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ABSTRACT

The yolk proteins are synthesized in both the fat bodies and the
ovaries in Drosophila. Their syntheses are regulated by
20-hydroxyecdyson and juvenile hormone, The present study was
performed to investigate a few chemical characters of yolk proteins
and the hormonal regulation of yolk polypeptide synthesis in
Drosophila species(robusta species group) which has been maintained in
laboratory from the collection in Cheju Island 1986.

Three yolk proteins, YP-1, YP-2, and YP-3, were isolated from the
early stage of embryo, and their molecular weights determined by
SDS-PAGE were found to be 48,000, 47,000, and 46,000 daltons,
respctively, The isoelectric points (pI's) of the yolk proteins
analysed by two-dimensional gel electrophoresis were heterogenously
distributed in the pH range of 5.92 and 6.54.

The yolk proteins became to be firstly detected at 2 days-old
female after eclosion, and the average rate of their syntheses in view
of the percent of total hemolymph proteins was 29.5+8% until 9
days-old female after eclosion. By responding to the treament of
20-hydroxyecdyson (20-HE) or juvenile hormone(JHI ), both fat bodies
and ovaries synthesized and secreted the yolk proteins in vivo and iIn

vitro,



The syntheses of yolk proteins in the decapitated female and male
were accelerated by administration of 20-HE in a dose-dependent
manner. 20-HE activated the yolk protein syntheses not only in the
ovaries, but also in the fat bodies of the female. 20-HE also induced
the yolk protein syntheses in the male, but it was about 100 times
less effective than in the female. JHII also induced the yolk protein
syntheses in the female, though its efficacy was lower than that of
20-HE, and the lag time of the induction was longer in the JHI
treament than in the 20-HE treament. Any yolk protein synthesis was
not induced by any dose of JHIl in the male. The results suggest that
the response of the ovaries to JHI is stronger than that of the fat

bodies,



I. A &

gl 35 R EARFEES g ¢ YAy dyAE 33
3}7] #1381 vitellogenesis LA LT % chAA-& oocyteod A 3RicE,
ol I e §d(vitellogenesis)S FEY FYXo] o]FAAA
o9 &2 ZIzhe] o] FojAn, o] AP E AXNE FU ovary: UEEHIL
¢ e F2 oocyteo] A UL

Vitellogenin R HXgFL small gene family® /4 HCTH(Nardelli et
al., 1987). Chicken} Xenopus laevis®] vitellogenins M3 (150-250
KD)+= oocyte 84 Aofl A lipovitellin I (-120 KD), phosphoserine-rich
phosvitin(-35 KD), 12]3 lipovitellin II (-30 KD)2.& ppojZct A
259 Caenoroabditis elegans®] vitellogenin M A(180 KD)&= ¥ o]
AL 28slo] 170 KD, 115 KD 12|32 88 KD vitellogenin® 8 F4 €
T} (Nardelli et al., 1987). ®WIF7I®, R7IF. 3S%AH. ¥ 59
vitellogenin A M2] ¥x}2 180-250 KDYUol ¥ & HYE ¥, 4
%¥ vitelling Ex}3x2 50-120 KD Htl(Bownes, 1986 : Bonford et
al., 1986 ;: Wheeler and Kawooya, 1990). 1aj\} o]e}= we| IF %4A|
H(high dipteran)ql &u}g]e] vitellogenins2 44-50 KD2] ©uj¢ 2} &
2}8r& Zt=tH Bownes, 1986).

W ol HZAQ vitellogenin Y42 23, U oA, Jzx
dol w2 Fol4d& 3x glon, TEFo ot ZHACH Bownes and
Hames, 1977: Bownes and Nothiger 1981: Bownes, 1982, 1989: Hung et

al., 1982: Issac et al., 1982: Bownes et al., 1984: Garabedian et
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al., 1985: Garabedian et al., 1986: Bownes et al., 1987. Shirras et
al., 1987: Nothiger et al., 1989 ). &/ C. elegans®} I3 F&
% ¥ vitellogeninZ oA /d=lo], hemolymph® FH|® ThE M7}do]
U €/F B3l dYMo® ococyteR ol Urh((Nardelli et al., 1987:
Giorgi et al., 1988: Sharrock et al., 1990). & M3 Sgo
vitellogenin  ¢4312] ol YA E ] estrogeno] 2J3le] ZHHCK
Walter et al., 1981: Nicholas et al., 1991 ). &&ofArle] vitellogenin
2 fat bodyollA] §}/do] X, ecdysteroid®} juvenile hormoneo} &3}
ZAMEC} Postlewait et al., 1979: Bownes, 1986). Aedes aegyptiZi =
ovary ZpAoA] FH]|{} ecdysteroids7} fat body& 2hF3te] ¥ w3
$49& APl (Racciopi et al., 1984). 12} Drosophila®] ovaryofA
§1d¥  ecdysteroidst= oocytetloll A A= uwlFo] fat bodyg)
vitellogenin §/doll= oFF3 %ol QIrH Postlethwait et al., 1980:
Rubenstin et al,, 1982: Maroy et al,, 1988 ).

D. melanogaster?] ‘I3 w32 3F K2 polypeptide® FAE =Y,
ol F& Aol wiel YP-1(46 KD), YP-2(45 KD) 22|31 YP-3(44 KD)2} =
B =|2lt} (Bownes and Hanes, 1978 Mintzas and Kambysellis, 1982). o)
' M % R KAAHyp-1, yp-2, yp-3)& XEHAM Aol single
copy® &3},  yp-13} yp-2& ¢ 1 kb BEZ I3 9oy, yp-3
+ °l§E ¥FE 1000 KbF = HolA Qlt} (Barnett et al.,1980: Bownes,
1986; Hung et al,, 1982: Garabedian et al., 1987: Yan et al, 1987).

Bownes(1978) 2} Postlethwait $(1979)& n|’d< D. melanogasteroi|A|
2|t H5ol 20-HES} ZR 515(juvenile TEZE RAIEH)E FUsle
% iigle] & RE3tdcl. Drosophila 432 WA MM ¥
o] §EEA] A, 20-HEE Me|ste W% chuiye] §4E RE

—4-



& 4 oltl(Bownes, 1982: Kozma and Bownes, 1986a, 1986b: Robert et
al., 1986: Shirras and Bownes, 1987).

Drosophila®] fat bodyold I3 whif RAAte] WH-S g Ygel,
juvenile hormone, 20-hydroxyecdysone, 2l3 A Z@A RMaA}(ix, dsr,
tra, tra-2)of 2]3loy ZAFcHBarnet et al., 1980: Postlethwait et
al.,1980: Bownes and Nothiger, 1981: Jowett and Postlethwait, 1981 :
Bownes , 1982, 1986, 1989: Baker and Belote, 1983: Bownes et al.,
1984: Bownes and Blair, 1986: Bouletreau-Merle, 1989 ). ¥}@Hofl ovary
ofl A 3 bl /A= WYL juvenile hormoneo] oJ3te] zPo] Hr}
(Postlethwait and Handler, 1979: Gutzeit, 1980: Brennan, et al.,
1982: Issac and Bownes, 1982: Schwartz et al., 1985: Nothiger et

al., 1989: Bownes and Reid, 1990).

o|4z} o] D. melanogaster?] 3% whuiy §ldo] zAM7|zte YUY
SollA A=} U 23 7] 3ol B A2 nodel systemo] HI don,
AH FolM ol B AFE ¥ vEY AFott. & dF:
Drosophila o}<&of <&3}= M Fw RXyu}e|(Drosophila sp.: robusta species
group)2] % <& Feldle] U Hdo g¥F WL, TEE
A I P P8 2 L 3 U FYoz sach



1) &3j2] AHY 2} Egg 43

€ Yol A8¥ AFYRyle|(Drosophila sp.: robusta group):=
Lewis(1960)2] HEFuj=](5.0 % dextrose, 2.5 % sucrose, 8.3 % cornmeal,
1.5 % yeast, 0.06 % phosphoric acid, 0.4 % propionic acid ! 0. 45%
agar)7} §olle AR Pl 25-27 °C &} 70-80 %¢] &% 1232 FL 12
hr-light, 12 hr-dark cycle® fx|8to] A}l&3}dcl. ulz] BEdole QAR
2 A ¥ F U4 Aistoch

Z7]ujoks cageol  ©l® AMRE M EHE Arking(1976) wWyol
utel ¢33t 222 AdYo] A8 Y female old pupa cageZ HE
TS ALggol %3 ¥ s U2 ZME A0 @R W2 Fujg)
ach.

2) % & ¢4

T3 ¥ 27\ulole g AMABlA 10082 FH2 buffer(50 mM
Tris-HC1, pH 8.2, 0.25 M NaCl)ollM A2} Aj71 ¥ 4 °C, 12,000 X go
M 30E ¢ diEE stdch  YAEe ¥ AZAL 50 x E3W
ammonium sulfate §<joflA 31F-F¢ £HAIZ ¥ c}A] 12,000 X gofA €
Attt YAE e FA2 buffero] Wwel ¥ cThA 80 ¥ X3}
ammonium sulfateo] ] 3HEFL FHAZ Fof 12,000 X golM 2] ¥
Ageittach. A IR INAULS FAY buffer§ $711o wQl Fof

e
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24 BU FHFIM T HFHOT YN I water
insoluble fraction(\d% Th3)E AlSY wizkx] -20 ‘Col AR stalct.

3) I whgle) gyEA g

OB e VLS Bailey(1984)9) ol wiel A48t} New
Zealand ¥hite rabbito] ¢4 E2]¥ W% il 1.0 mg} Freund's
complete adjuvant 1.5 nl& Tslel 33} FAIBIT, 1 3¢ Fof U ©
"% 1.0 ng?} Freund's incomplete adjuvant 1.5 ml & sty 22} =i}
& Stk "y 23 3 ¥ 2 3 Fol AyNATh Dewble
diffusion  Ouchterlony(1958)%*Jo] w2} immunodiffusion gel( 1 %
agarose, Tris-barbital buffer, pH 8.6)olA AlX|3}dtt. 2] hunid
chamberofl 4 24A]2t F¢t diffusionA|Z] ¥of WA ined BB gel M N
©}(45 % ethanol,10 % acetic acid)olA 2-33] AN Xof gel dryg 39
Ch. @4 0.5 % Coomassie-blue ( 45 % ethanol, 20 % acetic acid)®!
oA 208 B¢ EAY Fof g3t}

4) Hemolymph 2}3]

Hemolymph 2j2|= 2 3ul2|§ ol HolM dimethyl ether® uo}ajalzl ¥
of $¥-du]3 3tolA ZXuelwt 10 u1¢] 0.1 M sodium phosphate buffer
(0.15 M NaCl, 1 =M PMSF, 5 uM Glutathione, pH 7.0)ol4 Z3o] Abs}x|
UA HEE A3 hemolymph7} bufferof o} O & & stacy. &
group 2 10 n}2] female flies§ sampleE AMR3}ocrh. 3]4¥ buffero]
Z%¥  hemolymph protein® 90 % acetone® 9uf BT A7l -20 ‘Cof
A AA Azich RAY AL 12,000 X g o)A QAalEe)sle] 2yt

cl.



5) 4214 714 % (SDS-PAGE)

Sodium dodecyl sulphate—polyacrylamide gel electrophoresis
(SDS-PAGE)¥=  Laemli(1970)%d& <}t ¥y 3o AAsgdr}. o3} 20 C
of R@AY ARE AFARJoIM JzAT ¥ SDS sample
buffer(0.0625 M Tris-HCl, pH 6.8, 1 % SDS, 10 %(w/v) glycerol, 0.1 %
BPB)E A7Ist] 100Celq 3E F<¢ stgdstadch e Lowry et
al. (1951)8] gjez  FYdch iR 10 ¥ gel T 8-15 ¥
gradient slab gelofjAq Ez2|3lgdc}, EZE Ex}8  marker(Sigma)E &
bovine albumin(66,000), egg albumin (45,000), glyceraldehyde-3
-phosphate dehydrogenase( 36, 000), carbonic anhydrase(29, 000),
trypsinogen(24,000), 12|31 trypsine inhibitor(21,000) $& A23}4
ch.

In situ peptide mapping2 Cleveland et al.(1977)¢] W& o| &3}
dch % oAl g 10 x SDS-PAGER #2314 Coomassie blue® @Ag}
¥, Z}z}2] band§ 10 p18] protease buffer (1.25 M Tris-HCl pH 6.8, 10
% SDS, 0.1 M NazEDTA, pH 7.0)olA] chymotrypsine 0.05 ug F+ 0.1 ug&
Mel3le] 15% SDS-PAGE® 4-%3lgitl. M7|d% ¥ MY proteolytic
fragment P42 silver g o T Falsjgct

Autoradiographt= M7|4% ¥ & 0.5 % Coomassie-blue(45 %
methanol, 15 % acetic acid)E @M3lo], YA thi 2 AR7|0AM AL
AZAZ Fof X-ray film (Kodak)2} §7] -70Cofld 15¢ F& &A%
th.  Gels scanning2 FHE 550 nmoll A4 microdensitometer& o] &3}
A hemolympholl T¥}t I thi o] n|&(x)& & HMch



6) o]x}d M7]|d % (two dimensional electrophoresis)

olAYl M7]YFE 0'Farrell(1975)2] & <t Wdisle AlA|3d
th AL 122 A A/GTLE Ea, olo 2a2 12.5 %
SDS-PAGE 7|8 F22 Felstadct FHE AJ/YE2 4 » acrylanide,
9.8 M urea, 2 ¥ Nonidet P-40 % 2 % Ampholine(LKB)2 T4 o] Eol
AL 15 X 3 me YF RFe|PollM AAstgct.  Ampholine2 pH 5-7 =}
pH 3-10& EYste] Alg3tdon it og pH SoflA 72 pH £XF e}
uiAl 3tglch. A& & apply 3171 Mol prerunning& A7 ¥, 20-30 1
2] ARE Ay |73 Bol &3, 10 ul2] overlay sol. (9 M urea, 1
% ampholine)& A& $lofl H7lst] 400 Vol N 174 St A7 HE31a
1= 3

hehwdal o] jsoelectric pointZ A2 M71¥Ho] Byt IEF gel ¥ 0.5
cm 4 2 8 microcombination pH probe(LKB)E A3}, SMA Ay
dqdFo]l VY ¥ AL SDS-sample buffer(10 % glycerol, 5 %
2-mercaptoethanol, 2-3 % SDS, 0.0625 M Tris-HCl,pH 6.8)ollA 24]3t

equilibriumA] %1 ¥ofl SDS-PAGES Al A|3tat}h.

7) Vestern blotting

SDS-PAGEE. £ 2|¥ A2 transfer buffer( 14.4 g glycine, 3 g
Tris/1 L )OlA] nitrocellulose paper® H7|H o3 Mo]A|ZAt}(Towbon et
al., 1979). Nitrocellulose paper+ TBS(50 mM Tris-HC1, 10 mM NaCl, pH
7.4)buffere] 5 % BSAE e £Y(blocking sol.)oll  3A|Z Eet
blocking3}3, T}A] blocking sol.of anti-YPs antiserum& M7}8}o] 12

A1ZF wr-gAlZ) ¥, TNT(TBS buffer, 0.1 % Triton X-100) bufferE® 304]

-9-



43 MA#ch chr] MM E nitrocellulose paper: anti-IgG conjugated
peroxidasedg 33l Sli= second antibody@ 2413t HQF ¥ A7 ol INT
buffer2} TBS buffer2 2}z 53] ¥ MNsjgdrt, ¥ chazge] AEg
HY  dMe HAU)ALA( 16 219 0.05 M Tris-HCl, pH 7.2, 3.3-
diaminobenzidine tetrahydrochloride, 4 mg. H202 5 ul)ollA 308 2+ AlA]
st

8) in vivoo§ A 2] hormone A2

3 F 2A 0 &= 19¥ fenaled 312 Wn|H 3olM Lo]Z AT &
¥ Tt Alolol A ligation¥t Fof FH-F 71912 MAAA HE ¢
tlh. 22]3 Mulol hormone $ =& ABIAF|7] #13] 25ColA 2427 H9
humid chamberof] ¥} X]3}edc}.

20-hydroxyecdyson(20-HE)2] M2l 10 % EthanoloflX 10-2 ME 2|4
33, Ringer's§AoT AAFY FI=E T UPro| microdispenser
pipette® o|€3tod 0.3 ul & o] F¢3}ech  Juvenile hormone II
(JHI )& 10-2 M8] %EE acetoneo] ¢l ¥ MY HE£T  go]
microdispenser pipette® ¥ &{¥ofl 0.3 ul AL ANea|3lgdc). 20-HE Aa|F
o= 10 % ethanol& , JHIl A2]FolMq = acetone® TIZRZZHN F¢l3ld
t}.  Hemolymph proteins 35S-methionine (Amersham)@ Ringer’s&ojof]
1 uCi/ml =2 343lo] JE o 0.2 u14 FU3lo] 24% $Q ¥x|3}
Adct.

9) in vitro ofjA] hormone A 2|
2 ¥ 1d € 2veg vpHAA 20 gl Ringer's SdolM HEEF
3} A3l body walls2} ovaries§ £2]3l3L, Ringer’'s R4ollA 2-33] AN

__10._



L 10% 4 2] ovary®} body walls& 30 ul Ringer’s fJgog A
v 3t

JHIIZ} 20-HE= 10°3 MZ A2 ¢ ¥ 458 (Fer 2
35S-methionine(1 4Ci/nl) & N7Fstel 2412t WAL Fof upodefo] &

HIE O g 2astech. DUUL 90 % acetone2 WHMAIA Qaich

10) Hormoneo] 2]%} oocytes gt X2}

3 ¥ 2U¥ female§ ul2|Ajz] Fof JHIN, 20-HE N JHE —20HE B =
€& ZYSt] HRol 0.3 4l A B¥o] N2t FZulxofM 643 5
¢ AR sttt AMS® female ¥5-§ Ringer's 8olld M3ty =7
©ol7Z stelA King(1970)9] ol wel 2t ©iAY vitellogenic oocytes]
T& ZASHTh  ci27e MalF Alo]e] R4 F-test2 HASACH

-11-



1) % 23 a2 9 34

W8 UYL femaled] fat bodyold §g¥ o] hemolymph® Hu]¥dw
oocyteofA] MO8 F43DE hemolymphe} 27| ufolofi= Tl o)
U el R ArhFig. 1), webd O ThiRe] neutral
low-salt bufferof A B84 43& ol83le] 27] vhol2¥el I3 chun
AL EIsldrl (Warren et al.,1979).

Crude embryo extract§ 10 % SDS-PAGEZ £2|3}% 32 F2] (3 thu
A (YP-1, YP-2, and YP-3)o] ZH&¥r} (Fig. 2, lane 2). Crude embryo
extract®] 50-80 % ammonium sulfate 2o 3FF] % thila RSy
AAHcL (Fig. 2, lane 3). T}A] 50-80% ammonium sulfateR Y& ZF4
of #M3te] FRol H84 I A YSBATHFig 2, lane 5).
O A& ¢4 Eethe ©AE Table 12} Ytk & AYold gL
U ehie] 4002 9.2 x93, SIS-PAGEZ ZAE 32 H U tiwx
8 2122 YP-10] 48,000, YP-27} 47,000 2] YP-3= 46,000 daltons
ol4dch

2) ¥ ©hige REAA ey 54

T AT Y AP olxY AVGFoE By Ay Y
¥ DUAEY FAA(PDE N2 A ¥ 2ol7} gt o|&Y pIgte
PH 5.95901M pH 6.54 742 F9l9 o]AHA EEE wr} (Fig. 4).

_12_



Chymotrypsing AR3to] 33-F9 % ©Ug in situ peptide mapping
o2 a2 Az Z4E peptides M PFAo] NT Witio], ol
M2 vy of YP-13} YP-2&= YP-3of u]3}o] H]&®} peptides W PAIE
Z¥A 21 ¢lelc} (Fig. 3).

T T2 3FF O ol SUEE 4T YEA Oy oy
A& double diffusiono® BN A}, g FAoT AzMo] B
HoAch (Fig.5). $UX YEAE AH83to] 27] ulo}2} hemolymph sample
oIl SDS-PAGER £2]¥ w3 & Western blotting A} I whzlz} &

ztgro] P& triplet-bands7t Z& X 2t} (Fig. 6).

3) &3] W2 39 Yolk protein Yd A

3 DARE 9U7HA] 2o hemolymph THR & I5S-methionine o 2
E2|3to] SDS-PACEZ Eeltt ¥ €48 U ©ilz} +3 Uy chiol
A hemolymph Thollx 2}xsh= vl &g HM3ldr} (Fig. 8). U% o
WAL $2 F 2UPE hemolympholl  $35)7] Alatstod AM hemolymph
A Z g AL A 12 weld 23 40 xR PO T A
gith 32l $3} F 3YFEE I wge) gao] Ldsiel o g
&2 A hemolymph T 9| 29.5+8 x¥EAc}.

4) in vivoold 1% ©hl §pgof mAl&= 20-hydroxyecdyson(20-HE)

2} juvenile hormone Ml (JHN )N 2] Xz}
20-HES] 2 dof wlE HYNAE 10-3 M N ol Mgt 3} thiao]
Yg= 2AthFig. 9 A, lane 2). ZL A& Western blottingo @ HMs}m
1073 M2b 10-4 M Me]FolA ¢ ol ghdo] A AL, 10-4 Mol A

_13_



€ ¥ e 2 I o] YAE|AUcHFig. 9B, lane 3 and 4). ¢
2 F 2 AME 3lolME YP-1Tto] UAH wido] 93 ¥ 1Y Ul
A€ YP-1, YP-2 § YP-3 BF7} ¢4 5 ltHFig. 10, lane 2). 20-HES] %
o] o2 YP-1, YP-2 9§ YP-39 Y &(x)& wlaguw] YP-l1o] YP-2u}
YP-3of u]3}lo ®olt} (Fig. 11). 2] YP-1, YP-3& hormone %7} 2
7t @45 Y4 Pl F71EA LU YP-2= 104 MollA Hche] P8 &S B
o] 10-3 Mol & ThA Ak ZYE Rych

JHI(10-3M) 2} 20-HE(10-3 M)& A2]dled A|gte] whE I3} chafg o]
U8 S8& M A YP-1, YP-2 R YP-37) BRE AT Yol A
X} F7r=El9dch JHI 9t 20-HEA 2] 2ollA F8] M2| ¥ X7 U ©
WA Yol ikt out, Mel F 5Aole 20-HE M FolM 73
wolATHZE 61N E JHI9L 20-HEMz2| oM RBF ztA3toichFig.
12).

5) in vitrooj A 1% chilal §hdof njAl: 20-HES} JHE N2 &3}

T2 F 22128 UBlolA £ fat bodies} ovaries§ uvjors}E A
JHII 2} 20-HE® A 2]3le] OA%o]M 458 A2 36087tx] ujetelo] &
HlY A& E43}ch. Fat bodiesol Ml W vhill o] nmjae
%W 20-HES] J2}(14+3 %)7} JHE S J2H10+1 ¥)Hch e wlc)
(Fig. 17). 20-HE Me|FollX= wiQAIte] Z2} ¢ 48 Ggchazle] ¢
‘d&°]l F7HEd e, HI MelFolME Me ¥ 3158 ¥4y gAdgol
A2 L3 chFig. 13).

Wi ol ovariesoll M= JHILS] #2H(20+4 %)7} 20-HES] Z (441 %))
u]s) o 5uf 713} wolch (Fig. 14, Fig. 16). JHI Na|Fojae] v ©

_14_



WAL AMe] ¥ 1808 YH FH8] Y7 Al ol R Aol
FAHAA T, 20-HE NelFolde Ne| AFRE 360871x] W i @
A& Borcl,

23 ¥ 19€ ¢ H¥o] JHE, 20-HE P JHI — 20-HE 10-3 M
2 A28l fat bodies®] ©huia-& SDS-PAGEE HA ¥ Az}, fat bodiesol]
A YEE BAM iy Fol O huigo] YHEEES JHI (11+1 %),
20-HE(14+2 %) R JHI — 20-HE(11%1 %) A3, M2 ¥ Aol 712 &
A = ATt (Fig. 15).

6) Oocytes'i'dol mlX]i= hormoneX 2] &z}

2 ¥ 3YE oo Eof JHII JHI-20HER 2}7] 10°3 Mo #%
£ AEo AT F¢ EZuiRAM ALY F vitellogenicktA2)
oocyte =& ZAlsladch. JHE Ae|tolM ovaryw 44+137), 20-HE—JHI
AelFolA 3811170, 2]l thRFQ acetone A2]FojA 31+14708 JH
I Me]ols 713 W& vitellogenic oocytes7} WA Tl (Fig. 18).

7) 3ol 20-HE Nejof ot IR ol ¢4 /=

3 F 3U¥E 39 H¥of 20-HER o3 HEW(10-2 M, 10-3 M,
104 M, 10-5)2 ANz|3td 4% F2h= Fig. 200) MA|stadch 3 chay
A2 38E 20—HE M| ¥ 6AToIMNE 12A]27}2] 10-2 M3} 10-3 M
Nel oM RxExdch (Fig. 20 A, lane 2: Fig.20 B, lane 3, 4).

-15-



«YP—1
<YP-2
YYP—-3

1 2 34 5

Fig.1. Coomassie blue-stained SDS—polyacrylamide gel of the yolk

proteins in embryos and hemolymphs collected from females and males of
Drosophila sp. (robusta group). Lane 1, Molecular weight marker; Lane
2, crude egg extracts.: Lane 3, Femsale hemolymph; Lane 4, Male
hemolymph; Lane 5, Mature embryos of Drasophila melanogaster.
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12 3 4 5 6

Fig.2. SDS-polyacrylamide gel electrophoresis of yolk proteins during
purification. Lane 1, Molecular weight markers: Lane 2, 60 ug of
crude egg extracts; Lane 3, 20 pg of 50-80 % ammonium sulfate yolk
fraction; Lane 4, 12 ug of high—salt insoluble fraction; Lane 5, 12
pg of Hz0 insoluble fraction protein; Lane 6, 10 g of final yolk

protein preparation.
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Tablel. Purification of yolk proteins in Drosophila SP. (robusta species group).

Fraction Total protein (m g ) Yield (%)
;r-ude embryo extract 390 -
50—-80% ammonium sulfate 88. 4 22. 6

fraction
H20 —insoluble fraction 64. 3 16. 4
Final yolk protein fraction 30 9. 2

-18~
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1 2 3 bic 2 3

Fig.3. In site peptide maps of three yolk proteins. Twenty ;g of the
purified yolk proteins were initially run on exponential gradient
(8-15 %) PAGE, After staining with coomassie blue, the individual
protein bands were cut out and loaded on peptide mapping gel ( 15 9%
polyacrylamide gel) and subjected to in site peptide mapping with (A)
0.05 nul chymotrypsin,and (B) 0.1 /€ chymotrypsin. The resulting

peptides were then visualized by silver staining. Lanes 1, 2, 3 are

YP-1, YP-2, YP-3 polypeptide, respectively.
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acidic - basic

Fig.4. Two—dimensional gel electrophoresis of the purified yolk
proteins. In this experiment, the separation of proteins in first
dimension was performed by thin layer horizontal iscelectric focusing
on a pH gradient about 3 to 10. And then the proteins were separated
in 2nd dimension by SDS-polyacrvlamide gel electrophoresis, stained

with Coomassie brilliant blue.
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Fig.5. Double immunodiffusion of the volk proteins. C, Purified volk
proteins; 1, full strength antiserum; 2, 1/2 dilution of antiserum; 3,
1/4 dilution of antiserum, 4, 1/8 dilution of antiserum; 5, 1/16

dilution antiserum; 6, 1/32 dilution of ant iserum,
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Fig 6. Western blotting of male and femalé hemolymph proteins. The
proteins were separated by the exponential gradient gel(8-15¢9)
SDS-PAGE and reacted with anti —-YPs antiserum as described in
Materials and Methods. Lanel, 1 day—old female: lane2, 2 days —-old
female: lane3, 3 days—old female; laned, 4 days - old female; Lane5,

5days—old female: lane6, 6 days—old female; Lane7, 3 days - old male.
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12 3 4 5 6 7 8 9 10

Fig.7. Autoradiograph analysis of the electrophoresed hemolymph from
normal development of Drosophila sp.(robusta group). At various day
after eclosion female were labeled by injected 1 iCi 36S—methionine
per abdomen in Ringer sol., after a further 2 hr incubation, and
hemolymph was collected with sample buffer and prepared for 10 %
SDS~PAGE. And the Coomassie blue stained gels were dried and
autoradiographed. Lane 1, 30 min—old; Lane 2, 1 day—old ; Lane 3, 2
days—old ; Lane 4, 3 days—old; Lane 5, 4 days—old; Lane 6, 5 days—
old: Lane 7, 6 days—old; Lane 8, 7 days—old ; Lane 9, 8 days—old;
Lane 10, 9 days—old female after eclosion.
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Fig.8. Label incorporation into the yolk proteins (YPs) and
accumulated YPs in hemolymphs derived from normal females during
development of Drasophila  sp. (robusta group). Autoradiograph and
coomassie blue stained gels of experiment in Fig.7 were scanned using
by microdensitometer. The relative amount of YPs bands amoung the
total hemolymph proteins. Fach point represents the mean of three
separate experiments. WJ, label incorporation into YPs; A,
Accumulated YPs,
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Fig.9. Autoradiograph analysis(A) and western blotting(B) of the

electrophoresed hemolymph from isolated abdomens treated with

different concentrations of 20—HE. For each treatment 10 abdomens

isolated at eclosion and aged for 24 hr were treated with 0.2 ul of 20

—HE (in 10 % ethanol/Ringer’'s solution) per abdomen for 6 hr, then

injected with 1 uCi/abdomen of 35S—methionine. The hemolymphs were

collected with sample buffer, one—quarter of each sample were
electrophoresed on an 10 9 SDS-PAGE.

(4) Lane 1, control(10% Ethanol/Ringer's sol.): Lane 2, 10°3 M 20 -
HE: Lane 3, 104 M; Lane 4,10°5 M; Lane5,107¢ M ; lLane 6,
Hemolvmph in 2 day —old female after eclosion

(B) lane 1, purified YPs i Lane 2, control ; Lane 3, 10-% M ; Lane 4,
104 M ; Lane 5, 1073 M ; Lane 6, 1072 VM,
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<YP-2
“YP-3

Fig.10. Autnradiograph analysis of the electrophoresed hemolyph from
isolated abdomens treated with different concentration of 20 HE. For
each treatment 10 abdomens isolated at 1 day —~old after eclosion and
aged for 24 hr were treated with 0.2 ul of 20-HE ( 10 9,
ethanol/Ringer’s sol.) per abdomen for § hr, then injected with 1 p
Ci/abdomen of 3%S-methionine and the hemolymph were collected 2 hr
tater, and  mix with sample buffer, prepared for 8-15 ¢, gradient
SDS-PAGE, autoradiographed. lane 1, contro! (10 %, Ethanol}); iane

RORY

10=3 M 20 - HE,
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The relative synthesis of YPs(%)

10°M 10°M  107°M  107°M

Hormone concentration

Fig.11. Quantification of the dose-response to 20—HE. Autoradiographs
of the experiment in Fig.9 were scanned using microdensitometer and
the label incorporation estimated by measuring the peak areas of the
YP bands among the total hemolymph proteins. Each point represents the

mean of three separate experiments. W ,total YPs; A , YPs-1,
,YPs-2; @ ,YP-3.
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Fig.12. Time course of the response of isolated abdomens to 20—HE
and JH H. A group of ten abdomens isolated from 1 day —old female
after eclosion and aged for 24 hr was used in estimating each point.
Abdomens treated with either 20—HE (0.2 ul of 10-3 M/abdomen) or JHE
(0.2 pul of 10-3 M/abdomen) were labeled for 2 hr with 1 HCi of 355—
methionine at various interval after treateent, and hemolymph were
collected and prepared for 10 9% SDS-PAGE. The resulting
autoradiographs of gels were scanned by microdensitometer and the
label incorporation estimated by measuring the peak areas of the YP
bands among the total hemolymph proteins. Each point represents the
mean of three separate experiments. W} ,20—HE: A ,JHN.
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Fig.13. Time course of the response of fat bodies cultured in in vitro
to 20—HE and JHN. A group of 10 body walls isolated from 30
min-old females after eclosion was treated with 20—HE or JHII( final
concentration of 1073 M), At various interval after hormone treatment,
the proteins were labeled for 2 hr with 10 uCi of 35S—methionine ,
and then the media were collected with sample buffer, prepared for 10
% SDS-PAGE. The resulting autoradiographs of gels were scanned by
microdensitometer and the label incorporation estimated by measuring
the peak areas of the YP bands among the total protein. Each point
represents the mean of three separate experiments. W 20 —HE, A JHI.
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Fig.14. Time course of the response of ovaries cultured in in vitro to
20—HE and JHH. A group of ten pair ovaries isolated from 1 day—old
female after eclosion was treated with 20—HE or JHE(final
concentration of 1073M). At various interval after hormone treatment,
the protein were labeled for 2 hr with 10 #Ci of 35S—methionine, and
then the media were collected with sample buffer and prepared for 10%
SDS- PAGE. The resulting autoradiographs of gels were scanned by
microdensitometer and the label incorporation estimated by measuring
the peak areas of the YP bands among the total proteins. Each point
represents the mean of three seprate expreiments. B.20 HE: A,JHE.
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Fig.15. Time course of the response of fat bodies cultured in vitro
to JH X and 20—HE. A group of 10 body walls isolated from 1 day —
old female after eclosion was treated with 20—HE, JHH, and 20HE-—
JHE ( 1073 M ). At various interval after hormone treatement , the
proteins were labeled for 2 hr with 10 ;Ci of 35S—methionine, and
prepared for 109 SDS—PAGE. The resulting autoradiograph of the gel
was scaned by microdensitometer, and the label incorporation estimated
by measuring the peak areas of the YPs bands among the total protein.
Each point represents the mean of three separate expriments.
B, 20-HE; A ,JHE; (J,20HE—JHIE.
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Fig. 15 Autoradograph analysis of the electrophoresed culture media.
A group of 10 pairs ovaries from 1 day—-old female after eclosion was
treated with JHII (5 ul of 10-3 M/20 ul of media). At various interval
after hormone treatment, the protein were labeled for 2 hr with 10 uCi
of 35S —nethionine, and then the media were collected with sample
buffer and prepared for 10 % SDS-PAGE. The Coomassie blue —stanined
gel was dried and autoradiographed, Lane 1 , O min: Lane 2 , 45 min;
Lane3, 90 min: Tane 4, 135 min; lane 5, 170 min ; Lane 6, 215 min ;
Lane 7, 260 min: lane 8, 305 min ; lane 9,360 min. after hormone
treatment.
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Fig.17. Autoradiograph analysis of the electrophoresed culture media.
A group of 10 body walls isolated from 1 day—old female after
eclosion was treated with JHE(5 ul of 1073M/20 ul of media). At
various interval after hormone treatment, the protein were labeled
for 2 hr with 10 iCi of 35Smethionine , then the media were collected
with sample buffer and prepared for SDS-PAGE. The Coomassie blue
stanined gel was dried and autoradigraped. Lane 1, O min; Lane 2, 45
min; Lane 3,90 mini Lane 4, 135 min; Lane 5, 180 min. Lane 6, 225
min; Lane 7, 280 min; Lane 8, 325 min; Lane 9, 360 min. after hormone

treatment.
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Fig.18. The effects of JHI treatment on vitellogenesis of Drosophila
sp. (robusta species group). A group of 2 days old females after
eclosion was treated with 2 pul of acetone(control) or 2 ul of 1073M
JHE per abdomen., At 6 hr after treatment the ovaries were dissected
in Ringer’s., and all vitellogenin oocyte were counted under
stereomicroscope according to King (1970).
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Yig.19. Morphology of ovaries derived from normal female during

development of Drosophila sp.(robusta species group). A) 1 dayv—old
female, B) 2 days--old female, C) 3 days—old female, D) 4 days —
old female. Abbreviation: pvo.;:previtellogenic oncytes, vo.;
vitellogenic oocytes, st 14; stage-14 oocytes.

_35._



12 3 4

Fig.20. SDS—PAGE of hemolymph polypeptides(A), and Western blotting

(B) showing induction of yolk polypeptide synthesis in males by 20—

HE. A group of abdomens isolated from mature males were treated with

various concentration of 20—HE. After incubation for 6 hr, the newly

synthesized hemolymph proteins were labeled by injecting 1 uCi of 35S

—methionine. Western blot was reacted with anti—yolk—protein

antiserum,

A. Autoradiograph; Lane 1, 2 days—old female hemolymph; Lane 2, 3
days—1d male( 20—HE. 10"3 M ); Lane 3, 3 days—old male (20-HE
1074 M )i Lane4, 3 days—old male ( 20—HE 105 M ),

B. Western blotting: Lane 1,3 days—old male (20—HE.10~5 M); Lane 2,

3 days—old male (20—HE. 10-4 M); Lane 3, 3 days —old male
(20—HE. 1073 M); Laned, 3 days— old male (20—HE, 10~2 M).
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V. 2 2

| Fo 2 u}2]|(Drosophila sp.: robusta species group)eflx £2|3lo
TEE M % el Eabard 48 KD(YP-1), 47 KD(YP-2), 46
KD(YP-3) 2 A & A}o]7} Qlo] MZ ulxdld =], o] D. melanogaster (
46 KD, YP-1:. 45 KD, YP-2: 44 KD, YP-3)\} D. grimshawi(46.7 KD, YP-1:
45.5 KD, YP-2: 43.5 KD, YP-3)olA B2 ¥ ule} §A}3}<ct ( Bownes and
Hanes, 1978: Warren et al., 1979: Hatzopoulos and Kambysellis, 1987a,
1987b). olF 3FF I AL 2 Ad ANEF A 12 pl U
Hach D, melanogaster?] ‘33 whiale] pl 7 0ofA 7.2 F-& Mol
91x|7H(Mintzas and Kambysellis, 1978), =392 3}e](Drosophila sp.)
Me 2Hch W3 cha o)A A pl ZHpH 5.6-6.2)¢] £XF B th o
2L Fol ule} polypeptided] 12} FZol 2ol7t Q1S WFE FHolal
31 Azt

In situ peptide mapping®] ZAE 3FF2 ¢ ohfizlo] o|FAHQ
polypeptide] & X o F2lt}l. proteolytic fragment pattern® H|Z Y&
o YP-12} YP-23te] AlEido] YP-3zte] Z Mt} ZcT). D. melanogasteroi
A R e fAA drlvide] TE BEEL YP-13 YP-2 RAA
7b 63 ¥ el YP-13} YP-3 /A Alolo] AFAHLS 50 ¥ FEeln B

2

35 2lct (Barnet et al., 1980 : Yan et al., 1987: Rina et al., 1991 ).
A F2 230l2|(Drosophila sp.)®] ¢% AT proteolytic fragment
patterng M|l § v} o]} H|Y HFAHE U e HoT REHLL

22|32 22 AT G Tl Hol: ¥ Al pl gte] ojAN EE
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€ posttranslation modification?] 2lojo] 7]al % Hoew AgC}
(Minitzas and Kambysellis, 1982: Bownes, 1382, 1986). Immunoblottingo
g3 YUY vitellogening % Tl AZael o] Yastga, ¢
BAolMT AEF 4 Holidol AU, I thi} Hajgro)
frAlstddct.

D. melanogastere] 79 ¥ <hAUL 23 ¥ 2A12EEH fat bodyol
Al §4=]7] A]3}8lo (Bownes and Hodson, 1980), -3} ¥ 1¢do] x|uim A
% hemolymph Tl 712 44+2% AEF Axshs o2 B3 @ ul g
T} (Belote et al., 1985). 1@\} |39 2u}2|(Drosophila sp.)e] AL
O Sl Y8 0A71R18] lag period7t 48A]tOE D, melanogasters)
Z¥ETl o o3, 3dslole oln] Aol 493 Uehdo] 9g7ix|
hemolymph protein ¥ ‘% th¥ilo] xpx|§t u] &L 29.5+8 x A D,
melanogaster T} o} utolth =X u}e)(Drosophila sp. )ollA I8
W3 §hgol D. melanogasterof A Br} AdEE R AFYzme(
Drosophila sp.)®] generation timeo] D. melanogaster ¥t} 71 Rx X
sl glo]l Fo] HHA Rez Am¥crh 23U Ho §aale)
hemolymph proteinof A X}x|3h= vl Fo| F3lof xjol§ B o] £ By
of &t RAx] opwd Fad 4o eajlale Yalatx] g},

JHIL 2} 20-HE:= in vivoo} in vitro® Az g o ¢ fat
bodiesoll A W% vt §hdg REste XS Rt 20-HES 93} ¥
2ATE dRAME 1073 MAlNT B HIHE Uehd b, £33 ¥ 14
B dFelME A NeF(103 — 106 M)ol A ¢ thald §iao] 8%
glon, Wo]l APHol ulel o] B2 o mIZteAE ZoE walt)
FH2u}2|(Drosophila sp. )9 % thil ghdo] ciyt 20-HES] A= D
melanogasteroll A Kt} 242t o]} x| F| o] Uelytch. o]& AZEY 2y}
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(Drosophila sp. )8l 4<% oA 3 ¥ 2dsjfy g hwyye] AR
Al vitellogenino] ¥/E= Al7]8] 2tel dAgct. JHIE 93 ¥ 24
3" 42 fat bodiesoll M= REXE Bolx| dgtx|nt, 2 ¥ 1d¥
YRl E2he 20-HES} it £Folgirl. Y BEF 1d F¢
ligation®t ¥ 20-HE2} JHI-& Ae|8to] fat bodyolld Y Qrg SCLES]
3& EW, 20-HERHE A 2|y 2zt 20-HEZ} JHIE Hystod Ma|g 2
S ZEE Ae] F 4ABolA tdo] Hejrt ®oh wbde] JHIRHE Az
T A2 AW = A3 FIBBiTirl 6l dRlel A Feol AU AR
& o, 20-HE} JHIo| 3§ AANE Yehls A|7]o] 2lol7 o1& # o}
gt F TEFo] HEYUXAS o HIY R 20-HEY Ao Jlgxle A
o2 Byl

2 ¥ 1dY ¢z e A& in vitroo]d wQPH fat
bodies®} ovariesol ME 20-HEX} JHII Mzl % o3l o] R=E
olz|ut in vivoo]Me] BT} MZ3leT). Ovariesol M 20-HEQ] A3}
Xl JHITY A7t Alets] ot Vitellogenic oocyte?] Wwoll= JHI
W& Nalsh 20-HEZ} JHIS ¥yt Aeig zivch 2 a7tg ¥ded,

o] ZA= JHo| 47} hemolymph2H-El vitellogening uptakedi= A&
l,’.

w

o)
[+

£

22337 Qg AAle= Ros A} EHcrl(Bownes and Hodlson, 1980:
Giorgi et al., 1988: Gutzeit, 1980: Isaac et al., 1982). E o] A3}
+= anti-juvenile hormone(Benzodioxole J2581 )& 212]3}91&. e} 2] oocyte
wiehg A ficl=  Song $(1990)¢] Z 22} Methoprene(Juvenile 2 &
FAIE3 )& Aeldle oocyted] @AY W HE Uepdrhe Baet o
%) stdcH(Schartz et al., 1985).

D. grimshavi®] I3 chuizle iAol WX AD|(follicle epithelium)
oA AdslEd, FEME(cocytes) stage 8ol FE 11TtA] o]27]7}
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2] Yd=l=d stage 110l #H3 4Fo] Y} (Hatzopoloulos and
Kambysellis , 1987a,1987b . Kambysellis et al., 1986). D. grimshawi?]
3 78] oFg A {Ake NE ujAdTY o YPHo| EUH(Kambysellis
et al., 1986), D. melanogasterojX &= ol&F U3 chilal Mz} ubsle)
B2 og ZAYCL (Bownes, 1990). Drosophila sp. \}% thiiz &
2} g AL fat bodyst ovaryol A 32l xoli= glx|at 3 747} FAlof
HE Sl ZoE Hol o] RAANE H3Hoz Yy zAFE o
Al2EL} gt olof M ¢oE AAMY A7 £ 7HC)

Drosophila®] o123 F2] 43 elAM 20-HEE: ¥ w3 4 f= 3}
+ 2e® Ry adr} (Jowett and Postlethwait, 1980; Postlethwait et
al., 1980 : Kozma and Bownes, 1986a, 1986b). Drosophila sp.2] 430j
ME  20-HEO] &3] I thyge fdo] R 9ot D. melanogaster
olM Hrl: lag timeo] 1, &2 =2 IEEG a3lyrch

D. melanogasterol X % ©hiil {4z} Wo] 4 Holgoz o}
t A%E 4% o TR #BHo] k. 2 she b
melanogaster?] 4213} ¢3lofA 20-HES] titresol Xjo]7} Qlti= AAHO
ZE M (Hodgetts et al., 1977: Rubenstein et al., 1982 : Shwartz et al.,
1985), Bownes 5-(1984)oll &]3pA Drosophila Mol A 2] ecdysteroid =
€ 3ol 3R  Ful = grix sjdct i FhbE F Aoy
modulating hormone 4+&2] 2lo] Hrh= 4 A% FAzlY A& Yerts
¥Ho|tH(Belote et al., 1985: Bownes et al., 1987: Burtis et al.,
1991). Butis F(1991)2 4ZAY KAAl Fol A A& dsx AHEo]
WY Al fAz g ZAE switch?] on/of fE APl Y
th & female-specific®t dsx AHZ(52 KD)o| & whuial {M=je] AMFH
$1(-888bp — -163bp)oll Q1= enhancer sequence?} Z§}3}o R chuga)
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TR UEE 2AUche Zlolth Iy 20-HES =3 23je]e 473}
ol Y iRl YHe RESHE ol Y4AHoltHBownes and
Nothiger, 1981 : Bownes, 1989). whety T = Eof ¥t 34 thdy §A
2t RIS HAFE fA] gy wdEIRE Rk oz
Bolch ¢oR B O Ol KA 2APLE Eab £Fo4 o)
st7] #AME ¥ A {Az ddo]l @%¥E F& trans-acting
factors( E2Z-48A thdd H3A, 2 i3 double sex gene &)
2} o]&o] ZAYsh= cis-acting elementsTte] A at8of #Y AL} o]
Fojxof ¥ e Alm¥r}
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V. 3 8

2 ut2](Drosophila)®] % WAL fat body 2} ovaryold §’4sini,
ol&2 %/ 20-hydroxyecdyson2} juvenile hormoneo &3}y ZHo] ®
th € A7+ AMFYRXule)(Drosophila sp.: robusta species group)®]
BUAE ¢4 sl PR A F4L Wi, I chage g
goll nixl= T2 e XA St S8 ).

2710t N ¢4 el¥ I WAL in situ peptide mapping}
22 A719%, BN ¥4 A3 3708 H5 polypeptideD T4 F of
A%ith. SDS-PAGEZ ZAH o|&Ee Exre YP-10] 48,000, Yp-27}
47,000, 2] YP-3= 46,000 daltono]¥t}. 2elx o]E2] SHHE pH
5.93014] 6.54 9le] o)A EXE Mg}

* 32 2 x}2](Drosophila sp.)2| femaleo]A \ISdehuwale 93} ¥ 484
T FRE 4] AAsle] 39 HE 9UH 4 3 hemolymph TH¥Y
2 29.5 + 8 x& AIX|¥t}.  Fat body2} ovaryt= in vivoe} in vitroof A
20-HES} JH-T A 2lof] whg3te] Idehuialg ghdsidet.  Eclosion ¥ 6
A1ZtY female ¥¥-of 35S-methionine® FUSHA hemolymph Thizg &
A oo, Y vbddo] AFEA) AR, 20-HER Mezlshd % whua
Ugol f= Hrh 20-HEE: female®] fat body& A}I3lo] W% whygal
Y& FEHAAT ovaryol M F o] gladth H3) FAMos um
Wigo] A Ut maledME 20-HEN 2|2 W htAle] 44 g &
£ @ 4 olddrh 22y male2 female X} 20-HES] cthgt mlZt= 7} 100u)
B= okch JHIE fat bodys} ovaryolMe] 1t whalal §tde 9% 3}
e, ovaryol Mo &7l of A& Ho|Yr}.
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