallin
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BH N EE L TOWEUAOEKRES VO Z ENTPHENT . —~AFMIZbo:4 D sHSP D5
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IRWF RS, /N #E AR, BAIER, GG (2003) A A 2olREEEIZBIT L RARIL
WCHAMW L FORMEN || ERAFELEDBAFHHFEEHTAEZSE pho, RHERTK
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WA A, BF NG, DS, MEEEE (2002h)  # 1 SHREFHIZHIT S pyruvate kinase
DIEMERENZDWT  HARARFEDEOSMMVIEHS - 145 WU £ 38 SRR 25
REEFE pa6. SAGFHEET TIP3
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I PK O de novo SHUZOWT  HAZARZE AT LA MARRGINESS, H67TR &
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SENE et
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THATELFSMEAELE BENERANLES, 866 SHMETESRHEEES pl3.
MHRZERTRFE WRAFR/RSAH i RE

WF RS, BHEI . BMIEX, AEER, KBStorev, TEFH (2000) ERIIOULEFTIME
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&R pl7. RRAFERTIH
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RS HEWTOMF. 3639 WHEAKER

WE RS ORMEHL, % WP (2009b) iPS MRE % V72 B MK L O, B ARR#
HEAMAE 9831483153 U RWMNEEFESR

I. SERE 77 IHFETEMMROBMIBES E HIL > ) LEREDICET 2 M%)
1. 2EE Bt (FH FHEN (EHY LV ATEHRRASFH)
2. AT
REY) #2331 % Biomineralization (AEARNTOMBRR ORKEIL) THRIZL D, Z O
BT, Yar7BECaf@ Mg TERT LI LA mohTnAS. L, KB Cafs
MNET3 % Biomineralization W42 K E (U EENTHE Y, REFOEWFNEEHI RV 4
TRV, RFFEETIE, 7 7RICB T 5 KEL Ca B 35 ORENL, T3] B0 & 58
. 8] B2 RBECaERENIZOVWTRETAZZ L 2HME LI,
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& D compartment BAYLIE L 720 cell wall sac TR 9 — M o#E &2 (ki 1340 B 5 MERE 5 )°
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cell wall sac AN TOREE Cafidh A iBET 20012, o X 2Milgft g rF-cEmEL
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> THREFH A KOSV CaminmE LI EEm LTz, 2O RFERED . amorphous
WERCa ERIEL: TNEHOFESIE. cell wall sac \ZFRET 5 L U — ABARHEAD KB Ca DAL
W EAEREED (3] THEILERL T,

— 77, BEFONHE L 2B HIE % T, cell wall sac LT ARANBEIKEE Ca EATHIE 21
7o TR, cell wall sac 4720, 120 ng REECaAERML TEN ., MO THVETERENI Y ML
TWwize ZORWRBCaERMEAHAAOIE, RN A Cal A OMALELL S, Ca
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sac DEBEUSIE L. £OPLITIRA 4 ViREAMEE L. 74k % SUWOERT S L U &
ZREBTIIZOREIIER) 72, TDcell wall sac b2 B2 A F AE/NY —Vhbh, Cafd v id
cell wall sac IR CHIBEN T2 LELZ LN, THbE, CaM AR T7THETI A (il
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3. ffsEEmR
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Sugimura, Y. and Nitta. L (2007) : Cytological changes during cell wall sac formation in mulberry
idioblasts. Protoplasma, 231, 123-125.
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Jpn., 67, 445451,
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