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(Function of heat shock protein and Immune response)
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Heat shock protein (hsp) F - 21204 Helgole] ol2
77 & AgAl] Exdhe DA EA, 2xrisl] ofafA
Bolg o2 w27 A= )23 7142 homeostatic mech-
anism O E o|H #JE heat shock responsed} 3ht} (Morimoto,
R.L et al. 1990; Morimoto, R.I. er al, 1994). o33t @At
2 ©x] 259 ¥} 2 oplz} @334 2, infection, normal
physiological processes, gene transferol]l 2J3jA FeEo]Zch
1978 A%l Neidhardt®} Yura groups- E. colilA] tempera-
ture upshife ol TE &S FA3A FE DA &
T ¥zl tiste] A9l W3} gl vhEol(2H old) YR
Wz o] gl go] YAIH L oF 10~204) Z7}3T temperature
downshiftA] o]& hsps®] FAd&ol oF 208) Z23A 8 B
otk o}t ZF2 hear shock proteind IA ¥ £Fo] hiz
families 2 E-F%o}ZIt} (Table 1). mammalian M X} Eold
O 2 ZEAS= larger hear shock proteine 100-110 kDal 2
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Fig. 1. Scheme illustrating the different function of HSPs in nor-

Mitochondrion

mal and stressed cells. (1) Prevention of steroid receptor binding to
DNA by HSP; (2) unfolding of cytoplasmic proteins by HSP and
subsequent translocation into the mitochondrion or endoplasmic retic-
ulum (ER); (3) protein folding and assembly of oligomeric protein
complexes; (4) degradation of unfolded proteins by HSP; (5) inter-

ference with protein unfolding caused by stress by HSP.

Ho}9l3 hsp90 familys Epeko] 83-90 kDaol® hsp70 fam-
ily== 63-78 kDao]3 hsp60 family= chaperonins©lg} E2l¢
B (Hemmingsen, S.M. et al., 1988), 2&l|2lo}, mitochondria
I#1 chloroplaseolfAi= 15-30 kDa9] Tl group o2 o
A2} yeastd humanoiMes ©d FHEZ Hol Qe o
higher plantol X oF 309 ZRFE WrofRt} (Subjeck, J.R.
et al, 1983 ; Shyy, T.T. et al, 1986). Heat shock protein
2 stress7t Qe AHOIME BE FFELE EAlske AR B
of B4Rl 7158 F3sh=dl Adse AR Holn U4
g e A Adele) mebd 2EEch g8 Al A
o}x} chaperone3} heat shock proteasesE FH9 YHEAJOZ
EEH olgdl e dA L AERA hspse] 715
I} oj=e] WHE ZA3E= V)12 AW autoimmune disease
of B2 il IFHI Utk (TY 1),

Molecular Chaperones

E ol A5, AR, 2], A} FollA 25249 heat shock
protein gene®] H7IME vjEd ZH9} andbodyE AR
ZF FAk0l9) heat shock proweinEe] FE£F FAKES 48T
Aol <J8HH hear shock protein® 71 ¥ HE3 protein
HE & F YUY (Bardwell, J.C.A. and Craig, E.A., 1984,
1987). Z52 HEE GYFES 715S FAYR o A&
e g 4333 ojefsich ojdd 173 BEALE hea
shock response7t A9l ZE RBEA NN IBFAYS ofnjgict
hspse] W@ 2% o]9)e] YF, viral infection, unfolded pro-
teing TFFF 2l oJaix oprlEy obgE B hspsEE
B3EA M2 23] dolot. =3 thdit hear shock
protein®|X] mutations® DNA EAj9} thiz g RNA g4,
AE BFEH 2 AE AR A ZE SHY Jue F=
AL E HTE Y hspsolA] 7igol ek I77F A12s)o] hsps
9] A¥tHQl 7152 MES)A protein foldings] Teddl= AL
Z Jehgon oo ﬁspsE- molecular chaperonesEZ2A A&
A FAAFAY FEHOE fold T+ unfold proteinol] Z2g3t
o aggregation°|t} misfolding & #3314 folding = refold-
ingg FAL T hE hspsE L proteases BN misfold FE
abnormal proteing BHAFIE 7)5S zhech gukboez A
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Table 1. Conserved stress proteins wich known function.

Alternate designations

Family Functions
Eukaryotes Prokaryotes
Hsp90 Hsp83, 87 HepG (C62.5) Bind to specific polypeptides, and either
silence their function (e.g. Glucocorticoid
receptor). and/or escort them to their
proper cellular compartment (e.g., pp60™)
Hsp70 Hsp68, 72, 73; DnaK Dissociate some protein aggregates;
(DnaK) clathrin uncoating Maintain some polypeptides in unfolded
ATPase;BiP; state, thys facilitating their translocation
grp75, 78, 80; across membranes, and/or accelerating
hsc70;KAR2; proper folding and oligomerization;bind
SSAlL, 2, 3, 4; to specific polypeptides (e.g., p53)
SSB1, 2;S5C1;
SSD1
) ﬁspéo Hsp58;RuBisCo- GroEL Maintain some polypeptides in unfolded
» (GroEL) subunit binding (MopB) state, thus facilitasting their translocation
protein; MIF-4 across membranes, and/or accelerating
proper folding and assembly.
{by preventing misfolding?)
Dna]j SEC63 (NPL), DnaJ Bind to specific polypeptides (e.g., RepA
SIsb protein of phage Pl);accelerates the
release of some of the polypeptides bound
to DnaK(?);in,t_eracts with DnaK and GrpE.
GrpE antigenically GrpE interacts with DnaK anvdi_,.jt_)»na];acccleratcs
related brotein the release of same of thc:polypeptidcs
is present bound to DnaK Q- L
Small hsp17.5, 22.23, HeC ()¢ Eukaryotec fuction is largely ynknown;
hsp™ 26;GENE 3 homology to a—crystailiﬂ -fami!y; HuC may
be necessary for septum formation in
prokaryotes ()¢
Ubiquitin UBIL, 2, 3, 4 - None Conjugation to and “tags unfolded

polypeptides destined to be destroyed

a. The homology to Dna] is confined only to a 70-amino-acid stretchsregion that mediates interaction with hsp70 protein (2).

b. The homology to DnaJ is extensive and is found almost throughout the protein. SIS1 was isolated as multicopy, extragenic suppressor of

mutations in SIT4, a gene encoding a putative cellcycle-dependent phosphatase.

c. A diverse family of proteins of 15-30 Kd, with tendency to aggregate.

d. The h#rC gene is under >-transcriptional Tegulation. The HexC protein is needed for growth only at high temperatures and shares homol-

ogy with the small hisps ac its carboxyl end.
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SAWEL B2 heat shock gened Ha 27) ol 7KL UL
U= heat shock regulationAlol 22313 ThE shd= con-
stitutive controld)] T3tk o2 FRo A$- hsp70 family2
A 9259 AAE FAHY AoH Al genomedl®
A ZAEth 2y YHMEL 7 heat shock geneo] o
3] T copyT EANFTE ol AMdE URE ¥R
9 heat shock §AAES A&H 02 W= FFH V)5
3 BEso] gtk AA|, YBYEY FQ hepEL FY FHA
ol osiM A&Hoz wdAHT hpE THAS] WY, AT
foldol] 229l 228 32 & molecular chaperoneso]Zil®
B2)90} (Gething, M.-J. and Sambrook, J., 1992) T3
foldingoll tidt 2718 A+ denaturation¥o)| in vitroo|A
polypeptides 2] refolding & 33} th Anfinsen RNase renat-
uration®)] thdt I A foldingel] BRI HH= ohig 2] o]
primary sequence®] WA= o] 1o energy?] Felut ofd 9
A9 290E foldingol BRAA e BaTh dd ZF9
il refoldingS A3 A3} dyA L self-assembly & = §
th= guk Y7t ZRsEA itk 216E in vivedlM &
o] folding=Ed] B2HQ 2900 ashA Friz Azst
gout whlAEe] W folding®) molecular chaperoneE™
transient interactiond TTH= Ao} WM ew ol2gt inter-
action T} effectorol] BN wWEA EejE ¥ o 29
A9 foldingoll HASA Atk in vitro folding@7<= 34
Aol A Ffahs wiEol in vivodElolME WS- FHE JH
o)A dojydth ol ZZNA nonproductive interaction©]
27138 so] A folding ¥H-ol BIZFFHOIAY Wi =
A dolA Hok wWebA chaperone B ¥l ol
A5 fold=l7] siA BFHolok hspse] E TRE groups
& protease 2A 9] 7)5-& ZHeth 2 E74A) &% 2] regulono} ¢
& BE protease= ATP dependent3ith o1& protease S+ con-

formational change 5= ©J® peptide bond cleavageZ7t B2
3 2520 FAE ATPERE energyd AFEA B

hsp70 (DnaK) chaperone machine

1970 dtholl &9 stress protein©]2H= 70 kDa heat shock
protein A G 9] FAIo] g AAHA 197439 TissiéresS
& 2o AE SFe] FA FF0] hear shockdl] oM F
73 Z7}9e DASAT (Tissidres, A., et al, 1974). TG
o] Al719] bacteriophage AZ 42 ‘ColA] ¥j¥A] bacteriophage
replication®] gojutA] &L temperature-sensitivity = JehiiE=
Eddo] giAFE 9A HUth o] Edwie] A DnaK
gudz FEIAL FFE dnaK75622 gE AT
{Georgopoulos, C.P. ez al, 1979). 1% 1984\dx )] thxhze]
DnaK ThA o) opn|icAt Mdo) Zug]2] 70 kDa heat shock
proteinZ} FARFE ¥l H3et (Bardwell, J.C.A and Craig,
E.A., 1984). R#AENM hsp70 FHAS] 2 F7IME B

XS o]&sld ThE hsp70 FHAES DNA cloningl] %
Ba) $ARE hybridization probe® A 4 UTH (Hunt,
C.R. and Morimoto, RI., 1985; Munro, S. and Pelham,
H.R., 1986). hsp70 ©HAE ATujol] AFo] SATEgT
ATPo) 733tA Agsies EA4L o831, ATP-agaroseE AHE
s wwd 4 AAT F glo] tre] hep70 AlFol wA
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Fig. 2. Model for the pathway of chaperone-mediated protein fold-
ing in the cytosol of bacteria. (1) DnaK and Dna] associate with
the polypeptide chain as it emerges from the ribosome; (2) inter-
action of Dna] with DnaK scabilizes DnaK in its ADP state; (3) 2
tight ternary complex of DnaJ, DnaK, and unfoled polypeptide is
formed; (4) GrpE dissociates ADP from DmaK; (5) ATP binding to
DnaK releases the unfoled pfoteiﬁ, permitting its transfer o GroEL

for folding to the native state.

A S o150 stessoll AFHA BT FAFHLA A3
NT ke RoE ¥3AT RothmansE DHEY cellu-
lar trafficking®) @7-ollA) ATP dependent ¥h-3-0l|4] coated vesi-
cles®} clathring £8)8R= clathrin uncoating ATPaseE in vitro
oA Zgton o] Aavh N&AS T HHEE hsp708] T
o] ¥t} (Chappel, T.G. et al,, 1986). J1¥F ©] thij o)
A XA mitochondrias} endoplasmic reticulum 2 T3
¢ transmembrane targedngdh=d] B AR I
(Chirico, W.J. er al, 1988; Murakami, H. et al, 1988). o
2] hsp70A15-2 2 BA)9] initiation, clathrin®] £d, trans-
lation, transmembrane translocation, protein (re)folding, heat
shockFoll &8 GNA repair§ THFR Bl Bofshes A
o2 3ath o] £F2 chaperone o)Al #3E F FF
v)ZEk AA, AR, F2E Il B AR A
© 2 major chaperonedl hsp70 (DnaK)3} F $72] Dna)
(hsp40) S} GrpEZ FAJE0} ok (118 2). DnaK$} Dna]
A9 AAA charperone 2 EA] DnaKF strerched confor-
mation®] &A% o unfolded polypeptide®t AFLS AT 3}H
DnaJ= Th& compactdt 78] & molien globule’deoll 2%
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3l EAdo) o} (Landry, S.J. et al, 1992; Langer, T. er al,
1992). oj® 7-2-0lli= DnaK/Dna] proteins-Z unfolded polypep-
tide substratedl] synergisticsHAl ZEstd #HF maturationS 9
& GroEL (hsp60)TAI9S R Ags) F= dES 3tk 2
Ao DnaJ proteine DnaK7} polypeptide substrace®} 7
ks A sk 2122 HolW DnaJ9} GrpEZ} 3X3
o] DnaK 9 ATPase BAl2 dramaticdtA] 2& =6 &3] Dna]
+= DnaK-bound ATP ¢} hydrolysis2 73851 GrpE+ DnaK-
bound nucleotide release®} ¥<lo] == ADP/ATP exchange
£ FA8} (Liberek, K. et al, 1991). hsp70 (DnaK)9] F
23 AEZH 71559 v heat shock gene transcription
of #HE heat shock factor®} 7|53} HHFH negative autoregu-
lation®] Stk AMZEoIA unfolded T aggregated protein
Ok2 heat shock gene expression®] Ao} wWe} Z=A=HD 53]
DnaK chaperone machined]] )84 22t} (Craig, E.A. and
Gross, C.A., 1991; Yura, T. et al, 1993).

Heat shock XA} ghsde] =X

197539 Cooper®} Ruettinger= hspl GroE<®} Aol %
32 F= nonsense mutation (Tsn-K165)E FE3] groF
structural gened|A EAWolr} dojyko el F&3 ek 13
U #7199 #4723 of BQUIE 2= AZE high cem-
perature shifeFol]l B2 hspsE9] Td&o] AHA F7FE Y
ERJIA] 94322 A] heat shock response®) AAHQ ™)
S F= 20 Yepdth 9] regulator®] sequences 0%z
homology7t #¢- o5 ol F3E A WA alternative
sigma factorgde] ¥eATh ©f regulatory locus= F719l hpR
EE hinol2t FABAAY Fol| mpoHZE ABHEACE poHE
32-kDa¥] sigma factor ()2 encodedt] TRFOIA TiEE
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Fig. 3. Model for the role of DnaK, Dnaj, and GrpE in control-
ling 2,

PO

Ea'*o) oJsiA 914l A= AF3) THEA| core RNA poly-
merase®} promotero] 2% ZREITHIH 3). Eo*? promoter7}
Ed’ ¢ olsir <14=EE 2 A9 2471 ¢ltk heat shock pro-
moterS& E*%o)] 2JgiA) oixEn )29 cellular protein 3}
= st 437 Bl promotersE 3 19 49 7
th throl Al major heat shock response pathways % fac-
tor®] transcriptional conerol¥)3 minor pathway& T factor
ol oJ8}A transcripron®] ZHHTH ? factor= RNA poly-
merae (RNAP) core (E)} complexZ ©]Fo] o’ dependent
promoterE A3l Ed*? holoenzyme-g& A3} ool
A} heat shock response?] AL 3UAIZ ZHHD: AR, rpoH
(htpR) mRNA {encoding the ** factor) <] posttranslatioal con-
wol 2R A2oM AL T F43] gk F HA
2= 0?9 u)S BAAH life-time 2T ZAHTH AR
heat shock gene®] B2 MT ¢ Yzt vj¢ Aslo] gl
th ¢ polypeptides] IHHBOE ZL halflife o] o2
ABY $52 079 AT A 2] E7E g walg
t} *.induced protein®] THPE-E protease FF protease &
e ZZsk= FAEERA] heat shock responseE negativedt
A autoregulation 3t} A} WA AL wanslational repression,
6 half-life modulation, RNAP coredl|A] ¢ factors} seques-
tration, 0 homoenzymed)] 28t open-complex formation]
A 72t} 8P 0 & DnaK/Dna)/GrpE chaperone machine
groF caghattttttttctétttos gega. . agccteatCeUCATETet ctggtaAceag
s et e
e R
grPE ttgAtgacaatgtgagtgeticcCITGARACSCEga - . - aact ataagcghagttag

clpB ttchAcattaatctggtcaataadCPTPGAALaattga. . .gggatgaCCtCATtTaatctccAgtage
clpP cgtAacaacaaaagattgttatdCTTGAAAtatggt. .gatgcegtaCCCATaacacaggactaget

BEpX tggtgacttacgcactatccagaCTTRAAALAGEC. ... . gcgtaaCCCATacgatgtggytaAteg
hepY cagt 1 ITG atg ttLLCCeCggtTtccggtatCagac
ibpA caakmaa, Ccgetyataagy AR tca...tttoecaga tTttacatcGragee
htrM tcacatgcaaaaccaacatecgeCaTéhAggactag. ... ctaaaaCCCahacTagt Trgttgcaat
hslV ctgcattey g 9999’ tca. . .aaat tAattGcattat
£ftad togtattttttgettacy gggt. . cattetacCgca tatATcacc

IInB caghmaattattttaaatticatCTTGLCAggCCgy. « - aataactCCCLATaatgcgecaccActy
gapA atcAcatttttatcgtaatigecCTTtAAAALLCY]. . ggcgcegaCCCCATgTygtctcaagecea
consensus GAR’ a tomeCPIG CCCAT-T

) -~35 ’ ~10 Start

Fig. 4. Consensus sequence for Es®> promoters. Published Es* pro-
moters were aligned by eye to maximize alignment in the -10 and
-35 regions of the promoter. Capitalized bold letters represent posi-
tions with 11/18 match; small bold letrers represent positions with
9/18 matches; Capitalized italic bold letters are start sites for tran-
scription. Note that previous versions of the consensus sequence,
based on a smaller number of the major heat shock promoters, also
included several conserved C s upstream of the -35 region. It is pos-
sible that these C's are important for very strong heat shock pro-
moters. groE is the groEL-groES operon; dnaK is the dnaK-dna]
operon; ibpA is the ibpA-ibpB operon; fis] is the fis]-hflB operon;
gapA is the promoter for a D-glyceraldehyde -3-phosphate dehy-
drogenase. Model for the role of DnaK, Dnaj, and GrpE in con-

wolling &%,
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£ negatived}Al autoregulation ¥tk DnaK$} DnaJ chaperone
proteins & ATPS] Zx|Alo) TE EE TE34 o*° factorst
complexE ]2tk thAFo)A heat shock responses= alterna-
tive sigma factor a>? o] 93X positive3}H] regulate H T Dnak,
DnaJ, GrpE 8=t} AHZoll 2JafA] negative regulate BTt ¥
& eubacteria®A] heat shock response™ AT T =
A 7)22 Bt} heat shock gene transcriptions F3E 9
3 o2 _like transcription factor®] ARg-o] HHZolx] ¥1 &
3] ©E Gram-negative bacteriaolME 432 deth A
A B o AFAolM Fdd A7 ZAl A Gram-
positive bacterias DnaK$} GroEL %ﬁl}oii 93} hear shock
regulationo] o|Fo{Zo] Hth H]E B heat shock gene©]
clone 5] 7 sequence £ 21} o]0l th3t £ ¢} promoter sequence
7} EAgtE A7 A9 fleH AFE EE 7ol heae
inducible transcriptional start site?} A-22) sice S} YR HT o]
213k hear shock gene induction®] FU 3 Z35= 9709] nucleotide
of 2JajA E2]¥ nine-nucleotide inverted repeatd] £} o}
E£9] transcriptional start site®} structural geneS] AJZHE-$) A}
olo] EAtch= Aot} (Wetzstein, M. er al, 1992X(3E 4).
81712 DNA E= RNA #EolM 71539 repressor molecule
o] o] inverted repeat elemento] H3E}] heat shock gene
expression$ A §H 7F5Ado] Qlth o) putative repressori= heat
o] i3l sensorEA] AL} transcription X translation S
=4 M =S gt $UE nine-nucleotide inverted repeat
structure’= ¢ -promoted respnse7t AH$ Gram-negative bac-
teriumQl Agrobacterium tumefaciens®] groE operon®] upstream
oA & & ok NFFTE WRHLE Bacillus subtilisiz 3%
F9] heat shock gene® 7HAZ 121 mild heat stressol]l <]
3jA wdect Class I heat shock geneQ) dnak®} groE oper-
on-Z vegertative promoter Po%l| X 2@ =8 o]59) & CIRCE
il S cis-active inverted repeat®t FEATH (Zuver, U. and
Schumann, W., 1994). Class I heat shock genes& CIRCE
element 9} A3 ZHL3= repressorol] )34} negative regulate®
t} Class 1I& oF 40709] o2 A2 FAED (Schulz, A
and Schumann, W., 1996) ©|& H#ZA= alternate sigma fac-
tor @ o] osjA ZHHTE Class II heat shock gene vege-
tative promoter PAZFE ZAEY additional element ©}3)
B8R A) Sk lon (Riethdors, S. e al, 1994), clpC (Kriiger,
E. et al, 1994)$} fiH (Deuering, E. et al, 1995)5AA7}
class 111 gene®] TALYE HHAch

Heat shock proteinsi} ZH
bacteria, viruses, protozoa®|*] helminths (Young, D.B. et
al., 1990))] o12= B3t infectious agentol] e F2. anti-
gen® 2] heat shock proteino] FHHTR= B2 F3EC] &
EHT Ik olel BRE SYSIJAL} LG8 AL immune
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Fig. 5. Scheme showing major involvements of HSPs in the-immune
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4. in Tumor

response.

serveillanceol] A} pathogen®] heat shock protein®)] W& domi-
nant antigenicitys] 2% autoimmunity5, FBE F30] A4
H3 Utk pathogend] 213+ heat shock protein®] B3 host
cellolA] phagocytosisA] stress responseo] F&3}A survival
F YAl BT host celloA heat shock protein®] elevated
chronic &L specific T-cell populationd] 2}8t epitopes
pathogen®} host7} EF8ld anti-heat-shock-protein immune
serveillance systemol} T17331A] €t} pathogenol}) )3} heat shock
protein®} 52 antigenic peptide9} host hear shock protein®
sequenceZ} TRET AOR B} pathogend] )3t heat shock
protein®] antigenicity$} autoimmune diseaseAlololl= 2174 2<
dA2 e A 2tk MHC #xolM doiR peptide®] iden-
titys= heat shock protein peptide7t MHC class 1, IIE-}};
Aaglo] Qi Newcomb, J.R. and Cresswell, P., 1993). o]
data®™ self heat-shock-protein peptideZ} T cellol] &JafjA] Q14|
gL omjsick & B WAL M tberculosis == E coli®)
GroEL (Hsp60)©lt} DnaK (Hsp70) heat shock proteing ©]
E3} conjugate® pepridet} oligosaccharide®)] T3t antigenicity
7F 43 Z7H8ck WAl olF heat shock proteing o]&3}
3 infectionol] tH3F BTt v} vaccines] Al E=&o} H A
ot} (19 5).

BAN K= virulence2] XTA. _

Stavation, acidic pH, heat shock 72+ =2 oJd virulence '
gene®] WHE AN FAVE Bol BAHAJKIH 5-1).
PhoP-PhoQ Z78 AAE macrophageol X S. syphimuriume} A3
£o Y23 e BHS A ol 2 AAE
acidic pHAM X% carbon3} nitrogen starvationol] ¥h&-dfed
U™ PhoPQT phagolysosomestjol ] 8732 e whg-3}
o YERdtE PhoPQ mutants PhoP-GA| fx}e] ddop}
balanced regulationdl] &J&}x] EAJo} FalA © Rolt}. Listeria
monacytogenes®] MF FAdo] BHY YA listeriolysin®]
282 hear shock¥ oxidative stresso 2J8|A FxHch ojst
A S, yphimuriumS ABHE| invasionB O EA heat
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shock proteing &It} WIS 259 vl olgd 4
ZHEE stess response’} B2 bacrerial infection® 3 FAY
UE FAA Ft; HAZ hear shock response®] induction
ToxR virulence regulator®] o] ZrAaEo{ZIt) olz|gl Wk
< infection cycleolr] 27] ©Ald] BHEH ACZ acidic pH,
anoxia, starvation?] AAE8h= 7o} virulence determinant®] ¥

dEY §E 28] gEolt

Immunobiology and stress response

Bacteria®} parasitic pathogenoll 2]t 7tdo] =9 infectious
agent stress protein®]] Tid}e] £o|3t antibody’} bk 2E
ARtk (1™ 5-2). mycobacteria®] F2 antigen bacterial
GroEL protein3} ##HE 65 kDa proteins} DanK homolog?!
70-71 kDa antigen©] 4] T-cell immunogen© 2A] 24
St} (Young, D. er 4l, 1988). o|&& A= vaccine?] can-
didate2% ©]E immunodominant stress protein®] AFEE 7}
FAE AAF) hostoll A BAIA BEH homologous anti-
gene A3 chronic stimulation& R} 8 A3} autoimmune
diseaseZ o1& ke HE AW2slodol T} Swess pro-
tein CD4"2} CRS* T cell3} B celle] of3h major immuno-
genC g (Ottenhoff,‘ T.H. er al, 1988), #29) antigenic recog-
nition®] ©}2|3t Hel= ME EFHI CD4* £= CD8" mole-
cule S TR &= YT celld)ME A=A TE seress protein
°] FAHQ andgenol2kE FAHL o}F0] vj$ TR infec-
tiondl] 2J§A] stress protein®] FAlo] FriE7) wFolrk ol
& 229 oul= A BAT immune system- pathogen-
infect®} damaged cell& Q2Fh= T celle] Tkt 287} 3
AE Roln} AHYRSoIA stress proteino] FHHTH= E ThE
Z7% hsp70 gene©] human chromosome®) 6, 14, 210 ¢
A@h= chromosomal mappingd7E Edl4 4g 4 gtk
ok2-2] Sargent er 4l (1989)%5-2 human hsp70 geneo] HLA
9] class III region¢l TNF-a$} -8 $-22}9} complement 3
ZF Alole AR RS BWRh ol RAE AFAE ra
hsp70 genedl M= ARATk stress protein} infection WS A}
ol thg 7Fs¥ FFL neoplasia’t human hsp70 geneH
tumor necrosis factor (TNF) a9} f5-4x19 Z2ABA 0 ot
= Aol cyrokine?] YZ< TNF&= inflammation#} immu-
nity 9} cell injuryo] Tojsle] WHAT w2-S Yotk TNF
9} IL-1& febrile responseoX] hypothalamic thermoregulation
o] #AHck
heat shock response®l autoimmune disease

autoimmune disease®] LA QIoIA hspo] UukQ) 7ix
of UHAE ol HAsA Usith AUEES Bl
A7E SAEL hsps7t autoimmunityol] 2L HoT 2
3t Atk o2 auroimmune diseasedlA hspoll BHEH anti-

body®| 5717} ##E Ut & rheumaroid arthritisol A hsp6s
o] thdt antibody, ankylosing spondylitisolA] hsp90, systemic
lupus erythematosusol}A} ubiquitin, hsp703} hsp909] Z7}g
o] #ZAEJk olzidt AR B35 o]Bd i o}
T A3 olsiHA] ¥ Utk hspsE intracellular compart-
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