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Abstract: As thermostable enzymes and organisms are much more needed, researches on heat shock proteins(HSPs) of hyperther-
mophilic archaea have drawn more concerns. HSPs from hyperthermophilic archaea are concise only with HSP60, sHSP, prefoldin
and AAA-+proteins, but without HSP100s, HSP90s, HSP70 (DnaK), HSP40 (Dnal) and GrpE which are common in mesophilic or
thermophilic archaea. Accordingly, studies on the structure, function and operation mechanism of these four groups are much more
important and meaningful. This review focuses on the recent progress in the researchs on the structure, function, operation mecha-
nism and cooperation of the HSPs from hyperthermophilic archaea. The problems and obfuscations in these HSPs are analyzed, and
farther research direction and key points are put out.
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AR T 1 (Heat shock proteins, HSPs)J24: ) Mﬁ’ﬁﬁi%ﬁiﬁﬁ&\ B, . VY. Ee)R
AT v ek B A SR R A N R, B IE AH L SEAMR Rt . A SR A
WL R R, FE — 4l ik R Rk, i ?MJJ\ HAEN 55 IR BE AR N A T ok
— 25K FARE RN I RER B T, AR P A B 70 AR ORI 58 8 (1 I IE — B AN, Bhisk
LR N R R P A R A TE LR, R RIS R EVR RN, EEA S TEA. ATP .
MO H 03, A BT 40 B 52 TE R 45 R RITBLAE . HE NG . DNA BERE, REHBMREE ST
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PR, PIRTEE FH AT 43R 5 R3S HSP100s (80 kD
~110 kD), HSP90s (82 kD~96 kD), HSP70s(67 kD~76 kD),
HSP60s (58 kD~65 kD)Fl sHSPs (40 kD L ). & T

WHFCRES, mih . B, K. LSRR
CIR7As 0 N e = 2 0 A

AR, Xl R AR TR AR T
FHE S o bR AT 43 8 IR T T (Mesophilic archaea,
30°C~60°C), & # & & (Thermophilic
60°C~80°C), M umMg# it & ( Hyperthermophilic archaea,
80°C LA k) AT ImiEI IR, BEAZIETEIT 100°C
RS, A Z R LS, B A R PR e R
Hos— 2R T B, omPE A& HSP100s F1
HSP90s, &if& HSP70 (DnaK), HSP40(Dnal)Fl GrpE
S gL TR AT AR B A M TER T AR LA A,
BIAY 4045 HSP60, /)N + #A4K 5C 4 H (Small heat
shock protein, sHSP), Hij$77& & (Prefoldin, PFD)A
AAAFER T 4 K2 PRI F X B 1 mg e i o i, A
W ARG MR fk, XFHZ5H . DhREFE
ML B ATF T8 4 A T S, 2 0 I Ath il R A 4 1 1
it P TR AL B T AR B9 Rs . Hh E R Bl

archaea,

A BETE I IR <2006 4 [ BRI S AE 22 AR AT
re” b, ZaURWEmIE 7T R %
REYIRPT S ARBIR R 1, LUF 25
Wi g PR T 4 RISHAR S 8 1 S EE BT FEAH G
) SRR ST kA iR L

1 Rami ki

HSP60 &4 ¥ i il fA e MR e e, 25
EHWMTE . B d%. @ 2 RE A
[ HSP60, iy ff{5 2 T (Chaperonin I), F % JE7E
TR RN ELAZ AR W I I SRR 2RI, A — S g IR TR
A . 4l ITHSP60, Y {45 % 11 (ChaperoninII),
ATE— M b, A A hw e, e R
WA . HRAEE R T — S m i, A
B Wom pr 3ok, Bty s ah # R K
(Thermosome), 7~ i i i RS o ELAZ AE VR P15
Z 11 (T-complex polypeptide 1, TCP-1/CCT) ¥ E 54
U T 22 15 BT WA O, 5 i PR IR g A ALk
AT I TEIR . (GroE) &% .

x1 TREMHRRKRREER

Table 1 Heat shock proteins of different organisms

HSPs Bacteria ~ Eukarya

Mesophilic archaea

Thermophilic archaea Hyperthermophilic archaea

Clp homologues (HSP100s) + +
Cdc48 and NSFhomologues (AAA)
HSP90

DnaK (HSP70)

Dnal

GrpE

Chaperonin (HSP60)

HSP33

HSP10(GroES)

sHSP

+
+
+
+
+
+
+
+
+
Prefoldin +

+ o+ o+ o+ o+ o+ o+ o+

+ _ —

+ + +

+ o+ o+ o+
[

+ + +

+ + +

11 744

PEAR R AR A BRI 2 AR, AR AR 1T
— AR R 8 k9 WAL, AR AR, RIS
RR, WA — | i Ry, Hp—al TR
1\ AK IR (Octameric rings), 3 A [R] 1) 3L 2 [
JURIKIR (Nonameric rings). A2 FEAR 2 1) 3L AR H
A3 FheSF IRl DinnaE I, B B K IXAE R
AN A0 SRESEE, WA ATP 456160
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A, DUTT IR N R 0] S A LA s o () 25 4 3
TE ATP 255 BIR b5, A4 18 7R 45 F SR T b 4 44
B TS B o 8 AN E 9 AR B — N3,
WH ST REEM, BN — K> T2RIE, PR
)% R A R AR T 25, ik Bl DL s e
Prg . Gt HEmmE 1. BANEEWIF GroE
ZRIKH) FZ X EBA 5G4 B K F GroES B it
TEM AR LR, T2 %E — il T (Protrusion)



Wit A 2 A i Ay B O PR e 2

2013

EA WAL, LR AR 5N I 2 B
B R S FE a2 FR s JFBEU T, %
ABFIREAUE ADP 454 B2k, XEME R AR
HASy, KA, 454 BT ATP, F1wreftia
RIGW I, XA R B

1 FEES R K (Thermoplasma acidophilum) gy R 14 #
B
Fig. 1 Domain arrangement in the thermosome from
Thermoplasma acidophilum
The right-hand panel shows subunit comprised by an equatorial,
intermediate and apical domain; Upper-left panel is the closed
thermosome; lower left panel is the open thermosome
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1.2 {ERMSIFMGE T L

HER I o FHHBEE R EA R R 1
HRAZED), BHEAIRKAAERIYE, #i GroEL.
GroES MIMFFY, L ml 47 T fif I i R R 1 1 R AL
i, PR AL A [R] s RO TR s T I 2 k3R
R,

GroEL HY—EEFF 2T % GroES AU DY,
GroES @ ZER-LRIAI, 1E N3 F—FEEIETE GroEL
2 AR P i, TR N 47 & 5 SRR T,
AR TEAMITS, FEHXA 55 A0 0 e A
FAR AR PE R A XN . #5718 H GroES, IR
AYrE5eH 5N BRI SR THT, DT AR AR P BEAE,
GroES # #1948 U MATE 175000A°, &
60 kD JiE#, WA HRKE A AT EN-ITE, FUK
GroEL /EFFACFEAANKIERE . A HGE GroES % Ef
178 A MR BUR A R i 0y PR, BRI R
FI3E TN, GroE 1% 3 AW Z5H I Ge % 2 MECHEER
Kiizhs, e hRgasEmn T 25°, ¥k
AR B S5 R A% RS & A A, TsmZ5 #4 3 E 7%
60°, FEZEE LA FIHEE 3 900, X LLLE I 1)z Fs
5t ATP Srff B BE SRR SN, X F RO &G kit
R OCEYN, TEX G, BEE 71> ATP 455 5147
HIRYIEA BB, GroES W& EI3R |, JEIRYIB S|

/4\/»0

Lﬁ'

7 ADP

1l IV

2 HEEREEFRERED
Fig. 2 Chaperonin reaction cycles®®
Top panel: chaperonins I; Bottom panel: chaperonins II
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Pr&as b, XFERYIE GroBS [FANASTIF, H
TR B 48, 23 5N ER B 7K 1) B AR B 2% 7K 3R
B, TEREKYAE 10~20 s BHEHEFE, 4 7 4
ATP 4y FH50f# 5¢ W} GroEL-GroES &4 ¥k A
HRREUNRI L, 5540 7 A ATP 254 B 1 i BRI
(X FF), fEiE GroES M GroEL 43 &, XFE, W)
EEBB R . WA IRY), X —IE IR A
% & GroEL-GroES &AW Mtnit, (HY4H KV,
ATP 1953 ifk 3 i 2 B ik A0 B 781

AW 2 ERER B WE? X T GroEL FilJi
Uy PR A I 0 T 45 R S5 P9 8 7K 85 A B D Ve 4 1
BiK LB G5 A, DR s PR IR dL e X TR 25k
T g T TAT B AT 1Y) AR 1 LA B R AR N A A )
. XFHEBAEDMERER TENA LA —FE, 25
T F) 5 o AR P A A AR A O

GroEL ARSI L6 W] ATP B S5 & FI o A7 AE
P KE I UME G R, 1 B WA TE 48 U8 B X B E
RAERNIZIRDTN, B ATP 45655 2 EH
[0, 1E BRI AT F T GroEL 1E 4 JC i #4 7

¥z, HHFIT GroES [4hi& MIRMIBM =& =X,

KA YA GroEL A 2N WAL R B F A . ok gk
[) 2 0 P RGO, o iit ATP [a]— AN 3045 &b
T 35 ATP [A)%5 2 I REG J7 o I ATP B9t
RSN 1 R BB, BT & E LR,
JE XA G B ROV R T R R T A X
v ) R 500 TR G R K E A, FEA
Kusmierczyka Z5#f¢1& >k F H1 % 3k 1 (Methanococcus
maripaludis) % )52 46 #SR AFIAS SOV 25 41 19 5 21 R
HER B (Pyrococcus furiosus) iy R i #VRIK, kKBS
B UM RO BRI A, 5 SRS # ATP 1Y
A [R] LR A3 ik ATP 3805 2 LU 6 U 1Y) L o
/N HR AL CCT MR K X T & A i iR #4
TR A 31 2550 17 A 75 B T 22 ) S T A 9
EABE T FER T H— D EHEEX FPEH B 5
T8 GroES, fHBZR 11 Ziad 7 sh—Fh 548D
WAEYT E 25 9N, g R A5 {R (Thermoplasma  aci-
dophilum) i J52 46 AR IR Fh AR5 F SR WY, 78 Tt 45 1)
WA — A g b, S b, XAE
GroEL J&3A Y, HEME & X Fh o8 th 25 B i 1
TR 5 F (Built-in 1id), 2 H 458 B AR 8iK
I A% X BT LS 5 A8 PE R R, 5635 1Y e b
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IR TR SE FIESE T 28 H G540 AT LASC PR 8 s o),
AR P AR VAR S AR 43 AT 2 W 92 L 25 R R 3 ) T g
R IR R R BESS A, TEIE S B A A & s )
KRBT B R, LR6 MRS R AR, 7]
DIAFEIE 2 i AR

TE— R IF A B v, 58 ) 5 4 T 1) S0 1T, %
ICYIGER TT iR, 258 0K 3 AR AR B T, g
Hh—Fpdt P XA R rp, SR EEMIE L -, BT
B R A, HBIEY A 2457
S A G B & SRR e S s
78, AT B — S R R p IR, e R DivE,
M AT DA B 77 i . AR R 1T MR 28 O B
130 000 A°, ATLAik 50 kD & 1456 4B A e 23 7 ON
13 &¥=NA
1.3.1 X EFIGER ERIENT

TERZHE T, G HRIK S & EE 0
AH AR AR S0 22 1 2 1 [ 2k 52 M 1 400 o i 4 D0
B, JUT BT S AT S 56 00 A8 1 1 RS 4 48 AT 5 D 4 44
RARAE R A UTTE P A, Wi T AR A B R R
PE, SR — L8 i b ORI TR SR o IR B 2 e A
REC AR TR, s i 91 1 725 QT e BR A
(Methanococcus jannaschii) i Jit if #UR AL 500 £ T
IRV RESE IR B M 0y 2 ERIR Yy, X AR AIRL
] RE S T I8 B G PR R0 A= B ) RE IR RE 1Y
PR, ] S 3k SR A S 2 T A 1) DR TR
YER I FRAB R R B R E B, HE
IE B4 55 Ak IR 0 S AT &, B R A MR
F i, YR — M ZHAE ATP, AT, 24 RIE
TAKHBEERTE, H hirg 7 (Methanopyrus kandleri),
WE R PR, 2 R 1 ) B (Pyrodictium  occultum) Fil
i AL Sulfolobus sp. strain 7 A% Ui PR ARAUA 2 [F]
H AR B SR [ B 2 AR, BEARRREOX M EH,
RO E N 1 881 Mg-ATP, w26k E Sulfolobus
sp. strain 7 MYJRGRRIATE 60°C~68°C T tABERE
PRI o AR, KT HBE g IR I iR PR IR A
FE —AN ) BUE B T2 1 mol/L 1 (NH,),SO4 A ik
BRI M, AR AE S50 v X 4 e Y 3 Tk B S
Ji s PR AR XS I W R BB AR o i HL, AERTE
(Thermococcus strain KS1)fo-J5 iR $4ER {4 B SR BE 1)
Tl g ST ER M AR A L2, AR R
ST Mg-ATP Bk, & ABhiFr B2 IR



MRt A 25 M W8 A T TR 10 AR e 2 1 2015
PRI P LA R IR PR IR A & 2 EEAR . T PR, X W8 T 1 D 2R AR JES By e - TP R It Il

ERHMEEHEHAB-EREMIERXRRS KL
Mg-ATP f£7E T 3a BE S = X S IR i 7= i, MEE 1
BRI R ML WA — & B D RE? 4 2R A
i, MEATCHLE 5B BEEK B (Methanococcus thermo-
lithotrophicus) il i fiff 47 i ft. 't 4 (Sulfolobus  solfa-
taricus) () JE 4G R IRIER ATP EME T, #RREIR &
HAr & A& M & Wb g #4 k BR i
(Pyrococcus horikoshii OT3)AIFEARZE EAT ATP Ay
BT BEHRRIRRAE M GFP (& =i BT, Bergeron
LM % 4z 38 2 K B B8 3k B (Methanocaldococcus
jannaschii) (4 5 i R AR TT LU O FF I TR A B
M TE CIEA HLE T I BEER, JEXT A — i
YER, BIME®EA ATP 0T, tRext a5 1k
M, AR TA ATP BT, (HEBA ATP 1)
ZAFF GroE X HHIA — M E TEYIRE . A0 B k48
P B S PR DR AT, SRR PR R Y N % 70 N4
RN, RE N AR EE S G U
ATP S E) S IX U7 R, st % B 75 78 H
b 5 0 TR AR AT — 1 3l P, WP A R %o ik
SeYREA EAEAER, RRICRIAT ATP 2T A
T — AR, R ah AR AR 52 Pk Dy e AL ) ik T
B — LIRS
1.3.2  Bril & FI#E

RZH0H T Y I b R A BE ) IR AP IR ) 5032
PABRVE, b7 1L GBS IR BEAE . ARG A B AL
I TR J5 2 AR AR AN TR B 1k ok T [R) v A AT IS 40 14
90°C #RYE, (HAE 50°C. Il ATP Wy OL T Al KA
PEo T H, U200l s G AR AR E Re O e A1)
R S Z RS, BT RT 43R 4 K210

80125, RER LB . BRI B Kk
g K BRI (Pyrococcus horikoshii) 4 J5 44 $L 3R 14,
30 32 ' PRSI VS P T R, A W RS Y
TEEARE

552 2, RIS B AL TR Y R IR TR A,
TE 70°C B RERNHI VA B BERYEELE, 78 40°C REA il
o A0 T B A EEAR, (RN BB 1R T R
SR, A ATP J&, NWEIAIE MR8 A, ok
JE UL ATP A 516 M B 0T 315 .

55325, R EMBY Gibr isan ORIk
— X BRTE Pyrococcus kodakaraensis KOD1 A9 B-JR 1R

IS SRR, T AT A A A I iR BRR AR A i
[F] ATP MZ5G AR JCOC, T HAS 2 SR SR AR
[l HL i sk 23 U4 4, U R SRR PR TR IR SR W 485 4
S LAl S ST T R B, TR R R BROR A ]
TV 1) B SR AAAH ELATE R — MR AT DL TR 1 52
Ky, o B IR AN 22 B A RS 0 [ D s PR A O S 1Y)
5B DX PR A PR AR o A ) 2 ik e 25 B
R ERE AR RKBREL , A, &l
Kohda J 2421 Thermococcus strain KS-1 fi% J5 i1
AR ) P B 2 T U A AT — R PR OR AP A,
RUGHERA ATP (g T8

54 25, RFIE IR PP IRER I 19 SR A R A,
AN G S, 764 14 mmol/L ATP, 0.72 mg/mL
5 ZUAERBR TR 1 SR R AR AR, VS T BEAE 90°C Tk
140 min, AEA 69%MIETELREAE, e X BRALR 3
%, AT ATP HOLT WIBA — SR DhaE, 1iH]
SRR ARARTER ATP (15 B0 T WT DA b o $ = 5 ol
it B FFa 2 ) Laksanalamai 25t 45 38 371 58 21 JH A
BRI W AR VR IRTER ATP 1800 N BEE 4T 2 =5
Taq DNA B4 f i # e 1E.

PR ok S AR ST R B, IR IR AR i B v
IR A R Z R AR — 8 2 4b, HprPEpLEE
RS T THE— 2P MESE . LRSS .

1.3.3  ZEEATE/NI 78

J5 B AR AT A P 3 AT W 436 0 S P8 A
KIEHE, A 5 R PR A (AR P S 7 e R )
PR WX AR B RE ok 0y IS A A L, ] TriC
S T 22 () B AR —FF o AR B IR i IR
RN BARERE O, HEXA P koda-
karaensis KOD1 #J—~# 1 cobyric acid synthase
(cobQ) FER WA HF 1 LA R AT X3k ik, (HAX
[FIFN A o 5% B IR iR PR IR SL SRR I, REIE Bl AT i P
Fik, BARXEERKMITRAE S, (Hif 24t T
— B E A 150 B [R5 5E SR A s AR AR ) — L T RE
AR, HARBEHARIK RRIRY), A ReEH
B AR D G PR AR [R] I SR Y B M L AR Y
o BIRIA IR ATP U5 1 28 728 1K i BE By 11
cobQ EELE, IF-ULHT ATP 43 [R) I b 4R 1A 1)
A &, RPLEERN KA KPP, B2, K
HIRIR RN EFARGE KD, BRETFIE—2H0
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W
1.3.4 Aoy Em

br T EATTEIRRSN, BRI L B
WLEL B BEAE RSN B R 2 AT 22 450, WA uEdE &=
HHAE A P9 A P 22 X R I 2F 22 254, 4F 22 2540 1Y
77 A BH AR 2R 0 RURR 45 0 AN S ME— 1 — Bl 25
PEAB R BR T 8 3T S DI RE SNE A [a] 40 e A W] A4 BT
A ZFh e, Georgellis 5 X FLidH mRNA [fa
FEAFEH, Ruggero 55 & UL 2 5 R0 JE R B E 1)
TR, Trent Fil Torok %5 & Blid A F e B 1R A>3,

2 M TR ER

AN S B L T R R AR, S A
A ot AR FIARAL . S48 sHSP JCIB7E N Jigid j&
16 C Wi B MR Y 9K B 22 R 0K, 43F-4t 10~41 D,
{EJE B ATTAY H B ot A (a-crystallin) ¥ 51) He 38 AH AL,
R AE B B BE AN S A B AR I, A 45 SR
AR R, SR EREANITE M, afhik
(a-crystallin) & ~ RIKTE B AR AT A1, dx 86 — Rk
S AR IEA Gy, FLWM 3R X AL E 1 o i g gl
MIRIE . AR BT B TTRR 2 2 R, &
L %6 28 1 /N AR 5 B 11 B LA 9k AR v P A
t, IR sHSP (1 [) SR ARS8 B R AN R,
REZEARIHENEIIA 1-2 1 sHSP B[R EIK, H
U 48 K % B (Pyrobaculum aerophilum)f5 3 4~ 8l 4%
EPB SRR Z YA 10 2> sHSP Y[R R AK, 43
A FE AR TR LAY, AN TR B 20 fa ) B 2% R 22 sHSPs
TE SRR, 4> FHEH 200 kD 5] 1000 kD A%, X
T 5 S AR SE R FE FRIH, 2 FQ H e Bk TR RN & D't vl Bk
i (Archaeoglobus fulgidus)f sHSP & i H 45 By BRIE
L5K) 24 RIR, FERING 0 FAEABIE PPN fH/N
A (wheat) ] sHSP 2 JE BUAARAY 12 RAK, Hi 2 DX
R VIR S LR, X F 5 ZUAIAER B (4 sHSP,
WA EAEAE sHSP 4 F 4G D e i B 2 A4 o
Haslbeck M %Py sHSPs 7ERARIRLEERS, {40
50°CLATF, DABKIE 24 AR R 3, 1) A i W 2 3ol U
SREBERMARIK, 1€ 60°C DL B JLTF2 KM
AR, X FEREN N sHSPs 7Em iR Fasmi 4k
A, K X R B TESL, DT 3R A A K A A 2R
I, 8 24 RIRTESIR T 0/ NOERIK, i1
BiK X R FETESN, ik — 2 R AR . FEsiK X 2 5%
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B, sHSP MY A5 2 I 2240y, X 02 75 i /K
DXAT DL — e AR P 1 IR M) 2 45 G, AT BT 1k =T
TE o RPN S A S, AR =
1B, B 178 A DT TE A B4 AT RETE Mg AR
3 1

BRASBIAN, KL% sHSPs 75 BA HAB N X Ay
By AR AR A R v, (BT LU o A AR P Y &
FZ54G, Bk HBERETTIE . >k A M m g AT 1Y sHSPs
REAERFER (I7E 100°C Z R EAARERT . Al i
V12 sHSPs 754 JE B AR T AR A TG PR H
AR IEYE . sHSPs 454 IR 8 1 A B ik — M 5
BATP (25, TEBANPIREE AR FR T, sHSPs ]
TRV R KO, (T HA R 2
By RS i fn, B3k ¥ (Synechococcus vulcanus)
&5 A% FF B (Mycobacterium tuberculosis)sHSPs fig
& A B LA R G B RN S SR IR I S 1) R R A
RS BB A% (8 Wt 06 PRk 42 B4, [l B, i 200 3Rk B
1) sHSP By 1k 44 2 B i L B e 4R, A 12
AERT RGP sHSPs ANREE KR Z B My &
M, Hofb R PR 2] DU — S . s
I W& Hh it Bk 1 (Thermococcus sp. KS-1) sHSP g &
Pefb# AR M GFP 2B, A2 ATP 2 5P, A&
SCAEF f B R ZU AR ER T 1) sHSP BRIS 1R =
Taq DNA RAMEAEY B w g #deoe t, BrBis4
75 DNA PR YD Hind T 19 1 B A0 Pk
PE, XU RE IR T YRR D), XA AL
H ATP 2587 Laksanalamai 2503 38 5 5% 51
JUIRER T4 1 sHSP RE W2 12 7 Taq DNA R A BHAEY 1
I B B s Y, Sk [ B S (Pisum sativum) it sHSP
U B (8 Ak 2% 728 Pk i A7 152 IR G Tl A 2L 1R i & Tl A
PE, REE ATP 2508, FEHRIMEE, Ao, B
TR 1 RE A b 24 A8 M W AT IR R & B 52 1, AN
A 3.5 mmol/L ATP, figffi g M= mim 2 f5, R
ATP Jy fift A AW 82 3 B0 0 RS ol IR 1 A
sHSPs A [FAIAE B /EHBLEI, B IE AR e %
AR, R RRRHGATRE ATP 250k
— M.

REBZAY R EAN R sHSPs ML A5+
B FAVE R iE L, MR sHSPs REWS I 1k I
FEAS R )R F B4, G #E HSP70 RE 0 FIEAR
P, WEHFE ATP UM AT RIS, fE T, RN
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Y&, WRM AT ZZ Mo TR E, 7
2N A A T 2t — 2 RIETE o 5 SR BER TR 1) sHSP
FIAEAR 2R A B R A L 2 A e B il i, A3
Ve KA B BN IEAEB 5L sHSP FIAEAR 2 14 B
[V R

3 WEE

BT & R T — AR PEAR 2= B R T A B AR,

HZAY RIS RS 5 N8h 8 A ARS8
A, AR 2T S ANEOEEY CCT, ik
IR G b T B 28 W SE ) JE R, g ik /D U P 24
HEE A K BRAE T B PN A LBl B R
MR, TSR 2 RIRWJLT7E I i f R 2848
FEAES ) rg ey I LA I Methanobacterium
thermoautotrophicum Rij /T2 2 1) fh AR S5 4 C 9k 48 %2,
SHHRRIK 2.3 B, BWMIEESKEE, | 2 D&
Fa 8, 6 AR 1 e il A fh e e 1) S0 1T, fioh T Tty
# oK X, AiEgERY], BB ER 2
Wrah & s R

FAZAEYI R & XA R S5, W
X 6 M FHRIKY . ERidrERZ L&A m
A RE) = e 551 50, ILsh & BT FETT &
2114 P ik T %) T AR LA o 38 ek H A S
B EEHTIT & R -CCT EA MRS R T
T g A2 [ A1 2 100 00 ity 45 g 358 9 P9 TP R 015
WEHE UL A R AT S R A HIFEHE S
4 T AR EL AR FROY M EE, R AT s
TR AR BAE T B B, (R W — N0
PRSI R G, IR MMM EAERN, BT 3EA
RTRT B, S5HFEE . Mina Okochi 25 428 % S g $1 k.
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Fig. 3 Schematic model for the substrate protein transfer mechanism from prefoldin to group Il chaperonins

: EB.: +2.0,+2.0
Ba+1.9,+14

a:-39,-22

proteasome

prefoldin

[ >+4.0,>427

~
j thermosome

<

refolded

| |J
0 ] 0 | proteolytic degradation ‘

4 BIMAKEMAKEEANERERREE

Fig.4 Cooperation of the heat shock proteins from Pyrococcus furiosus®

4 AAA+EH

AAA+E ARG RA ATP WEEYE, BHA &R0
gipaThaetsE e, A 3 g, Hdh— e TR
ATP FEEPE PR AF X, K29 230~250 124 5518, 12
i AAA &, AAA+EBATE T RPIAERZ, IRDTE
B R . AAA+EE FRERS (2 E B Bl 7, #%
FRIIRIT &, AR & MR AAA+E A EEM
HoAth 8 R 5 AR AR, Pl mR R
i, WoNIRZ AnME shig i aE &, 5140 DNA &l
T AT ZIIEH . TR LA o TR i vE P

Journals.im.ac.cn

i, CDC48 I NSF KR M2 E 21 AAA+E . O
FEAFHLEZ 10y i R AL 55 S 1% IR 2 1 FE = W R
B[ valosin-containing protein (VCP)-like ATPase from
Thermoplasma acidophilum, VAT], J& T % AAA =
BREIR I 17 i, VAT S AA = H 458 fk: N-D1-D2, N 2%
ARG, X N 853 530 N b B 18
WML L5 A8 I C s B 478 i 2 45 #3E, D1, D2 &5
PRI L A AAA & . VAT PARTE R E A 19.1 nm
RUFRE SRR, HAZ LS HA% 13.2 nm, =4 8.4 nm,
VAT S ERSIIE AR 75 B 0%, bRl
HL A XYL, 2SN 6 nm, N Z5H8A T



Wit A 2 A i Ay B O PR e 2

2019

ANRARIRAY EumsN, VAT 7840 i P i) B /R F R
TERANTESE . fe it SummerH S5 4R 3E B9 & 6 i BR T HY
AAA+EEF, J& CDC48 K&, WHIME /SRR, H
28 125A, ATLIgE &350 % ATP, £ 86°C ATPase
IRUETE R R, HiX 2 AAA+ER [0 HARVE R R
ANKIGHE . BAF RV T S AR AAA+HE
KGR KD, HE5H Dy g A RV &6 5 T AR 7
Bk — 50,

5 A iion & e E A

A S W8 BRI AR TG 7E AL 100°C Byl rpy, A
5 22 1A 3 L e I R AL, K AT A 2 TR 2 T g
(ol R HT DUAE TS ZEAR I il R T, DR, fRT AR A B4
IRTEAE A R AT e m iR S T AL i 25 R R
R E AR R T TIFZ, HAN G Z )ik A]
B2 B W R UM EAE I, s 4, TER RIS A R
WEER, &M ER T ZE sHSP AT &R i
PRI J HE BEARDUVE, BHT B 3% T HE R R Ak 14
] &5 H E— AR 45 IR A R R T = Ak . sHSP
AT AE R R A B r 8] 2 2 R /N 233 B B R AR
A, AT S B P ) S A 45 A R
PR HE— 2 A P AR PR T B A 8 T BB VAT 45
AAA AP ENIER AN E A, el fem
VAT 45 AAA I F1— S8 8 1 R A i a8 S IR /)
JRES, R b FUR — ), BAEIRGE S, A
FE A BAIE DI s BN RER TR 19 sHSP, 1418 R Al
JEL iR PR AR B A S B () VR TR, (ER R S A A
i A AT AR A B0 0T 8 A L 3 ] A9 R L ] 41 1L
FBA, HArh A SR LA NTERFIT o

6 RZ

B 5 AT T v 90 P TR A AR 5 2R, X
T it W A K T B I SO O AL, DA
T R TR Z T A R R B R T AL, TR
TR AH EAE LA, FRE T VR ve 2 1 U IR
VEFRLE . BEE Y TR AR M KR, W v A B
AR TEHE 10— 2R 510 R PR 80K 2 75 2 Fn A5 31 F
— g, fln, R HRRIARI ATP XA M &
P& PR PEAR AL At AR T S — 2 TR, TR
{14 A8 i Bl 2 0 D e AR R R A 52 P N e R e
FRTEATE ATP 25, 26 —La0%, K

I3 5 R R AR SF RO AE AR S F 8 ATP 25507 1
THRIA] ATP PRI Z IR IR IE, LA UG TSR K
IR PR ARG 9 2 R R A J5 B R BT T 0 2
— AN TRY B R S ol A 0 ) i PR AR T R AT S A
BN, TEAT 216 DU T R R0 A W] 2, ] B P9 7
Z IR Qe 4 3 45 B ATP /256 S 2 s T8 1 1E By
VR, PRIE] ATP (4 45& 2 AT gl 2 I il s A
[F £ 125 - Bk 2 X HC ATP iR 43 F A ARG LA ) 52
Wiy, S A — 2 B2 W] oy, AR SO 0 i Z A A
BRI LR AR AA Y ATPase I1E FH 2514 T 140
MWEsE, HIRNAERE R RS, BRI RSN Y
I 2, A4 AEA B S A H e Jstih AR AR AR
FOA 78 &, AN TR S 1 A AR A7 BB B AN TR, AN 2
i H L AN R TS, A RTER SR T
WA —SE AR IZ 5 X T H—1 sHSP 7EAASMAY
PRI WA G — W, BRTHEAT ATP S5k
B — BB, B RO [ R 9 PR35 QL A
ZEARK; sHSP ZRARIIIE A AL LA T A 2,
XFHE H BGTOTTE KL AR BLE T i A 2 . o
g IR AT T & R BT AR A T — 2 iR, (HIR
JEL R FA SR A B S LR A 5 E— 2P 05T, IR, X
Iy A SR A IV 1 T s 45 g S ) fh T DRI 7 B R
F4 B S T5U5 ) N o 1 C iy DX Y B8 B R Ik AR R4 7 3
MRAE A RES A M TR R EAE A, A5
BN T — B Bl S b A7 X i A S o W 2 )
AAA+E IS5 I AT REBLAE AR AN Z /b o SRR UL,
X4 KRR B — T, R AR i v A
W AAPR R R GE B4 5 R R A R AR
RIS ENIDPACIE AR (BRI IR - T NPT i N
IETEREA TSR ZUMUIABRTA B9 sHSP, FIHr &R A J5ils
PRI RN [V P o A [l P A BT A o
I R B AR o B A R R TR 8 S RE AN P LR
AL B NPEAT, HEEE AP TRREOR I — 2 %
Ji&, TR AT PR O P R L RS
SE R3S SR AT R SR A9 T i), DT L IE M TE (A Py
AV BT EAR S R AR B AR TR

REFERENCES

[1] Trent JD, Gabrielsen M, Jensen B, et al. Acquired ther-
motolerance and heat shock proteins in thermophiles from
the three phylogenetic domains. J Bacteriol, 1994, 176:
6148—-6152.

Journals.im.ac.cn



2020 ISSN1000-3061 CN11-1998/Q Chin J Biotech December 25, 2008 Vol.24 No.12
[2] Chen HY, Chu ZM, Zhang Y, et al. Expression and char- [19] Laksanalamai P, Pavlov AR, Slesarev Al, et al. Stabiliza-
acterization of the chaperonin molecular machine from the tion of Tag DNA polymerase at high temperature by pro-
hyperthermophilic archacon Pyrococcus furiosus. J Basic tein folding pathways from a hyperthermophilic archaeon
Microb, 2007, 47: 132-137. Pyrococcus furiosus. Biotechnol Bioeng, 2006, 93(1): 1-5.
[3] Fareleira P. Response of a strict anaerobe to oxy- [20] Yan Z, Fujiwara S, Kohda K, et al. In vitro stabilization
gen:survival strategies in Desulfovibrio gigas. Microbiol- and in vivo solubilization of foreign proteins by the beta
ogy, 2003, 149: 1513-1522. subunit of a chaperonin from the hyperthermophilic ar-
[4] Laksanalamai P, Whitehead TA, Robb FT. Minimalprotein- chaeon Pyrococcus sp. strain KOD1. Appl Environ Micro-
folding systems in hyperthermophilic archaea. APRIL, biol, 1997, 63: 785-789.
2004, 2: 315-324. [21] Izumi M, Fujiwara S, Takagi M, et al. Isolation and char-
[5] Shockley KR, Ward DE, Chhabra SR, et al. Heat shock acterisation of a second subunit of molecular chaperonin
response by the hyperthermophilic archaeon Pyrococcus from Pyrococcus kodakaraensis KODI1: analysis of an
furiosus. Appl Environ Microb, 2003, 2365-2371. ATPasede cient mutant protein. Appl Environ Microbiol,
[6] Gutsche I, Essen LO, Baumeister W. Group II chaperonins: 1999, 65: 1801-1805.
new TRiC(k)s and turns of a protein folding machine. J [22] Trent JD. Extremophiles in Astrobiology: Per Arduaad
Mol Biol, 1999, 293(2): 295-312. Astra. Gravitational Space Biol Bull, 2000, 13: 5-11.
[7] Krishna KA, Rao GV, Rao KR. Chaperonin GroEL: [23] Martin J. Chaperonin function—effects of crowding and
structure and reaction cycle. Curr Protein Pept Sci, 2007, confinement. J Mol Recognit, 2004, 17: 465-472.
8(5): 418-425. [24] Laksanalamai P, Robb FT. Small heat shock protein from
[8] Kusmierczyk AR, Martin J. Chaperonins — keeping a lid extremophiles: a review. Extremophiles, 2004, 8: 1-11.
on folding proteins. FEBS Letters, 2001, 505(3): 343-347. [25] Sun Y, MacRae TH. Small heat shock proteins: molecular
[9] Bigotti MG, Bellamy SRW, Clarke AR. The Asymmetric structure and chaperone function. Cell Mol Life Sci, 2005,
ATPase cycle of the thermosome: Elucidation of the 62: 2460-2476.
binding, hydrolysis and product-release steps. J Mol Biol, [26] Martin H, Kastenmiiller A, Buchner J, et al. Structural
2006, 362: 835-843. dynamics of archaeal small heat shock proteins. J Mol Biol,
[10] Gomez-Puertas P, Martin-Benito J, Carrascosa JL, et al. 2008, 378: 362-374.
The substrate recognition mechanisms in Chaperonins. J [27] Laksanalamai P, Maeder DL, Robb FT. Regulation and
Mol Recognit, 2004, 17: 85-94. mechanism of action of the small heat shock protein from
[11] Farr GW, Furtak K, Rowland MB, et al. Multivalent the hyperthermophilic archaeon Pyrococcus furiosus. J
binding of nonnative substrate proteins by the chaperonin Bacteriol, 2000, 183: 5198-5202.
GroEL. Cell, 2000, 100: 561-573. [28] Laksanalamai P, Jiemjit A, Bu Z, et al. Multi-subunit as-
[12] Yifrach O, Horovitz A. Coupling between protein folding sembly of the Pyrococcus furiosus small heat shock pro-
and allostery in the GroE chaperonin system. Proc Natl tein is essential for cellular protection at high temperature.
Acad Sci USA, 2000, 97: 1521-1524. Extremophiles, 2003, 7: 79-83.
[13] Horwich AL, Fenton WA, Chapman E, et al. Two families [29] Sun W, Van Montagu M, Verbruggen N. Small heat shock
of chaperonin: physiology and mechanism. Annu Rev Cell proteins and stress tolerance in plants. Biochim Biophys
Dev Biol, 2007, 23: 115-145. Acta, 2002, 1577: 1-9.
[14] Ditzel L, Lowe J, Stock D, et al. Crystal structure of the [30] Kim KK, Kim R, im SH. Crystal structure of a small
thermosome, the archaeal chaperonin and homolog of CCT. heat-shock protein. Nature, 1998, 394: 595-599.
Cell, 1998, 93: 125-138. [31] Kim DR, Lee I, Ha SC. Activation mechanism of HSP16.5
[15] Okochi M, Matsuzaki H, Nomura T, et al. Molecular from Methanococcus jannaschii. Biochem Biophys Res
characterization of the group II chaperonin from the hy- Commun, 2003, 307: 991-998.
perthermophilic archaeum Pyrococcus horikoshii OT3. [32] Van Montfort RL, Basha E, Friedrich KL, et al. Crystal
Extremophiles, 2005, 9: 127-134. structure and assembly of a eukaryotic small heat shock
[16] Bergeron LM, Lee C, Tokatlian T, et al. Chaperone func- protein. Nature Struct Biol, 2001, 8: 1025-1030.
tion in organic co-solvents: Experimental characterization [33] Kim R, Kim KK, Yokota H, et al. Small heat shock protein
and modeling of a hyperthermophilic chaperone subunit of Methanococcus jannaschii, a hyperthermophile. Proc
from Methanocaldococcus jannaschii. Biochimica et Bio- Natl Acad Sci USA, 1998, 95: 9129-9133.
physica Acta, 2008, 1784: 368—378. [34] Roy SK, Hiyama T, Nakamoto H. Purification and char-
[17] Bergeron LM, Lee C, Clark DS. Identification of a critical acterization of the 16 kD heat-shock-responsive protein
chaperoning region on an archaeal recombinant thermo- from the thermophilic cyanobacterium Synechococcus
some. Biochem Biophres Res Co, 2008, 369: 707-711. vulcanus, which is an a-crystallin-related, small heat
[18] Kohda J, Kawanishi H, Suehara KI, et al. Stabilization of shock protein. Eur J Biochem, 1999, 262: 406-416.
free and immobilized enzymes using hyperthermophilic [35] Chang Z, Primm TP, Jakana J, et al. Mycobacterium tu-

chaperonin. J Biosci Bioeng, 2006, 101(2): 131-136.

Journals.im.ac.cn

berculosis 16 kD antigen (HSP16.3) functions as an oli-



Wit A 2 A i Ay B O PR e 2

2021

[36]

(37]

[38]

(39]

[40]

(41]

[42]

[43]

[44]

[45]

[46]

gomeric structure in vitro to suppress thermal aggregation.
J Biol Chem, 1996, 271: 7218-7223.

Usui K, Yoshida T, Maruyama T, et al. Small heat shock
protein of a hyperthermophilic archaeum, Thermococcus
sp. strain KS-1, exists as a spherical 24-mer and its ex-
pression is highly induced under heat-stress conditions. J
Biosci Bioeng, 2001, 92(2): 161-166.

Chen HY, Chu ZM, Zhang Y, et al, Over-expression and
characterization of the recombinant small heat shock pro-
tein from Pyrococcus furiosus. Biotechnol Lett, 2006, 28:
1089-1094.

Lee GJ, Pokala N, Vierling E. Structure and in vitro mo-
lecular chaperone activity of cytosolic small heat shock
proteins from pea. J Biol Chem, 1995, 270: 10432—-10438.
Muchowski PJ, Clark JI. ATP-enhanced molecular chap-
erone functions of the small heat shock protein human B
crystallin. Proc Natl Acad Sci USA, 1998, 95: 1004—1009.
Siegers K, Bolter B, Schwarz JP, et al. TRiC/CCT cooper-
ates with different upstream chaperones in the folding of
distinct protein classes. EMBO J, 2003, 22: 5230-5240.
Lee GJ, Vierling EA. small heat shock protein cooperates
with heat shock protein 70 systems to reactivate a heat-
denatured protein. Plant Physiol, 2000, 122: 189-198.
Geissler S, Siegers K, Schiebel E. A novel protein com-
plex promoting formation of functional alpha- and gam-
matubulin. EMBO J, 1998, 17: 952-966.

Whitehead TA, Oonyaratanakornkit BB, Hollrigl V, et al.
A filamentous molecular chaperone of the prefoldin fam-
ily from the deep-sea hyperthermophile Methanocal-
dococcus jannaschii. Protein Sci, 2007, 16: 626—634.
Siegert R, Leroux MR, Scheufler C, et al. Moarefi
L.Structure of the molecular chaperone prefoldin. Unique
interaction of multiple coiled coil tentacles with unfolded
proteins. Cell, 2000, 103(4): 621-632.

Martin-Benito J, Boskovic J, Gomez-Puertas P, et al.
Structure of eukaryotic prefoldin and of its complexes
with unfolded actin and the cytosolic chaperonin CCT.
EMBO J, 2002, 21: 6377-6386.

Simons CT, Staes A, Rommelaere H, et al. Selective con-
tribution of eukaryotic prefoldin subunits to actin and tu-
bulin binding. J Biol Chem, 2004, 279: 4196-4203.

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

Okochi M, Nomura T, Zako T, et al. Kinetics and binding
sites for interaction of the prefoldin with a group II chap-
eronin. J Biol Chem, 2004, 279(30): 31788-31795.

Zakoa T, lizukab R, Okochib M, et al. Facilitated release
of substrate protein from prefoldin by chaperonin. FEBS
Letters, 2005, 579: 3718-3724.

Okochi M, Matsuzaki H, Nomura T, et al. Molecular
characterization of the group II chaperonin from the hy-
perthermophilic archaeum Pyrococcus horikoshii OT3.
Extremophiles, 2005, 9: 127-134.

Ohtaki A, Kida H, Miyata Y, et al. Structure and molecu-
lar dynamics simulation of archaeal prefoldin: the mo-
lecular mechanism for binding and recognition of nonna-
tive substrate proteins. J Mol Biol, 2008, 376: 1130-1141.
lizuka R, Sugano Y, Ide N, et al. Functional characteriza-
tion of recombinant prefoldin complexes from a hyper-
thermophilic archaeon, thermococcus sp. strain KS-1. J
Mol Biol, 2008, 377: 972-983.

Zako T, Murase Y, lizuka R, et al. Localization of pre-
foldin interaction sites in the hyperthermophilic group II
chaperonin and correlations between binding rate and
protein transfer rate. J Mol Biol, 2006, 364: 110—-120.
Summer H, Bruderer R, Weber-Ban E. Characterization of
a new AAA+ protein from archaea. J Struct Biol, 2006,
156: 120-129.

Davey MIJ, Jeruzalmi D, Kuriyan J, et al. Motors and
switches: AAA+ machines within the replisome. Nature
Rev Mol Cell Bio, 2002, 3: 826—835.

Shih CJ, Lai MC. Analysis of the AAA+ chaperone clpB
gene and stress-response expression in the halophilic
methanogenic archaeon Methanohalophilus portucalensis.
Microbiology, 2007, 153: 2572-2583.

Rockel B, Jakana J, Chiu W, et al. Electron cryo-microscopy
of VAT, the Archaeal p97/CDC48 homologue from Thermo-
plasma acidophilum. J Mol Biol, 2002, 317: 673—-681.
Forterre P, Philippe H. The last universal common ances-
tor (LUCA), simple or complex? Biol Bull, 1999, 196:
373-375.

Shockley KR, Ward DE, Chhabra SR, et al. Heat shock
response by the hyperthermophilic archacon Pyrococcus
furiosus. Appl Environ Microb, 2003, 69: 2365-2371.

Journals.im.ac.cn



