R4 BEF A ERAG I HEHSP7ORE
AEREE KRR BEmR bR

LI 3T 4 i — 1 ep B2 VE B AR
RS
— % @

B SR SE R 1 MO P SER IR 1962 4 >y SR it e s B
K 7 (puff) Wi o HFK 2 ~ KR Sk » 5% Dini trophenol (1)
Fin e R HERANBSARE I ( 1~4 ) > ARL s
B ) DNA SRR 7E Eo At SR AR AL P 38 3 ( 5~ 6 ) o fE 1973 4
s Tissiere ( 7 ) #|f SDSHE [ B BIKIE LS T & AW AFTB 5
R R R o S8R S — RS [ S HTZERE o

BRI RS o 2540 T — RS B » b B A — L R
HH—HSPs(Heat Shock Proteins)iS{F A HE A #E DL — sk
DR 45 R S RS ST R E T 0 B SRIEHAK ( 8 ~12) » B
T — {5 PR 1 MR AL ( 13~20) » ARG B RS IBAGTE T
E(21~24 ) » @EHEMALER 7 FESIER (25~20) o

F| HRTRLE » hsp HEBHED TEWBX LW » A KIE
B o BB B ~ 8~ S B EE T AL IR HSP s MEELE ( 35~38
) o HUEHIESE QIER HS Ps MO 4 R A S B R R LR
(RO R TS (35 ) o hsp SRIRE BT » 8L hsp 7030
AR —{EFE R K% (gene family) o

hsp 70: 0 £ — (1L B SER B L (30 ) » SREMERBLK S
— {8 ER BRI — A T (31~32) o

1978 2| 1979 4ER7e B 5 B A 18 2 1838 VF PR Wl AR |45 —
SRR BE Y 0 SRR - BEMRS (33~35) » &M
1 LU SRR B [ DL L (U BRAF B (LB RR R » — R 3R R 1A



HZ RS T8 R B E B » — M RURIE LR iR AN 9
MERR SE RO PREEEH o

hsp 702 # B R FERI LR o ZER Rl » 703K % E e &
HEEERFSIA » SRIIBIE 2 HEXEF o KB B HSP TORGLE Fr
5B KA HS P 7008 » FEEUEERT 3250% (36 ) » i LAHERI hsp 707E
mEMPLES Y MENESEREY S HEBFHALTE -

N RE EE A T2 EIESR » FEBF LXK BRI EE
s BN EERRNEBENESOWH 585 » KFHNMED &
VIR Fe 2B E T o BRTEN BHREMENMAEER T e RE
NAZE SESGE 2N (37 ) » B EEEAERYF R HMENEESD
{URTRE R e R B 2 e FRR <5 ( 37~38 ) o

P (Streptomyces) R EIE X (Actinomycetes ) » 7ML
e FR AR ) — ok o BEAREFE 0 FH LB R R A I B T R B
» RIMHEFF L AR MENBRRA+ 2B UERE Y BEEE » ER
B R 2 KB AE A M E R BREE o B in IR (genome)
#10* kb » BARIBHEE (E. coli) RFRIADLIRR ZHEIRE (Baci-
1lus) B9 —f5% (39) o

7+ hsp 705 REIRF2E £ o KERTE T hsp 705 R A AR LU R B8
o 2 ) TERE hsp 705E K BLAKE hsp 70 R AIELUEE & EEZXF R
B MR A T R Th B S — VR AT RE 8 RS BT R A
AR ( 38~39 ) o Anjtt » 75 SHA B R3S AKA hsp = R AH LU
BATREN » NS REBRADEE AM/EREIRARSYER » 25 /MK
LR R SR I 5 R o FEASHRZE R T R A R R
R M LABA RS ~ BF ~ SRERRE o

— e B TR BRART R SBBEERE s BEME AR
BB EN fEF (40 : metallothioneins) » BFE(E AW RIBRR
SRR » BF ~ BHIR S W ReE I B E S BT o Bl b
MAKNESBEFEAT » FEERAEHS BRI (3S) -

B A A B AR B L o (BS BEE TR | BRI AR B
HS PO 38 Il R RLIHEER & o SUASHTE /0 88 k0 RHE SR AR it
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Btk Glioma cell F —98 o AL MMM H M » WAL B i »
BRSHAEE PR A > AR T H LRI o F— 98 & H
ENU(N-ethyI-N-nitrosouria ) 7 i fia i 55 B B B 2 B EHE
REE AT o

N HRMERTGE

iR i ez (Cell Strains and Cultures)

F —98 it : RS B MM (Glioma F —98 ) 55 %X DMEM
(Dulbecco’s modi-fied Eagle medium » i A10% FBS(fetal
bovine serum) * HLAEFE (penicillin 200 IU/ml » Streptomycin
200 mg /ml ) » 4mM L-Glutamine o 4% 4 B AR A B 2 R B RS A8
M s #&R10% Coz» 3T CHIIEES

KIGHEE . O BEEBEEA L-broth /1 s 37 C/KIBRRE mEEE (
39) o

PR IR ¢ R B A R I LD TR o VR
WTEREET » AT MERYT > DBEAF - BaFrmBR
YEME & TB S [E&atr 23 » 28°C 123 o (YEME (40) : Yeast extract
, peptone , malt extract , D-glucose , Sucrose , Mgcl:.6HO
. Glycine)TSB: Tryptic Soy Broth ) s HREKEEE (41) 8
BRI AR RS 25 » B A AR B R 28 CHEE) 153 o
BRAVE et (Stress Methods)

BERSH 1 F — 98l iR Rl f s S AR I EER42°C

& R HE TG © SRR E IR T & B T A R bR o
I R WG 2 E S R RS R E DL MR L S > PR (CuSO. o
ZnS0+) B 2mM  » kT (CdSO4 )0,05mM o F—98 il fitg HI iR £
BARBEYE  #ET > S8 0.1mM > FEEF0.01lmM
PR 4| E540 2] DNA {EFS (Restriction Enzyme Digestion)

DNA 8 E B2 » #§ DNA ~ BER ~ RERIK L FIR G 1837 CRIM
INERE o RER Z ERIKEZER AR AR » 8 H LT RE )7 :50mM tris
~-HC1 CPH 7.9) 2 10 mM MgCl2,NaCl ) Z{E F £ LL phenol,/choro-
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formfifl » 37 EL100 %709 45 Je B BRENTLIE o DLT0 % 15 88 dRR v o e »
HEDNABR TEREK (42) o

DNA & ¥k 78 ( Agarose Gel Electrophoresis)
DNA TR 0.8 % agarose / TAE B85 ( TAE © 40 mM

tris-acetate,2mM EDTA) s 7L HLFii DNABSRIM A B &R ( 20%
Ficoll, 0,15 % bromphnol blue, 0,5 % SDS) o &w¥ks2#1 0.5
mg,/ml ethidium bromide (43 ) %tfh » 7L UV T#i5K o (4, 45)
B2 4 (Nucleic Acid Analysis)

DNA ( hsp70 )## &8 (Probe Preparation)

BRIGES i /9 E#8 DNARESR (Sst T, Hind [ID fER®% » (&
RIEBEEPEZERR (low melting point agarose gel METTEEIK o Yufh
BURBE UV(350nm) 8% » W LTI 4 T #8 DNA R EX ISR 4 5 65
‘CIALI R BPESE o in A 0,1 B8FERY 5 M NaC1 L hot phenol/ ch-

loroform it o LM ERFFE TE BEH T ©

& nick-translation (46) W5 a-32p 37 H, DNA K87 o UL
E.coli DNA polymerase I, a—32p aATP ,DNasel XFE/ER 5 &
column ZEEMLIER] » TERRREIBUN BB AR ETT BB, » TRSE speci-
fic activity(morn than 1 X10® cpm/mg . )

DNA-DNA hybridization]E%¢H: ( 50 ) ( Southern Hybridi-
zation) R &% ELSE BB SIF & DNA LIFEZEB B Ik B o 58 South-
ern blot 5H¥ DNAEREENRFA/NZ nitrocellulose paper o
% (E DNA-DNA hybridization, nitrocellulose paperZH5Gi§22
FI LB Ll denatured calf-thymus DNA fiiii% o hybridization &
nitrocellulose paper FRUCHE~ B2k~ BRA o
DNA-RNA Hybridization &% (Northern Hybridization)

¥ RNA 588 » A 1.5 % agarose /' 7% formalde hydegel &g
Wk (47 ~ 48~ 49 ) » LI Northern blot i) 5 #HIZE nitrocellulose
filter I o Pl nick-translation #§32— P # | DNA {FSHEITER

o ZIRHLIGE N Bh o
ikl (Nucleic Acid Preparation)



RNA ZEHUi#E Bl 2 RNA /& Plguanidinium / CsCl (51 ) 55
o WIHR LI 7 F#ET » PBS( phosphate buffered saline) it
» Ll lysis buf fer JHARRITHE » MEFHFMA 15w CsCl (52, 53
) o Pl guanidium isothiocyanate solution ( 50 % guanidium
isothiocyanate /1% Sarkosy 1 /5 mM sodium citrate /0,1
9% Antifoam A/0.7 % betamercaptoethanol ) » E{i§ cesium
cholride gradient o BEE(N35K » 16/NRf » EIRPLIRANES RNA© KA
%L1 chloroform: 1 -butanol =4 : 1 jnHtARAL » DLIN % RS TL IR AR
K s BRAFFA—T0°C o SH%E RNA HI| £ F Streptomyces CsCl- banding
#9753 o OB » PAKirdy %8 Bevk Ve 3% 98 BRETHE BB DS phenol
schloroform¥T 5 » OV HL HTEWE LL isopropanol IhE% » AR 3ml
7K » - ml jn CsCl 15gel)1,5ml ,d=1,702#JCsCl £} cushion buffer
» ISK HEO 16 /N o [FIRTEE KA RNA £ » ZKHU S TEB ~ RFER—70°C
RNA ZEHU » KIGH2 B E #8 DNA ZEHUE KB alkaline (54 255)
lysis method #£1T o F —98#lifit DNAZEEHJF .22 IR “procedure”
» AR LA PBS Bef% » iR NTE(10mM NaCl /20mM Tris pH 8,0
10 M EDTA pH 8, 0)EBRIEE % » JIA proteinase K 200mg
ml,SDS 0,15M - Ll phenol“chloroformZ&HY{ » L\ isopropanol L%
(56 ) o #i%E DNAZKEIZ# Mintermann (1981 ) K Chater (1982)
RITTER » BREOE 5 M MAI0 mLTE , 10 mg lysozymes 37°C
K10 73 8EH » BIA20% SDS 1m1,10ml phend 5M NaCl 1.5ml » &
O&LL chloroform, isoamylalcohol (V,/V=24:1)RNase )jﬂ]\*@_‘;o
mg,/ml 50°C7K ¥ 1 /NB% o F AN A protease K 310 mg, /ml ( NaCl
0WmM, SDS 0.4 % ) 37°C/K¥ 1 /IF§ » L phenol / chloroformii
it o
TEHE 5232 ( In vivo isotop lablling )
F —98 il R 7EBR3E60 73 8E 1% » KIS B A methionine-freeff]
BEREWE o V/NEF RN A3S S -Meti250mC i /m 15238 4 /N o
¥ H 2D ¥r (Protein Analysis) '



B SRR ~ F — 98I PR [ 2K U AR B DU
P (sonicator) ¥THY » [EHE 3 #T o BB R MRS E B RIELS 5 FAce-
ton PRIREE 0T o F — 98 AR 50 3 Il AR Z= B v UG 5 R AR R
VR » TR 237 CRLER AR 2 o |

SDSERETEYK (SDS PAGE): & BB SN A B R 2GR B
s BWEKH 3min s PL12% SDS- polyacrylamide gel " » f235mA 1]
T T oK@ 4 /N » HUHEERB » coomassie brilliant blue gufh,
MR Yt o $RE o

=~ fERERR

BB ER SDS PAGE  » B fF I faRE T BRA BB B
TREHIT kAER ; WEARREA ~ NSFEE o SUBREEREM A
BMETERL T 110,28Kd MHRMEER » FEFERANEEN o —E
40Kd {975 [ H R BER DN R E AR 0 ARG
fp9 23—25Kd A (B FFES ~ 8 ~ 83 =R B AP g 2R B R A El
e FLER D o MBI TK 64 (1ividans) ,An"*(antibioticus mel™)
B L1 B FEIR) RS R SUE o

Glioma F —98 #iffy SDS PAGE fEH » —H#70 Kd RYEH
18 HAFRL7E B0V P AR SS TR o MRS B » BN HLEE TR 70 Kd
HOE B EEVE BT RIBETESE ~ |BBREPE VB ELR - B HE—
% 75Kd BB B &G o ERIBE R RS o 1A o 2AEA
HokER s A B T =R 78 0 850 90Kd ©

L hsp 70ZE K #2281 ¥ & bk S4B B Glioma F —983£1T Southern
hybridization * =HKESHEE & Glioma F—98 45 DNAM » 4P
#1578 HE8E hsp 70 (human, inducible)fHALH HIFFHI A o

= Rk SR DNA Y268 AE BLIZE S AHED 19 F PY AL 73 i antibioticus
, An~SiEHARE 0 TK64 FEXRIRY/N T#9 0.3 kbp, Gliom F—98 Jy
YA B Gl L e S R H) ( 2B Figure) o

s —37 Pl Northern hybridization 73 H7% Bl H mRNARJEST
R o SR = MR EARR) 5 7REAEFH BRI T o i8I BEE hsp 70

m70 J—



PREFAHECHImRNA 5 $ G ~ 9 ~ SRERIA1E A HIR ALk mRNA 9 E 4
o Glioma F —98 HI[{£24 ~ &% ~ S4RRIA TH7H 1L mRNA HIHH 2R3 5
SR8 EE AR I mRNA BB FHE (K » D) laser densitometer HIBRRBR
» S BRE P E AE B R mRNA HI2 (EF 8 s8R B 0 2 —

IR EL Glioma F—98ZEA W) * hsp 70— like gene “mRNA
{9 BT LA BB S P (75 Streptomyces & Gliomarf RSN
AN—RE A A] ) 3 20 K < B E 7 S 1 R 29 10 | i S 0 e o (AL
JEHE7 T I mRNA FE AR B AR IR B E P AOBE S, » S50 80E FsE 2
AN EZEFRE - # -~ SBBAHAFEERE » BEREBEED 5"
SOS” (EHRMIEE & » AR — P HI%E o TS BEE 7 7 1 mRNA (&
B A IR A — 5 RS R R E w55 » 8% SR/ S
ARG 5 ¥ Glioma F —98k mRNARIE A BRES R L AH
» WEFP I AR 3 =R <& B AT i BB ( Figure 2 ~4 5 )
HHERER) o FUHAE » BEAMLRE 5 It hsp 70— ike ZEK #5%
WAL o P RE—RRERFH » FRBHEFHARREY ( #-
BT ) SURAARA R (AR T ) » Hal R ARG LT
SIBEME o MR EA RIS » AR EE > B M2 FEE R
FEVIHY o ERRARIAN I » o A {7 B 40 MR O 3R v AT DURER o DL k1
58 H R hsp TOHIF FIME B I M —— (R R » il BEREE—
—H HFREEE o

Northern hybridization 2E—ZREBRF %5 —EBRE R =
Koo WIEFEHRB T 2 H A mRNA AR HE » B DAHERIZE R A B8 1S F
5188 % B mRNA K858 » 384 mRNA §9/5 58 hsp 70 — ike mRNA i
TEFHAD 2 08 » 5 (RS REARE LY T Bkt [ 45 o

B EH R KSR 70 Kd B B #9755 mRNA (1975 2 7] DU
&5 MES/ERIR Glioma F —98 KB Pt MBS B0 1119 70 Kd » 4
hsp 70—like mRNA & X BERH ~ SR B+ D2 — o LImRNA
AR EE BARE KD T0E A RASERIES Rl ge s A 5 88 i
W%mﬂ%ﬁﬁwo%ﬁﬁﬁﬁﬁ%@m%%¢’@@%ﬁ»mxd



WEHERBY »2RR/NE ABRAEE » 1A RET ¥
HEE ; BUES RN E A A BGR R HE mRNA &5 BB b L —8
s BB HMAE » MR o (MR F QIEHSP2S, HSP
40 )

AP B Gl ioma F —987E Z4E 1 N HE i RO AR i 2
ZHARKE AESMEHOBREERARS » BERERENMNEY:
SEHE HBISHSPs ( heat-shock proteins ) * RESFERFN
BEBHEE o

HETTE B2 4 » BBME antibioticus Y mel FKNEELE Tyro-
sinase {21t tyrosine fimelanin ifj BR E ¥ ¥ PAGE B0 2047 (&
KRB ) » #ELAn-5 (S, antibioticus mel™) MRS K242 S|
antibioticus o

R B ST hsp70 genesE human, inducable fJ cDNA o HEHIE AR
B2 E MR “ DNA intron ” WJRNFETEGlioma F —985 ¥
% o {H Southern hybridization MJ&ERA » PIME X Glioma F—
98 3} [t [N &1 A BA A 5 (R AH UAEBC KO HE © FHIE » SEBHEERY hsp T70-
like Z:NHHGRADITHEME o BRABLMERRE » BISRIEST
FFA Al HERE ©

#1T Southern hybridazation W » (K3 &2 SLE)Y) #1HE DNA
2ENREME R 10° % > #H DNA HIB ¥ »Glioma F —98DNA %
BEARMMERINS » HLEMMA band KR o 4

Southern hybridization HI&EHR » ZME§HME DNA band (LB
FRFIFHLL » antibioticus S An™" SE2MF o ML An~° WRATE
hsp 70-1ike fY¥ B A28 o HAE AR RSB E FRp (lividans
antibioticus) s hsp 70-1ike %t P &) %58 i A AL (Restric-
tion Fragment Lenght Polymorphism) s #ET K B FHE 809
5P (conserve) o

FEA R M (human,mouse,Streptomyces)® hsp 70 genes &
FUHLARRBUE 5 it » BRATAT SR B hsp T0RIEW B H —
BENEEY - EAMERN . F— - AROEDEIGERS » 13T



RENGLE 5 A DML KA PFE » (B SRR R EHERER » i —E
R R AE T A o 2 B R ST 8L fﬁiﬁ%%ﬂ%?ﬁ*ﬁ’%ﬁfﬁ%
\ O [ RS 458 A g ) — R PR R » T DURE Rl — 5 A L
A e HERE (DL HOE [ O B AR ~ BT SN A AL o LRI T

Al L b g ml gEtE ©

B
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Figurel.

Killing curve of TK64 (Streptomyces lividans) with metals.

The curve shows how the survial was of TK64 cultured with
each concentration of metal. (A :copper,d:zinc, de:cadmium)
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Figure 2.
Killing curve of S.antibioticus mel "

The curve showedhow the survial was of S.antibioticus
cultured with each concentration of metal.(/\:copper, &:zinc,
%:cadmium)
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number of colonies in each metal concentration

number of total seeding spores

Figure 3.

Killing curve of S.antibioticus mel (An-5)

The curve showedhow the survial was of An-5

cultured with each concentration of metal.(A :copper,d:zinc,

sk :cadmium)
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Figure 4.

Protein analysis of antibioticus cultured with metal.

The PAGE was a 12.5% SDS-poly-acrylamide gel.Gel was stained
with coomassie brilliant blue. pictures:A,intracellular proteins;
B,extracellular proteins. lanes:1,control;2,under heat-shock;3,
cultured with copper 2mM;4.cultured with zinc 2mM;5,cultured

with cadmium 0.05mM. When the strain was cultured under heat-
shock,28,70,110kd proteins were induced;40kd proteinwas repressed
(lane 2).Whenthe strain was cultured with metals(copper,zinc,
cadmium),a protein about 25kd was repressed.
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APEVE GRS B BT 2 AR 5 1R An 8 il DNA - DNA 58Tk (
BEGH: ) K& DNA-RNA ( H772Hk ) %73 B o B & B e S o 2K
AR BRI - B8R RE AE U ZEE » R RRRE
TE o FEA AR RS EE - |

— 81 —



