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UM/g, 24.45 unit/mg)ollM HIXE E¥on HoD| 4oiM =X$E(0.13 uM/g,
3.23 unit/mg) & HENHACH

Ecdysone s = HE7| 2ol 2|2x|(37.84 ug/g)8. 4ol % X%[(18.46 pg/g)E
Hol ¥, 6520 24,37 pg/ge A&sHoN MBME e e Lehdct 2o
20-hydroxyecdysone &T& WHH7| 42(23.66 ug/g)t HOZ?| 62 (14.90 pg/g)ol

ZDA|E O|FUYD, 7olM HXZ|(1.21 ng/g)E LERHUCE
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& A} #HE T2 FAge Axy A
go] W& u7fAE e g sted, 3 cyclic
adenosine 3'-5" mono-phosphate(cAMP)+
Axel A2)A HWD7]Fe] HodslH (Berridge
and Prince, 1972), ti%¥2 polypeptide”d
ZT2F9 A2xHEA=2 ZLF}H(Beebe and
Corbin, 1986). T ZFFHA A2xHGA
(second messenger system)o] #3 AT
w2A HyYPs=a glen cAMP-dependent
protein kinase(PKA)x %7lA 227 4
39 Holz g d4&S Fgvim Husm Yot
(Smith et al., 1984). Manduca sexta®l
AFAHANAM PKAE ecdysteroid §dol #ods}
£ PTTH 239 FA38< 39 (Rountree
et al., 1987), =% PKA+= Manduca sexta
9 oM neurotransmitter AZE 2AHst=
g48& @ (Combest et al., 1988).
Manduca sexta®] @83 <litsle] 1A

cAMP #H7poll sl d& x5 Hee Y
ecdysteroid titerel ¥W3lel #Ao] glow
(Bishoff et al.. 1991), 2 phosphoprotein
o 9143l &L ecdysteroid FF 7}gH
ecdysone®] 20-hydroxyecdysone2 @ #H3ghs
o Zir¥tH(Warren and Gilbert, 1986).
Ecdysoned %2 Z%9 ecdysial glands®lA
FHE AFEE F deid F, Fgze e
o] lE AATH o7 FA¥Q 20-hydroxy-
ABAG(Wildmann and
Romer, 1977). 20-hydroxyecdysone< in
vivost in vitro 77 (assay)9lA ecdysonek
oY 52 T4E Jehin(Bergamasco and
Horn. 1980), ecdysone2 &4 g€vz=r9l
20-hydroxyecdysone2 2 A& A7z E
2oz Hyd H dtk(Beydon and Lafont,
1983).
2

ecdysonel &

Ryou $(1994)& Curculio
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dentipes %9 cAMP ¥%¢ PKA 4%
el Uit ATl diAel QQ4kste]
PKASY EX=E 94 cAMP #H7M 73t
2, W cAMP % W39 PKA 4 W
37t fAME A4S Jetdtha sttt

2 dte d5F39%9 (Lucilia illustris)9

FE&-AE 7 -4 3o T4 DA o2 WA
cAMP B & &3, old A &43ts
€ PKAS #4x& &9, cAMPY a3
7F AejA e @y pge] zeste] Vel W3
2 W3zl ol T3 cAMPI/ PKAE A
std A 2 g teXed A58 wIx, /%
o] 4%, &3le] sfAlel e Fte] NEEF
FAse ecdysteroidF et 7153 A48 A
£ ¥ nx 3.

Mz W Ey

AHEE

249l A8 AFa ) (Lucilia illustris)
= 29 78 HAEH, &, parahydroxy-
benzoic acid, agar & g3 AFujx
(Stoffolano, 1974)°lA At AtS3Act, &
T 26+2°C, #F7] 12h:12h LD, &% 50-
55% RH 7oz %, A& WHH7 0~7¢.
A% 19 whole bodyE ¢ - 8%l A4
ANEZ AHEEATH

cAMPE| 5 &3

dAFFaele] 4 dAo g cAMPY &

= £F & Krstulovic 5(1979)9] Wy & ¥
st A AT

cAMPY F&& Z AZEE AEE 1g¥ 3
B3l 6% perchloric acid® 4 CellA] #d3}
g F 3.000g2 10¥ 3¢ YAE=sld d&
AZHE Acro LC13 filter(0.4 um,
Gelman Sci Co. )& 4#37 ohf FAAZ7]
(Labconco. U.S.A)E F&3H. o &=
A& 6% perchloric acid 500 pl= &%
% millipore filter(0.22 pm, Syrfil-MF.
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Costar corp.., U.S.A)E 23 o134
HPLC(Waters 510, Waters 484, Spectra-
Physics, U.S.A.)& AIRZ AME319 0. £4
2 Cig(5 1, 4.6x150 mm) column®®
254nmel A & 20 mM KH,PO,4 methanol
(88:12, v/v)& ol&3td flow rate 0.4
ml/min® #Y3Act. A== 0.05 AUFS ©]
T FY F 20 plE AHEEHAT.

cyclic AMP-dependent protein kinase2| &
ME &3

cyclic AMP-dependent protein kinase<]
B4 <& Takahashi®t Hanaoka(1977) W
£ WPt BAE FAY F FHAG

AAE &4 15 pld standard asssay
incubation mixture{sodium glycerol
phosphate buffer, pH 6.0: histone, 0.04
mg: P32P-ATP(1x10% cpm),
magnesium acetate,
fluoride, 2 umole: theophylline, 0.4
pmole; EGTA, 0.06 umole: cAMP, 5
pmole}ol Y3, shaking water batholA
30°CE ®AFM & wMFF ¥, 7.5%4
TCAE 4mlErtetd ®EgE FAAIIn
protein-bound HAts& EFHIAAYG. F,
TCAE #H7tstd w8& FTAAAR FA
0.63% BSAE 0.2 mlA71e &, 0°Cel 5%
7t X3Eka, 18,000 g2 AR 4S5
£ AASAG. AFAE AASND G2 AAE
ol IN NaOH 0.1 ml& ¥o] &3A7]32 5%
TCA 2 mlg 73 ¥, d4Eeisto o
€ Al ARAZT. olE @ A LS 23] WE A
At d& AHMES thA] IN NaOH 0.1 ml
o] Zolx WAMsA Z7](liquid scintillation
counter; LKB 1217 Rackbeta, Finland) &
o] g3t WAlFE AFIIUTH BLAEH T
one unite standard assay systemeoliA] 30°C
2 5EEQ ¥gAIZ) F pRP-ATPAAN 348
gmzAs Hol¥ 1 pmoled &A9 oz
A ct.

1 nmole;
5 mmole: sodium
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Ecdysteroids®| s &3

AFEvele $dAd ©wE 20-hydroxy-
ecdysone® ecdysone®] ¥% %2 Lafont
5(1982)9] W E APt HAA AT

Zr AZER ARE 5 g¥ HFsld 20 miel
2% $W(CHCl; H,0 = 1:D)2 £ColH #
Az ¥ 4,000 gollA 158 F<¢ dAER S
o Qe gzde] 5 mlel HO% 4 % 58
Z BH AT, o] &L SEP-PAK Cjg
cartridged] flow rate 2 ml/mino®
peristaltic pump& ©l &3l F&AAz F,
25% methanol2 &&3l 34 A4ELS AA
8ta, 60% methaols o] &3t &&3 T},
ojff d& £98& HPLC(Waters 510,
Waters 484, Spectra-Physics, U.S.A)&
ANg2 ALESAT. BAE TMC 5(3.9% 300
mm) columne2 254 nmolA &vf 20%
acetonitrile® °o]&3le flow rate 1.5
ml/min® F3s90. == 0.02 AUFS o]
I F9 Fe 20 ulE A&

2
AFE9el (Lucilia illustris)e EATA ol
£ cyclic adenosine- 3,5 -monophosphate
(cAMP), cAMP-dependent protein kinase
(PKA), ecdysone®} 20-hydroxyecdysone<
% Fodld s=¢ BAEE £ dAde

e 2o,

cAMPe| s ti5}

aFgele] FR/%F, Wu 28n 4%
A GAE FAES d4EYsl de 23 F
ZHdA cAMPS ¥ E¥3E HPLCE o] &3t
o 48 A= Table 1 2 Fig. 1% 2o},

cAMPY vZ&= fF7]de 0.29 uM/ge =
e AHE FAETL Adedtd wds] 09
(0.49 uM/g)= HHI7T 79(0.50 uM/g)ell #
DA E Yepgien, #Her] 0€ ofF F33)
Ztadte] W7 4l 0.13 uM/ge g HA
AEg B4t AFdMe F73 Fad] 0.29
uM/gE VeI

cAMP-dependent protein kinase2 AT
3}

AFg el %%-ﬂtﬂﬂ—"é%&i-‘ﬂ Hef o
wE 3 A7E A ALE ol&3td AT
cAMP-dependent protein kinase(PKA)<]
Ao Aoe Table 1 2 Fig. 13 2o

PKAS A =w Hui7l 093 Ady] 79
peakE olFJm, WHHI 04 92.22
unit/mgl.2 714 & SASE E3m, dH
7] 749 24.45 unit/mgs VeI 2™,
7] 4dele 71 ¥ B4 =(3.23 unit/mg) &
vEb ),

Ecdystercids2l s #3}

asFAeel 2433 A7) 220 43

Table 1. Concentration of cAMP and activity of cAMP-dependent protein kinase during the metamorphosis of the

blowfly, Lucilia illustris

Stages
L-. PP P-0 P-1 P2 P-3 P-4 P-5 P-6 P-7 A
c¢AMP conc. 0.29 0.30 0.49 039 0.24 0.23 0.13 0.32 0.34 050 0.29
(uM/q)
PKA activity  5.52 1837 9222 1525 6.15 10.75 3.23 6.12 591 2445 559
{unit/mg)

[-L: Last instar larva P-P: Prepupa P-0: Pupa O-day P-1: Pupa 1-day P-2: Pupa 2-day P-3: Pupa 3-day P-4: Pupa
4-day P-5: Pupa 5-day P-6: Pupa 6-day P-7: Pupa 7-day A: Adult 1-day
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Fig. 1. The concentration of cAMP, activity of cAMP-dependent protein kinase, and concentration of 20-
hydroxyecdysone and ecdysone during the metamorphosis of the blowfly, Lucilia illustris.

L-L: Last instar larva P-P: Prepupa P-0: Pupa O-day P-1: Pupa 1-day P-2: Pupa 2-day P-3: Pupa 3-day P-4: Pupa
4-day P-5: Pupa 5-day P-6: Pupa 6-day P-7: Pupa 7-day A: Adult

o wa @AY #AEL SEP-PAK Cg
cartridge® o]l &3l & ZHFEH A
ecdysone® 20-hydroxyecdysoned Fx=®3}
€ HPLCE o]&38ld ¢d& da= Table 2 ¥
Fig. 134 2t}

20-hydroxyecdysone ¥%+v #3%7|d+e
9.17 ug/ge 2 ¥ FHE AA3Ichrt, HH7
0ol 8.16 ug/go 2 Z2H3, ol¥ A& 3%
g Hd7] 4 23.66 ug/gl2 HIAE
Jeriend, Wdr] 6del 14.90 ug/ge=
=WA peakZ ol&1, o]F zAasid Wy
TdolM 1.21 ug/go.2 AARAE Bt 4%
M &7t Z7ste] 3.99 ug/e & eI

E% ecdysone ¥Ev F&7]|d+ 21.88
dg/gS JEMIAR, WU 7] 0deA 28 s
sted W7l 2dol 37.84 ug/g: HuANE Y
gliglen], o|F FH3] At Wd7] 44
18.46 ug/go 2 HAAAE HA. WHH7 59
of 24,37 pg/g® AsdtAdcst FaAE #As
o AFdM+e 19.50 pg/gs ¥ & e

2ihel=

A5 Foee YA AFAA 20-hydroxy-
ecdysone® ecdysoned] FTZv A3 JHAE
VeI

&

cAMPY A2a AGAHAE ZE FEANA
thALe} A W Ble| Fodhe TEE JIZE A
@3l 8-S 39, =3 cAMP diAldl 22
Bavt Bodstd HAHRY B FRIG WAsE
HtH(Castillon et al., 1973: Morishima,
1973). Sutherland 5(1968)2 cAMP’} =
28 $ge 2Hded #dsly, 3222 #
HAZANM cAMP sx9 F718 €428 ¢ o
on, cAMP %+ 9% cAMP fxA7l 3=
2 983 {4 EFE I3 3T De
Reggis} Callia(1975)+ cAMPY] 8% ol
7} Drosophila melanogasters] We| &<t
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Table 2. Concentrations of 20-hydroxyecdysone and ecdysone during the metamorphosis of the blowfly, Lucilia

illustris
Stages
L-L P-P P-0 P-1 P-2 P-3 P-4 P-5 P-6 P-7 A
20-HE 9.17 9.23 8.16 9.02 9.26 1197 2366 9.68 14.90 1.21 399
(ug/9)
Ecdysone 21.88 1950 2853 2985 3784 3280 1846 2437 21.34 2053 1950
(ug/9)

L-L: Last instar larva P-P: Prepupa P-0: Pupa O-day P-1: Pupa 1-day P-2: Pupa 2-day P-3: Pupa 3-day P-4: Pupa
4-day P-5: Pupa 5-day P-6: Pupa 6-day P-7: Pupa 7-day A: Adult 1-day

oJidttn d¥t. Achuazi B(1977)2
Locusta migratoriadls cAMP s%9
cyclic nucleotide-dependent protein
kinase BAEE AFolA FAFn FHS
3 De Reggi ¢ Cailla(1974)+ Drosophila
melanogaster?] #%9 cAMP X €34
FAE F7i7b JdeEdon gz, =¥
Takahashi(1976)+ Bombyx moridlA
F-dd 718 Hdr|-4F g9oM PKAY €4
=7 F7retkn Hand vt gloh £ AgeMx
dAFxgaae fF-Hdr] 2 Hdr|-4%F dH
Aldl cAMP 559 PKA @Azrt F7lsta
AEolM Al A ol & AR|dFT. ©]
£ cAMP FA7F €8 & B3t 2 A FA
E9 Ao =93l cAMP =& ¥€F s
FAT=E 3t EF D¥F o] nucleotidedl
A3l ol FoJA e HAAoE AFAHY,
cAMPY 23 protein kinaseg =AFol
cAMP sx¥3lel {AMG AFES JehiS ¢
=

Manduca sexta®l* pharate adult 24
7dol Y ZNM gy 289 £F0| peak
o €%+ Wl ecdysoned® 20-hydroxy-
ecdysoned Hl&L& 3.3:12 YvgUH
(Bollenbacher et al., 1981), =% Bombyx
mori, Heliothis zea$t Pieris brassicae®l
o 7l A]  ecdysonec] 20-hydroxy-
ecdysone Bt © ¥ FEE EATH
(Calvez et al., 1976; Holman and Meola,
1978: Lafont et al.. 1975,1977). Samuels

9} Reynolds(1993)+ Manduca sexta?l &
g #Fo] steroid T2EQ 20-hydroxy-
ecdysoned &3 ZAHETT A wh
ecdysteroide &% WHH S e dxFH o=
W23l steroid EEEo|tH(Whisenton et
al., 1989).

ol B AgdME 20-hydroxyecdysone B
ot ecdysonee] &%, WHul7], A% A7l 25
A Atzoz o ¥& ¥EE Yehlo] olg &
A3, =3 20-hydroxyecdysone®
ecdysoned &% ¥IE 4% dIAE ve
o}, HH 7N ecdysteroide]l A4t Zae 20-
hydroxyecdysone®] Z7t¢ ¥X3vt. ol<
AFAAA BAHE ecdysoneo] 20-hydroxy-
ecdysone2 2 HEr o] &y 7|5 EHE
Ele Aoz Holn watx HAFAd] ofs A
A== ecdysone feedback regulator 24
ecdysteroid® Aol &3t 20-hydroxy-
ecdysoneS 2 HEEH7| Ao 4A Haz %3
He @49 #@#do] it ol ¥¥s=agd
20-hydroxyecdysone©! ecdysteroid A44&
AAE = U+E Udele AHolth(Beydon
and Lafont, 1983).

% ZA X cAMPY = WH3le Fo| ot
g} gtstA Jebdtl, Manduca sextas]
(Applebaum and Gilbert, 1972)%
Drosophila hydei®] Bl A& adenylate
cyclase?t 20-hydroxyecdysone©l 2314 =
253 (Leenders et al., 1970), Grompha-
durina portentosad ol e AHIHAD
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(Rojakovick and March, 1972). 283 20-
hydroxyecdysone©| Drosophila melanogaster
9]  imaginal discs{Yund. 1979)¢
Manduca sexta®l AFHA|*x = adenylate
cyclase®] /o] vlAT}A o]9th(Vedeckis
and Gilbert, 1973). 234 Vedeckis &
(1974)& Manduca sexta® AFA A
cAMPst #A=ED®, cAMPE Easie
phosphodiesterase’t A&d wj, HAFHe] &
d8tE™ cAMP =7t Frbsta, AFile] B
gA43ER FobEA gettn sk £33 o4
& AFAA cAMPE F9E W ecdysoned

o7 A5H3, MEHd PTTHE HFA8&
4= cAMPY FE7 ZE/sigded o=

PTTH7} A2xpA @24 2437 o Eoletn
stEtt.

2 dEoMx= cAMP =9 PKA A=}
7] 271ek Fo1el g3, Wd7] F7)el @A
Vel o, ecdysone® WH|7] %719} F7]9)
peakE °]F3 W] F7]o HAZE ehAo,
A W E veEdg. a8y 20-
hydroxyecdysone2 Wt)7] 7] &4 veht
ME AT A S & F Jd. oe
PTTHOl 9aix HE4Ae] E43l=Eo] cAMPS
TEE 773, PKAE @43sd,
ecdysone® A& AF389, ecdysonee] 20-
hydroxyecdysone2.2 g5 dxjsgzroa
Zgete Aoz AZEd. @AM cAMPY
PKAVF €9l Heo] #o3lxnt, dxi=r
Q1 20-hydroxyecdysone®} cyclic nucleotide
v M2 E¥Ho=z FEsm, cAMP7
ecdysone Ao JgE wlAH Ao 20-
hydroxyecdysone©l 2&sle Aoz AzEn}

ZFol glolA LA A wHelsl 2 FF/9
TEEoR 2EHEY oW cAMP/ 2%
o2 8o g FH 715 B2 FoAH
o, TFI2E F AFY @y #BAsE
ecdysone, 20-hydroxyecdysone® %&e| 7}
Z 3A "Xe A 2o ole xS ¥
B33 Fok cAMPe] W3l o $ FeisA o
oAy, cAMP7} 318t Az 4ygA F

Vol. 37, No. 4
F PKA9 HF83 ®WgdE yego] oE
kinase’} W@ 3228 Z2Asd YL
AlAFRTE
S |
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Variations in cyclic AMP, cyclic AMP-Dependent Protein Kinase and Ecdysteroids
during Development of the Blowfly, Lucilia illustris
Yoo-Kyung Kim, Jin-Soo Ryou, and Kyung-Ro Lee (Department of Biology, College of Sciences,
Kon-Kuk University, Seoul 133-701, Korea)

To investigate the functional relationships between cyclic adenosine 3',5-monophosphate
(cAMP), cyclic AMP-dependent protein kinase (PKA) and ecdysteroids, variations in their
concentrations and activity were analyzed by High Performance Liquid Chromatography (HPLC)
and Liquid Scintillation Counter (LSC) during larval-pupal-adult development of the blowfly,
Lucilia illustris.

¢AMP concentration and PKA activity showed a similar changing aspect. They were kept in low
level at the last larval and adult period (0.29 umM/g, 5.52~5.59unit /mg), and two peaks at
day-0 (0.49 uM/g, 92.22 unit/mg) and day-7 (0.50 uM/g, 24.45 unit/mg) and the minimum
value (0.13 uM/g, 3.23 unit/mg) at day-4 were recorded during pupal period.

The concentration of ecdysone was found to be the maximum (37.84 ug/g) at day-2 pupae and
minimum (18.46 ug/g) at day-4 pupae, and it increased to 24.37 ug/g at day-5pupae, and then
kept in low level. But 20-hydroxyecdysone were peaked at the day-4 (23.66 pg/g) and day-6 (14.
90 ug/qg) pupae, and it declined to the minimum (1.21 ug/g) at day-7 pupae.



