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To enjoy easy dyeing with common plants

Yumiko IZUMI* and Akiko NEGISHI**

*Department of Human Life Studies. Kacho college,
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Abstraci

Natural dves are very popular in handicrafrs, though most of them are not used in industry
today. This paper introduces the way to enjoy dyeing salely at home with common plants such
as weeds, herbs. vegetables, tea leaves, beans and so on. TFor salety, edible plants are mainly used.
Starch can be used in marbling print to float dves. On the whole, silk cloth dyes well.

For reference, the pictures of silk cloths and cotton cloths that arc dyed with 13 kinds of plant
extracts are added as color samples. Those colors are specified according (o their three attributes
(HV-C) by matching with JIS standard color chips.

Key Words : natural dves. plants, handicrafts
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Suppression of Atherosclerosis by Mulberry Leaf
— Analysis using Disease Model Mouse —

Kaeko KAMET*, Akiko HARAUMA *, Masatoshi ICHIDA **, Hidenori ARAT***,
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*Department of Applied Biology, Kvoto Institute of Technology.
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Abstract

We examined whether a dietary intake of mulberry leaf could affect atherogenesis i vivo.
Apolipoprotein E-delicient mice were fed either normal chow (control group) or a diet containing
1% mulberry leaf powder (mulberry group) from 6 weeks of age. The mice were sacrificed after
12 weeks, The susceptibility of plasma lipoprotein to oxidation was assessed using diene formation.
A significant increase in the lag time of lipoprotein oxidation was detected in the mulberry group
compared with the control group. The mulberry group showed a 10% reduction in atherosclerotic
lesion size in the aortae compared with the control Furthermore, immunohistochemical analvses
were also performed f[or analyzing cell compaosition in the atherogenetic lesion site.

Key Words : Mulberry leaves, Atherosclerosis, Apolipoprotein E-deficient mice
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Control | Normal Chow Diet (CHF) ]
n=7
Mulberry | CNF containing 1% (wt/wt) muiberry powder ]
n=7
Age 6 10 14 18
| | [ | wks.
1 T T 1

I'ig. |. Experimental protocols. Al 6 weeks of age, tnice were randomly divided into 2 groups {courrol and
mulberry leal groups). The mice woere fasted overnight before colieetion of blood from the tail at 6, 10 and
14 weeks of age, and from the heart at 18 weeks of age. The mice were sacrificed at the end of study (18
wecks of age) under anesthesia with ether and hearts were obtained for subscquent analyses.

—— OV FE—)L

—-— R
- 500
N o fo— 400 B
O &= E
o . )
35+ 300 & Fig. 2. Body weight and plasm cholesterol
5 30‘| % levels in the control and mulberry groups
= 251 200 © of apuk ~ mice.
= 201 b
2 151 @
'8 101 100 <
=]
5_
0 -0
6 10 14 18
wks of age
0.04 o e
0.03
E Non-HDL Non-HDL
= (Contral) (Mulberry)
& 0.02
g O
@
(8}
& Lag Time
€ 001 Contral 65 min
3 Mulberry 175 min
<
)] _ = i ol o L ' i R
5 105 155 205 255 305 355 405 455 515 565
-0.01 -

Time (nmn)

Fig. 3. Oxidartion of non-HDL from apeF ™~ mice in the control (@) and mulberry (I groups. Conjugated-
dienc formation during the incubation of lipoprotein and CuSO. was measured at 234nm.
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Fig. 4. Representative photomicrographs of the aortic
sinus from apeE ™~ mice. The animals in the control
(left) and mulberry (right) groups were sacrificed
at 18 weeks of age, and the aortic roots were stained

with oil red-O and hematoxvlin.
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Fig. 5. Quantification of atherosclerotic lesion area
stained by oil red-0O. The atherosclerotic lesion
was quantified as the fraction area of control and
mulberry groups. The mulberry group showed 61%
less atherosclerosis compared with the control group.
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B -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
The aclivity of f-lactamase in the hemolymph of the silkworm, Bombyx mori. was estimated by
using the method of Sargent (1968), and of Sawai and Takahashi (1978). On basis of the methods,
B -lactamase was fractionated from the hemolymph of 10% day of the 5" instar larvae by means
of gel filtration and Mono Q ion-exchange chromatlography. The activity was at trace level on day
3 and 6 of 5" instar, and increase to a high level on day 8 (matured larva) and day 10 (spinning
larva}, bul decreasc to a low level at pupal slage. suggesting that ff -lactamase might be contribure

to the larval-pupal metamorphosis.

Key Words : f-lactamasc, Hemolymph. Silkworm, Bombyx mor:

1. £2PE

INETIL A4 IPUERHFDOL 7 F > [8:E
¥ oNyHOBFOMEBIZBWT, 2 kITESK
By (1R7CH 70— A VETR ST k).,
2HITH (SDS-ENT 2T L FVERK
) Lo TRONI2DDAEY M EXAns
Pk LC, L b)) 72 ik, < b v 2 A
RINL —F— P A & AL/ R ITR RV E R A
(MALDI-TOF MS) T4rftL. A4 A4 % —F
aFNITIL RGN ETF— 5 X— A
FIZELA, ZOHE, 2RTERKENI- LT
BOENTARY FDH D | DNR-F 7y~ —+
(FC35.26) ThhHEFwIN[L2], ZHZ L
. =Rz p- I 2 yv—ERRZy) o0 LAk
B-7 2 FLHMDA-F 75 LIRENBTLIEIZE
DHLWEE b L KA EREEE E LTSN T
WA ENLL[3A7]. A aOLEEHEE 2

ALTHEICHIKREVWERZRLZENTEL
DrEZHIDL,
ARETIE. A A4 DI BIDL B-72 5
v —EOIFEOHAL 7V ik Mono Q 1 4
VRO NI T4 =LY A EESSD BT
Y 4~ —EDLNI o TR L7z,
LA L Ktk 3174 512 % 7o
THfERL G- 22 H MNP R EEIR L
SR E SR LM T i

2. MEIBLUHE

2. 1 #HEEF
LAFENME LCiE, BEHE)V, E2F
THRTTL 7. SRR o 22,260 X g T1555

ELATEEL . FO LB LR 7,

*5EAE | TR A BRI ID2TR

631-8585 RN FRBE3ITHL - 3. E-mal : katou@tczukavama-uacip. TH & B 0742.41-1793

31_



0.6

0.3 r

Absorbance at 540 nm

0.2

80 120 160

Concentration of 8 —lactamase (u g)

Fig 1. Standard curve of £ -lactamase activity.
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place of f-lactamase and absorbance.

DIERTHM SN T TE A LInERYARI v EE
HELTW2 Z LD Hg Iz, 70, FORIC
-7 7% <w—YORELMSHOWNE & 13T
BIDBERIZH B 2 e s (1), 202
EL B DO & f-F 7 &~ — Gt &
JEMT A EDNTETHALZ EERL T D,

3. 2 HAOEEPOB-T IR —EiEHOE
k&

IV, EBRDOB-T =D ITHW
oh A IEREOWRE & REOW T & DR
ATz, T A I SEENRI0E oA e
(10mg) %100 u¢ OOIM V) ¥ EERERIZ B L.
FNHLDI0uL « 30ul . 60 ul & EHl HOEE
EL7. BRENOIE (=2 GhY T 4
1) WD S E S O RO KIS HO540nm
BT ABENLER 21 R Lz, Bl b, R
FEAEMF I RSOV T Lz, 20
TR AR T sy — Y OETT
AOREMEL R L2, FOTC, WICH 1 afkiiho
B-7 7 =—LOsxML SHEFBNT L0
W A a5 NARE D p-T7 7 ¥ e —BiEHE
DFEFHELIZET 2MEZ T2 /20 FOHRE
T LIRT . &1 Tk, BETRES L7

>

30
Concentration of sample solution ( ¢ 1)

The reladonship berween the concentration of the hemolvmph of the silkworm in

Table 1. Change of fS-lactamase activity in the
hemolymph of the silkworm with development
and growth of fifth instar larvac.

Days after 4th ccdysis Absorbance at 540 nm
Conrrol * 0.1
3rd 0517
6th 0505
8th 0.459
10th 046
13th 0.446
17th 0493

* Non trecated reaction mixture with hemolymph was
used as “control”.
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Fig 3. Fractionation of the larval hemolymph of the silkworm on day 10 in the fifth instar
by gel filtration through Superdex 200. IFr-1 (tubes 20-32), Fr-TI ({ubes 47-49) and
[Fr-II (tubes 51-53) were scparately pooled. dialvzed and lvophilized.
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Fig. 4. Activity of f-lactamase in the fractions obtained by gel filtration (rom the
hemolymph on day 10 as shown in Fig. 3. The activity of cach fraction {10 mg of
lyophilizate) was assayed with Penicillin G Potassiurn Salt as the substrate, by using to
the procedure described in “MATERIALS and METHODS".
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Fig. 5. Mono Q ion exchange chromatography of the larval hemolymph of the silkworm
on day 10 in the fifth instar. Peak 1 (tubes 2-3). Peak T (tubes 6-7), Peak Il (tubes
10-11) and Peak WV (tubcs 15-16) were separately pooled.
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Fig 6. Activity of B-lactamase in the peaks obtained by Mono Q ion exchange

chromatography from the hemolymph on day 10 as shown in Fig. 5. The activicy of each

peak (05 mf of solution) was assaved with Penicillin G Potassium Salt as the sabstrate.
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Abstract

Sensttivity of Bombyx eggs to a heavy ion beam was eslimated from the frequency of somatic
mutation which was shown by the white spot(s) on the black integument of the fifth instar larvac.
The number of larvae with the white spot has been clarified as index of the incidence of somatic
mutation. The highest sensitivity was observed on day 2 during resumption of embryogenesis afrer
the termination of diapause, dependently on the dose of Ne. C and Fe ion beams. The sensitivity was
higher in the Fe-irradiated eggs than in Ne-irradiated ones. On the basis of these dara, the authors
examined lhe sensitivity of embryonic developmental eggs to a low dose of Fe 1on beams. The
experiment was performed three times under the same irradiation condition. The somatic mutation
was induced cven by the irradiation of 2 mGy Fe 1on beam to 2 day-old cggs after resumption of
cmbryonic development. Differential Display Reverse Transcriptase Polvmerase Chain Reaction
showed that the irradiation of Fe ion on the day 2 eggs of the resumption of embryogenesis induced
influences of gene expression, suggesting that the influence of cosmic ravs on the gene(s) could be
estimated using Bombvx eggs.

Key Words : Somatic mutalion, Bombyr cgg, Gene expression, Ileavy ion beam. Cosmic ray
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Fig. 1. Somatic mutation appears as
white spotlarrows) on back integument
of 5th instar larvae from heavy ion
beam irradiated eggs of the silkworm,
Bombyx mori. The explanation about

each photo is in the text.
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Fig. 2. Sensitivity of diapause cggs and diapause-terminated eggs to Ne-ion beam, and Lhe frequencey of somatic

I 12

Egg Colour Mutation (%)
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mutation in the second gencration. A) The diapauses eggs were kept at 25T for first 13 days after oviposition,

and then transferred to 5T to terminate diapause state. Fourly days after the beginning of 5T storage, Ne

ion-beams were irradiated to the eggs. After the irradiation, these eggs were further kept at 5C for 43 days.

B) The above diapause eggs (13 dav-old eggs aller oviposition) were kept at 5T for 93 days, and irradiated

with Ne ion beams. Both the diapausc (A) and the diapauscs terminated (B) eggs were transferred to 25T to

resume embiyogenesis. The hatched larvae were reared. and the frequency of somatic mutation was investigated

in 5%-jnstar larvae. The female larvae were grown up to adults to mate with the male adult of the pe/7e strain

(egg-color mutation) to examine the radiation effects in the second generation. The effecls were monitored by

oviposited egg-colour
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Trradiation Day after resumption, and races

Sensitivity of embrvo after diapauses-icrmination against Ne jon-beams,

The heterozygote (cggs) of two hybrids (E : p°+%, +/EP, P: 5, +/+) were kept at 5C for first 11
days after aviposition. These eggs were transferred from 5T t 25T to resumc embryogencsis 126 days after

the

beginning of the chilling. On the day 0, 2, 5 and 7days after the resume embryogenesis, Ne ion beams were

irradiated to these eggs, and then incubated at 25T. The newly hatched larvae were reared, and checked the
[requency of the somatic mutation ar 5" instar larvae.

Somatic Mutation (%6)

Fig. 4.
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Dose responsive of the 2-day old embryos aller diapauses-lermination against each doses of Carbon, Neon
Iron (Fe) ion beams.
Carbon beam - The diapause eggs were kept at 25C for first 14 days after oviposition. and then transferred
1o 5T to terminate diapause state. These eggs were transferred again (o 25T to resume embryogenesis
on 108 days after the beginning of the chilling. On day 2 after the beginning of the embryogencsis, carbon
beams were irradiated to the eggs.
Neon beam : The diapause eggs were kept at 25C [or lirst 14 days alter oviposition, and then transferred
1o 5T to terminate diapause state. These eggs were transferred agan to 25C to resume ecmbryogencsis on
126 days aftcr the beginning of the chilling. On day 2 after the beginning of the embryogenesis, Neon beams
were irradiated to the cggs.
Iron (Fe) beam: The diapause eggs were kept at 25T for first 19 days after oviposition. and then transferred
to 5T (o lerminate diapause state. These eggs were (ransferred again to 25T to rosume embryogenesis
on 134 days after the beginning of the chilting. On day 2 aller the beginning of the embryogencsis. carbon
beams were irradiated to the cggs.

The frequency of color mutation in the second generation was measured by the same method as shown in
Fig. 2.
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Fig. 5. Dose dependency of the 2-day old embryo after resumption of embryogencsis against a low dose of Iron

(Fe) ion beams. The diapauses-terminated cggs were transferred from 5T to 25C to resume embryogenesis. On
day 2 after the beginning of the embrvogenesis, 0.002Gy ~0.35Gy of Ferrous ion beams (500MeV /u. Mono, 10cm
o) were irradiated to the eggs. The experiments were repeated three times under the almost same conditions.

Figurc a was changed into the figure b which indicates the correlation between dosc and frequency of somatic

mutation.
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Fig. 6. Effect of Ferrous ion beams on the expression of genes during embryvogenesis.

A) The diapause-terminated eggs were transferred to 5T to 25T to resume embryogenesis. The day 2- old

embryo after the resumption was irradiated to Ferrous ion beam. Twelve hours later the RNA was extracted,

and ¢cDNAs were amplified from the template of the RNA using the following primers. C : non-irradiated, 1 :

irradiated

Primers : Pl : 5Rodamine-T#AA-3. 5-GATCATAGCC-3' P7 : 5Rodamine-TnAA-3, 5-GATCATGGTC-3
P12 : 5Rodamine-TnAA-3, 5-CTGATCCATG-3' P15 : SRodamine-TrAA-3. 5-GATCAATCGC-3

P20 : 5Rodamine-TnAA-3. 5-GATC

B) The 2-day old embryo after the resumption was irradiated to Ferrous ion beam. Twelve hours later (day 2)

the ferrous ion beam were irradiated to the eggs, and thereafter these eggs were incubated at 25C. The RNA

was extracted from day 2, day 4. day 6 and day 8 old eggs after the resumption, and cDNAs were amplified from
the template of the RNA using the primers : 5Rhodamine-T#AC-3, 5-GATCATAGCC-3).

C ! non-rradiated, I : irradiated
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Abstract

BmTRN-1, an RNA-binding protein homologous to mammalian TTIA-1/TIAR, which posscsses
threc RNA recognition motifs (RRMs) followed bv a C-terminal auxiliary domain was shown to
be involved in several mechanisms of RNA metabolism including the regulation of transcripts
in the cells of the silkworm, Bombyx maori. The present gene analysis revealed that, in addition
to previously reported mRNA, another isoform of mRNA with an alternatively spliced exon
coding for an additional 14 amino acids in the auxiliary domain, was transcribed. Reporter protein
production from the introduced plasmid was shown to be mnhibited in the cultured cells by
overexpressing both GFP-fused isoforms of BmTRN-1 with significant poly(U)-binding activity.,
but not by overexpressing the truncated mutant, such as RRM1-3 and the auxiliary domain. This
indicates that the entire sequence of BmTRN-1 including both RRM1-3 and the auxiliary domain
is necessary for the regulation of transcripts. Furthermore, analyses of the subcellular distribution
of BmTRN-1 indicated that full-length BmTRN-1 is a shuttling protein present in both the nucleus
and cytoplasm. However, BmTRN-1 was strongly distributed in the nucleus, especially when the
cells were infected by the baculovirus, Autographa californica nuclcopolyhedrosis virus (AcNPV),
Production of the glycoprotein of AcNPV, in the cyteplasm of infected cells, was clearly inhibited
by the strong presence of both the full-length BmTRN-1 isoforms. In addition, the domains of
BmTRN-1 related to its nuclear export and nuclear accumulation during viral infection were found
to be RRM2 and RRM3, respectively. Thus, these findings indicate that BmTRN-1 with the domain
responsible (or iis nuclear accumulation caused by the viral infection, was possibly related to the
cellular function of eliminating baculovirus transcripts in Lthe nucleus.

) of the gene Rox8 which shares 16% amino
Introduction

Several TIA-1-like molecules have also been
found in certain insect species, which are
considerably dilferent from mammals in their

evolution chronology. In Drosophile, expression

acid identity with TIA-]l, has been shown to be
up-regulated, cspecially during the egg formation
process[1]. In the silkworm Bombyx mor:, the
Rox8 homologue, named BmTRN-1, was identified
as a developmentally regulatcd RNA-binding

* MG R E TSR TR b | 2R BT ZE RHE B A P 3 1T
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protein[2]. The effective inhibition of BmTRN-1
prolein synthesis in cultured Bombyx cells
wransfected with an oligonucleotide coding for
the antisense of BmTRN-1 and then maintained
under BmTRN-l-nsufficient conditions until 48
hours after treatment, revealed a clear increase
in the amount of several reporter proteins
and transcripts expressed from co-transfected
plasmids. This dcmonstrated that BmTRN-1
could act as a regulator, particularly for the
mechanism of eliminating transcripts potentially
targeling BmTRN-1 recognition in the authentic
posi-transcriplional process[2]. Also, another
homologous RNA-binding protein, STTRN-1 from
cultured Spodoptera cells. was shown to exhibit
similar characteristics, as its inhibition led to a
similar increase in the reporter mRNA level[3].

BmTRN-1 and SfTRN-1 as well as the other
TIA-1 family proteins contain three N-terminal
RNA (RRM1-3) and a

putative C-terminal auxiliary domain that arc

recognition motils
fundamentally less homologous to the mammalian
TIA-1 family[2,3]. It was demonstrated through
the use of arrficial GFP-fused proteins and
inhibitors of the nuclear importing or exporting
mcchanisms. that RRM RNA-binding activities
were important for the subcellular localization of
TIA-1/TIAR, which continuously shuttle between
the cytoplasm and nucleus in cos-7 cclls[4]. Under
normal conditions in cos-7 cclls, TIA-1/TIAR
show a greater tendency to accumulatc in the
nucleus due to the specific role of RRM2 RNA-
binding activity and the first half of the auxiliary
domain. Since most similar proteins from various
sources were shown to exhibit the properties
of molecules  shuttling  between  subcellular
organelles, and to have localization specificities
strongly linked to certain physiological conditions
of cells, it is important 10 study the subccllular
localization of TTA-1 family members in cells

from several other sources including BmTRN-1

and SfTRN-1 in insects.

Also. the [unctions of TIA-1/TIAR were shown
tc be related to infeetions by specific viruses
such as the flavivirus, whose minus-strand RNA
genome with a 3" stem loop bound specifically to
TIA-1/TIARI[56]. Both proteins co-localized with
viral dsRNA in infected mammalian cells, and
interact with the 3-terminal stem loop structure
of the viral minus-strand RNA for the facilitation
of viral genomic RNA synthesis. In contrast, the
multiplication of some other single-stranded RNA
viruses, such as the sindbis virus, the vesicular
stomaritis  virus, and the double-stranded
DNA virus HSV-1. were activated in infected
mammalian cells in which TIA-1 expression was
artificially inhibited[5]. From these results, it has
been shown that TIA-1 family proteins either
regulate viral infection processes, or specific
viruses utilize the interaction between TIA-1 and
RNA for their infection due to the ability of TIA-1
family members to rccognize certain sequences
of RNA. Many insect species have been studied
using a double-stranded DNA virus referred to as
baculovirus, including the Autographa californica
nucleopolyhedrosis virus (AcNPV)., which has
a broad host range and causes varying disease
symptoms among several of the investigated
host insects. For example, AcNPV causcs the full
range of discase symploms including the active
production of daughter viruses, termination of
all host protcin production, and cell death in the
typical host, Spodoptera cells. AcNPY was shown
T0 cause a semi-productive infection in Bombyx
cells, since viral genomic DNA replication and
budding of the viral particles were detected
to some extent, but this was with neither cell
death nor the arrest of total protein production
scen for other kinds of baculovirus in different
hosts[7.8].

AcNPV in Bombyx cells was due to pulative

This semi-productive infection of

cellular mecchanisms including cellular protein
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factors, which diminish viral protein production
to inhibit wviral reproduction cycles. Howcver,
less has been discovered regarding host-based
intracellular regulation against NPV infection
and therefore it seems very important to clarify
whether there 1s a relationship belween the
function of the baculovirus and the potential
biological significance of TRN-1. shown to be a
regulator of transcripts in insect cells.

In the present study, overexpression ol
BmTRN-1 in BmN4 cells was investigated. and
it was clearly shown that BmTRN-1 could inhibit
aspects of AcNPV activity. such as cavelope
protein production. In addition. the observation
of the subcellular distribulion of GFP-fused
BmTRN-1 or truncated mutants showed that
the distribution pattern of BmTRN-1 changed,
particularly in the AeNPV-infected cells. From
these results, it can be ascertained that in the
inscct cells, BmTRN-1 could have the specific
function of inhibiting the production of both

AcNPV transcripts and proteins.

2. Materials and methods

2. 1 Cloning and sequencing of alternatively
spliced BmTRN-1 mRBNA and genomic
DNA

Bv cmploying a PCR method for amplifving the
gene of the [ull-length BmTRN-1 using primers,
from the first strand of ¢cDNA for the BmNA4
mRNA as a template. and the enzyme KOD-plus
version 2 (Toyvobo Biochemical, Osaka. Japan),
we cloned another gene fragment which encodes
402 amino acids with a calculaled molecular mass
of approximarely 44 kDa. We also analyzed the
BmTRN-1 gene in an isolated clone [rom the
Bombyx mori BAC library described by Wu ef
al.[9]. The entire sequence of the BmTRN-1
gene and the open reading frame {ORF) of cDNA
for the 44.1-kDa BmTRN-1 were deposited in the

(2008) Nol2

Genbank database under the accession numbers.
AB461842 and AB461841, respecuvely.

2. 2 Overexpression of the BmTRN-1 protein
and several truncated BmTRN-1-derived
proteins

(i} Expression vector construction

For overexpression in BmN4 cells of the
artificially designed proteins, N-terminal GIFFP
plus C-lerminal BmTRN-1-derived sequences, as
shown in Fig. 3A, were nscrted downstream of
the Orgyia psudotsugata NPV 1E2 promoter in
the insect expression vector, plZ/llis-V5., The
recombinant plasmids were constructed by
inserting the fulllength amino acid scquence of
BmTRN-1.2] (441-kDa isoform, aal<402 425-
kDa isoform, a.a.1-388}, a truncated sequence such
as the RRM1-3 region (a.a.1-284), or C-terminal
auxiliary domain (auxiliary domain of the 44.1-kDa
isoform, a.a.295-402; that of the 425-kDa isoform,
2.a.295-388). into the restriction site berween
EcoRT and Xbal, and a full-length improved
GFP into the EcoRI site from the start to the
termination codon. as described by Cramecri et
al.[10]. Through application of the PCR methods,
we constructed recombinant plasmids, including
the designed scquence. encoding the GFP-fused
full-length 42.5-kDa isoform lacking characteristic
subdomains such as RRM1 at amino acid positions
8 through &1 (designated as AR1}, RRM2 from
92 through 179 {ARZ), RRM3 from 187 through
280 {AR3), the anterior half of the C-terminal
auxiliary domain from 289 through 330 {AA1),
and the posterior half of the auxiliary domain
from 339 through 380 (AA2), respectively. All
constructs were subsequently sequenced.

These plasmids  were cloned in  bacterial
cells, then purified [rom their bacterial culture
using the Genopure plasmid midi kit (Roche
Diagnostics, Manheim, Germany), and transfected

into BmN4 cells. This was done by mixing 3 4l
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of the FUGENE™HD transfection kit (Roche
Diagnostics, Manheim, Germany] with 2 upg of
plasmid DNA dissolved in 100 ul of ESF921 afller
wailing 25 minutes for the process to complete.
Next, 25 ul of the mixture was added 10 a medium
that did not contain the serum in which the BmN4
cell monolayer (0.7 x 1(P cells per 16-mm culture
dish) was formed. The medium in each dish was
then changed to a new one with the serum, and

the cells were cultured in the dish.

(1) Poly(U)-binding of the recombinant proteins

For investigating the poly(Uj-binding of the
recombinant BmTRN-1 or truncated BmTRN-1
proteins fused to N-terminal GI'P expressed in
BmN4 cells, lysed cell proteins in 50 g of binding
buffer contaming 20 mM IIEPES. pH 75, 150
mM NaCl, 1 mM EDTA, 1.0% Triton X-100, 0.5%
deoxycholate, and 0.1% SDS were mixed with a
washed 5- 4l suspension of Sepharose conjugated
with poly(U) and poly(G) RNA (06 ug/ul of
RNA). After being incubated for 1 hour at 4C and
washed three times in the same buffer. proteins
bound specifically to the RNAs were precipitaled
with the resin, heat denatured, and then detected
with the Western blot analysis following 12.5%
SDS-polyacrylamide gel electrophoresis, using
the anti-GFP antibody. The detected recombinant
proteins bound to poly(U) were confirmed to be
the same as the immunoprecipitates from the
same cell lysates prepared by specific binding
to the GFP antibody on the protein G-sepharose
resin (GE Healthcare, Buckinghamshire, UK) in

the same binding buffer.

(i) Effects of recombinant proteins on reporter
protein production

To mvestigate the effect of overexpression of

the full-length or truncated BmTRN-1 protein on

the level of reporter protcin production, 1 ug of

plasmid DNA encoding the full-length or lruncated

BmTRN-1 fused to N-terminal GFP and GFP as
a control were used to co-transfect BmN4 cclls
with 1 ug of a reporter gene containing pIEX-4,
in which a chloramphenicol acetyl transferase
gene plus SV5 epitope (CAT-SV3) were inscrted
downstream of the IE-1 promoter sit¢ under
similar transfection conditions as described above.
Western blol analyses of the cellular samples
following the electrophoresis of proteins in a
12.5% SDS-polyacrylamide gel and electroblotting
of separated proteins onto the PVDF membrane
were performed to investigale the cxpression of
recombinant proteins in thc BmN4 cells using
1 pg/ul of anti-GFP antibody or to investigate
the production of reporter CAT-SV5 protein
using an antibodyv specific for the SV5 antigen
under the conditions previously described (first
antibody/buffer=1:50000 (Kotani et al, 2003).
The results obtained using an HRP-conjugated
secondary antibody were visualized with an
ECL-plus detection system (GE Healthcare,
Buckinghamshire, UK}.

2. 3 Fluorescence microscopy

of the GFP-
{used proteins was analyzed 48 hours after
AcNPV

washed three times for 5 min with PBS, fixed

The subcellular distribution

infection. Cells on coverslips were

with 2% paraformaldehyde for 30 min at room
temperature, washed three times with PB3S for 5
mir, permeabilized with 0.5% Trilon X-100, treated
with ribonuclease A for the removal of RNA
polymer in the cells. and then mounted with the
VECTASHIELD medium (Vector Laboratories,
Burlingame, CA. USA) and propidium 1odide (1.0
ng/mlj.

The AcNPV gp64 produced was analyzed
through use of the same procedure, except that
after fixation in 2% paraformaldehyde and rinsing
in PBS, cells on the coverslips were permeabilized

with 0.5% Triton X-100, washed three times in
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PBS for 5 min. and blocked with 10% goat serum
for 60 min at room temperature. The coverslips
were then incubated with the primarv antibody
in 0.3% Triton X-100 overnight al 4T {(anti-gp64/
buffer=1:300). Then. the coverslips were washed
three tumes for 5 min in 0.3% Triton X-100. For
the detection of gp64 by the sccondary antibody,
the coverslips were blocked In 10% goat serum
for 60 min at room temperature. incubated (or
3 hours at 4C with the secondary antibody:
Texas red-conjugated goat anti-mouse (antibody/
buffer=1:500), then washed three limes for 5
min in 03% Triton X-100, and mounted with
the VECTASHIELD medium. Cells were then
examined by confocal {luorescence microscopy
(LSM510, Carl Zeiss
Thornwood, NY. USA).

The quantification of the cytoplasmic and

Microlmaging, Inc.

nuclear fluorescence of GFP was performed by
integrating the signal in identical surface units
taken in cach subceellular compartment. assuming
that the nuclear and cvtoplasmic compartments
of BmN4 cells have similar surfaces. This
analysis was performed using at least 20 cells,
and the average ratio of ¢ytoplasmic and nuclear
fluorescence was plotted as a percentage.

Also, the relative amount of the AcNPV gp64
protein detected using the anti-gp64 antibody and
Texas red-conjugated secondary antibody was
quantified 48 hours after the post AcNPV inlection
in the cytoplasm of the cells overexpressing GFP
as a mock, and either the GFP-lused full-length
BmTRN-1 425-kDa or 44.1-kDa isoform, and cells
overexpressing hoth isoforms. These cells were
infected by AcNPV (MOI of 10) 418 hours after
the transfection. For the double transfection
of the expression plasmid for both fulllength
1soforms, 1 ug of each plasmid DNA expressing
the GFP-fused 125kDa and 44.1-kDa isolorms
was used, while 2 ug of plasmid DNA expressing
the GFP-fuscd 425-kDa or 44.1-kDa isoforms was

(2008) Nol2

used (or separate transfections.

3. Results

3. 1 Alternative splicing of the BmTRN-1
gene

Previously, we identified a complementary
DNA with a 388-amino acid RNA-binding protein
named Bombyx mori TRN-1 (BmTRN-1) with
approximately a 42 kDa calculated mass, which
mammalian TIA-1/TIAR,

from the midgut tissue and cultured cells of the

is homologous to

silkworm, Bombyx mori. Since BmTRN-1 showed
two isoforms detected in an SDS-PAGE gel, being
44.1-kDa and 42.5-kDa, and the molecular size of
the 42.5-kDa isoform corresponded to that of the
previous cDNA-encoded protein, we predicled
that the larger 1soform could be gencrated by
the same gene through alternative splicing or by
a modification of the translated protein such as
phosphorylation or glycosylation. However, no
conclusive cvidence of this was found, though
BmTRN-1 was demonstrated to have an important
role eliminating possible target transcripts in
post-transcriptional regulation[2]. In order to
gain more insight into the biological significance
of BmTRN-1 in silkworm cells, overexpression
of the fulllength or truncated BmTRN-1 in the
BmNA1 cell line was performed to evaluate its
effect on the regulation of transcripts and protein
svnthesis.

During these experimental procedures, we
obtained another cDNA encoding with a 402-amino
acid sequence and an cstimated molecular mass
of approximately 44 kDa which corresponded to
the larger 44.1kDa BmTRN-1 isoform[2]. Figs.
1A and B show the exon-intron organization,
and the additional nucleic acids and amino acid
scquence of the alternartively spliced mRNA of
the BmTRN-1 gene sequence encoded by an

isolated BAC clone from the library described by
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Wu et al.19]. The 44.1-kDa BmTRN-1 is shown to
be translated from the larger mRNA containing
an additional exon lying inside the first intron
region of the 42.5-kDa isoform mRNA. Since the
first intron is located within the region coding for
near the starting portion of the auxiliary domain.,
the addilional 14 amino acids of the alternative
cxon caused the difference in the primary
structure of the auxiliary domain between the
44.1-kDa and 425-kDa isoforms. All the intron-
exon border sequences of the two isoform
mRNAs fall into the generally conserved AG-GU
rule {(Fig. 1B). indicating that the two isolorms
possessing different auxiliary domain structures

arc generated by alternarive splicing.

3. 2 Effects of the
BmTRN-1
reporter protein production

overexpression  of
in the cultured cells on

To evaluate the effect of BmTRN-1s function
on the synthesis of proteins, production of CAT-
SVH (see "MATERIALS AND METHODS")
was investigated in BmN4 cells overexpressing
rccombinanl proteins comprised of both an
N-lerminal GFP plus the fulllength BmTRN-1
isoforms and truncared mutants such as RRM1-3,
the 12.5-kDa isoform’s auxiliary domain. and the
44 1-kDa isoform’s auxiliary domain. Through the
use of Western blotting, using a specific GFI?
antibody, 1t was possible to confirm that all of
the recombinant proteins were substantially
expressed (Fig. 2A). An assay for the polyiU)
RNA-binding of all the

proteins was

recombinant  [usion
performed by mixing RNA-
conjugated agarose resin and the recombinant
protcin samples mm a test tube, followed by
thorough washing and detection of the specifie
precipitates using the antibedy against GFP. The
results, shown in Fig. 2B, conlirmed that there
was no polviGJ-binding, but showed significant

poly(Ul-binding of the recombinant fulllength

protein and the troncated protein lacking the
auxiliary domain, in which the RRM1-3 domain
had no sequential deficit, meaning that therc was
no impeding influence of their fusion with GFP on
the original RNA-binding aclivity of the RRM1-3
domain. This indicated that investigations using
the recombinant proteins should be ellective in
studving the cellular function of BmTRN-1.
Furthermore, the function of these recombinant
proteins in reporter protein production in cultured
cells was investigated by co-transfection of the
vector expressing the series of recombinant
proteins and Lhe reporter vector producing CAT-
SV5, both of which were controlled by different
promoters. As shown in Fig. 2C, a distinctive
reduction of the CAT-SV5 protein was shown in
the cells overexpressing both the GFP-fused full-
length 42.5kDa and 44.1-kDa BmTRN-1 protcins,
whereas the other expressed recombinant proteins
did not show any significant, detectable effect
on reporter protein production. This indicates
that both full-length BmTRN-1 isoforms can
inhibil reporter protein production. which is
consistent with previous results obtained using
BmTRN-1 knock-down cells where the CAT-5VH
reporter protein increased (Kotani ef al., 2003).
Authentic BmTRN-1 was previously shown to
recognize and dampen the reporter CAT-SV5H
transcript relatively weakly compared to other
artificial reporter proteins because of a possible
difference in sequence between the CAT-SVbH
transcript and the other reporter transcripts.
However. expression of the recombinant
BmTRN-1 protein at 4 much higher level than the
authentic protein in the cultured cells revealed
a sulliciently significant reduction in CAT-
SV5H production. From this, it can be assessed
that CAT-SV5 is an appropriate reporter for
BmTRN-1's

function with understanding that the (ranscripls

investigating the recombinant

of other artificial reporters were so responsive

_44_



(2008) Nol2

TRHTADSNSTVPDQ)

Fig. 1. Bombyx mori BnTRN-1 gene. (A) A schematic diagram of the BmTRN-1 genomic sequence with two
BmTRN-1 mRNA isoforms encoding 42.5-kDa and 44.1-kDa proteins. Numbers indicate the nucleotide positions
where the +1 position indicates the first nucleotide for the start codon, exons are represented by open boxes, and
introns are indicated by horizontal bars. The red boxes indicate the alternative exon coding for the additional
sequence, VRHTADSNSTVPDQ, in the auxiliary domain of the 44.1-kDa isoform. (B) Exon-dintron junction
sequences of the BmTRN-1 gene with the nucleotide sequences flanking the 3~ and 5-splice sites shown. Exon
sequences are indicated by capital letters and intron sequences by lower case letters. The amino acid residues
encoded by the junction nucleotides of the exons are represented by single letter codes. The alternative exon
coding for nucleotide and amino acid sequences is represented by red letters. The lengths of the exons are shown
on the right.

Fig. 2. Reporter protein production A B
in B. mori cells overexpressing the

GFP-fused BmTRN-1 or truncated &Da) Poly(G) Poly(U)

mutants. (Al Expression of the @pay 1 2 3 4 5 § 7

recombinant proteins, such as 81— g0.1 —» 1 ReN: ibypekitac A
GFP (lane 1), the N-terminal GFP- [ _ -

fused fulllength 425-kDa isoform 45 =

417 —»

lapproximately 780 kDa, lane 2),
full-length 44.1kDa isoform (795
kDa, lane 3), RRM1-3 domain (64.0
kDa, lane 4), C-terminal auxiliary
domain of the-425 kDa isoform
(430 kDa, lane 5), and auxiliary c
domain of the 44.1-kDa isoform (44.5

kDa, lane 6) were detected in the

314 — a— 314 —

plasmid-transfected BmN4 cells. g;\:f;; -l; e :__6__;

Ten micrograms of recombinant

protein were separated through SDS-PAGE and transferred to a PVDF membrane. The GFP-fused protein
bands on the membrane were specifically detected using the anti-GFP antibody as described in “MATERIALS
AND METHODS", where a 31.4-kDa to 83.1-kDa protein ladder was used as a size standard. (B) Binding of
the GFP-fused recombinant proteins to poly(U) (lanes 3-7) and poly(G) RNA-agarose (lanes 12). The GFP-fused
full-length 425-kDa isoform (lanes 1. 3}, 44.1-kDa isoform (lanes 2, 4), RRM1-3 (lane 5), auxiliary domain of the
425-kDa isoform (lane 6), and auxiliary domain of the 44.1-kDa isoform (lane 7) bound to RNA-conjugated agarose
were prepared as described in “MATERIALS AND METHODS" and detected by Western blotting using anti-
GFP. (C) Effects of overexpression of the GFP-fused full-length 42.5-kDa isoform (lane 3), 44.1-kDa isoform f{lane
4), RRM1-3 (lane 5), auxiliary domain of the 425-kDa isoform (lane 6), and auxiliary domain of the 44.1-kDa
isoform (lane 7) on the production of a reporter protein, chloramphenicol acetyl transferase plus SV5 epitope
(CAT-SV5H), from a co-transfected plasmid. As controls, cells were co-transfected with no plasmid (lane 1) or with
the plasmid coding for GFP (lane 2). Ten micrograms of each protein sample were separated through SDS-PAGE
and transferred to a PVDF membrane. Specific detection of the reporter CAT-SV5 protein by Western blotting
was performed using the anti-SV5 antibody as described in “MATERIALS AND METHODS".
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to minute quantities of the originally expressed
authentic BmTRN-1 in the cells. that they were
readily reduced, even without the additional
recombinant BmTRN-1. Also, the RRM1-3 domain
alone seemed unable to dampen the reporter
{ranscript; both the function of RRMI1-3 and the
auxiliary domain of BmTRN-1 need to be intact in
a molecule for the complete aclivity of BmTRN-1

to be achieved.

3. 3 Change in subcellular distribution of
BmTRN-1
during ACNPV infection and the effects

protein in cultured cells
of BmTRN-1 overexpression on AcNPV
protein production
To verily whether BmTRN-1 acts under
emergent conditions on the transcription system,
such as in the presence of a DNA virus, whereby
a marked change is brought about in the
constituent halance of ccllular transcripts. the
stubcellular distribution of BmTRN-1 in normal
or AcNPV infected cells was investigated under
a confocal microscope using the N-terminal
GFP-fused BmTRN-1 or

(Fig. 3A). The recombinant proteins, containing

truncated mutants

thc RRM1-3 domain, were confirmed to bind to
RNA as explained above. Detailed analysis of the
BmTRN-1 amino acid sequence did not reveal
any sequence determinants related to the nuclear
or cytoplasmic localization signals identified so
far. Tn the obhservation of cells and a comparison
of intensity between the nucleus and cytoplasm
as shown in Figs. 3B and C, the mock GFP was
always detected in the nuclel slightly more than
in the cytoplasm, possibly due to its general
properties as similar results were obrtained
using mammalian cos-7 cells (Zhang et al., 2005).
There have been repoerts that GFP-fused T1A-1
family members were distributed similarly to
the authentic proteins in mammalian cells, and

GIPfusion recombinants were confirmed to

be effective tools for the investigation of the
subcellular distribution of the TIA-1 family[4,11].

As shown in Figs. 3B and C, the GFP-fused
425kDa and 44.1-kDa BmTRN-1 were detected
in both the nucleus and cytoplasm at a similar
ratio to that of the mock GFP, indicaling that
both of the [ull-length BmTRN-1 isolorms were
present in the nucleus and cvtoplasm with no
significant quanrtitative difference. However,
lruncated 42.5-kDa RRM1-3 domain and 42.5-kDa
auxiliary domain were detected largely in the
nucleus, indicating that the important domains
of BmTRN-1. such as its RRM1-3 and auxiliary
domain, mainly accumulated in the nucleus, and
that the full-length BmTRN-1 could be distributed
in hoth the nucleus and cyvtoplasm. The property
of the 425kDa f{ulllength BmTRN-1 was
changed bv removing ils RRM?2 domain, leading
to accumulation in the nucleus, as shown in
Figs. 3B and C pancl ARZ, while the subcellular
distributions of the truncated mutant lacking
RRMI and the truncated mutant lacking RRM3
did not show any significant difference from that
of the 42.5-kDa full-length BmTRN-1 (panels AR1
and AR3j. Since the truncated mutant lacking
either RRM1-3 or the auxiliary domain was
primarily distributed in the nucleus, the full-length
BmTRN-1 was distributed in both the nucleus
and cytoplasm, and the subdomain RRM2 was
found 1o have roles related to nuclear export, it
was suggested that BmTRN-1 newly synthesized
in the cytoplasm is transported into the nucleus
by its domain function, and then nearly half of
the BmmTRN-1 moves to the cytoplasm via the
role of the RRM2. From these findings, it is also
suggested that BmTRN-1 shuttles between the
nucleus and cytoplasm, and its nuclear export
depends on its RRM2 domain tunction. In addition,
both truncated mutants, the 425-kDa BmTRN-1
lacking the anterior half of the auxiliary domain,

and the protein lacking the posterior half of the

,/16,



Fig. 3. Subcellular distribution of the GFP-fused
BmTRN-1 recombinant proteins. (A) Schematic
representation of the BmTRN-1 425-kDa and
44 1-kDa isoforms, and truncated mutants fused
to the GFP protein. Each domain composing of
both isoforms is indicated. and the dotted lines
indicate the subdomains deleted in the mutant.
() Subcellular distributions were analyzed by
confocal fluorescence microscopy for the expressed
GFP, GFP-fused full-length 425-kDa and 44.1-kDa
isoforms, RRM1-3, and the auxiliary domain of
the 42.5-kDa isoform and auxiliary domain of the
44.1-kDa isoform in cells grown on coverslips
and fixed. The mutants of the 425-kDa isoform,
the mutant lacking RRM1 (AR1), the mutant
lacking RRM2 (AR2), the mutant lacking RRM3
(AR3), the mutant lacking the anterior half of the
auxiliary domain (AAl), and the mutant lacking
the posterior half of the auxiliary domain (AA2)
were also analyzed as cell nuclei were stained
with propidium iodide. (C) Ratios of cytoplasmic
(C) and nuclear (N) fluorescence observed for
GFP fused with BmTRN-1 or alone in relevant
domains of BmTRN-1 as described in (A). These
ratios are the means*s.d. that were calculated
as described in "MATERIALS AND METHODS".
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auxiliary domain had a similar distribution to the
RRM1-3 domain, accumulating in the nucleus
(panels AAY and AAZ2). FFrom this result, it can
be proposed that the auxiliarv domain functions
to promote the nuclear export of BmTRN-1
depending on the role of the RRM2,

While the tendency for both the RRMI1-3 and
auxiliary domain to accumulate in the nucleus was
not changed by AcNPV, Figs. 1A and B clearly
show that the fulllength 42.5kDa and 44.1-kDa
BmTRN-1 accumulated in the nucleus during the
infection process. The truncated mutant of the
425kDa BmTRN-1 lacking RRMI, as well as the
full-length versions of both isoforms. markedly
accumulated in the nucleus in response to the
viral infection. Ilowever, no signilicant change in
the distribution of the truncated mutani of the
125kDa BmTRN-1 lacking RRM3 was observed
during the viral infection in comparison to that of
normal healthy cells, suggesting a possible role
of RRM3 in the nuclear accumulation caused by
viral infections.

The effects of high levels of both recombinant
full-length BmTRN-1 isoforms on AcNPV protein
production wecre investigated by measuring
an indicator protein, such as gp64. in the cells.
AcNPV gpb4 is a glycoprotein located on the
envelope membprane of viral particles and is
important for the entry of nucleocapsids into cells
through membrane fusion of the envelope with
the cellular endosome. Two days after these cells
were Infected by AcNPV, the gp64 protein signal
was delected mostly in the cytoplasm, when
the cells did not overexpress the recombinant
BmTRN-1s. Then, the amount of gpb4 protein
stained in silu was measured by computer-
aided confocal microscopic analysis using the
gpbd-specific antibody in (ranslected cells, and
the intensity of the specific gpb4 signal was
compared in each transfected cell. As shown in

Fig 5, whereas a high percentage of the control

cells such as non-transfected and GFP-producing
vector-transfected cells exhibited strong signals,
the transfected cells expressing either the full-
length 425-kDa or 44.1-kDa 1soforms. and the
cells expressing both isoforms together in one
culture had significantly weaker gpb64 signals.
However, Fig. 5 also shows thal overexpression
of the 425kDa isoform was more effective at
reducing AcNPV gpb41 production than that of the
44.1-kDa isoform. These results reveal that the
full-length BmTRN-1 also significantly inhibited
the production of viral protein controlled by the
late promoter which is activated by the normal
production of othcr early phase viral proteins,
suggesting that BmTRN-1 dampens transcription.
nol only for gpb4. but also for a scries of viral
proteins possibly produced during the carly and
late phases. Towever it must be stated that each

1soform exerted different effects.

4. Discussion

From the present study, it was shown that two
alternatively spliced mRNAs, coding for 12.5-kDa
and 11.1-kDa isoforms, were transcribed from the
BmTRN-1 gene. and an alternative exon coding
for an additional 14 amino acids specific for the
44 1-kDa BmTRN-1 was located in the intcrnal
portion of the first intron, which was present in
the C-terminal auxiliary domain-coding region
(Fig. 1). The BmTRN-1 gene has no intron in
the region coding lor RRM1-3, although TIA-1/
TTAR in humans and mice have several introns
in their RRM1-3-coding region, some of which
have alternative intron-exon borders and possibly
cause changes in the RRM sequence and RNA
recognition ‘Kawakami et al., 1994: Beck et al..
1996). This suggests that additional intron-exon
re-organization might have occurred during the
evolution of vertebratc RRMs. SfTRN-1, a TIA-1
family protein

from the Spodoptera insccts,
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Fig. 4. Change in subcellular distribution of the recombinant BmTRN-1 in cells with AcNPV infections. (A)
Subcellular distribution of the GFP-fused BmTRN-1 proteins and the truncated mutant of the 42.5-kDa isoform
in BmN4 cells infected by Autographa californica nucleopolyhedrosis virus (AcNPV) (MOI of 10) 48 hours after
infection. (B} Ratios of cytoplasmic and nuclear fluorescence ohserved for recombinant protein-expressing cells
as represented in Figs. 3B and C during the AcNPV infection. These ratios are the means=sd. that were
calculated as described in "MATERIALS AND METHODS",
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Fig. 5. Production of gp64 protein in AcNPV-infected BmN4 cells. BmN4 cells overexpressing GFP, either the
GFP-fused BmTRN-1 425-kDa or 44.1-kDa isoforms. and both GFP-fused BmTRN-1 isoforms were infected
with AcNPV (MOI of 10) at 48 hours after transfection. The cells were fixed, permeabilized, and stained with
anti-gp64. The quantification of the amount of gp64 in the cytoplasm of AcNPV-infected cells was performed 48
hours after infection. The relative pixel intensity in the cytoplasm of 20 cells after infection was measured, and

the values were plotted. Error bars indicate the standard deviation from the mean.
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was shown not 1o have isoforms gencrated
by alternative splicing in cultured cells (Muto
et al, 2008) and in the midgut (Muto and
Kotani, unpublished result), suggesting that the
occurrence of alternative splicing in the auxiliary
domain in insects is unique to silkworm tissues.

Since both isoforms were equally expressed
in cultured Bombyx cclls and tissue[2]. il seems
likely that the BmTRN-1 isolorms do nol regulate
each other's cxpression as TIA-1 was shown ro
down-regulate normal TIAR cxpression[11]. In
addition, the subcellular distribution patterns of the
Bm'TRN-1isoforms donor differ (Fig. 3), suggesting
that the isoforms function svnchronously. There
appeared to be no significant difference hetween
the cffects of the full-length 425kDa and 44.1-
kDa isoforms on the reporter protein; however,
the overexpressed 425-kDa isoform was more
effective at reducing the AcNPV gpb4 production
than the overexpressed 44.1-kDa isoform (Fig 5).
These results indicate that the 12.5-kDa and 44.1-
kDa 1soforms have slightly different functions in
recognizing and dampening targets among the
AeNPV transcripts.

The subcellular distribution of the (ull-length
Bm'I'RN-1 from the experimental group was
found to differ from that found in normal cell
states with no environmental siress present.
Bm'T'RN-1 15 normally distributed in the nucleus
and cytoplasm, but in the AcNPV-infecred cells
it clearlv accumulated in the nucleus (Fig 4).
Further analysis rcvealed that the subdomain
RRM?2 is related to BmTRN-I's nuclcar cxport
under normal conditions and that RRM3 is
related to the accumulation found in the nucleus
during AcNPV infection (Figs. 3 and 4]. Our
results also indicated that in Spodoplera cells,
SITRN-1 was mainly present in the cyvtoplasm
under normal conditions, whereas RRM2 showed
characteristics important for nuclear export
similar to BmTRN-1[3]. When both Spedoptera

and Bombyx cells were exposed to oxidative
stress caused by a f -meta-arsenite solution, many
stress granule-like structures consisting of these
TRN-1s in the cytoplasm werc rapidly formed
(Muto and XKotani, unpublished result). This
demonstrates that insccl TRN-1 could function
similar to the cvtoplasm of mammalian TIA-1/
TIAR. In mammals, however, it was reported
that TIA-1/TIAR shuttles between the nucleus
through CRMl-independent

nuclear export and Ran-GTP-dependent nuclear

and cytoplasm

import under normal conditions in the ahsent of
a transcriptional inhibitor. RNA recognition of
RRM3 ts important for the nuclear export, and
the recognition of RRM2 is related to the nuclear
accumulation (Zhang e/ «f., 2005). The RRM?2
and RRM3 domains of BmTRN-1 have distinctly
opposite roles in the subcellular distribution.
compared to those of TTA-1/TIAR. suggesung
that lepidopterous insect cclls have diflerent
nuclear transport systems or associated factors
possessing different functions from thosc of
mammalian cells, which are responstble for the
relatively larger distribution of insect TRIN-1 in
the cvtoplasm.

Furthermore, from the evidence of the altered
subcellular distribution of BmTRN-1
AcNPV mfection due to RRM3 (Fig 4), RRM3

may have the ability to recognize and bind to

Im an

specific  transcripts during viral infcctions.
possibly causing BmTRN-1's accumulation in the
nucleus, and inhibiting viral protein production.
Il remains unclear whether the BmTRN-1
RNA  binding

rccognizes only viral transcripts or both cellular

subdomain  responsible  for
and viral transcripts, however as previously
stated, of BmTRN-1 had
different effects on a variety of introduced
which
common 5- and 3-untranslatcd regions except
the ORFs, indicating that BmTRN-1 is rclaled

the knock-down

foreign  arrtificial  transcripts share

-all—



was shown nol to have isoforms gencrated
by alternative splicing in cultured cells (Muto
et al, 2008) and in the midgut (Muto and
Kotani, unpublished result}, suggesting that the
occurrence of alternative splicing in the auxiliary
domain in insects 1s unique to silkworm tissues.

Since both isolorms were equally expressed
in cultured Bombyx cells and tissue[2]. it seems
likely that the BmTRN-1 isoforms do not regulate
each other's expression as TIA-1 was shown to
down-regulaie normal TIAR expression[11]. In
addition, the subcellular distribution patterns of the
BmTRN-1isoforms donot differ (Fig. 3, suggesting
that the isolorms function synchronously. There
appcarcd to be no significant difference hetween
the cffects of the full-length 425kDa and 44.1-
kDa isoforms on the reporter protein; however,
the overexpressed 425-kDa isoforrn was more
effective at reducing the AcNPV gpb4 production
than the overexpressed 44.1-kDa isoform (Fig. 5).
These results indicate that the 12.5-kDa and 44.1-
kDa 1soforms have slighily different functions in
recognizing and dampening targets among the
AcNPV transcripts.

The subcellular distribution ol the [ull-length
BmTRN-1

found (o differ from that found in normal cell

from the experimental group was

states with no environmecntal siress present.
BmTRN-1 1s normally distributed in the nuclcus
and cytoplasm, but in the AcNPV-niccted cells
it clearly accumulated in the nucleus (Fig 4).
Further analysis revcaled that the subdomain
RRM?2 is related to BmTRN-1's nuclear export
under normal conditions and that RRM3 is
related to the accumulation found in the nucleus
during AcNPV infection (Figs. 3 and 4). Our
results also indicated that in Spodoplera cells,
SITRN-1 was mainly present in the cyrtoplasm
under normal conditions, whereas RRM2 showed
characteristics important for nuclear export
similar to BmTRN-1[3]. When both Spodoptera

and Bombyx cells were exposed to oxidative
stress caused by a £ -meta-arsenite solution. many
stress granule-like structures consisting of thesc
TRN-1s in the cvtoplasm were rapidly formed
(Muto and Kotani, unpublished result). This
demonstrates thal insccl TRN-1 could function
similar to the cytoplasm of mammalian TIA-1/
TIAR. In mammals, however, it was reporied
that TIA-1/TIAR shuttles between the nucleus
through CRMlIl-independent

nuclear export and Ran-GTP-dependent nuclcar

and cytoplasm

import under normal conditions in the absent of
a transcriptional inhibitor. RNA recogmtion of
RRM3 18 important for the nuclear export, and
the recognition of RRM2 is related to the nuclear
accumulation (Zhang et «ol., 2005). The RRMZ2
and RRM3 domains of BmTRN-1 have distinctly
opposite roles in the subcellular distribution,
comparcd to those of TIA-1/TIAR. suggesting
that lepidopterous inscct cells have different
nuclear transport systems or associaled faclors
possessing different functions from thosc of
mammalian cells, which are responsible for the
relatively larger distribution of insect TRN-1 in
the cytoplasm.

Furthermore, from the evidence of the altered
subcellular distribution of Bm71TRN-1
AcNPV mfection due to RRM3 (Fig 4), RRM3

may have the ability to recognize and bind to

mn an

specific transcripts during viral inlections.
possibly causing BmTRN-1's accumulation in Lhe
nucleus, and inhibiting viral protein production.
Il remains unclear whether the BmTRN-1
RNA  bhinding

recognizes only viral transcripts or both cellular

subdomain  responsible  for

and viral transcripts, however as previously
the knock-down of BmTRN-1 had

different effccts on a variety of introduced

stated,

foreign  artificial  transcripts which  share

common 5- and 3-untranslaled regions except
the ORFs, indicating that BmTRN-1 is related
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to a cellular mechanism used to recognize the
scquential difference inside ORFs[2]. Baculovirus
transcripts, which have no intron to be excised by
splicing mn the nucleus and viral transcripts, could
have quite a different structure from an inscct's
cellular wranscripts, not only just after the initial
pre-mRN As are transcribed, burt also after mature
translation complexes consisting of mRNAs and
key proleins are formed and pass through the
nuclear membrane. Cellular transcripts, which
form normal complexes and associate with the
exon-junction complex only after their intron-
exon excision is completed via a normal splicing
process, can pass through the nuclear membrane
check point of the mRNA surveillance system
where aberrant transcriprs fail to pass and arc
broken down[l14]. The AcNPV transcripts are
possibly recognized as aberrant since they have
no intron sequences.

In addition, it was reported that TIA-1 family
proteins can act as RNA-splicing regulators
of a series of alternatively spliced mRNAs in
the nucleus[15-17]. From this evidence. it was
suggested that BmTRN-1 interacts with the
transcripts in the nucleus, and that the BmTRN-1
adjusts the mechanism to characlerize the
AcNPV transcripts in the nucleus as aberrant.
Since the functions of both RRMI1-3 and the
auxiliary domain need to be intact for the
total activity of BmTRN-1 to bc possible (Tig.
2), 1t was further predicted that not only the
interaction of BmTRN-1 with transcripts via the
RRMSs, burt also the putative cellular mechanism
triggered by the function of the auxiliary domain
to characterize target transcripls as aberrant,
causes Lhe removal of transcripts in the nucleus.
Therefore, BmTRN-1 could accumulate in the
nucleus and interact with AcNPV transcripts
in association with the formation of aberrant
translation complexes to be climinated. With this

understanding, it is likelv that BmTRN-1 has

(2008) Nal2

specific sequences in the subdomaln necessary
for its subcellular distribution, such as RRM3, the
function of which can be modified on receiving a
signal occurring in response Lo a viral infection,
However, it is possible that BmTRN-| itself does
aol have the ability to distinguish between (he
transcripts derived from AcNDP’V and the cellular
transcripts. but virus-triggered mcchanisms may
induce the nuclear accumulation of BmTRN-1
which is associated with a cellular function
eliminating the AcNPV transcriprs.

Thus, these ideas could lead Lo a new hypothesis,
that BmTRN-1 is an RNA-binding protein related
to a cellular antiviral mechanism able to recognize
and eliminate foreign viral transcripts, similar to
how the mammalian TIA-]1 performs an antiviral
role against the DNA virus, T1SV-1[5]. To test
this hypothesis, it Is necessary to clarify how
the overexpression of the BmTRN-1 affects the
proportion of AcNPV-derived transcripts relative
to host cell-derived transcripts. In addition, (o
prove the specificity ol BmTRN-1 in the presence
of [oreign (ranscripts along with new traits,
such as resistance to viral infections, that arc
now heing investigated using a transgenic line
of silkworm overexpressing BmTRN-1- derived

sequences.
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The Development and Production Area Shift of
Sericulture Industry in China

Gu Guoda™

*College of Economics, Zhejiang University, China

Abstract

China is the world's Big Stlk Country. whose cocoon and raw silk production and silk exports
account for about 80% of the world. China's sericulture industry is closely related to the world
demand, and also has an influential power on the supplv-demand relationship and development of
the world sericulture industry. Bascd on the related statistics, this paper presents an analysis of the
China's sericulture industry status quo under the implementation of the “Western Shift of the Eastern
Mulberry” policy, and its position in the world. Then we review the cifectiveness of productlion area
shift and give a summary with an outlook for the further development of sericulture industry in

China.

Key Words : Production Area Shift, Development, Sericulture Industry, China
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Environmental Signal Transduction in the Silkworm, Bombyx mort
(No. 2)

Motoyuki SUMIDA *

*Center for Bioresources Field Science, Kyoto Institute of Technology,
Ippongi-cho. Ukyo-ku, Kyoto 616-8354. Japan

Abstract

In my No. 1 essay, the following discovery was mntroduced; dietary sucrose suppressed sucrase
activity in the midgut of germfree, fifth instar silkworm larvae reared aseptically on an artificial
diet after day 1 of the fifth mnstar onward until day 8 This phenomenon was interpreted as follows:
sucrose introduced into the lumen of midgut functioned as an environmental signal to the midgut
cells and as a response reaction of midgut cells sucrase was less produced. Mulberry leaves, a single
natural diet for the silkworm larvae, contain about 3% sucrose by wet weight which is a product
of photosynthesis. TPhotosynthesis is affected by environmental factors such as rain fall, carbon
dioxide concentration. and solar irradiation. Thus amount of sucrose in mulberry leaves is an index
of quality of environmental [actors and represents environmental information.

An artificial diet supplemented wilh 69% sucrose suppressed midgut sucrase activity throughout
the fifth larval instar to produce a low level of activity of midgul which was comparable to the
activity of control larvac at day 1 of the fifth instar. A question was raised: does this low level of
activity of midgut still produce enzymatic products from 6.9% sucrose, iLe., glucose and fructose?
In other words, does Lhe observed phenomenon of suppressed sucrase aclivity of midgut occur not
by sucrose but by glucose or by fructosc? Further studies disclosed that dietary 6.9% glucose or
fructose suppressed sucrase activity of midgut to the similar extent as dietary 6.9% sucrose. The
effect of dietary 6.9% glucosce or fructose on midgut protein composition was different; suppression
of protein synthesis by dietary glucose and both suppression and enhancement of protein synthesis
by dietary fructose. It was concluded that dietary glucose or fructose suppresses midgul sucrase
activity in the fifth instar silkworm larvae. Whether dietarv sucrosc aflecls midgut sucrase activity
must be investigated by further studics.

Effect of dietary 6.9% glucose or fructose on sucrase aclivity in cells of anterior part of middle
silk gland was studied using germfree fifth instar siltkworm larvae. Dietary 6.9% glucose enhanced
sucrase activity al early and late periods of the fifth instar. No effect of dietary 6.9% glucose was
observed on the middle day of the fifth instar. Dietary 69% fructose gave no effect throughout the
fifth instar. Dielary 6.9% glucose enhanced synthesis of some of the proteins in cells of anterior
part of middle silk gland at early and late periods of the fifth instar.

Based on these results, studies were planned of signal transduction and its response reaction in
cells of midgut and of an anterior part of middle silk gland using an organ culture system. However,
which signal transduction modcl should be adopted was totally unknown. Incidentally, ChREBP,
carbohydrate response element binding protein, was implicated 1o be involved in signal transduction
in the silkworm, Bombyx mori, which may serve as a tentative paradigm for future studies.

Key Words : Dietary glucosc or fructose, midgut, middle silk gland, sucrase acuvity,
signal transduction. Bombyx mori
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=B 3R . A Comparative Study of Thai Matmii and Japanese Kasuri

(214D<y bI—ERARDHOLEME)

. 2HE#A PhD. (Culture Science) AT

(F AL H LK - B Y A LR FERT
International Relations Office ¥k &)

. BIENE (ETH T HAFRENZRR L)

The technique used in making Japanese silk Kasuri, a silk textile woven with dyed yarn, is similar

to the technique used in making the Thai-Lao equivalent “Matmu”. Both techniques produce a
style of silk cloth called pongee in English or Twmug: in Japanese. The style involves weaving
with rough fibers dyed specifically to create palterns and images in the textile. Local weavers with
knowledge of communily customs and traditions use this technique to create the various patterns
in a repetitive process that has developed over centuries. This study explores and compares the
significant social and cultural differences between the Japancse and Thai weavers, and how these
differences are rellccled in their textiles. The textiles studied are the Thai-Lao silk Matmii from
Maha Sarakham Province in northeastern Thailand and the silk 7Tumugi Kasuri called Ushikubi

Tumugi from Ishikawa D’refecture in Japan. This study examines the social and cultural indigenous
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knowledge of Thai Matmil and Japancse Kasurl society and determines how such knowledge is
transferred 1o the new generation that is imbued with its own set of cultural and social standards.

The objectives of the research were to study the cultural and historical background of Thai
Matmii and Japancse Kasuri . undertake a comparative study of Thal Matmil and Japanese Kasuri
in six aspecrts | patterns or designs, materials, local wisdom, cultural values, process of producing
and beliefs ; and study the added values of each texlile.

This research results were derived from three research guestions -

1) What is the cultural and historical background of Thai Matmii and Japanese Kasuri? The
cultural and historical background of both textiles influences their individual identities and
development. 2) What are their similarities and differences between Thai Matmii and Japancse
Kasuri? Both textiles were originally created as “clothing” for local people, and both possessed the
local wisdom and local identity common to their production area. Though they may have shared
similar weaving techniques, the process of their development, the customs of each country, and
their unique cnvironments contributed the differences found in the final product. 3) What are their
added values? Added value is measured according to 6 categories : commercial value, social value,
cultural value, aesthetic value, inspirations value, and environmental value. The added wvaluc is
created from the [unctions of each textile ; they have an impact on society and produce the image
ol the textile. Both texriles are rooted in local society as traditional crafts. As such. the added value
is affected by local living and local identity, and the benefits from the added values arc returned to
the local socicty.

Though both textiles are recognized as traditional textiles and serve important functions to local
socicty, both have positive and negative cffects. A significant positive effect is that both textiles
contribute revenue to the local economy by gencrating income for the local weavers and improving
the lifestyle of the local society. Negatively, local weavers are losing some of the traditional identity
that 15 an important part of the historical and cultural value of Lhe textile. For example. in Thailand
today Matmii has become a synonym for Thai silk, a product that has proudly earned an international
reputation for beauly and quality. In Japan. on the other hand, Ushikubi Tumugs is a local specialty
and traditional handy craft that attracts tourists. It is no longer produced using traditional methaods.
Both cultures give a prominent rolc to 1the connection between nature and man and as such, both
Thai Matmii and Japanese Kasuri have developed under the influences of time and local culture.
Today, both techniques represent high-grade textiles. These modern textiles, like their predecessors,
serve in numerous functions, Lc., use as clothing, religious symbols and celebrations. Through the
introduction of new techniques and knowledge, new functions are added. The new functions benelfit
the local society in that added value is produced. The added value in turn improves the well-being
of the local people.

In conclusion, this comparative study cxplored the essence of local traditional textiles and the
cultural changes in those textiles. The study demonstrates that both textiles, as traditional crafis,
reflect the 1dentity, heritage, and dignity of the local weavers and local pcople. The weavers and the
local people proudly view their craft as their legacy to future generations. The legacy represents a
visible historical record of changes in the society and that society’s adjustment (o new cnvironments.

Thai Matmii and Japanesc Kasuri so express the many facets of local socicty they are often referred
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10 as the “symbol” of that society.
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