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SUMMARY

In the hemolymph proteins of the silkworm reared with mulberry leaves and artificial diet,

electrophoretic patterns of Storege Protein 1 (SP;) and Vitellogenin(VG), changes of relative

concentration of SP;, JHA effects during the developmental stages, and estimation of the molecular

weight of vitellin subunits were investigated in the present study.

1.

Storage Protein 1 (SPy) showed female specificity from the middle stage of the fifth instar
to the end of spinning stage in the silkworm reared with mulberry leaves and artificial diet.
Vitellogenin (VG) showed female specificity just after pupation in the silkworm reared with
mulberry leaves and artificial diet.
Storage Protein 2 (SP;) without female specificity was detected from the early stage of the
fifth instar to the first or second day after pupation.
Vitellin was composed of two non-identical subunits (vitellin-heavy chain; VTL-H, vitellin-
light chain; VTL-L) with molecular weight of 186, 000 and 41, 000.

Also, there were no differences between the molecular weights of vitellin subunits obtained
from silkworms reared with mulberry leaves and artificial diet.
Relative concentration of Storage Protein 1 (SP:) after topical application—0,5, and 10pg per
body weight—of JHA on the 60th hour of the fifth instar showed the highest increase with the
treatment of 5ug and a higher increase with the treatment of 10xg compared with the control

(no topical application of JHA).
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EaP(1954)-& “roll o Sl = wisiieluk 238t
T MEFEREAE] EA v sk o] fiEE F(1960)
E ol o Kasbel wE BEIRSEY BEhE 1B
BRAEB ko2 A3t HFREAES E2AE B
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o 59 ﬁ?ﬁﬁﬁiﬁq IR Al &IRE 3 M
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Wrpol HE ¥ EUEEMANS pFRe 53td IR
Mol 24 = o] PFEFFEHRAE (vitellin) 2 € &+ (Pan
et al., 1969; Brookes, 1969; Engelmann, 1969; 1971;
1974; Engelmann & Laddwahetty, 1974; Doira &
Kawaguchi, 1972; Ono et al., 1975).
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S A 9 (Wyatt & Pan, 1978), Folol A &= o 94
o2 iRl e vt (Ono e al., 1975). ]9zt
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vl R 2 HE TR BRaRe) okl i
o] M¥A vitellogenino] #H = & ol o).
Sl - KOl S WesE
Chino %(1969; 1976)2 eri ¥ (Philosamia cynthia)
o] JHAFEEX ol A lipoprotein I 5} lipoprotein I (vite-
st s, JEn - gl (1978) 2 el #f
AFE 9 obvl ARl vhE 27
A Rhrel MEEHE; TR 142,000, LG 4T
# 46,500)0] EAFE Ha wgld. @4, lami &
Tomino(1980) % vitellin®] Z+F&Eo]l 440, 00001 4
Fgol & 249 subunit(HE# ; 4F& 180,000, L
M 0FE 42,0002 TA=] 92g Hadilth

vitellogenin®t =48 A 7 = Ry e FHE (Sto-
rage Protein)ol 33le] A3 n =, e @ &
Ao FREEMES Munn(1969; 1971)4 &8
(Calliphora erythrocephala)ol A A Lo 2 whAw ol
¥ FololAlx =z &) (Storage Protein 1,2; SPy,
SP) 7t dxE 9 m(Tojo et al., 1980) 53], SP1-&
Spfipol vk B, o F MrREHLNTISl WENE e
B2ul bl @St 59 e skl A #pel
o nhfBERINE T2 WA FA IR B

1976; Greengard

vitellogenin <] b wud

Hogenin) &
vitellogeninel] =

ofl = it 1T o) B S gt ek (Tojo ef al., 1980).

WRIHRR=Re] MES RIS Fo BAES RS
B{ /Ny F lipoprotein—svitellogenin <=4 & Mgkl
Wt El b (Ono et al., 1975). 53] 53 LhEkiiel i
el 3= SP1o] &R vitellogenin® &K & YA 3 I
A7 9ol Al SPiel Aol Fowl vitellogenind &
E ¥ SPi& AKEA ¢+ A vitellogenin®
H3HA ko Mine et al., 1983).

ghell 9lelAl vitellogenin®} hormones}2] A &
Ane, e gl 3lelA vitellogenin K JH
W# T ¢leow (Koppe & Offengand, 1975; Pan &
Wyatt, 1976; Chen et al., 1976; Engelmann, 1979;
Dejmal et al., 1972; Brookes, 1969), =3 @29 B
#2 ecdysoned] 234l vitellogening] £Hel A4 =
o] R} (Fallon et al., 1974; Huybrechts & De loof,
1977). JH¥ Leucophaea maderaed) A B REHE S
FHHFEEAEYS AR S A 8= (Engelmann, 1969),
vitellogenin® 41 PRI (follicle cell) o o &t fE%E
e =43t (Koppe et al., 1980a). Oncopeltus
fasciatus 1 Nauphoeta cinereas) JHA (Juvenile Hor-
mone Analogue) & JIFTH:AigEEsd B& 2 (AEF
o] ik #Ro) Tt E vitellogenin®] Aol EBE= Y} Pk
7.2 o148 3 REA gEvk(Thomas ef al., 1976;
Georges, 1976).

BEEF S AU B AP maA 2R
o2, 59 ke REACEME S KRS ¥
Bfobu] ek RGN A = FERE T o 4 g FH
e HikE o] = Yol el Feo].& uleld
28 REEEA A= HE ROASDUERR %
ZA ARk, WKl A 7P5] A %o ALfkZ i
Ha ol 2 Wb FA = o) FRE\Eel A EA A
ohizvh ikl %, 1976). =% BRI Wty o
AR fifktel whel Be HHE vty FAS0GER,
1971; Auclair, 1959; Durzan et al., 1968; Villeneave,
1962).
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Bhye w oL o S A ztste] So o MEEMAE
2] 9ldFel WPmisRiFTol vitellogeninel] el 8 HwE
WO, vbEbEEel G, MRSl RN E el
vl 2l JHAS %R, DR EEME (vitellin) o) 44
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313 ¥ PBS(phosphate buffered saline) %%
IRl Eelgls Mg AAT F —70°Coll Uik
RESHAE AHEAE vE FEE gl 3ge Pt
30mle] PBS ¢hF& gol 5~1087 whf s ¥ &
L5rHE(30,000g, 108)% 459 & BREBARXEZ
AL&-819] o,

4. BEKXE

7}. Polyacrylamide slab gel & &ik5

Davis(1964) skl #este] 3stalond, 4 o
PEYE 7.5%% 3 slab gele] F4L 135%130X 2mm
% ot

KEA AR B 100ud) 40% sucrose Imle} &
22l BPB(bromophenol blue)2 & 4& EAKo=Z
sty o BRKERT FABHEY 20uE SEstdc

oo

PkE)-& Tris-Hel glycine $%9 (pH8. 4) Foll A #EM
Ad WA s 30mA, FEAd HHAE 20mAS E
BE @Bt ¥R oA 447 A= Y3y
o, BPB7l pk@hie] Bl oty 4 lem@xE o2
Sl pkBIS 55T et vh 0.05% coomassie brilliant
blue R-250% Jufawy o &, 7% ZAN ¢ ffuleo = 7
b Apgetg on] A Lol A 347k g F AR EY
st ot

1}, SDS-polyacrylamide slab gel 8 % kBh

Laemmli(1970) Jiikol #edte] 3yl o
slab gelo] = 10% 9 12.5% Atk k@A Rpte
% 0.2mlo) 40% sucrose 2ml, 8M urea 2 2% SDS
Z gfa 0.8mig 0.2M tris-Hel <% (pHS. 4)-&
Mslar oA 5% p-mercaptoethanol 10plE ¥Rindhod
o gstol Al 1687 %ol S—SEEAS BIE AL A
L8tg vt =8, I mEES marker protein® 7H& ¥
Hoz Ayt gele fERF, & 1AZAE oy
MBS vhg, ARED =49 B 404, I EEE
60ul, marker protein 10uls 27t SEIAtH BHE
kB A 2olA pHS. 39 TrissHel glycinest®4
(0.25M Tris, 1.92M glycine, 1% SDS) el A #EHs
Ao W3 30mA, FEEAA A 20mAY EBHE
A 5435 Astdh. IEF, geld YK
Z5-=5.1:59 coomassie
5AZHEQ A F 7%

A

(methanol : acetic acid :
brilliant blues} 1%)el A
acetic acidoll A ul4]3}g) o},
5. 50 BEKS SFR #HE

BT EaES 4TRSS #3398y,
lobulin(43 ¥4k ; 330,000), ferritin (4F& ; subunit
220, 000), bovine serum albumin(%4F5& ; 67, 000),
catalase (4> ¥ & ; 60, 000), lactate dehydrogenase(%¥+
5 36,000), ferritin(4rF& ; subunit 18,5000 %, {K
GF ErEe TFEE 437 dstd =
rylase-b(4F & ; 94, 000), bovine serum albumin(4+F
& 67,000), ovalbumin(%F5& ; 43, 000),
anhydrase(%-F3# ; 30, 000), soybean trypsin inhibitor
(&FE ; 20,000), lactalbumin(5F& ; 14,4000 % =+
7+ EEXETR P (calibration kit; Pharmacia Fine Chemi-
cals A F) & AR-&3tol ot

6. AH %% &= (methoprene) 2| pRIB

AERE BEEE T LS BARY REHEGDAA A
23 Manta® (1.25mg/mlg] methoprene; Isopropyl
(2E, 4E)-11-methyl-3,7, 11-trimethyl-2, 4-dodecadie-
noate) & acetone2 2 # % methoprene ¥ 7} Img/ml
7t A2 & F4ste] A geidich. ARGHEE LY EE

thyrog-

phospho-

carbonic
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Fig. 1. Polyacrylamide gel electropherogram of hem-
olymph proteins of the silkworm fed on
mulberry leaves. F, female; M, male; SPy,

storage protein 1; SP, storage protein 2.
V4, four days after the fourth larval ecdysis;
V6, six days after the fourth larval ecdysis;
V8, eight days after the fourth larval ecdysis;
S2, two days after the initiation of spinning.
For separation gel, 7.5% acrylamide was
polymerized in Tris-Hel glycine buffer (pH
8.6). Also the proteins electrophoresed were
stained with coomassie brilliant blue R-250
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Fig. 2. Polyacrylamide gel electropherogram of hem-
olymph proteins of the silkworm fed on arti-
ficial diet. For legend, see Fig. 1.
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Fig. 3. Polyacrylamide gel electropherogram of hemo-
lymph proteins of the silkworm fed on mulbe-
rry leaves. F, female; M, male; SP,, storage
protein 1; SP,, storage protein 2; VG, vite-
llogenin; S,;, two days after the initiation of
spinning; P, one day after pupation; Py,

two days after pupation; P, three days after

pupation.
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Fig. 4. Polyacrylamide gel electropherogram of hemo-
lymph proteins of the silkworm fed on arti-
ficial diet. For legend, see Fig. 3.
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Fig. 5. SDS-polyacrylamide gel electropherogram of
pupal hemolymph and egg proteins to deter-
mine the molecular weight of vitellin-light
chain (VTL-L). M, male; F, female; MP,
marker proteins; ME, egg proteins of silk-
worms reared with mulberry leaves; AE, egg
proteins of silkworms fed on artificial diet;
VTLG-L, vitellogenin-light chain; VTL-L,
vitellin-light chain. 1. phosphorylase b (mol.
wt 94,000); 2. bovine serum albumin (mol,
wt 67,000); 3. ovalbumin (mol. wt 43, 000);
4. carbonic anhydrase (mol. wt 30,000);
5. soybean trypsin inhibitor (mol. wt 20,
000); 6. lactalbumin (mol. wt 14, 400).
12.5% SDS-gels were used, and the proteins
were stained with coomassie brilliant blue
R-250.
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Determination of vitellin-light chain (VTL-
L) molecular weight of female specific prote-
in, Each 10ug of marker proteins (for
details, see Fig.5) was electrophoresed in
the SDS-gel system of Laemmli (1970) using
12.5% acrylamide gels. The mobility of each
protein relative to that of tracking dye was
plotted against molecular weight.

Fig. 6.
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Fig. 7. SDS-polyacrylamide gel electropherogram of
pupal hemolymph and egg proteins of the
silkworm to determine the molecular weight
of vitellin-heavy chain (VTL-H). M, male
pupae; F, female pupae; MP, marker proteins;
ME, egg proteins of silkworm reared with
mulberry leaves; AE, egg proteins of silkwo-
rm fed on artificial diet; VTLG-H, vitelloge-
nin-heavy chain; VTLG-L, vitellogenin-
light chain; VTL-H, vitellin-heavy chain;
VTL-L, vitellin-light chain. 1. thyroglobulin
(mol. wt 330,000); 2. ferritin (subunit mol.
wt 220,000); 3. bovine serum albumin (mol.
wt 67,000); 4. catalase (mol. wt 60, 000);
5. lactate dehydrogenase (mol. wt 36, 000);
6. ferritin (subunit mol. wt 18,500). 10%
SDS-gel was used and the proteins were sta-
ined with coomassie brilliant blue R-250.
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Fig. 8. Determination of vitellin-heavy chain (VTL-
H) molecular weight of female specific protein,
Each 10ul of marker proteins were electrop-
horesed in the SDS gel system of Laemmli
(1970) using 10% acrylamide gels. Proteins
were stained with coomassie brilliant blue
R-250. The mobility of each protein relative
to that of tracking dye was plotted against
molecular weight. For details, see Fig. 7.
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Fig. 9. Polyacrylamide gel electropherogram of hemo-
lymph proteins of four days-old larvae in
the fifth instar silkworm treated with Juvenile

0O 5 10

Hormone Analogue (JHA), methoprene, on
the 60th hour after the fourth larval ecdysis.
M, silkworm reared with mulberry leaves; A,
silkworm fed on artificial diet; SPi, storage
protein 1. SP,, storage protein 2. The num-
bers, 0,5,10 in the figure shows micro gram
in volume of topical application, respectively.
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Fig. 10. Polyacrylamide gel electropherogram of six
days-old larval hemolymph proteins in the
fifth instar silkworm. For legend, see Fig. 9.
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Fig. 11. Polyacrylamide gel electropherogram of
hemolymph proteins of 8 days-old larvae in
the fifth instar silkworm treated with Juve-
nile Hormone Analogue (JHA), methoprene,
on the 60th hour after the fourth larval

ecdysis. For legend, see Fig. 9.
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Fig. 12. Polyacrylamide gel electropherogram of
hemolymph proteins of 2 days-old larvae
after the initiation of spinning. For legend,

see Fig. 9.
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Fig. 13. A densitometric analysis of larval hemolym-
ph proteins in the silkworm treated topi
cally with Juvenile Hormone Analogue
(JHA), methoprene, on 60th hour after
the fourth larval ecdysis. - MM, topical
application (5 pg) of JHA; -——-MC, no
topical application of JHA (control); SP,.
storage protein 1. In the figure, the hemo-
lymph proteins of 2 days-old larvae after
the initiation of spinning were analyzed and
the silkworm was reared with mulberry
leaves during the period of larval stage.
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Fig. 14. A densitometric analysis of larval hemoly-
mph proteins in the silkworm treated
topically with Juvenile Hormone Analogue
(JHA), methoprene, on the 60th hour after
the fourth larval ecdysis. --AM, topical
application (5 ug) of JHA; —AC, no topical
application of JHA(control); SPy, storage
protein 1. In the figure, the hemolymph
proteins of 2 days-old larvae after the initia-
tion of spinning were analyzed and the
silkworm was fed on artificical diet during
the period of larval stage.
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Fig. 15. Changes of SP; (storage protein 1) 1 the
hemolymph of the silkworm reared with
mulberry leaves and artificial diet after topi-
cal application—control (e—s), Bug (a—a),
10pg (o—o)—with Juvenile Hormone Analo-
gue (JHA), methoprene, on the 60th hour
of the fifth instar silkworm. M, hemolymph
proteins of the silkworm reared with mul-
berry leaves; A, hemolymph proteins of
the silkworn fed on artificial diet; V4, four
days after the fourth larval ecdysis; V6,
six days after the fourth larval ecdysis; V8§,
eight days after the fourth larval ecdysis;
SP;, 2 days after the initiation of spinning.
Relative concentration was determined by
densitometric analysis using female larval
hemolymph of stage S, in larvae reared
with mulberry leaves as standard.
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