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Summary

The expression patterns of heat shock proteins(hsps) were studied in the larval
tissues and adults of Drosophila immigrans.

1. The synthesis of hsps in Drosophila immigrans was induced the most strongly in
response to heat shock of 33C.

2. The hsps induced by heat shock were divided largely into three groups, namely
hsp83, hsp70, and small molecular weight group(hsp27, hsp26, hsp23, and
hsp22) according to their molecular weights.

3. The induction of hsps was first detected at the heat shock during 10 min, was
the most active at the heat shock during 30 min.

4. The patterns of hsps synthesis in various larval tissues were very similar to each
other, especially hsp23 was synthesized during normal development without heat
shock.

5. Since the expression patterns of small molecular weight hsps(hsp27, hsp26,
hsp23, hsp22) were remarkably different according to aging process of adults,

these hsps may be involved in aging process.
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A7 A4 "L}B o ARE 3]
--41711"‘]‘~ Yy 4374 S daz 3t
L= Bl JEgE Dlzl—t~ HE A<
lTojct. wiezjoly} HRoALe ZEANE
T5 % Akl ol2r]AtA BE A5
+dAE LAY dRAFTE geod
1dells 224 Aol AY °|"7r=2"l’°
2= & g FHAAE)
A7) A $4E Jehiie A4S B
et g Ao % fAAY WHAE
+dHst AR o Bus] PA s
FARoz A AT AZW Fo FAHES
el A s, heat shock
proteins(hsps) olg} 3B} (Southgate et
al., 1985: Lindquest, 1980, 1986).

wjoksl 8} zu2](Drosophila melenog-
asler) 8] A (salivary gland)ol &g (37
T)E 3 AW dinitrophenol,
salicylatest & 3tgg& Azlzadg o A
2¢ RNA 4ol 9Ad puffrt fe=d
1964a, 1964b), o] F-slolA ¥
A= mRNA7} 3Ex]o] heat shock
proteins(hsps) o} A Xt} (Tissieres et
al., 1974: Lewis et al., 1975: McKenzie
1975; Spradring et al., 1977).

Drosophila melanogaster®] hsp $HA=
A 2Foz vz AR 2§ hsp70
< wdstE o FA44 2 (multigene family)
= hspb8¢ YT FHAAETZ FAH
Atk (Holmgren et al, 1979:). S 2

o

rO
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rlr

1

F25td oy

ro

2

olEE

sodium

(Ritossa,

el al,,

¥ hsp27, hsp26, hsp23 ¥ hsp22E =t
Ex e FE fHAER, M2 ¥ oo
2§ o]&o]x ZEA|Zc)(Petersen et al.,
1979. Corces et al., 1980: Craig and

McCarthy, 1980; Ingoria and Craig,
1981: Southgate et al., 1983:). Aleis -
F< hsp83 frAAE ¥Aege] 7tF & hsp
83% WdAZlc}(Holmgren et al., 1981:
Hackett and Lis, 1983).

Drosophila melanogastersl 4] hspse ¥4
< HAA e} B E T oA 2 5o} (Storti
1980). Hsp #d Aol oy Wy
g Aoz ETFE olEe 7lvd A
3 e A ¥t Hspst @A
o8] F43 fEs1, anoxiarl Absd 3
g A#slc By Mz 257
difoll AL FAsE JE, F ¥
A9 EAERE SE [ALE LIdd:
¥ % 9lct(Ashburner and Bonner,
1979).

Hsps+

et al.,

A4AA EEAANE A=
Hsp83¢ 4Lz olA wjdss AMEoME
A4-2 o2 §4 x50 (Lindquest, 1980), hsp
708 nj4% o2 #HEFsco(Velazquez et
al., 1983). =2l ¥xtFeo] FHL hspse
mMRNAY: ecdysoneol 98| §Ads|=d] 59,
hsp23& 3% #3FF7]o A ecdysone
27 wobA = kol At (lrela
nd and Berger, 1982: Cheney and

1983). Hsps7t AAZ A E ¥
AEl7] wgo] olgd &dAY Ao JF
<+ e Yol FPidoMdz AAH sF
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& %om ¥ 4 ok Fleming et ol (19
8¢ L z3ee & zsYe 2494
2 e = A== hspsy FAel AHE
ter] s xots A dz ¥
At

Drosophila melanogaster®] hspsell & <
F= oj$ gurs] Wyslo} skt Drosophila
49 g FEol oy At e IFY
AHolcy. wetd 2 AFelMe AFE F
QAo 4 A= Drosophila immigrans(%
xg ave)e 33 #3539 =} A4
ol 4 hspsel W@ G4E AT

I. A= %3y

1) =me| Als

2 AFo olgsl AFA YxE Ee
= (Drosophila immigrans)= AF=E AAA
tholl 4 19881 6™l A A=t 2Ie]=
Lewis(1960) 8] ¥ Zul=|(5.5% dextirane,
2.5% sucrose, 1.5%
yeast, 0.06% propionic acid, and 0.04%
agar)7t & f2l¥alA 25Cet 70~80%
27h SRS LA wleksi et

8.3% cornmeal,

2) =39 @A

z3vlele] 3w¥@H3E& buffered saline
(0.01M MOPS, pH 7.0, 0.01M NaCl,
0.05M KCl1, 0.00125M CaCl, and 0.0006M
MgCL)o2 ozt B& ¥ 8y ¥d9F 3
o4 501£9) buffered salineo] £ 2%

ojlzold A4, AAMLYA,
3l microtubed] 2ttt

ANzAg A3

3) REXE] ¥ =3 e
[**S] -methionine EX|

39 7t z2Ae LAAYE zHo] ¥
o]gl: microtubes Mel® L& olg *
A5 ge4zol 3087 D7k AAEAH.
LAt B 25C2 &3 ¥
(*S)-methionine (Amersham) o] 0. 2mCi/nf
o] 252 %45 buffered saline o 30
£+ ulckg ¥ 7k 10% trichloroacetic
acidg 2087 AHM EXNE FAAND
95% ethanolZ F¥ #& x AF AXAA
ch. Az" AzE A8Y =7AA -20Tq
B st

Aae] &£dAelt intact AME 34CE
A8 Frlold 4087 WY ¥, 308
2o} (*S)-methionined %3 sucrose &
dog E3 AZFold xFAA EA
At

(-]
ZzA

4 [7|HE W ol HE

ol 214l A 7] % (SDS-gradient polyacryl-
amide gel elctrophoresis)-& Laemmii (197
0)8] S$H$ o7t HYstd AU}
3} 20Col ssigd Al SDS sample
buffer (0.0625M Tris-HC)l, pH 6.8, 1%
SDS, 10%(w/v) glycero)& ¥ 5¢% 7}
a8 % 2.5%7F =% 2-mercaptoethanol
+ A7t = RE 10~15% gradient
SDS-polyacrylamide geloll 4 ®z|8z,
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Laskey and Mills(1975)¢] fluorography
Hoz AEsdd
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S5el4] 7o) Fulg Z=E 3gdct FAA
7195l ¥ geld equilibrium buffer
(2.3% SDS, 5% 2-mercaptoethanol, 10%
0. 0625M Tris-HCI, pH 6.8)el 2
Al FL HYAZ 2 F oulz ol
A4 55 AASAY -70CoH i3t
ol H7Q4Fol ¥ gel9l fluorography
+ Laskey and Mills(1975)9] wye g 4
#oigich. Yool webd wuAe Oakley
et al. (1980)9) #wye g silver stainingst
et

glycerol,

gl

m. A3 9 33
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3
9}x g z3}2](Drosophila immigrans)2)
APzAL oz Lxol4 (*S)methionine

L2 EAWST o Y4 9 F4L o

Vol, 4(1989)

st dch(Fig. 1A). A4 &= 2A(250C)
o A& methioninee] B M2 tluA oy
EASAYL, L2758l izt 5=
heat shock proteins(hsps)e] $44-& 4
¥ 0 IR AZA whAe) g4 ¥
3] 4= dch. Ezbgke] 83,0009 hsps3
& 28C ZAA YAl A FAHA A
szl A4ex zAMEs 36CHA
ol2t FHAY = WM 2 ¥
AEqet. £Agol & 2§l hsps: F

3] hsp273 hsp23& 28Cs} 30CoA 713
FAsA gAsIAT BCAME 288 o
=9 ¥4e] A=A} hsp70L B B
< %2 4=t gz 4 33cH A s}
T SAY ¥4 F4E 2ok welo) Fig
19] fluorogram& ©f L%t k247w
448 o hsps7t AEHL ¥ 4 Ut
weba Aol g8 YA hsps
o Ay 4+ A Ydch(Lindquest,
1980). =3 40C Z A4+ methionined)
el A=A 7] af o] o] Aol
A AZFo] AaslE Aoz e
X% z3}2](Drosophila melanogaster) o)
7% hsps®l ¥AL 37C A FA
+EXc}H(Fig. 1B). diwlol] 9ixat zslele)
AAANME 33CY REZANA A 4
8tA hspszt 5ol olal A4z Mo}
$xF 2327t 3y zseud Lo
o W3 ez Aasieh. Drosophilas)
¥ hspsAFol ot Ful TL F7ho)
A hspsEL A4y $AF S A
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1. (A) Distribution of Drosophila immigrans proteins labeled with (*°S)
methionine at various temperatures, The salivary glands (5 pairs) were
dissected from the late third-instar larvae, heat shocked at the indicated
temperatures for 30 min, and then labeled with (**S)methionine for 40
min, TCA-precipitable proteins were separated on SDS-polyacrylamide gel
electrophoresis, Labeled proteins indicated visualized by fluorography. The
apparent molecular weight of the heat shock proteins (hsps) are indicated
by arrows. (B) Fluorography of SDS-polyacrylamide gel electrophoresis
of heat shock proteins (hsps) of Drosophila melanogaster, The imaginal wing
discs were dissected from the third-instar larvae, heat shocked for 30

min at 37C, and then labeled with (**S)methionine, (C) control. (H) heat
shocked,
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o]7} Zzglc}(Buzin and Patersen, 1982;
Sinibaldi and Storti, 1982). %x & x=z}z
9] hsps® =% Z3e|e hspsst sjmy o
olefgt AolHE AR A 3749 hsps
2F22 oAl HolA )¢ §As
At

29X AlZiol] og chyE
e

+dAe] A7 oty fEEE
heat shock proteins(hsps)9] % 4JokAl-S
ZA87] $3A 34C ZAA AUz
wekstd A 108 7tAe 2 (“S)methionine
28 pulse labellingsl4c} (Fig. 2).
hsp83, hsp70, hsp68, hsp27,
hsp26, hsp23, zElZ hsp22:= 108 Eqt
o] A YAl FE57] AFsig
2. 308 Fte &dHefolA EE hspsE
ol 7t fAsA YA =gl Hspstel ¥
A9 FEE 30EFH 6087 F4Ae (st
eady state)® 2ol ¥ ZHz: x@ z

2 E

hsps, &

z}2] 9] cell linesellA ¥.37% Lindquest(198

09 e # <Az ek

TEZEYoll oE hsps 4

34
glands), A M4%l~)(imaginal discs), 28z
24}z (fat bodies)olA] Aol &

¥el® AQz A (salivary

hspse] WdSd4E 244 ArjdEyon 2

AslcH(Fig.3). 4 =Aol Rojy &
AEA wygle] AAql Holox Bz
ZZ 79| hspsd] WHe o]t gidd. 2

2} hsp83% hsp709] Y4 ZEZ 2 A
TAY For YAsAT, $Aspe] e
hsps 1§, & hsp27, hsp26, hsp23, g
3 hsp229] YA FatellM ZA7bel ofAal
AelE Bch 53 AAl7|elAE hsp23
o] F4zZAME FA =t o]HE 34
f3527lel Ml ecdysones =7t ol
+ 4% A7k de Aoz Aasd
kg zuele 34 £39 AAdAYse
A4 WA A A E hsp23e YA &} (Che

ney and Shearn, 1983; Ireland and
Berger, 1982).

3ol @ hsps B4
$xz z3te 4 cspsyel g

hspse] wdf4el wag 234y AXNYF
Hez X431t (Fig. 4). xstol wiets
e AxA <y g4ggol HYy p
oluiet hspse] Wy olx FAs o
53 A AL 2§ hsps¥A FA4
of ¥AY zlol7l gt o= Fleming et
al., (1988)8] =% z3zleloA vug Hz
S FHEc uE 23 Y A F o
s7b =A g g #HAolxwt o] Y
< FAA LA 4y PA H
T Fdde g L Ed

$x3 23 o3 2zl FRYA
o2 A7 A 2Fol LA, LAY
of WhgsAq A= hspse] 2FL o
Holl A Mz ol fAls Aot Hspsell oidt
FHAYE AFolE BFEm o529 Jl5ol
dsjxs B deix AA @ch =

_26_



Expression Patterns of Heat Shock Proteins 7

10 50 i
MW C 20 30 40 60 min

205 Ko

119K =
94 K

66 K—

45 K

29K~

Fig. 2. Induction of heat shock proteins (hsps). The salivary glands were shifted
to 34C. Proteins were monitored by the addition of (**S)methionine to in-
dividual aliquots in 10-min consecutive intervals, The first lane (donated

C) were labeled at 25°C and served as a control for the pattern of protein
synthesis at normal condition,
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IEF

'S

Fig. 3. Proteins synthesised by Drosophila immigrans under heat-shocked condition.
The tissues were labeled with 20 #Ci (**S)methionine for 40 min at 25C.
Samples were solubilized and proteins were separated by two-dimensional gel
electrophoresis, followed by fluorography. (S) Salivary glands. (I) Imaginal
discs (F) Fat body, Arrow A, actin(Mr 41,000: pl 5.3); arrow heads indicate
the low molecular weight heat shock polypeptides that are expressed in each

tissues.
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Fig. 4. Proteins synthesized by adult Drosophila immigrans under heat-shocked con-
dition, Intact adult flies were heat shocked at 34'C for 30 min, solubilized and
proteins were separated by two-dimensional gel electrophoresis, followed by
silver staining. (A) 1-day-old flies, (B) 7-day-old flies, (C) 14-day-oid flies,
(D) 23-day-old flies. Arrow heads indicate the heat shock proteins (hsps) that
are expressed in each age groups,
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hspst &% stressoll A|X7} 42 £ 9]
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Zc} (Lindquest, 1986; Berger and
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o A" £ Yy d7oh 27
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