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Heat shock transcription factors: regulators of cellular stress response

Abstract Fish are exposed to various environmental stressors such as temperature shifts, chemical
contaminants, and low dissolved oxygen levels. In particular, adaptation to temperature shifts is essential for
the survival of fish, which are poikilothermic animals. Thus, we have studied the molecular basis of the heat
shock response in fish. Meanwhile, all organisms respond to high temperatures by inducing the expression of
heat shock proteins (HSPs) . Transcriptional activation of the eukaryotic HSP genes is regulated by heat
shock transcription factors (HSFs) , which bind to the heat shock element (HSE) in the upstream region of
HSP genes. The HSF family consists of four members, HSF1-4, in vertebrates. In fish species, the expression
of HSF1 and HSF2 genes has been detected in rainbow trout and zebrafish. New insights into the function
of HSF family members have recently obtained from knockout mice that lack genes of the family. Here, we
briefly review recent findings on the function and the activation mechanism of mammalian HSF, and we also

review our studies on HSF1 in rainbow trout.

Key words : fishes, gene expression regulation, heat—shock response, heat shock transcription factor,

Oncorhynchus mykiss

FIT HARBREEOBERBTICB W T, KiR - BAR
%®m%%g-mﬁﬁﬁgﬁk%bﬁﬁﬁﬁ%®ﬁﬁ
WKHIEENTWD, 2 b DBRERFITABHICA P LA
INjIE sl R g S #%%ﬂﬁ THRbOHA Ny H—&
R0 DD, ALy —I(TIIWEN - AL - Y
TR b ONH D (BIRE A, 2005) 23, KIRZL
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EMITEHOAFTREL Y BEWIREICBRIE &
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EEAY HSP OFTUIE Y 3 v 7 85 K1 (Heat
Shock transcription Factor;HSF) 12 K D 5 L~/ C
HIE SN TS, HSF Z v 7 BT =8Ik %A L T
HSP &7 BiitikicH 28 5 v 7L A > b (Heat
Shock Element;HSE) & FE{ZAL% DNA ELAIIZ R AT IZ
fEA L, HSPEGTOEEEHET 5 (Fig. 1), E&
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Fig. 1. Model of the regulatory mechanisms underlying the expression of
heat—shock protein genes in mammalian cells. HSF1 is present mainly
in the nucleoplasm as inactive monomers under normal conditions. The
inactivation of HSF1 is associated with the binding of HSPs to the protein.
When unfolded proteins accumulate in the cytosol by heat shock, HSPs
dissociate from HSF1 to function as molecular chaperones. Subsequently,
HSF1 acquires DNA binding ability through trimerization. Trimeric HSF1
binds to HSEs in the upstream region of HSP genes and activates their

transcription.
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FHEEM O HSE 7 7 2 U — T 4 MO0, BA
JIE |z HSF1, HSF2, HSF3, HSF4 & 4 fHiF 540 T W
5, ZDH B HSFS B+ DEENRES N THDE D
WX=9Y bV Gallus gallus 72\F T D, HSF X X378
77 3V — R TIRAETE D & WL, DNA fSA R A
4 (DNA-Binding Domain;DBD) & 1A 3w 78—
A& o = &Kk F 2 A > (Hydrophobic heptad
Repeat-A/B;HR-A/B) T & % (Fig. 2), HSF1 7 &
HSF3 £ TlX, HARFIAKRBHNIZE 5> —Dm A
Uy N —tEE (HR-C) ZFf-> T % (Fig. 2) 23,
HSF4 IZ HR-C Z£f > Ty,

HSF 7 7 2 U —® 5 LA CTEBF DI B R
ENTWDHDFHSFL & HSF2 TH Y, ZhbidEix
FRHEEf SN fAafiiT=~ 2 (Le Goff et al., 2004;
Ojima and Yamashita, 2004) & ¥ 7 7 7 4 v v 2
(R&bergh et al., 2000; Yeh et al., 2006) T 5, HHf

SH7 HSF1 & HSF2 3RO & D & @D B A A
A (DBD, HR-A/B, HR-C) #fRFFL T 5,
TR, B REVDT 7 MMERPA X2 —3 > b
ETAB SN TEH Y, DNAEIEE S FH®R > O BB
FTOFEZTHT 2 ENAREL 2> T D, BRI
@ Ensembl 7/ 57 Z w7 (http://www.ensembl.org/
index.html) TIXRD 5 MFED 7 7 LFBRB A S H
TW5b, ~ T 77 Takifugu rubripes, * % 71 Oryzias
latipes, A ©~ 3 Gasterosteus aculeatus, X RV 7 7
Tetraodon nigroviridis, ¥ =7 7 7 4 <3 2 Danio rerio,
INBEDT ) MMERH HMAFITIT HSFL & HSF2 (2/n
Z HSFA AR F L FET D Z ENTRSh DR, £0
FBUXE T in vivo THER STV, E2THNIC
LAENTTTEIRNY 7 TIEHSEL & HSF4 @ 2
BAGTF LMAELRNE S TH D, b LIOTHNAIE
LiFiux, 7 7 BB O b Clds/ o5
LA X% b DT Linh, FHEEIWIZLEZ HSF O
/vt v M HSFL & HSF4 TH 5 Z &R PREND,
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HSE 7 7 2 U — ORI BIR T2 KK ESET /) v
IT T R ADRHIC I VAL NI Y 20 B,
HSF1 s K&k~ T ALRIEICR D FTHEZED
7%, HSP @S+ OFERBUTIH LT D (Xiao et al.,
1999), L7 -> THSFLIZEY 2 v 7 8B O FH
W EHIEIE T Tdh D, HSF2 WG TR~ 7 A TIE
By U O YRR A AR RICIBIT TR h—v
ADHIN, A ADLEFERE IR, MOWREALH E
RFEBAL LCBIEEIND (Kallio ef al, 2002), —
¥, HSF2 BIn1RI~ U AT HAL» 7o KB D HLF
EORE RN E VD A (MeMillan er a/., 2002) &80,
HSF2 OREIZSERICITMI SN TR E S 2 5,
72¥, HSF1 & HSF2 Wi (s & KKk SEl~v D AT
XA ANRIFIZ 72D (Wang ef al., 2004), HSF4 iz
FRE~U AFXEHNEEZRIEST 52 &b, HSF4 X
HoO L XIERUTHE RN 2 HERE R o Z LR S h
T2 (Fujimoto et al., 2004),

FETIIHSF @B T ORBENE L ) v 7 4D
VBT T T 4y a OB S D, HSFL BB 7D
FEERELEZET I 740y a8 TIEEEA 3 v
WX D7 AR b= AR X I TIN5
(Wang et al., 2001), BIDITET N—TD ) w7 &7
VET T T 4y v a TR NS L 7o D REV A
£ X}, HSF1 28 HSP70 s ORI 728 L o X5
FOREBLHIEC 545 Z LR ST 5 (BEvans
et al., 2007), HSF2 @iz T DR EZMELZETZ
74V a W TCIEHIBA/NE e RBIIBE S
VN (Bvans et al., 2007), 72721, Z3 5 ORERITE
R DORITIHR LS FBBHFEORELZBLE LI LDOT
BB EMD, fEHSEF OMEEMEIZIZIES 525
RERMETH B,

DBD HR-A/B

BavVBmERFDEMREE

1) FEELEE HSF1 DSEMbi%HE

HSF 77 2 U =D 9L, Biog v 7 REITHAT
& B HSF1 OIEMALEME A e b L <HFE S Tun b,
HSF1 OFEMEALIE 3 DOMWMIRIC/FT TEZDHZ LN T
5, HEENS ZBIR~0OI, ENER, L&
R EM TH D,

HEkno —ER~OBEBIZITa A Yy /N—
EfAf & HR-A/B & HR-C (Fig. 2) 2B 5 L T %,
HSF1 1Z3F A Rk L Z 1 DNA fE B 1GPE A2 7= 72 VW
BIKE L THIRNICHFTET 5, ZOHEERE, o1
W TIE HR-A/B & HR-C & OBk AEIERIC LY,
F 725 R CIE HSPTO o HSPO 72 KD A b LA K v
RIGEDBEICE VRSN TNE EEZ LT
%, HSF1 O =& Kbt L LTIk D L D 2ET v
BDILLZITANBNTND, ALy —DRETH
NP U7z Bt R R & R B EE T 5720
{2 HSP 28 HSF1 2> 5 828 L, HSF1 X DNA f5 & 15 %
RO SRR~ LT 5 (Fig. 1), HSF1 = &{k1X
HR-A/B WO BKMEMRE/ERIC L ST
D,

ENERIZ W T, MREICIFEET S HSFL HE
ERZRKM L TENICBITT 2 L0 )T A8 —fK
CZ T AL T, L LIEEDOHRE (Vujanac
et al., 2005) |2k 5 &, RiEMEZR HSF1 BEAEIT I
ENIZHFELTREY, EEREoMZEEL T
HH LW, £, ANy —0EETIEEILEIN
7o HSF1 B g = BRI 2> BN ~ZIERIC
BATT D0, TN D HIE ~OBITIZIELFN
ThHDHIENRINTND, fEE LTEELENT
HSF1 SENIZERET 5 2 &b L9 TH 5.

FRBEMIC SO\ TIE, HSFLIZHE2 R A P Ly
DB L EEEE LRE & BT DR Y e

HR-C

Fig. 2. Schematic representation of HSF1 domain structures. The DNA-binding domain
(DBD) is the most conserved region among the HSF family members. HR-A/B and HR-C
represent N—terminal and C—terminal hydrophobic heptad repeats, respectively. HR-A/B
are involved in trimerization. HR-C is suggested to maintain HSF1 in an inactive state by

interacting with the HR-A/B.



38 REFEE - LT

bz 52 EBMbNTWD, LnL, Urgklc
X o THSF1 O8RBEIGEVELRED IR S L 5 & ) i
3072, 2 <3 VEREIC X o TEREIG L EE D
Ml &5 Z RS TCUW D (Anckar and Sistonen,
2007)

2) Fa%E HSF1 MiEM1L

FHHSFL @D KA A U EEE RO 2 E DI
FLE HSFL & [FER OIS L A FF> 2 B 2 b b,
FUBE HSFL 2380 3 v 71T X » T HSE #5 A 15 M &
5452 it =~ A (Airaksinen et al., 1998; Le
Goff and Michel, 1999; Ojima and Yamashita, 2004) ¥
YXO¥TT7 4 v o (Bvans et al., 2007) THERS
NTW5D, L LIEHEEEREOFEMIC WX E A
B 72 A,

—F, EESIT=V~ AT 2EE D HSFL 7 A
VT —ABNFEETH AR L7 (Ofima and
Yamashita, 2004), =¥~ ADMHIFRIT S /) LA 4 4%
I LTZEEZBENTNDLZ END, ZUBT A Y
T A — AR EFEEICE S TELE T e 7 LT
XA, 2FEHEOT A Y 7 —D5% in vitro THERHX
T TCEEBERELZFH L 25, =V~ A HSF1 I
REZBEREATE ZBEEOB G EERT 5 2 & ]
Linkleotl, ~Tua ZEIRIEN i vivo THIREZ D
MEIMITEEHL TR,

B 5E HSF1 DI

fHO HSF1 TR 72 O I3 FLEE L v i E
TLEENERN L Th D, LI HSFL 238 42°C
TIEMLT D oIkt L, faE HSFL OTE ML 23 R
INEREITIY T T 7 4 w22 TIE37C (Evans et
al., 2007), =< ATl 25C (Ojima and Yamashita,
2004) TH 5, Z O HSF1LIHFMAGIRE OE WX 4
WIS L CVDBREERE 2 KM L CWnD, —F
~ 7 A HSF1 3 in vitro TESCMER L KFEIZ L - THE
BEEMAL SN TZ8MMLT % (Ahn and Thiele, 2003)
ZEMmD, HSFLIZZNBAERBA F L AR —4 L
THRET A EEZ BN D, L L HSFLIGMALOIREE
EAFPEITR R 6N TE BT, HSFL DA b L A JEEIHE
EWTEZ L ICRARDDNIARHTHY, 5%
DR 5,

F7/, =V~ AHSFIA~T o ZBIEEZERL D
L2 I TH D, BnTEBEICL S TAELE
HSFL 7 A ¥ 7 — L& fi oAM=~ A LM A
Do TRV, —JF, HSF1 Z&AR2N Bk M A
ALV RFESNTWA &L, @ o HR-A/B

RAA RO TRIERZEBEREZE L THARE
TRV, ICb b b, FHE O HSF 7 7
RV —EIFREZREERRT D E —RICEZONT
72, Lo LiEo#E (Loison et al., 2006; Ostling
et al., 2007) |2 X% & HSF1 & HSF2 23 ~TF 1 =&k
AL CTHRET D AMEMED RSN TWVW D, =V~ &
HSFL O~7 v = BRI S Fr BRI R HERE DN TFAET 5 Al
REMERH Y, Fic RN SN D,

BhYIc

WHFLIE HSF 7 7 X U — O R IE OB 1T Y K 22 i 58
WCEVIRBIZHAL N> T&E T2, £DO— TR
HSF 7 7 X U —OAFEITEAE I DWW E0 0 Th D,
TR THHAIHOLIIIETH Y, AR
DEREE DR A EEEICZ T D, LIS o THIKA#
YEM %2 52 HSP R0, DR BLA ZIZHIH T 5 HSF IZ
BIL T, REICBITAIAEN LY METHL B X
b, FELNRBLEN G RIS Ik
5 ANV RINEDOSFHEME LR 5720 D FAR
W ET VEMTHD EE 2D, 5%, AFEHSE
HSP OFHLFB LOREREZ S HIZFE LSO NITT 5 2
LIZRY, BARRESCHMREICRBIT S MEDA L
APEHIERR, A b L AMMMEE RO - AEB R &0
JEFRPHIfFSND,
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