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脊椎動物は現在の地球上で最も繁栄している生物群で
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た｡ 溢度環境情報による生体制御はこれまで多く

いるが､ 本研究の結果は､ 酵素誘導がきわめて特

よ って もた ら される こ と を明 らかに したものであ

る代謝調節の機構解明に新たな視点を与えた｡

機構を脊椎動物とは異に している｡ プロテアーゼ
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た最初のセルピンであると確認された｡トリプシ ントの反応

部位はLys 343-Va1 344であるこ とが判明したが､ Arg 340-Ser 341

配列が近傍に見られたので家蚕体内での標的プロテアーゼとの関係

が今後の課患と なっ た｡
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tanolで､ これは家蚕卵で初めて発見されたものであり､ ボンピコ

テロ ン と命名された｡ また卵巣中では多く の結合型エクジステロ

は22-phosphateであっ たが､ ボンピコ ステロ ン等は3-phosphateと

て存在した｡

精子の成燕に与る一連の生体反応の解析は昆虫の生殖機能の全体

を知る上で重要な課題である｡精包の形成と機能について検討し

と こ ろ､ 精包では細胞外解糖系が作動してエネルギー供給が行わ

ている｡ これは高等動物における細胞外解楯系の存在を示した最

の報告である｡ ま た､

-ド
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-
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在し､ イニシャトリ ンと命名した特異的なプロテアーゼ

シペプチダーゼによってアルギニンは供給されている｡

リ ンは無核精子の運動性の獲得､ 有様精子束の解溌､ カ

シペプチダーゼの油性化等に当たっ ている｡

が 本研究壊が3か年間に渡って得た研究成果の概要である｡

果の詳細は以下の報告に詳細に述べられている｡家蚕を対象

と してもその特異性が多く の場面で認められった. この種の研究を

さ らに進めるこ とによって家蚕の潜在機能の開発の理論化および局

虫､ 無脊椎動物の代謝特性はさ らに体系化されるであろう｡本研究

がこの分野の研究の発展の礎となる こ と を願っ ている｡

山下興亜
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Delayed Action of Diapause Hormone on Cyclic GNP Metabolism

in Developing Ovaries of the Silkworm, Bombyx mori

Okitsugu YAMASHITA

Laboratory of SericultuTal Science, Faculty of Agriculture,

Nagoya University, Chikus&, N8gOY& 464, Japan

INTRODUCTION

Diapause hormone (DH) is known to be a neuropeptide hormone

which is responsible for induction of embryonic diapause in

silkworm, Bombyx mori (YaTTlaShita and Hasegawa.1985). A1-

though the chemical structure of this hormone has not yet

been fully elucidated, its biochemical actions are succes-

sively elucidated using the highly
purified preparations.

Enhancement of trehalase activity in developlng OVaries of

silkworms is one of the nosr
conspICious action of this hor-

mone (Yamasbita et al.,1981).

Expression of peptide hormone information is mediated

tbrougb the action of eyelic nucleotides in many biologica;

systems･ In insects, some peptide hornones are known to

express their functions through the enhanced levels of

cyclic AMP (CAMP) and cyclic GNP (CGMP) (Steele, 1985).

Tbusl it seems resonable to presume that DH affects the

cyclic nucleotide metabolism to regulate the following

biochemical
events leading to diapause initiat.ion

of

silkworm eggs.

Here' we describe that CAMP and CGMP behave
quite dif-

ferently during ovarian development
and DH exerts its

regulatory function on their metabolisms.

MATERIALS AND METHODS

Animals: Two silkworm races Were used･ One was a diapause
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type (Kinshu and Showa) which was induced by incubating

their embryonic life at a high temperature and the other was

a non-diapause type (N4). The diapause nature
was further

experimentally controlled either by ablivation or inplanta-

tion of suboesophageal ganglion (SG) or injection of I)H

preparation.

Determination of cyclic nucleotides: The developlng OVaries

were dissected throughout the pupal-adult
development.

Cyclic nucleotides were extracted with a cold 5 % TCA three

times. After washing With ether to remove the acid, an

aliquot of the extracts
was

used to measure cyclic

nucleotides by the radioimmunoassay using respective an-

tiserum. In some experiments, the same ovary preparation

was used to determine trehalase activity and content of
3-

hydroxykynurenie and glycogen according to Azuna and

Yamasbita (1982).

RESULTS

Effects of SG on deヮ.elopmental changes in cyclic nucleotides

Fig. 1 shows that CAMP and CGMP changed differently during

the ovarian development. cAMP was present at a relatively

high level in the young ovaries but declined slightly in the

following few days. In the actively vitellogenic ovaries it

increased and followed a decrease toward ovarian maturation.

In contrast, a continmuous increase was found in
CGMP and

attaained the maximum level in the matured ovaries.

SG-removal on the day of pupation affected on these

developmental profile; for CAMP it inhibited the increase in

the vitellogenic ovaries but a great increase in CGMP was

induced by it at the later stages of ovarian development.

Further, SG-removal from the different ages of a hibrid

animals exhibited the different effects on accumulation of

CGMP in ovaries. The earlier the SG extirpated, the higher

Ilo-
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Fig. 1 (left). Effect of SG-removal on developmental changes

in CAMP (A) and CGMP (a) in ovaries. (o), controls; (o),SG-

removed.

Fig. 2 (right). Effect of SG-removal丘t different stages on

CGMP content in ovaries. -, controls; Figures in parenthesis

shows percentages of diapause eggs.

accumulation of CGMP occurred. The levels of CGMP ap-

parently paralleled to the incidence of diapause eggs (Fig.

2).

SG implantation into N4 puPae Clearly decreased the con-

tent of CGMP in mature eggs. However, there vas no change

in
CGMP content after SG-removal from N4 (Fig. 3).

Effect of Di&pause hormone on a.yclic GNP content

lnjection of highly purified DH preparation
into day 4

N4 Pharate adults brought about a clear decrease in CGMP

-ifl=



content (Fig. 3). To compare the DH arction on CGMP With the

other matters, we injected DH prepartion into day 5 pharate

■■ヽ

∽

3!

盲妻
言

0

o ロ)

リ ー

;i
u ⊂

ヽ-■_■′

Con.-SG +SG DH

Fig. 3. Effects of SG-removal, SG

implantation and DH injection

into
non-diapause pupae (N4) on

CGMP content. Figures in paren-

thesis show the percentage of

diapause eggs induced.

adults whose SG had been extirpated on day 0. The effects

were surveyed on CAMP, trehalase activity, 3-

hydroxykynurenine and glycogen &s well as CGMP at the

various times after injection (Table 1). Hormones clearly

decreased
CGMP content in mature ovarieB. Furthernore, a

significant increase in CAMP on day 9, in trehalase activity

on day 6, in glycogen and 3-hydroxykynurenine on day ll was

noted along with the incidence of diapause eggs･

Table 1. Effect of DH on Cyclic nueleotides, trehalase ac-

tivity, glycogen content and 3-hydroxykynurenine content in

OVarleS

SG-renoved
-SG

+ DH in.)ection

CAMP (pnol/g)

CGMP (pno1/i)

Trebalase (nmol/蛋.m上n)

Glycogen (mg/g)
3-hydroxy-

kynurenine (ug/蛋)

Diapause eggs (%)

120

1952

7.7

14.5

450

0

145

1555

16.5

16.4

895

60

Although data are not given, any significant changes

in CGMP Was observed in ovarie8 Within 24 hr
after DH injec-

tions, during which period trehalase activity rose more than

two times.
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DI.SCUSSION

The present results have clearly demonstrated that DH acts

to regulate Cyclic nucleotide metabolisms in developlng

ovaries of the sillworm, Bob)byx mori. Although the more ad-

vanced effect is reflected on CGMP metabolisms, CAMP is also

under the control of DH. Thereis a quite different response

of these nucleotides to the hormone from
view points of

direction and times. Thus, DH exterts the different

regulatory functions on cyclic nucleotide metabolism in

OVarleS.

However, it is not conceivable that the hormone function

on bioebemical shift providing the diapause induction is

sequentially mediated through the ebanges in cyclic

nucleotide metabolisms. Witbin 3 br after hormone ad-

ministration, a significant rise of trehalase activity is

induced, which corresponds to the following accumulation of

glycogen in oocytes. While, there is no change in cyclic

nucleotide levels and it takes a few days to bring about an

obvious change. Thus, the present effects of D‡I on Cyclic

nucleotides are likely due to the different act.ion from

those observed in trehalase stimulation, although the

precise mecbanisms remain to be resolved.

Several physiological functions of CGMP are proposed in

various biological system (Deguchi,1984). Among them is the

very intriguing the stimulatory action of CGMP on cell

proliferation (Zeilig and Goldberg, 1977). Tbe higher ac-

cumulation of CGMP in non-diapause eggs vould be correlated

with the continuous cell cleavage in the laid eggs. Our

preliminary experiment indicates that the higher level of

CGMP is maintained through the early stages in

embryogenesis･ An increase in post-vitellogenie follicles

is comparable with the accumulation of ecdysteroids in the

ovarleS. Altbougb the roles of ecdysteroids in
embryonic

development remaine unknown, they are proposed to play some

-13-



regulatory
functions on cell division and organogenesis in

embryos as the informational agents. There, DH is respon-

sible for the incorporation of these informational sub-

stances into oocytes by Which the following embryonic

development vilュ be controlled.

Anyhow, the present studies throw some new inshights on

the peptide hormone action in insect system which is not in-

cluded in the pathway of eyelic nueleotides as the seneon-

dary messengers. In this Sense, DH studies will develop the

nev model of the peptide hormone action vhich are mediated

by the delyaed action.
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妄亭の発育卵単の環状ヌクレオチト代謝に及ぼす休眠ホルモンの遅延効果

休眠性サナギから食

cGMPの発育変動のパ
成熟にともなって増

は減少した｡非休眠
休眠ホルモンの注射

楕性の上昇､ 3-と

ら した｡以上の結果
特異惟を示している

道下神経節(S G)を嫡出すると､卵巣中のcAHP及び

ターンが変化した｡ cAHPは一時的に減少し､ cGHPは卵
加した. S Gの摘出時期を遅らせるとcGHPの増加割合
サナギへのS Gの移植はcGMP量0)減少をもたらした｡

はcGMP量の減少､ -cAMP量の増加ならびにトレハラーゼ
ドロキシキヌレニン量､グリコーゲン量の増加をもた

は､休眠ホルモンの環堆ヌクレオチド代謝調節機構の
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家蚕のカ)レモデこ乙 7) ン立臣び8こカ)レモデこ1 7} ン/

依存性サイ ク リ ッ ク ヌ ク レオチ ド代謝酵素系

与こ関する研究

森鳴 伊佐夫

鳥取市湖山町南4-1 0 1

鳥取大学農学部･生物資源科学誇座･代謝生化学研究室

【緒言】

細胞膜を透過できないホルモンや化学伝達物葉は,細胞表面に存在する特異的な受容体を弁して

細胞内へ情朝を伝達し,その情報はさらに細胞内情報伝達物葉により佃々の酵素に伝えられる.

この細胞内情報伝達系として臥 情報伝達物賓としてサイク7)ックヌクレオチド(cAMP 又は

c GMP)を用いる系とCa2◆を用いる系が知られている. Ca2+は,カルシウム受容タンパク

葉であるカルモデュT)ンと結合することにより多種の群素活性を錦節しているが,哨乳動物の脳等

で, cAMP合成酵素(Adenylate cyclase)とcAMP分解辞素(Phosphodiesterase
(PDE))

の両者の活性がCa2◆-カルモデュ7)ンにより珊節されていることが明らかにされ, Ca2◆-カルモ

デュt)ン系とcAMP系の両方の情報伝達系が密接に絡み合っていることが示唆されている. と

ころが.無脊椎動物殊に昆虫においては,これらの情報伝達系についてはあまり辞しい研究がなさ

れておらず,昆虫の代謝特性を理解し,その有効利用をはかる為には,これら情報伝達系を明らか

にすることが必須であると考えられる. そこで,本研究で臥 家蚕脂肪体よりカルモデュリンを

単離し,その性襲を明らかにすると共に, cAMPによる情報伝達系に対するCa2'の輔幹的役割

を酵素学的手法により明らかにする.

【材料と方法】

家蚕(旦旦也型吐支108)はヤクルト(秩)より購入した人工飼料を用いて, 28℃,短日条

件下(8時間臥1 6時間噂)で飼育したものを用いた. ただし,カルモデュ7)ンの鋼製には自

然条件下で桑葉により飼育した交雑種を用いた.

カルモデュ7)ン圭臥 ブタ脳より鋼製したカルモデュ7)ン依存性PDEの活性化により求めた.

この際,ブタ職又は家蚕脂肪体より単離したカルモデュT)ンを標準として用いた. アデュルシク

ラーゼ活性は[3H]ATPを基菜とし,生じたcAMPを既に述べた方法(Morishima, 19T8)で単

離し,その放射能を珊定することにより求めた. PDE活性は[3H]cAMPあるいは[3H]cG

MPを基質とし,既に述べた方法(Morishima, 1975)で朝定した.

カルモデュT)ンの単鮭. サナギ脂肪体500gを1200mlの4%トT)クロル酢酸と共に昏砕

し,遠心により沈毅を集め, 5nM EDTA と1nM PMSFを含む20nM Tris-HCl,pH7.5,に

けん淘した. 遠心により不薄物を除いた後, DEAE-Sepharose Cレ6B及び, PhenyトSepharoseに

よるクロマトグラ フィーを行い精製棲品を得た.
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【結果及び考案】

1.脂肪体力ルモデュ1)ンの牲葉

サナギ搬肪体より精製したカルモデュ1)ンはSDS電気泳動及びn a t i v
e電気泳動において

単一の′ヾンドを与えた. その水蒋液の紫外吸叔スペクトル(図1)は2 8 0nmに吸収凄大を持

たず,ト1)プトファンを含まないことを示している. このカルモデュT)ンのアミノ酸分析の結果

(表1)は一 概に知られている種々の動物のカ)I,モデュ7)ンのものと類似していたが,トT)メチル

リジン(TML)が全く含まれていなか

った(Bodnaryk
A norishina, 1984).

これ8i,それまでに分析された全ての動

物由来のカルモデュリンにはTMLが1

分子含まれているという事実から考え,

非常に興味のある点であり,このTML

を欠くカルモデュリンが家蚕脂防休にの

み特異的に存在するものであるかどうか

を確かめるため,同じ蛸壷ヨ目昆虫の一

種である Manestra configurataのサナ

ギ及び成虫頭部より同様の方法によりカ

ルモデュT)ンを単離し,そのアミノ酸組

成を珊べたところ, TMLは含まれてお

らず,また,全休の組成は家蚕のものと

はぼ同一であった (Morishima a 8odna･

ryk, 1985). 一方,ショウジョウバ

240 260 280 300

WaveLength (nm)

固1 Absorption spectra of calmodulins. Solid line, fat

body calmodulin fTrom pupae of B. mori, 1.Omg/ml in

10 mM Tris-HCl buqer, pH 7.5, containing 0.1 mM CaC12;

dotted血e, bovine brain calmodulin, 0.5 mg/ml in 10 mM
Tris-HCl buHer, pH 7.5, containlng 0.1 mM CaC12.

エより単放されたカルモデュ1)ンにはTMLが1分子含まれている(Handosel1 9iai., 1986)こ

とから, TMLを欠くカルモデュ7)ンは必ずしも昆虫界一般に分布するものではなく,一部の餅責ヨ

目昆虫に特異的に見られるものではないかと考えられる.

2.家蚕の成長にともなうカルモデュリン圭の変動

家蚕より輸出した種々の組振をホモジナイズし, 105,000 x
gで1時間遠心後,その上蕃を沸洗

水中で2分間加熱したものについてカルモデュ7)ン圭を珊定した(Horishina, 1987). 5令脱皮

後羽化までの各時耕における脂肪体,中鵜,絹糸腺,精巣及び卵巣のカルモデュT)ン圭を求めた結

果を図2に示す. 膳防体のカルモデュ7)ン圭は5令幼虫期では0.5- 0.6〃g/n& protein とほ

ぼ一定であるが,桶化に伴い急激に低下し,煽動では幼虫期の1/10 -
I 1/40のレベルとなった.

一方,中放で臥 幼虫から蛎までの間はば一定で, 1 pg/ng protein撮まの比較的高い億を維持し

ていた. 幼虫期の精巣は1.5- 1.7〃g/mg protein と長も高い健を示したが,輸化と共に1 FJg

/mg proteinに低下し,再び一定のレベルを維持した. これら組織のカルモデュ1)ン圭は.組織

湿垂当たりで比較した場合,ラットの種々の組織で報告されている値(Kakiuchi 9iai., 1982)

とはば同レベルであった.

家蚕で払 このようにカルモデュ7)ン圭は組織によって異なるが,各組織では幼虫期及び蛎耕で

それぞれ固有の一定健を保っているように思われる. これ臥 もう一つの情報伝達物糞である

ー16-



表1 Amino acid composition ofcalmodulins from the fat body of the silkworm, B. Mori and
from bovine brain

Fat body calmodulin

A∫nino acid

Mean or

Hydrolysis (Hr) extrapolated Nearest

24 48 72 value integer

Bovine brain calmodulin

(Watterson et at., 1980)

residues/molec ule

Asx

Tbr

Ser

GIx

Pro

Gly

Ala

Cys

Val

Met

lle

Len

Tyr

Phe

Lys

His

Arg

Trp

Lys(Me)】

Total

22.8 22.8 23.2

12.5 12.2 11.8

5.3 4.8 4.3

25.8 26.0 26.2

1.9 2.0 1.9

ll.7 11.9 11.9

10.2 10.2 10.3

0 0 0

7.1 7.2 7.3

8.1 8.1 8.3

7.6 8.1 8.1

9.1 9.4 9.5
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■Arler extrapolation at zero time or hydrolysIS.
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emergence of巾Oth, respectively.

(A) JL-I, midgut; +-+, fat body (male); 0･････0, fat body (female).

(a) ●-●, testis; ○-○, ovary;ロ--□, silk gland･
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c AMP及びその代謝酵素活性が昆虫の成長変態に伴って大きく変動すること(Bodnaryk, 1983)

と対照的であるが,情報を直接伝えるのはCa2'イオンであり,カルモデュT)ンはその運搬役で

あるので,このことは伝えられるペき情報量の善を反映しているのかも知れない.

3.カルモデュリン依存性ホスホジエステラーゼ

カルモデュ7)ン8i,そもそも脳のcAMP-PDE活性化因子として見い出されたものであり,

カルモデュ7)ン依存性PDEはその後脊椎動物一般に広く分布することが詠められているが,昆虫

組織からは検出されず,昆虫には存在しないのではないかと考えられてきた(Bodnaryk, 1983).

しかし,前述の様に家蚕各組織に払 哨乳動物に匹敵する圭のカルモデュ7)ンが存在することから,

昆虫にのみカルモデュリン依存性PDEが存在しないというのは不自然であり,抽出法に問題が

あるのではないかと考え, PMSF,ベブスタチン等の種々のプロテアーゼ阻害剤を含む緩衝液を

用いて,サナギ騰防体をホモジナイズし100,000 xg, 6 0分間遠心後の上遭より, I)EAR-Sepharose

CL-6Bさらに Calmodulin-Sepharose 4Bのアフィニティークロマトグラフィーにより,カルモデ

ュ7)ン依存性PDEを約5000倍に精製した(Morishina5吐9i.,
1985).このPDEの50%

活性化に必要なCa2◆蔑まは約1xlO-6M,カルモデュ1)ン濃度は約1 nnであり,これらの値は

哨乳動物のものとはば同じであった.

このPDEは精製直後は

Ca2+-カルモデュリンに

よって約4倍に活性化され

たが,これを4℃で保存す

ると表2に示すように,カ

ルモデュリンに対する感受

性が徐々に失われた. ま

た,精製したPDEに5〃g

/mlの trypsinを加え, 0

℃でインキエペートすると

表2 stability or calmodulin-dependent pbospbodiesterase actlVlty at 4¢C

Incubation

at 4oC

(days)

Pbospbodiesterase actlVlty

(munits/ml) Stimulation by

calmodulin

_
calmodulin + Calmodulin (fold)

0

2

4

ll

53

53

70

67

215

225

190

145

4.1

4.2

2.7

2.2

The purified phosphodiesterase
in buRTer B (see text) containing 1 mM EGTA

and 1
mg/ml

bovine serum albumin was kept at 4oC for the indicated number

of daysI The actlVlty Was meaSuredwith I FLM cyclic GMP in the presence

of 0.2mM EGTA (-calmodulin) or saturating concentrations of calmo-

dulin and Ca2'(+calmodulin).

カルモデュリン無添加時の

活性が上昇し,カルモデュリン依存性が完全に喪失した(図3) . これらのことから,このPD

Eはプロテアーゼによる部分分解によってカルモデュT)ン結合部位が損傷を受け,カルモデュ7)ン

感受性を失うものと考えられ,通常の方法で精製した場合には,抽出,精製の過程でカルモデュリ

ン感受性が失われてしまい,このことがこれまで昆虫でカルモデュワン感受性PDEが検出されな

かった原因であると考えられる. 精製したPDEはcAMPの他にc GMPも分解し,その反応

速度論的解析から,同一の酵素タンパク菓が両基質に作用しているものと考えられた.

4.カルモデュリン依存性アデュルシクラーゼ

サナギ滑肪体のアデュルシクラーゼ(AC)はすべて膜両分に存在するが,この膜両分をEGT

Aで繰り返し洗浄したものに, Ca2◆と家蚕脂肪休カルモデュリンを添加するとAC活性は約2倍

に上昇した(図4) . そこで, 0.25mM EGTA存在下でCa2'を種々の裁定に添加し, AC活

性に対するCa2'及びカルモデュ7)ンの効果を網べたところ,カルモデュ7)ン存在下では 0.2-0.3
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TRMのCa2'添加(遵♯Ca2◆
- 1D~6 M程度)で活性は最大になり,それ以上のCa2◆を添加す

ると,活性が逆に低下した(図5) . これに対し,カルモデュ7)ン無添加ではCa2'は阻害効果

のみを示した. このことから, Ca2'はACに対し10-6 M程度で促進, 18~イM以上で阻書と

言う biphasicな劾果を示すことが明らかになった(Morishiqla, 1984). また,この活性化に必

要なカルモデュT)ン沸立(50%活性化蔑度)は80 mnで,これはPDEの場合の約80倍であ

った.

この様に,家蚕搬肪体において,噸乳動物組織のものに匹敵するカルモデュ7)ン依存性PDE及

びACの存在が確施されたことから,臓肪体においても,サイクT)ックヌクレオチド系及びCa2'

-カルモデュ7)ン系の両者の情報伝達系が密接に絡み合って種々の酵素系を網節しているものと考

えられる.
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工NTRODUCで工ON

silkworm eggs enter the diapause at the gastrula stage
if

they have been cond土t土oned to h土bernate･ Durlng dlapause

the rate of protein synthesis is suppressed (Saito et al･,

1983). but it rlses
3 to 4 times after the onset of post-

diapause development (Saito et al., 1982). Most of the

increase is during the first 201 tO 24-hr period (Saito et

al., 1982), which is morphologically a preparatory stage

preceding the burst of organogenetic processes (Takami and

Kitazawa, 1960). This rise cannot be explained by the

increases of r土bosomes and translatable mRNAs in content′

which augmented only 30 and 10%r respectively(
during the

period (Saito et al.,
1982, 1985). This suggests that the

ava土1ab土1土ty of mRNAs and ribosomes to make polyso皿eS Is an

important factor ln the the control mechan土sms which

determines the protein synthesis rate during the critical

period of the post-dlapause development･ The pr土nclples of

the data are summarized schematically in Fig. l.

when total RNAs were extracted at the onset of. and at

10 to 20 hr of. the post-dlapause development and their

translation products
in an in vitro system were comparedl nO

marked differences ln size of the products were observed.

indicating that the higher rate of protein synthesis
is
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established without overall changes Of translatable mRNA

species (Saito et al., 1985). However, this does not

exclude the possibility of temporal appearance of a speclf土c

mRNA population. Thls report describes a translation

product with a size of 73 kDa that is detected when RNAs are

extracted wlthln a limited duration of post-diapause

development. A material with the same size was also found

in proteins labeled in vivo.

TP
:■■二:::==:===二｣

cri也cal development

pre-moT･Phogenesis stages

PX

+∫

==~一

⊂
=】

∈コ
L_

⊂)
｣

+J

■■･･■

エコ

主

Morphogenesis stages

2cS:≡三.｡亨:二.ミtt.sta2oTH.5_.6St;e.h,
stages 14-15 Stades 15-16 ゝtage -′

Fi9｡ 1･ Schematic representation of the changes in content

of polysomes′. ribosomes′ mRNAs and
in rate of proヒeln

synthesis during the early period of the post-diapause

development･ Zero hr stands
for the time of hot HCl

treatment. The first 24 hr has been named the critical

development (Takami and Kitazawa･ 1960), which precedes the

burst of organogenesis processes･
For TP, see teXt･

MATER=ALS AND METHODS

Eggs of a Chinese-Japanese hybrid (N124 x C124) had diapause

ended and post-dlapause development started by long-term

chilling followed by hot-HCl treatment (spec. grav. 1.10,

480c, 6 min). Total RNAs were extracted and translated in

vitTO in a rabbit reticulocyte lysate cell-free system mixed

with L-[35s]methionine (l,100 Ci/mmo1, Amersham). The

radloactlve products. as well as marker proteins. were
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electrophoresed on 10% polyacrylamide slab gels under

denaturing conditions and located by fluorography･ A11 the

above procedures were as detailed previously (Saito et al･'

1985). To analyze newly synthesized proteins by in vivo

labelingT embryos were cut through the anteroIPOSterior axis

and cultured in a medium (Saito et al., 1982) mixed with L-

【35s]methionine (1.100 pCi/10 embryos) at 250c for 2 hr･

Then the embryos were washed with fresh medium. collected by

centrifugation at lr800 rpm for 5 minr and extracted with

the sodium dodecyl sulfate sample buffer (Saito e亡 8ユ･,

1982). The solution was electrophoresed and fluorog■raphed

as above.

RESULTS AND D工SCUSS工ON

The results of fluorographies of the proteins obtained by

the in vitro translation of embryonic RNAs and by the in

vivo labeling of the embryos were summarized in Fig･ 2･

⊂)

｣ ⊂)
●一 >

盟
0 5 10 20

Fi9● 2･ Schematic representation of fluorography after gel

electrophoresis･
I.vitrolt indicates the bands obtained by in

vitro translation of RNAs and
llvivoll shows the bands of

newly synthesized proteins labeled in vivo･

Electrophoresls was made
from top to bottom･ Resulting

bands are only partly drawn (see text)･ The numerals along

abscissal age in hr after the onset of post-diapause

development (cf･ Fig･ l); those along the lanes, the sizes

ln kDa of the bands.
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Here, only several products out of 40 to 50 bands detected

are presented. At 0 hr, before or shortly after the acid

treatment, in vivo products were very few except for some

bands. e.g. the one with a size of 54 kDa. whereas the RNA

translation products were distinctly detected. The basic

patterns of these products at 0. 10 and 20 hr of post-

dlapause development were similar to each other. Eoweverl

an additional band the molecular mass of which was estimated

to be 73 kDa was consistently seen when 3- to 9-hr eggs were

used as samples. Th土s was seen both in the RNA translation

products and in the newly synthesized proteins. Fig. 2

shows typlCal patterns at 5 hr. A band with this size was

scarcely detected at other ages. For the in vivo labeling

productsI CO-mlgrating 73 kDa band was weakly seen also in

the samples at 0, 10 and 20 hr (Fig. 2). Whether this is

the same molecule or not is unclear.

On the whole, 1t can be concluded that at least one

protein species. and its mRNA. appear (or increase) only

during a limited
stage after the onset of post-diapause

development. This substance was named TP (a temporal

protein)･ =n Fig. l, the duration when this band appears is

drawn by a horizontal solid bar.

工t was recently reported that a molecule which was

similar to thls 73-kDa protein in size and ln mode of

appearance has also been found ln the eggs Of European races

of the silkworm and that its production was dependent
upon

the heat treatment; thus this substance may be a kind of

heat-shock
protein (M. Coulon, personal communication).

工nducibil土ty of the heaトshock 9eneS Is dependent upon the

ability of embryonic transcription system (e.9. Blenz.

1984)･ Thus the period when TP appears. or possibly the

whole of the critical developmentr
might be the stage of de

novo transcr土ptlon of embryonic genes･ Unpubllshed results
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土n our laboratory showed that the lncorporatlon of labeled

precursors
into RNAs ls rapid after the acid treatment･ 工t

土s not until the posトdlapause period that the rate of RNA

synthesis rises significantly in the hibernating eggs; the

rate scarcely increases before the onset ofl and duringr the

diapause (Kurata et al., 1979). Taken together, it can be

supposed that the crlt土cal period of the post-dlapause

development 土s the time when the maternal messag･es are

replaced by the zygotic molecules. During diapause the

maternal transcripts may be kept stable. Details for the

mechanisms underlying these processes remain to be

investigated.
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カイコ卵休眠をめぐるタンパク質合成の変動

古賀克己

〒812福岡市東区箱崎6-10-1九州大学農学部農学科蚕字数室

和 文 要 旨

カイコ休眠性卵の休職前･中･後全体でのタンパク質合成速度の変化を見渡す

と,最もクリティカルなのは後休眠期の器官形成に先立つ一時期であり,ここで

は, 24時間の間にタンパク質合成速度が約3借上昇する.ところが,これに伴う

リポソームとhRNA含量の増加は全タンパク質合成速度の上昇を説明するiまど著し

くはない.このことから,リポソームおよびJARNAの利用度の増大による調節が考

えられる.
一方,主些竺皇ヱ旦夕ンバク質合成パターンとJLRNAの麺竺皇室旦旦翻訳産物

の分析から,この時期には寿命の短い.大きさ73 kDaのタンパク質が一時的に出

現する.つまり転写のレベルでもなにか新しいことが起っている.これらの事実,

および休眠性卵でほ休眠棲までRNAの著しい合成が見られないという観察結果か

ら,後休眠24時間に母性/肱性JIRNA切換えが起こるのではないか.したがって,

休眠中は母性メッセージの保持の桟橋が存在するのではないかと推定される.
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_カ
イ =ユ タ何のN A D - ソ)レビ ト ー)レ脱水素酵素

柳沼 利債･小林 辿弘

名古屋大学農学部養蚕学教室

鼠孟
カイコ卵では､艦休眠と密接に関連して生じる現象としてグリコーゲンとソルビトールとの

相互変換がある｡ 休眠開始期に生じるグリコーゲンからソルビトールへの系はグリコーゲン

ホスホリラーゼaによって(Yamashita et al, 1975)､休眠覚醒期に生じるソルビトールから

グリコーゲンへの系は NAD-ソルビトール脱水素酵素(NAD-SDH)によって(Ya&inuma and

YaJnaShita, 1979)調節されると考えられている｡ NAD-SI)H括性は､休眠卵には低く､長期

冷蔵(5o C)処理や短期冷蔵(5o C)と HCl処理による休眠覚醒期に､誘導され

る｡ ところが､ Oo C に近い温度に休眠卵を保護するとソルビトールからグリコーゲンへ

の変換が認められない(Furusawa et al, 1982)｡ このことは､ Oo C に近い溢度によって

は NAD-SI)H清性が誘導されないことを示唆している｡

従って､ここでは5o CとOo Cに近い過度に対する NAD-SDHの応答性について検討し､

次にこの2種の低溢を用い NAD-SI)H滴性を人為的に調節し､酵素活性とソルビトール量とを

比較することによって､初期の結果､ NAD-SDHがソルビトールの利用系に関与していることを

再確認した｡

廷盈£去盈
(1) カイコ賓品種としては春嶺x鐘月

と錦秋x鐘和を用いた｡ 休眠卵は産下後3

時間以内のものを集め､一定の重さに測定し

保護した｡

(2) 酵素油性の潮定: 酵素標品の調

製及び活性の測定法は Yaginuma uld Yam-

shita (1979)の方法に従った｡ 酵素油性

の測定はすべて 30o C下で行った｡

(3) ソルビトール､グリセロール､グ

リコーゲンの抽出及び定量: ポリオールと

グリコーゲンとは各々エタノールとKOHに

よって抽出し､各々酵素法(Beutler, 1984;

Eggstein and KtJhlmann, 1974)と比色法と

によって定量した｡

(3) ふ化率の測定: 通常300偶の

卵を用いた｡

鼠最£蓋監
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(1) 産下後48時間に低海処理した休眠卵

ます､休眠状態が完全に確立される前に卵

を低海処理した｡ 5o C保護卵の場合､ NAI)

-SDH滴性は産下後30日まで認められす､

40日以降から明らかに増加し､ 250日ま

でほぼ直線的に増加し続けた(Fig. 1c)｡

この活性の出現時期は､低溢処理の後25●

Cに保護し庶子発育を再開させた卵のふ化が

育-化し始める時期と一致していた(Fig.

3a)｡ 5● c処理後71日に25o C､

0. 5■ cに卵を移した場合､前者では急激

な汚性の上昇が､後者では油性上昇の抑制が

各々に認められた(Fig. 1bc)｡ 産下後2

日から0. 5● cに保護した卵では､この実

･農期間中(250日)
､ 有意な NAD-SDfl

滴性は認められなかった(Fig. 1c)｡ ふ化

能力から見ると､ 142日間0. 5● c処理

で辛うじて25● c催青後17日に蟻貢がふ

化し始め､約35%のふ化率を示したにすぎ

ない｡ その後の0. 5● c処理はふ化宰を

減少させた(Fig. 3b)｡ 25● cに産下後

連続保護した卵では､ 90日まで油性は検出

されず､その後偉かの括性(ea. 0.1 nmo1/

凪in/皿g prOtein前後)が窪められ､ 1 8 0

日以降250日まで明らかに清性が上昇した

(Fig. 1a)｡ 25o C連続保護卵でも220

日位から300日にかけて6%弱のふ化を見
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おけるグリコーゲン､ポリオールtのまJb

ることから､後半の NAl)-SDH油性の上昇は

25o C下でも腔子発育し始めた卵に由来するものと考えられる｡ このような溢度処理によ

って様々な NÅD-SDH滴性変動型が生じたが､その同じ卵のソルビトールの変動を見るとほぼ

酵素活性と鏡像関係の変動型を示していた(Fig. 2)｡ このことは初期の結果を再確琵したこ

とになる｡ ただし､ 25● c連続保護卵では90日以後ソルビトールの積憤な減少が生じた

のに対して､それに見合ったグリコーゲンの回復が琵められなかった｡ 産下後123日にお

ける hLW-SDH摘性は約 9･4 umo1/day/g eggs(30● c)であるが､ in vivoでのソルビト

ールの減.'3)率は約
0･6

umo1/day/g eggs(25' c)であり､酵素活性の約1/10でこの減

少は賄えることになる｡ しかし､グリコーゲン量の回復の生じない理由については不明であ

る｡

(2) 産下後30日に低温処理した休眠卵:
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次に､ NAD-SDH括性とふ化能力との誘導に対する低溢の効果をさらに検討するため､完全に

休眠状態が確立されている卵を5o C､ 0. 5o Cに処理した｡ 基本的には(1)とはぼ同

じ結論を得た｡ ただし､ 5o C接触期間が NAD-SDH活性及びふ化能力の誘導には60日以

上を要した(Figs･ 4and6)｡ また､ 0. 5o C保護卵においては NAD-SDH油性の上昇及

びソルビトールの減少は認められなかったが､ふ化率は192日､ 336日 冷蔵で有意に増

加した(Fig. 6)｡ しかし､この長期冷蔵にも係わらず､初めて蟻蚕のふ化するのは25o

C催背後16日であり､またそのふ化の斉-化は5o C冷蔵には及ばない(長期5● c冷蔵で

は25o C催青後10日に蟻蚕が出現するようになる｡ これは非休眠卵本来の腔子発育期間

に等しい) ｡

以上の結果は5o Cは NAD-SDH活性の出現､増加をもたらすが､ 0. 5o Cはその出現､

さらなる増加を抑制することを示している｡ ふ化能力の点では､その誘導に5o Cは効果的

であるが､ 0. 5o Cは効果に劣る｡ NAD-SDH活性とふ化能力の誘導に対するこれら低海に

よる差異については次のように理解できる｡ 卵は NW-SDH活性の誘導に至る過程(covert

phase)の情報として5o C､ 0. 5o C両者を利用することが出来る｡ ただし､ HAD-SD

H活性の出現という､目に見えるようになる過程(overt phase)は0. 5o Cでは進行せず､

5o C以上の温度を必要とする｡ このような異なる低温によるポリオールの蓄積への異なる

効果は､ Gallflyの越冬幼虫で知られている｡ 10o C-Oo Cの溢度はグリセロールの､

0
o

C--20o Cの湿度はソルビトールの蓄積を各々促す(Storey et al, 1981)｡ これ

らの低塩は解糖系の鍵酵素を含めた他の数種の酵素油性を上昇させる(Storey and Storey,
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1981; Hocbachka and Somero, 1984)｡ また､低塩によるグリセロールの蓄積(セクロビア

蚕休眠蛸､ Ziegler and Wyatt, 1975)､トレハローズの蓄積(シンジュ書体眠蛸､ Hayakawa

and Cbino, 1982)促進の例も報告されているが､いずれの場合も､低温の調節はすでに存在

する酵素の miulationによるものである｡ カイコ卵に見られる NAD-SI)H汚性の低溢によ

る誘導がこれらの低溢調節の仕組みの範時に入るものであるのか否かを含めて､カイコ休眠卵

での5● c低湿による NAD-SDH活性誘導のmechanismおよび休眠､非休眠の遠いによる NA

D-SDH括性出現の差異の mechanismを明らかにすることは急務の課題である｡

藍蓋盈監

Beutler, H. 0. (1984) D-sorbitol. In ''Meth∝k of EnzyⅡ払tic血alysis'' (eds. Bergmey-

er, J. B. arid Grassl, M.), Vol. 4, 356-362.

Eggstein, M.打】d Et血IJTm, E. (1974) Triglycerides and Glycerol. In ''Meth∝k of En-

-30-



zymatic Analysis-I (eds. Be瑠meyer, H. U.), Vol. 4, 1825-1835.

Hayakawa, Y･ aJd Chin°, H. ( 1982) TemperatureJependent activation
or in8Ctivation

of glycogen bhosI血orylase and synthase of fat b軸of the silkworn地

軸: the pssible mechanism of the temperature-血pendent interconversion bt-

ween glycogen and trehalose. Insect Biochem. 12, 361-366.

Hochacl血a, P. W. and Somero, G. N. (1984) Off-Swithes inかkt血1ism:Frm Anhydro-

biosis to Hibrnation. In 'tBiochemicalAdaptation'r,
pp204-249. Prirneton thiv.

Press.

FurusaI渦, T. , Shikata, M. and Yanashita, 0. (1982) Temperature dependent sorbitol

utilization in diar凪uSe eggs Of the silkworm, Bombyx mori. J. Comp.軌ysio1. 147

B, 21-26.

Storey, B. K., Baust, J. G. ard StoreyI J. M. (1981) Inteエー仙ediary metatx)1ism during

low temperature acclimation ln the overwintering gall fly larva, Eurosta solida-

ginis･

Storey, a. E. and Storey, J. M. (1981) Biochemical strategies of oveminterir唱in

the gall fly larva, Eurosta solidaginis:Effect of low te耶rature aeCliI凪tion on

the activities of en2:ymeS Of intermediary metabolism. J. CQmp. Fhysiol. 144B,

191-199.

Yaginuma, T･ and Yarnashita, 0. (1979) NAl)-dependent sorbitol dehydrogenase activity

in relation to the termination of diapause in eggs of Bod3yX mOri. Insect Bio-

cbem. 9, 547-553.

Yamashita, 0. , Suztiki, K. and thsegawa, K. (1975) Glycogen bhosphorylase activity

in relation to diapuse initiation in B軸eggs.工nsect Biochem. 5, 707-718.

Ziegler, R. and Wyatt, G. R. (1975)払osphorylase and glycerol production activated

by
cold in diapausing silkmoth岬e. Nature 254, 622-623.

ー31-



カイコの脂肪組織及び血液中のキモトリプシンインヒビターの精製と性質

江口正治(京都工芸繊維大学 繊維学部,京都市左京区松ケ崎)

筆者らは主としてカイコの血液を用い,プロテアーゼインンヒビターについて,

生理･遺伝･生化学･病理などの立肯から研究を進めてきた(江口, 1987)
｡血液中

には活性の強い多くのキモトリプシンインヒビターがあり,これらのアイソインヒビ

ターは,電気泳動やカラムクロマトグラフィーなどによって分離することができる｡

また我々はキモトリプシンインヒビターについての多数の変異系親を発見した(

Eguchi ai ai.,1984) ｡

最近我々は脂肪組織にも,かなり強いキモトリプシンインヒビター活性があるこ

とを見い出した｡このことは脂肪組織がインヒビターの合成部位の一つではないかと

･いう示唆を与える｡

一方,昆虫においては,精製したインヒビターを用いた研究は非常に少ないので･

活性の強い低分子インヒビターe, g (血液)及びg′ (脂肪銀紙)を精製し,それ

らの性質を比較した｡また血液中の高分子インヒビターdについては精製法の改良を

行った｡さらに,脂肪組織と血液のインヒビターの関係を知るために2, 3の実験を

試みたので,その結果についても報告する｡

ネオ料及び方法

材料としてlま,桑葉音を行った支124-Nを用いた｡脂肪親裁は5爵幼虫から取り

出し,冷0.8% NaClで洗浄後,濃紙上で水分を除き,ガラスホモジナイザ-で磨砕し

た｡ 10%磨砕液(0.1Mトリス塩敢緩衝液, pH 7.4)を6,000gで10分間遠心分蕎し･上

清を測定に用いた｡血液lま主として熟蚕の腹脚を切り,水冷試験管申に採取した｡

インヒビターの定量には,プロテアーゼとして牛スイ巌由来の精製キモトリプシ

ンを使用した｡キモトリプシン活性はベンゾイルチロシンーβ一ニトロアニリドを基

質として此色法によって定量した(Eguchi and Shom｡to,1984; Eguchi sl ai･,1986)

インヒビター活性は,プロテアーゼ活性を50%減少させるインヒビター量を1ユニッ

ト(1U)として表した｡

電気泳動は既報(Eguchi sl ai.,1984)に準じて行い,･泳動後のインヒビターの

検出法はUTiel and Berges (1968)の方法を基に,少し改変したものである｡

糸吉果と考察

まず,脂肪組織,皮膚及び血液中のインヒビター活性を吐糸前後のカイコについ
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て調べると,皮膚については非常に低い活性しか認められなかったが,脂肪組織には

強い活性がみられた｡そこで, 5齢起重から痛初期までの活性の変化を粛べたところ,

第1囲にみられるように,活性は5爵幼虫の発育に伴って急激に増加し,吐糸2日後

にピークとなり,一旦低下した後第二のピークが化痛1日後にみられた｡血液中のイ

ンヒビターの発育変動については既に報告した(Eguchi &i ai.,1986)が,そのピー

クの時期よりも脂肪組織の方はやや後期にずれていることが分かった｡

一方,電気泳動像を調べると,血液には検出･fれないg′
バンドlま熟蚕期以後活

性が非常に強まり, eバンドも吐糸前期を除いて強い活性を示した｡血液中にlま明瞭

な活性が認められるdバンドは脂肪組織には検出されなかった｡

第1国 ㌧発育に伴う脂肪親機のキモトリプシンインヒビター活性の変化
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脂肪組織に特異的なインヒビターg′ と血液中で活性の強いe及びg型の精製を

行った｡まず, g′ については, 35-65%硫安分画後, DEAE-Sepbacel及びUltrogel

AcA 54カラムを用いて持薬し,約530倍に精製された壕品が得られた｡ e及びgにつ

いても,上と同じ手原で精製を進めたが, e型の寄合は DEAE-Sepbacelカラムクロマ

トグラフィー後, CM-Celluloseカラムを通す方が有効であった｡ e,
gそれぞれ,

約 5,100倍及び1,100倍に精製された｡これらの精製壕品は電気泳動によって,一本

のタンパクバンドであることが確認された｡

sephadex C-50, Ultrogel Ac九 54カラムクロマトグラフィー及びsDS-ポリアクリ

ルアミドゲル電気泳動法により推定した平均分子量は, e, g, g′ 型それぞれ約

7,200, 8,400及び7,700 という値が得られた｡

続いてインヒビター活性に対する温度の影響を調べると(第2国) , e型lま最も

安定で, loo℃,15分間の処理によっても,約90%の活性を保っていた｡ g′ もこの

条件で対照区の80%弱の活性を示した｡一方,
g型は80℃までは非常に安定であった

が, 90℃で失活した｡この点,既報の部分精襲標品による結果(Eguchi and Shomoto,i

1984)と異なっている｡

30 40 50 60 70 80 90 1∞

Temperature (Oc )

第2固 持襲キモトリプシンインヒビターの熱安定性
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さらに,インヒビター有無の場合の基質濃度と酵素活性との関係から反応様式を

推定した. LineveaveT-Burkの逆数プロットをとり,直線の交叉の位置から, 3種の

インヒビターは培抗型阻害を示すと考えられる｡

3種のインヒビターを用い,阻害スペクトルを調べるとこれらのインヒビターは

共にキモトリプシン活性を強く,トリプシン活性を弱く阻害した｡カイコの消化液プ

テア-ゼ6B-3及びAspeTgillus melleus 由来の精製プロテアーゼはほとんど阻害しな

かった｡また, e型はサブチリシンを弱く抑えた｡

脂肪組織は血液のインヒビターの合成部位の一つと考えられるが,この組織に特

異的で活性の強いg′ 型は血液にはみられず,電気泳動ではe及びg型の中間に移動

する｡また,カラムクロマトグラフィーによる挙動も両インヒビターと似ているので,

このg′ 型が血液中のeやgに変化するのではないかと想像される｡

脂肪組織をSDS,Triton X-100,ノイラミニダーゼあるいはpH 8.0の媛衝液と磨砕

級, 5℃で20時間保温後電気泳動すると,かなり強い活性を持つe型が検出された｡

無処理のものではe型はほとんど認められなかったので,この結果はg′ からe型へ

の転換を示唆している｡この外,分子量及び熱安定性の面でもg′ はgよりもe型と

の類似性が強い僚向が認められる｡

一方,血液中には活性の強い高分子インヒビターdlま脂肪組織には認められない

が, d型に対する抗血清を用いた免疫電気泳動から,抗体と反応するタンパク質が脂

肪故殺中に存在することが分かった｡このタンパク質はd型の前駆体ではないかと考

えられる｡

血液及び脂肪親織中のキモトリプシンインヒビターlま,カイコの発育に伴い大き

な変化を示し,血液インヒビターについては,ホルモンによる制御を受けていること

も分かっている(Eguchi slai.,1986) ｡さらに,血液中のインヒビターの多くは脂

肪組織で合成･分泌されるものと推論されるので,次のような実験を試みた｡

すなわち, 4爵4日後と吐糸3日後のカイコから取り出した脂肪組織を, Grace

の培地で培養し, 20-ハイ一口キシュタグイソンの影響を培養5日後まで調べた｡ 4爵4日後のも

のについては,脂肪親織中のインヒビター活性の変化は比較的小さかったが,培養液

中のインヒビターについては,特に20-ハイ紬ヰシエクタイソン添加区で,時間と共に活性が著

しく増大した(弟3図) ｡
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吐糸3日後の脂肪組織を用いた

暑合にlま,叙織中のインヒビター

活性は, 1日以後,時間の経過と

共に裁滅する傾向が認められた｡

培養液中のインヒビターlま,ホル

モン添加区で培養4日以後活性が

増加した｡計算の結果, 4爵期の

葛合特に20-ハイFロキシエタグイソン添加に

よってインヒビターの新たな合成

あるいは活性化が行われているよ

うに推論される｡

o･一々Medium ー･● FTatbody

第3図 iB出での脂肪組織■のインヒゼタ一括牲に対する20-′､イドロキシエクタイソンの影響
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Amino Acid Sequence of Silkworm Antitrypsin Deduced from lts CDNA

Nucleotide Sequence

T∈血uj i SASAEI

Laわrator.y of Rh.ysica1亡泡emistzy, School of L4gTicultuz･e,

NagoJ7a t]hiversity, L;-hikusa, A-gtgoya 464, Jaw

I NTRODUCT I ON

Silkworm larval hemolyTnPh contains several kinds of serine proteinase

inl1ibitors (Sasaki,1978; Sasakiand Eotnyashi,1984).粗ey are classified into

two groups based on their physico-chemical characteristics. Lower molecular

weight inhibitors (7kDa) which are named SCIs (旦ilkworm旦hy7nOtrypSin

inhibitors) can inhibit bovine chymotrypsin reversibly with dissociation

constant KD(10-9M (Sasaki,1978).Amino acid sequenceanalysis of one of

SCIs (SCトⅠⅠⅠ) revealed that it should belorぜtO kunitz-typeserine
proteinase

inb主bitor represented by bovine
pancreatic trypsin inbibitor (Eassell et

all
,1965)

, though one amino acid was inserted in the first half cystine frame

(Sasaki, 1984) ･ -tiigher molecular weight inhibitors (42143kDa) are separated

into at least two species, t,hat is, silkworm antitrypsin (sw-AT) and

antichymotrypsin (sw-Achy) ･ Silkworm-AT can inhibit bovine trypsin and

silkworm digestive juice proteinase P-工Ⅰ (Sasakiand Suzuki,1982). Silkworm-

Achyl On the other handl Can inhibit bovine chymotrypsin and silkworm

digestive juice proteinase P-III (Sasaki and Suzuki,1982; Sasaki and

ltou,1985) ･ Both inhibitors make covalent, alkali labile lirkage with each
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target proteinase at their COOIトterminal region (Sasaki,1985; Sasaki et

al.
,1987).

In addition, complex formation acco叩氾nies cleavage of the peptide

tnnd tctween Pl
-Pl

'

(Schechter and Berger, 1967) corresponding to the reactive

site. This irreversibility in inhibition is the distinctively different

characteristic
from that of SCI group. Silkworm-A-∫ and sw-Achy seem to

rese血ble inblbitor group called serpin (Carrell and Boswell,1986) in tbelr

i血ibition mechanism (Sasaki,1985; Sasakl et al.
,1987).

It is necessary to

determine the amino acid sequence of these i血ibitors in order to clarify the

homology between these and serpins.

In this study, the amino acid sequence of sw-AT is detemined from the

nucleotide sequence of cloned sw-AT complementary DNA (CDNA). As a result, it

is revealed that sw-AT certainly blongs to serpin groupand that the reactive

site against trypsin is Lys343-Va1344 pePtide bond of sw-AT.

MATERIAIJS ANDmODS

FTa&ntation of sw-AT and Amino Acid Seqt)ence Analysis

Silkwom-AT was prepared according to Sasaki and Eobayash(Sasaki and

Eobayashi,1984). Chemical fragmentation of sw-AT was performed by two

reagents, cyanogen bromide (Gross and Witkop,1962) or iodosobenzoic acid

(Fontana et al.,1981).
Geュ filtration with Sephadex G-50 was the first step

for rough fractionation. Further separation ofpeptide was done with high

performance liquid chromatography usir唱 reVerSed bhase ODS-120T
colum(Toso

Co.Ltd, ) by linear gradient elution increasing acetonitrile concentration

containing
0. 1% trifluoroacetic acid. Autonnted amino acid sequenceanalysis

wasperformed using JEOL JAS-47K sequence a血alyzer. Phenylthioh軸1tOin amino
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acid derivatives were identified with highperfornulCe liquid chromatography

according to Sasaki etal. (Sasaki et a1.,1987)･

丹･epllation of mtZM and in vitro Tmslation

Total RNA was extracted
from silkworn1arval fat bO in the 5th day of

the 5th larval instar (strain Kinshu x Shown) by guanidinium thiocyanate-hot

phenol method (地皿iatis et al.
,1982)

･ Poly(A)'RNA -s isolated with oligo(dT卜

cellulose. Zn vitro translation was performed using rabbit reticulocyte

lysate in the presence of 35S-methionine and the product was trapped

specifically by rabbitanti-(sw-AT) antibdy･ Then, protein A-Sepharose CL-4B

was mixed and the compnents tx)und to this resin were eluted with 125TTM Tris-

HCIIPH6･8I COntaining l% SDS and 2% 2-mercaptoethano1･ The eluent was analyzed

by SDS-PAGEand the products were visualized by fluorography･

Construction of CENA Library

complementary DNA library of fat txdy
ply(A)+RNA

was constructed using

expression vector pKEN602 by Okayama-Berg method (Okayama and Berg'1982;

Nakamra et al.
,1986).

The constructed CDNA transformed E･coli strain JM83･

N1∬止氾r Of colonies formed on solid medium containing ampicillin were 4 Ⅹ 104･

Isolated plasmid DNA was electrophresed on O･5% agarose and DNA larger than

ptaN602 were recovered from gels･ These I)NA retransforned E･coli strain JM83 ･

Screeni月g Of sw-AT CLNA Clone

clones expressing sw-AT were surveyed by immunoscreening technique

(Helf7nan et al.
,1983)

using anti-(SWIAT)antiserum adsortxd with cell 1ysate

of E.coli strain JM83. Colonies reacted with anti-(sw-AT) antibody were

identified by 125 Ⅰ-labeled protein A･ Positive clones by imnuoscreening were

further ascertained by Sourthern hybridization. Plasmid DNA from positive
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clones were
cut by BamiII fmd electrophoresed on O･7% agarose･ Synthetic 23-mer

oligonucleotide mixture corresprKling to the amino acid sequence of sw-AT,

Lysl 0
-Asn-Gly-Asn-Asp-Asn-Phe-Thr1 7 , Synthesi2:ed with DNA synthesizer model

380AI Applied Biosysteml and was used as prob after labling at 51-end with

32P according to MaxⅡ旺皿and Gilt氾rt method (Maxam and Gilbrt,1977). Colony

hybridization wasperformed using EcoIモトPstl fragment (750bp) of one of the

sv-AT CDNA clones (pSWATl) as a
probe after

labeling
with 32P by random

oligonucleotide primer method (Feinberg and Vogelstein,1983) using

oligonucleotide kit (Pharwia).

Northern蜘idization

To asse忌 the size of mRNA of SWIAT, Northern hybridization was

perfomed･ Poly(A)+RNA from fat buy was
electrophoresed fmd then transfered

to nylon membrane･ EcoRI-Pst‡ fra釦Ient (750bp) of sw-AT CDNA clone (pSWATl)

was used as a protn.

Sequencizlg Of cDN4

Bam甘トⅩbal fragment of sw-AT CDNA clone (pSWATl) was subcloned to

Bluescript ES M13' and M131 (Stratagene Cloning System Co.Ltd.)and after

transformed E･coli strain叩Vl184I Plasmid DNA was recovered. Deleted CDNA

fragments Were Obtained by exonucleaseIII digestion for 2I 4, 6, 8 and lOmin

and after the treatment by exonucleaseVIII PrtOducts were ligated to

Bluescript･ To obtain overlapplngI MI-EcoRI End EcoRt-Pstl fragment of CDNA

PSWATI were subloned to Bluescript･ The dideoxy method was employed for DNA

sequencing (Sanger et all , 1977). Amino acid sequence Corresponding to CDNA

nucleotide sequence was determined by using computer program GENETYX (SDC

Software Develop･Co･Ltd. ). Hydrof凪thy defined by Kyteand Doolittle (Kyte即Id
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DDOlittle,1982) was calculated using program DNASIS (Hitachi Software

Engineering Co.Ltd. ).

RESULTS AND DISCUSSION

Sl)S-PAGE pattern of in yitro translation product.s revealed the

incorpration of
3 5S-methionine into 42kDa comrK)nent imnunoreactive with anti-

(E;W-AT) antitxxly (Fig.1). Thi畠Si2.e is ident.icalwith taht of sIトAT and it is

concluded that E;W-AT is synthesized in the fat bcdy. Preform of sw-AT is not.

recognized clearly. A 30kI)a component also reactive with ant.i-(sw-AT)

antibody. This component is also recogni2.ed even after the translation

prcducts are preliminary treated byanti-(hemolyTnPh 30K
prot.ein)antibxly. The

charact･er of this comp3nent is not clearuntill now.

97K+

68K一事

4 5Iく一事

30K+

20 Iく.+

章･
▲

2 3

rlJ･L rlmro=pLr llLer mSIPA6! BT In
▼1t:川LrLLIJAtlM PMJucLJ

ol llt H1叩1r(Al'HA IrlT b‖LTBrL. P山rlAJ'HA pt叩LreJ llm ‖1L-

TOTI ILt ndl rH trLMJILeJ ln A CeJl･hee UILH Br rJbbit TllLIcuID-
Elte JIHte T‖b -1Sl州l=1ne. LJPe I.1nJI pro山ct1; )1∩t 2.…d-

qcl= rl一CteJ ■JLh lLtl･lH･lTJ Intl書erH; 1J= 3.pTOdqtEl rHeLcd lJLh

=｢IJ) rLbblt書…J. Yo】uuJLr retlhL Jt一JZdtT山Irl, I( 1oHMBZ ITL

ph…hDrlltJC b; 18(. bo▼jDt …ub &lbu■仙 りL. DYllbnJn;川1. …-

bMJc LbbTdrHe;川l. B叩beJA trl叩山11blbitlr.
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ITtmunOSCreening of the library could identify two rx)sitive clones (pSWATl

and pSWAT2) among 2･4 x lO4 colonies. Southern blotting of BamHI fragment of

plasmid DNA from these clones by synthetic oligonucleotide could estimate both

inserts as 1.9kb long.

DNA sequencing wasperformed atx)ut CDNA of clone pSWATl
･ ExonucleaseIII

digest of PSWATI DNA gave l･5kbl l･25kbl l･Okbl O･55kband 0.2kb fragments. As

the result of sequencingl this CDNAI though partly lacking 5I-prtion of mfNA,

contained nucleotide sequence corresponding to the NH2
-terminal amino acid

sequence of mature swIAT･ On the other handl Curiously, this CDNA had two

ply(A) regionsand any amino acid sequence identical with that of sw-AT was

not found tntween them.

Colony hybridizationusing EcoRIIPstl fragment of PSWATI CDNA could pick

up a
clone (pSWATll) having CDNA of 1.1kb long. This CDNA was 150bp shorter

than that of pSWATl at 5'-end and had only one
poly(A) region. The chain

length of sw-AT ITRNA was estimated as 1.4kb by Northern hybridization and it

became Clear that PSWATI CDNA had artifactual O･6kb portion at its 3I-end･

Sequencing strategy of sw-AT CDNA was summarized in Fig.2. The result of

nucleotide sequence of sw-AT CDNA and amino acid sequence deduced from it was

shown in Fig･3･ Also in Fig･31 amino acid sequences determined frompeptides

derived from sw-AT were incl血and
Lmdrlined.
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It is already revealed that sw-AT can血e complex with bovine trypsin

and thatl at that timel new NH2-terminal amino acid sequence beginning with

Val-Tyr-Va1-Are-Pro-Pro--- is
produced (Sasaki et a1. , 1987).Amino acid

sequence of sw-AT can identify the position of this peptide (Fig.3). As

expected, it begins wi･th Val344 in the CmH-terminal region of sw-AT. Also it

is clarified that bovine trypsin specifically reacts at Lys343-Val344 pePtide

bond and is inhibited･ The degree of bydropatby indicated that the region

around this site is hydrophilic, or expsed on the molecular surface (Fig.4).

Amino acid sequence of sw-AT is compared with that of a memtnr of serplnl

that is'huⅢan al
-PrOteinase

inl1ibitor (Long et al. , 1984) , al
-antichymotrypsin

(Cbandra et all
,1983a)

or antitbroI血inIII (Chandra et al.
,1983b)(Fig.5).

The

positions in which the identical amino acid is found for three serpln members

are also occupied by almost the same amino acid in the case
of sw-AT. It is

clear that sw-AT belongs to serpln family･ It is interesting that Arg-Ser bond

is found at the psition just corresponding to the reactive sites in three

serplnS Cited･ In silkworn1 there may exist a trypsln-like proteinase that

reacts and is inhibited at this site.
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《和文要旨》

家蚕幼虫体液中に存在するプロテアーゼインヒビターの一種､カイコアンチトリブシン

(sw-AT)は､そのタンパク化学的性質やトリプシンに対する阻害機能から､高等脊椎

動物の血清中などに見いだされるセルビンと呼ばれる一群のプロテアーゼインヒビターの-

貞であることが予測されていた｡これを確認する目的でその全アミノ酸配列を相補DNA (

CDNA)のヌクレオチド配列より決定した｡ sw-ATのcDNAは､家蚕脂肪体のmR
NAより発現ベクターpKEN602を用いて作製したcDNAライブラリー中から抗sw

-AT抗体と反応するコロニーを捜し､ sw-ATの部分的アミノ酸配列に基づいて合成し
たDNAプローブとのハイアリダイゼ-ションにより同定した｡そのcDⅣA (PSWAT

1 )のヌクレオチド配列を決定し､成熟sw-ATのN末端からC末端までの376偶のア

ミノ酸を決定した｡ヒト血清中のα-1-アンチトリプシン､ α-1-アンチキモトリプシ

ンおよぴアンチトロンビンⅠⅠⅠとのアミノ酸配列の比較から､ sw-ATが無脊椎動物由来
の初めてのセルビンの一員であることが確認された｡ sw-ATとトリプシンの反応部位は
Lys3431Va1341であることが判明したが､す(･近傍にArg348-Ser341が存在す

ることも明らかになり､未だ不明である家蚕体内でのs w-ATの標的プロテアーゼの特異
性との関連が注目された｡
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22-Deoxyecdystero土ds : specific ecdystero土ds found in the

ovaries of Bpmb¥革聖王主

Eiji OHN=SHZ

Department of Biologyt Faculty of Sciencet Nagoya

Universityr Chikusa Nagoya 464 Japan

工ntrodnct土on

Ecdysteroids are the group of steroid compounds having the

molting hormone activity･ Since the isolation of ecdysone

from声omby軍PuPae in 1954. more than 15
molecular species

have been isolated from 土nsects and their structures have

been 土dent土f土ed.でbe co血on feature亨Of tbe土r structures are

hydroxyl groups at c-3′C-14JC-22,C-25. together w土th 6-one-

7-ene
structure･ According to the classical scheme of insect

post-embryonic developmentr
ecdysteroids in immature stages

(larvae and pupae) are synthes土zed 土n and secreted from the

protbo工■acic 91ands.工n a past decade. ovar土es (and testes 土n

some 土nsects) are shown to be the second organ(s) which are

c.apable of ecdysteroid biosynthesis (1). Whereas in immature

stagesーOf insects, the maコOr eCdysteroids are generally 20-

hydroxyecdysone or ecdysonet in ovaries or eggs occur multiple

molecular species.土nclud土n9 Several 2-deoxyecdysteroids (2).

=n the ovaries of Bombyx堅ユ. We have isolated and identified

two speci-es rof ecdysteroidsr lacking hydroxyl group at C-22･

This kind of ecdys.teroids has not been found so far in insects.

The meaning of the occurrence of these unusual ecdysteroids in

阜o咋)y軍 ○Varies is discussed.
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Materials and Methods

Animals and isolation procedure

Matured ovaries, isolated from pupae of hybrid strains, were

the source of ecdysteroids. Frozen ovar土es were crushed and

ground in a mortar under liquid nitrogen. Pulverized samples

were then extracted first with 5 volumes of ethanol and with

80 % aq.ethanol several times.

Details of the isolation of free and conjugated ecdysteroids

from Bombyx ovaries have been described elsewhere (2,3) ･ The

method is essentially as follows. The ethanolic extract of the

ovaries was concentrated under reduced pressure and preclp土tate

produced was filtrated. The filtrate was further concentrated

to a small volume and was partitioned between 70亀 aq.methanol

and petroleum ether. The methanolic layer was concentrated and

applied to the column of Sephadex G15. The eluate was then app1一

土ed to the column of s土1ic土c acid. Free ecdysteroids were eluted

from the column with a m土Ⅹture of benzene-methanol (9:1. Ⅴ/v).

while the conjugates Were eluted with methanol. The free ecdy-

stero土ds were further
pⅥrlf土ed by thin-layer chromatography (

TLC) on silica gel and high performance liquid chromatography

(HPLC) , using a reversed-phase column. The
conjugated ecdyster-

olds ln the eluate of s土1土cic acid column were further pur土f土ed

by Sephadex LH-20 column, using methanol as a developer, and

then by HPLC using gradient elution system.

Characterization and 土dentlf土cation of ecdystero土ds

Character土zatlon and 土dentification of the 土solated ecdyst-

erolds were done 土n collaboration with Drs.工kekawa and Fu〕1moto

of Department of Chemistry, Tokyo =nstitute of Technology. The

methods consisted of enzyme (snail juice. alkaline phosphatase)

hydrolys土s′ ロⅤ- and 工R-spectrometry. mass spectrOmetry and

proton magnetic resonance.
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Results

工solat土on and ident土f土cat土on of Bombycostero1

=n the chromatogram of HPLC of the ovarian extract, ecdyster-

o土ds eluted from the reversed-phase column in an order of polarl-

ty･ Namely, 20-hydroxyecdysone came out first,following ecdysone,

2-deoxy-20-hydroxyecdysone, 2-deoxyecdysone and 2. 22-dideoxy-20-

hydroxyecdysone･

altho?h
peaks of 20-hydroxyecdysone and ecdysone

are sometimes consealed by 土mpur土t土es mostly appeared at the

breakthrough. However, long after the elution of 2,22-dideoxy-20-

hydroxyecdysone. another ロⅤ-absorbing peak appeared.The material

ehxib土t土ng the Uv-absorption was collected and subjected
to UV-

spectrometry. =t showed absorption maximum in ethanol at 243 nm,

1nd土cat土ng that 土t is ecdysteroid. From about 6000 pairs of the

ovaries, 600 tlg Of this material were obtained and were subjected

to physico-chemical analysis. From mass spetrometry. molec111ar

weight of this material was assumed to be 448.. and 土t has the

same side chain structure as 2,22-d土deoxy-20-hydroxyecdysone.

Mostly from the chemical shift and coupling patterns of NMR charts,

the structure was deduced to be (20S)-cholesta-7.14-diene-3β′5α.

6α.20,25-pentaol (4). S土nce 土t 土s not the der土vat土ve of ecdysone.

and has no keto-group at C-6 position, the name ''bombycostero1.T

was coined.

工solat土on and 土dentlf土cat土on of bombycostero1 3-phosphate and

2. 22-d土deoxy-20-hydroxyecdysone 3-phosphate

From the methanolic eluate of silicic acid column, ecdysteroid

COmjugateS could be isolated.
prior to the application to HPLC,

chromatography on Sephadex LH-20 was quite efficient.From unknown

reason, the conjugates Were eluted just after the breakthrough･

Zn the chromatogram of HPLC, six major Peaks could be recognized･

These UV-absorbing materials were collected and subjected to
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Fig11･ HPLC profile of ecdysteroid conjugates in Bombyx ovaries･
A: 20-hydroxyecdysone 22-phosphate. B: ecdysone 22-phosphate. C:

2-deoxy-20-hydroxyecdysone 22-phosphate. D: 2-deoxyecdysone 22-

phosphate. E: 2.22-d土deoxy-20-hydroxyecdysone 3 -phosphate. F三

bombycostero1
･3

-phosphate

(1) R=PO3打2

(1a) R=H

HO
OH

(2) R=PO3H2

(2a) R=r[

Fig･2･ Structures of 2,221dideoxy-20-hydroxyecdysone (1a) and
土ts 3-phosphate (1), of bombycostero1 (2a) and土ts 3-pbospbate

(2).
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enzymatic and physico-chemical analyses･ The results revealed

that these substances were the phosphate esters of 20-hydroxy-

ecdysone (A), ecdysone (B) ,
2-deoxy-20-hydroxyecdysone (C). 2-

deoxyecdysone (D) , 2.22-dldeoxy-20-hydroxyecdysone (E). and

bombycosterol (F) (the alphabet ln the parentheses corresponds

to†hose marked 土n F土g.2). Amon9 these conjugates.
4 were 土dent土-

cal to the previously reported ones. but 2 were previously un-

known. They were exceptional in that phosphate radical is bound

to the hydroxyl group at C-3. These structures are shown with

their corresponding ecdysteroids in Fig.2.

D土scuss土on

Ecdystero土ds accumulated ln the ovar土es of 土nsects vary mark-

edly among insect species･工n Bombyx聖旦三主. 6
major ecdysteroids

accumulate as the free and conjugate forms. This pattern is in

contrast to that found in the ovaries of Manduca sexta (5),

where 26-hydroxyecdysone 26-phosphate 土s the predominant species,

accompanied with 26-hydroxyecdysone 2-phosphate as a minor com-

ponent･ Among the 6 ecdysteroids in Bombyx ovariesr 2 have exI

cept土onal structures lacking hydroxy1 group at C-22. but have

them at C-20. More than 50 ecdysteroids have been isolated and

土dent土fled from various plants and animals up to now･ However.

only few of them lack hydroxy1-group at C-22. This fact is part-

ly attributable to the screening methods used. Usually, ecdyst-

ero土ds have been detected by b土oassay. which make use of the

molting hormone actlv土ty. and by rad土oimmunoassay. 1n which

ecdysone or 20-hydroxyecdysone was used as haptene of the anti-

gen. S土nce hydroxyl group at C-22 土s 土nd土spensable for the molt一

土ng hormone activity and also for the antibody-antigen reaction.

ecdysteroids lacking hydroxyl group at C-22 usua11y escape the
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detect土on･ Recently, 2 ecdystero土ds lacking C-22 hydroxyl

have been found in the pycnogonid, Pycnogonum 1土torale (6).

There remains a possibility that many 22-deoxyecdysteroids

would be found if we use the screening methods which could

detect these compounds･ Since 221deoxyecdysteroids have no

or quite weak molt土n9 hormone act土Ⅴ土ty. we have to find out

the function(s) of these new class ecdysteroids. The relation

of 22-deoxyecdystero土ds to 22-hydroxyecdystero土ds rather

resembles to that between g.1ucocort土co土ds and mineral cortト

co上ds or between androgen and estrogen
土n vertebrates･
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22-デオ車シエクジステロイド:カイコ卵巣に見出された特異的エクジステロイド

大西 美禰

名古屋大学理学部生物学教室(名舌匡市千種区不老町)

カイコ卵巣から6種のユタジステロイドが避妊塑および冶金塑として得られた｡ こ

のうちの2種は傭鎖のC-22位に水酸基の無い特異な構造をしている｡ このようなユ

タジステロイドは他の昆虫からは得られていない｡ 現在までに50種以上のエクジステ

ロイドが動植物から得られているが, C-22に水酸基の無いもの娃僅かしかない｡ こ

れは,主としてエクジステロイドのスクリーニングの方法によると思はれる｡ C-22

に水酸基の無いエクジステロイドはおそらくスク1)-こングの方法を変えればかなり見出

される可能性があると思われる.この新しいタイプのユタジステロイドは殆ど脱皮ホルモ

ン活性が集いので,新しい生理括性を見出さねばならない｡
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ARG=N=NE DEGRADATION CASCADE OF THE SPERMATOPHORE RELATED TO

THE SPERM MATURATION OF S=LKMOTH,

Minoru OSANA=

BOMBYX MOR=

Department of Biology, Tokyo Metropolitan Institute
of

GeTOntOlogy' Sakaecho 35-2, Ztabashiku' 173-Tokyo' Japan

=NTRODUCT=ON

=n the silkworm.地Ⅹ 聖堂王主. the complicated process

from
sperm maturation to fertilization is d土stlngu土shed by

the following five stages.' 1. spermatogenesis in the testis,

2. transfer of apyrenes and eupyrene bundles to the ves土cula

(Ⅴ.) semlnal土s. 3.
e〕aculatlon and spermatophore formation.

4･
mlgratlon of both apyrenes and eupyrenes to spermatheca

and 5. fert土11zatlon of eggs ln the vestibule (Osanai et

a1･, 1987a). I principally studied the stages 2 and 3. The

sperm maturation, the acquisltlon of apyrene mot土11ty and

the dissoclat土on of eupyrene bandles followed to the

acqu土slt土on of eupyrene mot土1ity. occurs ln the

spermatophore consisting of secretions of male reproductive

tracts (Kasuga et a1., 1987). Accompanied with these

physiological changes, various biochemical reactions related

to the sperm maturation must also be caused ln the

spermatophore as a closed recotor, since the male secretions

contalnlng sepa.rately many sorts of enzymes and their

substrates are mixed. for the first time. to each other by

eコaCulat土on.

-55-



MATER=ALS AND METHODS

Two hybrids of commercial strains of the silkworm･ Pombyx

聖生江I Fuyo X Tokai and J124 X Ch124′ were used･ The glandula

(g.) 1acteolaJ 9･ SpermatOphorae･ g･ prostatlca and v･

sem土nalls were each excised from female moths 30 mln after

the beginning of copulation( arglnaSe activity and
free

amino acid contents in these male reproductive glands and

the b. copulatrlx were measured as described previously

(Algaki and Osanai. 1985; Osanai and Yonezawa. 1985)･

Metabolites of glycolysis in the spermatophore and release

of carbon
dioxide were analyzed

by use of [ト14c]glucose-l-

phosphate, 【1-14c]pyruvate and 【U-14cトcompounds of
2-

oxoglutarater ornithinet pyruvate and glucose-1-phosphate

(osanai et al.. 1987b). Enzyme activity of a specific

prostatlc endopept土dasel BAEEase or init土atorln was

determined toward a synthetic substratel Nα-benzoyl-L-

argini-ne ethyl ester (BABE) (Aigaki et a1･･ 1987)･ Male

reproductive tracts and b･ copulatr土Ⅹ (or spermatophore)

were m土croscoplCally and electronmicroscoplCally observed

(osana土et al., 1987a;d) to compare their histological and

morphologlCal changes with biochemical changes･

RESULでS

sperm mature after transfer to the spermatophore:

apyrenes acquire motillty and eupyrenes dissociate due to

dlgestlon of their bundles by inltiatorin or trypsin･でheir

dissociation is promoted mechanically by the rotating

movement of the active apyrenes･ With time after the
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sperrnatophore formation, the regions and granules staining

with hematoxylln and FAS ln the spermatophore
decrease.

while eoslnophillc substances appear and accumulate. The

FAS-positive granules derived from secretions of the male g.

1acteola and the prox土mal part of the v. sem土nalls were

identified as glycogen by treating them with α-amylase.

During and after mating, a large amount of urea

accumulates in the spermatophore, indicating active

hydrolysls of arginine (Fig. 1.). Arglnase. which ls present

in high activity ln the male v. semlnal土s is transferred to

the spermatophore without loss
of activity during

eコaCulation.工n the spermatophore′ the level of ornith土ne

remains much lower than that of urea formed in the equimolar

amounts･ The levels of proline and glutamine also increase
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Fig･ 1･ Changes in anino acid pools in the bursa

copulatrix during and after mating･
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sl土9htly, but there is a marked increase ln the level of

alanlne in the spermatophore. On the contrary. the

concentrations of all free amino acids are very low,土n the

exocrine glands of the male reproductive system. No urea is

detectable in the secretions of any male glands･ The changes

in levels of these free amino acids thus strongly suggested

the presence of a cascade reaction in the spermatophore from

argln土ne v土a 91utamate for the active formation of 2-

○Ⅹoglutarate with consumption of pyruvate produced by
/

extracellular glycolysis･ H土gh alanlne-glutamate

amlnotransferase activity was found ln the v. sem土nal土s as

well as spermatophore.

Thls cascade reaction was confirmed by showing that

【14c]glucose-トphosphate and 【14c】pyruvate were metabolized

E仰OFtPTDASE Cr

G PFDSTAT[CA

(I NITIAT(:R] N)

≡

Cl
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:⊃
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F19. 2. 工nitlatorin and its regulation mechanism

of ar91nlne degradation cascade in the

spermatophore of Bombyx n9d･
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with the formation of radioactive alanine･ Moreover, in the

spermatophore conta-叩SpermatOZOa′
14co2

Was released not

only from these rad土oactlve glycolyt土c土ntermediates
but

also from both labelled orn土ht土ne and 2-oxoglutarate which

was a preferred resplratOry Substrate
for the sperm･ Thus′

the arglnine
degradation cascade coupled with glycolysis

serves as an energy-yleld土ng system for spermatoZOa･

For this supply of so much
free argln土ne′ a speclf土c

proteolytic system composd of a specific endopeptidase of g･

prostat土ca′ in土t土ator土nl and a carboxypeptldase acts in the

spermatophore･
By this system1 Only arglnine

is specifically

produced. Unlike trypsin, initiatorin (30 KDalton) showed

marked hydrolyt土c actlvlty on BAEEl and slight activity on

Nα一旦-tOSyト1ysine methyl ester′
but none on Nα一旦-tOSyl-

1ys土ne methyl ester･ =nhlb土tlon speclf土clty with many

endopeptidase
inhibitors showed that initiatorin must belong

to a ser上ne protease.

CONCLUS工ON

only the fragmentary information is available about other

insects for comparison with these findings on the

spermatophore of Pombyy gi2三主･ =n this series of experiments′

the following phenomena were newly discovered or eluc土dated･

1. Enzymes and their substrates are separately localized

in the secretions of the male reproductive tracts and

the mixing of them at the eコaCulat土on causes′ for the

first time. various reactions for sperm maturation ln

the spermatophore･
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2.

3.

4.

5.

6.

7.

PhyslologlCal functions of the spermatophore are the

site for sperm maturation as well as the metabolic

reactor necessary for it.

Role of apyrene sperm ls to stir the viscous

spermatophore contents to promote reactions.

Arglnine degradation
cascade occurs in the

spermatophore.

Free arglnine is supplied by a specific proteolytic

system composed of ln土tiator土n and a carboxypeptidase.

工nlt土atorin contained only ln the secretion of the

proxlmal part of g. prostatica ls. therefore, the

important key substance acting as an initiator: (a) in

inducing for motility of apyrenes, (b) in dissociating

eupyrene bundles, (c)土n actlvatlng carboxypept土dase′

and (a) in the arginine degradation cascade (Fig. 2).

Namelyl inlt土atorln is a new type of protease. since

this extracellular protease functions for the

appearance of physiological cell (sperm) actions and

their regulations like a intracellular
protease.

Extracellular 91ycolys土s proceeds ln the

spermatophore･ This occurrence has never been reported

ln higher animals.

GIycogen is utilized as a energy source for sperm

maturation･ Hithertol glycogen has not appeared to be a

common constituent of secretions of male reproductive

tracts of insects (Leopold, 1976; Lai-Took, 1982).

Protein is primarily utilized as an energy source.

2-0Ⅹoglutarate ls a preferred resplratOry Substrate
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for the silkworm sperm: it its twice more available than

pyruvate.
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要 約

力イコガの交尾､射精によって､次のように､極めて特異な代謝系が作動し､清子の成
熟を活性化する｡

1.酵素と基質が､雄生殖輪管の各分泌物に別々に局在しており､射清による混合が清包
における清子成熟のための様々な反応を惹起する｡

2.清包の生理的機能は清子成熟のための填であると共に,そのために必要な代謝の反応
槽である｡

3.運動性を獲得した無核精子iま,高粘性の精包内容物を挽押して･､話反応を促進きせる｡

4.清包では､細胞外解糖と､それと共役したアルギニン分解力スケ-ドが起こる｡昆虫

の生殖輪管中のグリコーゲンの存在は,これまで否定的であった｡高等動物における細
胞外解糖も初めての知見である｡

5.遊離アルギニンは､イニシャトリンとカルポキシベアチダーゼとからなる特異な蛋白
分解系によって供給される｡イニシャトリンは､生殖輪管の最末端に位置を占める前立

腺にのみ存在するエンドベプチダーゼで､ (1)無核精子の運動性獲得､ (2)有核精
子束の解離､ (3)カルポキシベ7'チダーゼの活性化, (4)ア)t'ギニン分解力スケ-
ドの引金としての働きを有する｡

6.蛋白質が積極的な呼吸基質になりうる｡

7. 2-オクソグルタル酸がカイコガ清子にとって好適なエネルギー生成の基質となる｡
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