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Abstract

Increasing the fermentation temperature is considered to be beneficial to decrease the produc-
tion cost of biochemicals such as ethanol. However, the high temperature leads to the unstable
state of protein, which is harmful to the growth and metabolism of Saccharomyces cerevisiae.
The protein quality control system of S. cerevisiae, composed by heat shock protein and ubiqui-
tin-proteasome system, can release the heat shock stress by assisting the protein folding, re-
folding or degrading the misfolded protein. In this article, the regulatory mechanism of protein
quality control system and its role to thermotolerance in Saccharomyces cerevisiae are re-
viewed.
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JiR P9 % BE(Saccharomyces cerevisia) e —Fh U AN, T2 B T &8 R TR AL . BE
AR AT, R BRI B RE AT A OB BREARR S A AR P ORI T A A 7=
TR — R EERER, AR h BB E 3y, G iR . (H AR B () S R
B A 25°C~33°C, ZEHRpid B R R TRl B2 1Y) AR I It R AR SR v o T 42 oy TR T2 R P R T il B2 AN AN T A
FEARRERE, 1T HAE AT AP i Kl A, e ook TV R ORI o — 4%

R I REAE AT IS 2 B W Ia iy, B AnsE AR ERE . DU DA I T, R R RE VR 2 A
NGB 2 B[], Flanss RIS E AR R [2]. SALBERR AL M ARIEE 3] 40 7y 2 f0 8T IN 45 il
(4]~ Jof A5 20 e B0 2 W) (PO R ORS D A PR B 1 43 W 8 A3 DRI [5] 55, I A 408 77 B 2 10 e R 240 o Py A 4 K
Rt Bilan, HIEERE & T 36°C~37°CIN, FRIEY BF J5 5 FA K 5wk ¥ (heat-shock response, HSR), it
FIE K 73 5 H (heat-shock proteins, Hsps) [6]. 380 £ 40 i s vfd A i 7 R [ 7) R0 2 [ i 5 & [8]. BA K.
S8 Tor 4 L A VAR R [ O] S T Ak v U 45 TR B AN M R IR . b, SR B R ] R SR A
B G T B AE Y 1K 22 A BB IS 4 N £ SUBEAT IR B R DR AR . RGBS AT
ATP /N1 #K 558 11 (Small heat shock proteins, sHsps), ##iT ATP HI K0 T HUK e & H, PAK
ZENFIEOR SR RG[6] [10]. ASCLRR T IX L8 [ 5UR 242 6] R GE k> #uihia 508 T N s
AT B i B 4 A5 A R VR (1] 1) B AL
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Figure 1. The mechanism of the transcription factor Hsfl to regulate the
transcription of heat shock protein
[E 1. ¥ REF HsfL FTRHERERIIE

2. FhiR5E RGO BRE B B P O1E R B AL

BRPI I BEr,  FAR 50 4% % Rl (heat shock transcription factor) Hsfl 4% L E /MW i AH G HE R (1) Rk,
WM 2 TR, 2o BB AR E e R SR [ 10] . 4R IR L BRI RE S B AR T
N, HsFL R 5 B2 38 S 31 X 48 #h ot 44: (heat shock elements, HSES). #78 f) HSE i =/ E & [
] H AN NGAAN F# 51120 i (NGAANNTTCNNGAAN), 41 HSP26, HSP104, SSAL A&l F X HSE.
Hsfl DA =AML XA HSE 255, B 800 — 2 NGAAN J751 . JEHAY 1) HSE ] NGAAN J7
HIEAZAE 5 bp HIIRIBGIX, HsfL AFEER R = RKRI T 52 254, E@HEOLT, Hsfl AT A 1Bk
FRAGIRAS, 2440 M8 B I I, HsfL 4 FE Rk, B MR M 5, s VR ST 2 (G s (1 1) [12]
[13]o HHT ATP B/Nr TR 0 A E B A T AR 5 B R (4T & 5 VB K o 1 R T 88 1 1R
o K#T ATP (IR T HR w88 UGS Z R R, 5 Bhh & ARG SRR AR R[] S5 9EEE
BAILATEAER, DAYk /D s il Xt 4 i 47 5

70 kDa # R T B [ Hsp70s & — K78 HEAL A 3R LR <7 1 2 A R0, (ERVR TE B R i B3 B R 1 &,
By - A B S Th e . FERERER IV 2 4N As Y R BT Hsp70s &5 A[15], 4 )i H (1) Hsp70s €L4E Ssa,
Ssh, Sse L% AF iU f) Ssz1(Stress Seventy sub-family A, B, C, E, Z) %, #x = %4 Hsp70-Ssal-4 [2] [16].
HERIAPURR Ssa FEMEE AR — @ PR b4 =y B0 I BRI A0t [16] 0 A M@ @ F b, K&
Hsp70s £ [3RIA I 5 E A HUK X IgEE &, B 7 AR A RE, WPV RBENELYTE, ER
I RE Hsp70s 28 (U BVAS R T B B A E TS, A5t B RE AR 204~ 9 EFH . Hsp70s & A6
WSR3 B ATP EATEPER N-Ruik T R4S & 45 13 (NBD) LA & C-Ruii i) 45 & 45 #438(SBD) -
SBD X A[ 4 AT RHE AR, — IRV, —J& C Rifinl Agsig. X IAEFLEI T
W, Hsp70s (g MEAK T SBD RN IIBEIAI S &, X FhiBRIa 45 &t N 345 S IR IR T . 24 ATP
HINBD 454 8F, 2351 Hsp70 MK 5454k, 4% SBD (RS & ASHT FF 1M db TR i) i SR AR S
JEYIAN SBD 454 )5, {2{# NBD [1) ATPase 7Kfilt ATP, fi SBD XK EZAKERIIRZS[17].

Hsp104 J& T Hspl00 ik, A4 B AR . Hspl04 St ERiF R Rt iy 4 1 42 ¢ F 2L [18] . [A]
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HAb s FAEABEATE, Hspl04 FEARERT Ih#PMa 8 F AR IREE, IM/27E Hsp70(Ssal) It = 4 iR
MEMEAMBEIFETIT S, WEEGH S IINEE2] [19] [20]. 458 1, Hsplo4 &AM A ATP 454
ZEF(NBDL, NBD2), —/MHURF i) Hh 1] 48 i 45 14 35 (coiled-coil middle domain), LAK —~ C Auiti 45 #435,
(C-terminal domain) [10]. Hspl04 75%#5 ATP 456G 3F N ARRE A F i ME[21] [22]. 1E Hspl04 ARk
B Hsp104 b ATP 456 A7 sl AR 2 Ji5 , BRIP4 BE A AR 1 1Y) B 1 T BB 4T 28, AT BRI Bt 25 [ 23]
HRTEIRE RN, Hspl04 % & AT AREEAE BT, Hsp70 BoeMBHER A4 &, MITRHESR B 21N
/KX o 2 J5 , Hsp70 @i 2 13 5 18] i AH B A #3232 Hsp104. Hsp104 FltEE 2 [ AR 4R 45 & K A= 4F NBD1
oG Tyr 55, AR N-u AL X A S 5 AR 0401 . NBDL 1 NBD2 #%.0 1 (1) Tyr 5RIEHAE
AR, E ATP KMEIIKEN R, %5t Hspl04 FLiE, 58 (A kR4 AN B 3 3 (1] 2) [10] [24].

INGY IR T B (SHsp) A& — 349 T 7E 15 - 30 kDa fO{RSF 8 R, 76 4T 52 21 s i 484 in 2% 73 10
VAR LS BB o T S RIS BEAE A5 L B PR Rl sHsps, B Hsp26 1l Hspd2. Hspd2 fEIEH RS T
HEA > TR BEYE, 11 Hsp26 MIFE IR N R, X PR L A (A7 1E RE 2 2 PRAR A I A 2614 T 1)
HEABEARE, 125 Hsplod MRRENCE[19]. WHFLRI, sHsps REETE K2 AR I 56 BEEE M (1
FUR A, I SE BN 8 1 03 6 433 L AR [19] [25], 4K 177 Y Hsp104 Fi1 Hsp70 56 i H #4128 26] [27].
P RE 2 (1 SR ARG P RR AL B A8 ), A% 57 & 4% il (Juxta nuclear quality control compartment, JUNQ) A4 [ A a]
Y5 1 2 4 (Insoluble protein deposit, IPOD)(4] 3). Specht 25 [{IHF 7T [28] 57~ , HSP26 2 X #1iiie T 2 g
HERSRDUE A BE M, 1 HSP42 SIS B4 EIA AT IE B A S AL (IPOD) T 2k o i — DA 5T I,
Hsp42 [ N A &5 #18(N-terminal domain, NTD)%t T~ A VAR (I R A2 U1, RImHEN, Hsp42
M NTD SR & B Ak B0,

UEAh, 20 B2 e (PR T B P X B BRI R B — e 2, 9 U Hsp78 2 R P BEZ R A r 1) 4
RIEEE T, JBT Hspl00s XMk, W2 bl A mp i A FH AN 2R i i DR 4 1 e %+ B L. Hsp78 FAN
SN E AR BRI 1, 7E 39°CHY, LN HSP78 (s B e T B B B 0 A K A K R I . (H
&, BRI EERFZE R (R (A U — MRS UK RE, fERPNE TR, BRI R LR A ¥ Hsp78 5
LR Hsp70s, fU#5E Sscl. Mdjl #l Mgel, TERGGERM, MM4ERFZebifk & B A mRe /1[29], &
RRERLARAT A IR DI fe
3. 2 & - BOBRRPERR R Y 7 1 08 BRI B S PR P BO1E A R Ll

A iGN AR AR IR KRB R, diE T DUR I R - RO EA R RS A RS
T FRAR30], MR 20 M T 77 I T B 7= A I S R SR RH[31] . V2 3R - R AR RSz &=
B AR R R ER AR P 2 2. EEREZ AR R BH EL1(ubiquitin-actvating enzyme, Ubal), E2 (ubi-
quitin-conjugating enzymes, Ubc), E3(ubiquitin ligases)ZH ji. JUNQ ({4538 8 (1 (1 3)iB % & 5 1E ATP
25, El Mz RTERE R latE, 25, WMz ®E#gERE N E2 b, REHE3 N T E2 Lz R
HERBHASEMEA b, DRER N SRR e- 2 e, 58 ORI BRI AR [32]. Bz b5
TP B R B AR SR M R R OB PR R . 26S R CIEGAR R 20S 1 LA TR AR 1 (A O JBURE
(CP)A1 19S (1315 BUkL(RP)ZH A, 19S RP REWSRAIHGZ R A IF 5 22 R4i &, 715h 19SRP _Eid
G RVFR N QBRI LR, 19S RP REXE EE (A A 4T & J5 finik4h 20SCP, 5S¢ /8 EE A I 1) B4
fi#[33] -

Rsp5 & RRIEF RER A T3 2L E3 V2 RIERNE, 7EMMREAE 0 R FEMUE . A7k LA
HE R B IIAEFI[34] . Shahsavarani £85%F —FRREAE 41°CF AR ORI 7 BE A bR (Htg+) (¥ 28 3088 15 221
TR, A 6 DNEEF ZMRBLLE EAT6 4 8 HTG1-HTG6)X BRI BEIR mim MR B E . 575140
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Figure 2. The protein disaggregation functions of Hsp104 and Hsp70 complex
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Figure 3. Two main kinds of protein deposition in S. cerevisiae
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7R, HTG6 By RSP5. id3ik RSP5 1% B ik Hh A (A 2 A /K-F I T, T il B EE AN 41°CHE i
F| 43°C[35]. UbAh, Rspb fEHMEIAEE ML AW B HSFL F1 MSN2/4 1] mRNA H1%[36], X H 5K+
Hsfl Al Msn2/4 AT B8 fa 12400, AT $ i B8 22 1 P38 822 3% sk Rl 1 HsfL Al Msn2/4 (ERIE[37], 1142
R AMERIE . 53— 77 TH, Shcherbik 25 % IULE #Hh 8 2611~ , RSP5 28745 [ B 14 7 ) & #% ' 18STRNA,
25SIRNA DL AZ R 1) B 2 MR 3A It HAZ AR DT KRB b, R Rsps X 4 R 41 i 5 #%
AR F e 8 A B A R A FH[38] .

4. RE

P I I8 2% R T R B A AN RS E S R R AR I A 2 2 A R AE AR IR R R e . BRI REA A
AR B U B R S, N T BB BT 2R, Hspl04 X 4R & F 0 Al S A0
P, DZRNFNEAEGRGNTEBREEAN DA NG RYILRE, FE4E RN 5 &
PRI I0 2 1R T AR AR E R R AR T o SRR Y A SR TR U7 VNt A R R A e SR TR R AT TR
CASR AT 360 19 B 2R R [39]-[41] o X IX e A A BEAL TR AR (AT 7T, LARE— 2D 47 A 5K R i AL 1
FFAR P X LR 4R T R e IR R IR, TR R A s 3, PRI A I A Rt — 22 55 0 i) 7 ) A
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