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P BT S I A5 — RPN AES), OR3P A0 A A7

Hsp70 2 #Rk e e A K h i B — 0, HE e, GEnz.
Hsp70Lhifie & 15 7] BEAK BATP A1 45 & - ATP-ADPH 3 4 s Hsp 7011 [ Sl FR 1L T 51
AL B AL, BET 5 R 45 A B . Hsp704E A 20k B — ML =
gk . Nty i 3 DR 5F ATP e B BESIR Cliig IR 45 & Dhfig . Hsp70N¥ii44-kDIT]
ATPase D) REIIAE 70459 I ATP K e 1 5 ok K B Hsp 70 AN A7 7E ATP K fiff 3 e
ISAFAEATP A G, Hsp70R LK 7 ATP-ADPAL Huif M

ST SE LA Hsp70 AREITNTS, #i52 Hsp70 ATP-ADP 5 #yf 1: k 2E
P . FBE AR (1B REY) Hsp70, 3545 T RUEN 44-kD FrBE I CM FRid [ “ClATP
£ R *CIADP [f) =3¢ ATPase i1 s [k ok tH['*CJADP 2E p[“CIATP [f) &5
ATP & B S O SRAFUEAA I 45 18 R B NDP (il n] BEXT S (152, 12 2l
& Hsp70 44-kD F B If) 75006 54 i f NDP SR Hsp70 IR AW TR 2l
1k, Kril#3 301 44-kD F BLK) ATP-ADP #4051, #i 5 Hsp70 ATP-ADP #4015
PEJE Hsp70 H H AT, A7 T3 N i 44-kD J1 BeAt.

Hsp70 5 NDP lgAH LR I % il R B ANAE € B S IR AL ) AR AL y-16f
MRILHITE ATP M ADP A58 o ASSZEGHITTT T RRASAE (RIBEIR b i) A 1K A e 24K
Jii [f1 Hsp70+ 44-kD & [ 7 B SRR I0[y-P] ATP 2%, SDS-PAGE Jo fEMR1: 4%
P P AR, Hsp70 55 44-KD 4 11 v Be (WU B 5 I 4 o IR A 19 8 B
IRk, AN T RE L 2/ 0 IR BER A . T CNBr 24 BEIR 1LY 44-kD A B,
BERR AL P B T2 S 1) 12-kD B, @RI P4 Lys128-Met237. #iiz ik
HWEANUIRGRED) . BSOAHS> B SRR DN P o2 W IR AL AT A 204 AL R, 5 KW
FF 1 Hsp70---DnaK (1) 199 47 95 s e i R 1k — 2.

N Hsp70 54+ Hsp70 Toi 2 HE IR P 130 & = G a5 A #AE e e BE [l E o AR
SEEGIEFEN Hsp70 B R 45 G A7 st 3 AN 2 ORI T Hsp70 TIREMI 5
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Wi p2 AE LB . Lys71. Thr204 fll His227 43 A7 ATPase Thfigial# 4 J &5 &4
M, DE Hsp7OK71A « T204A 587484k ATP-ADP 475 1 K I 34 ATP-ADP
(RS R LT e ale &, ToBERR AL AR IR T ke AR 501 25 I 1) 4 25 52
I Hsp70 195 T HEARIhBE, Hsp7OKT71A . T204A SEAFRAASNE WAL
R TS DI RESZ BIH] . H227S FAZIRIK) ATP-ADP IR i 1k )L T 58 423k
Ry AHZILEERRAG P A SZ 5, T FLAA M Bh AR MRS S BT S ThBE LL
¥y A2 Hsp70 F47 F#Ak - ADP #7340 1 25 A2 Hsp70 AetE 900 5= 1) E 12
EIEX 28 — AR A O AL K H227S RARRIV BT DR AT i, #E ik
S AR R A G AL AT RE S ADP 255 ARG

B PUKTIER 70, ATP-ADPH: e, ASREMAL; 20 T A
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Abstract

Heat shock proteins (HSPs), also called stress proteins, are a group of proteins highly
conserved in all cells, which are induced when a cell undergoes various types of
environmental stresses like heat, cold and oxygen deprivation. Lately it was found
they were also present in cells under normal conditions. The 70kDa heat shock
proteins (Hsp70s) were the most impotant family in the heat shock proteins. They
work as molecular chaperones in eukaryote being involved in various cellular
function,such as protein sythesis, folding , translocation, degradation and modulation
of protein expression.

Now many reseaches are focused on the chaperones mechanism of Hsp70. Hsp70 is a
multifunctional molecular chaperone whose interactions with protein substrates are
regulated by ATP hydrolysis and ATP -ADP exchange. Hsp70 exists weakly ATPase
activity and locates at the N-teminal 44-kD domain. Recently it was found that
besides the activity of ATP hydrolysis Hsp70 exhibited ATP synthesis activity. To
identify the function domain of ATP-ADP exchange reaction of Hsp70,we purified the
N-teminal 44-kD fragment after extensive digestion with a-chymotrypsin and then
characterized the enzyme activity assaying the conversion of ['*CJADP to [*C]ATP
and ["*CJATP to ['*C]ADP respectively. It has been reported that NDP kinase has
weak interaction with Hsp70, which can increase the ATP hydrolysis activity, so we
carefully examined the possibility of NDP kinase contamination in the experiment.
The equimolar mixture of NDP kinase and Hsp70 were digested and then 44-kD
fragment was purified. No different activity was observed for the 44-kD fragment
from the mixture of NDP kinase and Hsp70. All the results conformed that N-teminal

44-kD fragment exhibited the intrinsic ATP-ADP exchange activity.

During the ATP-ADP exchange reaction Hsp70 forms an acid-labile
autophosphorylated intermediate transfering y- phosphate from ATP to ADP in a
similar manner occuring in NDP kinase. In this experiment we analyzed the

acid-stable autophosphorylation and its phosphorylated residue of 44-kD fragment.
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The phosphorylated 44-kD fragment was cleaved with CNBr at Met cleavage sites
under acidic condition and 12-kD fragment of Lys128-Met237 showed
autophosphorylation after SDS-PAGE and N-terminal amino-acid sequence. Analysis
of the digestion of lysyl endopeptidase and N-terminal amino-acid sequence showed
that Thr204 was the phosphorylated site which was consistent with the

phosphorylation of Thr199 in DnaK.

The human Hsp70 and bovine Hsp70 have highly homologic in both sequence and
structure. The wide-type and mutant (K71A, T204A and H227S) were expressed in
E.Coli and purified on HisTrap™ Ni*'-agarose column and then mono Q
anion-exchange column. Lys71. Thr204 F1 His227 are important residues in Hsp70 in
the two calcium binding sites respectively. No ATP-ADP exchange activity and
autophosphorylation were observed in Lys71 and Thr204 mutant and chaperone
activity was abolished either. The ATP-ADP exchange activity of H227S point
mutation on the second calcium binding site residue wasn’t detected but no affect on
its phosphorylation and chaperone activity. Moreover ADP partly inhibited the
chaperone activity of wide-type Hsp70 but didn’t affect the chaperone activity of the
mutant on the second calcium binding site residue H227S. The results suggested that

the second calcium binding site maybe mainly for ADP binding.

Key words: Hsp70; ATP-ADP exchange; autophosphorylation; chaperone activity
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1.1 AR EER

19624, RitossafEX ARUEHIWTFEH A 25 C B 7 i) R 4l VB 1-30-32°CHp
Bi30miniT, FCHEERIEEOCQ G L TORNMZSE (putl), BoRiX — X i S
5, RitossafFiX—ILGHFR A “HARTE SN " (heat shock respond, HSR). J& KAt X
U5 22 W A e B8 P AE PR TE N o 19744 Tissieres 25 R I AEHSRS FE
FEREAE B ARSI HH R, AR5 8 T — SRR M B 0T, ) F 40t L o 4 11
H A2 2E], TR AR S HSRA 6, AR TR LR O HURTE 5 M (heat
shock protein, Hsp). JE KR & EWAMMUAEZ I 2. BOSOR B (an b, G4
HEBEE T Bk, WG DNASVIEHERR, AR SOB, W] LU
il — 6 1F AR T B TS, BUEBT K X R G5 AH BRI 45 B T AN M D LTE,
B AN LS Bh IR TE R R, & AR TE R L, PR (Al g AT
IREHE 1 S8 RAE A A T ORI, J5 SR FUAIE B LA IE AR B4 T N 2
YERL, ) IZ AR T s BB AZ A A D T BN o & AT RR T8 11
WL, Hspsi&— AR AW uEAE v m BEORSF I 2L 1 000 15005, Kkt
T ) FAPR 5 2 I DnaK 5 BUZ AR I 3R 58 2 1 2 6P 1 IRV v A i 50%
Bl, PR 70 8 (1 300 RN 93 LR LSS : Hsp100+ Hsp90+ Hsp70- Hsp60-
/N FHSpAF G, &N HspZ R X okl &A1 2 LAY, 4nHsp705 i1 Hsp72,
Hsp73. Hsp75F1Hsp785% . K ve i 5006 de T 2212 Hsp 705 0%,  Hofh Sk
R, GRERZ .

Hsp705 52 43 1 HAE70 kKDZE AT VR T 1, MY REZE DM e R34,
i FLZL P EAELE T BT TR R 40 M 40 Bk . AR BT, I L kA
SRS AN . IR R 4 N Hsp 7OfF e L rp, $k R 2E J Hsp70
A DURGE R B AN, A A XEREP, HspT0XK A%, Kt
P DnaK, E£EEAKSsalp, Ssa2p, Hsp7OZ AN T4 i 43 K VU b«
S5 1R Hsp70, AR A Hsp72, T35 78 1E 5 40 i O F A RIS B R IE =R, HRAE
POV FEIL T SR E R, AR N, 8T 1554 Hsp70; S2F N
Hsc70(F N 384 [7]J5 25 1170, heat shock cognate 70), WFR AHsp73, JEMiFLshH 40
MN AR, RTINS RER L, RIUOY A RA KA, Z#iakik

][

5
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BREERE, BT4WMHsp70, EEAAETHMEY . XMW M Hsp A &M
B IS (AT i 95%) FIARAL I AE WA 2R Pk s 32 GRP78 (il 26 B 1 15 4 1
78, glucose-regulated protein 78), X FKABip, NN LM EL, M
SIE, 51 FGRPT8EN T M IS N - %)% Bk H [ (immunoglobulin) 41 & 5146 K
IMGRP78 5 Igm kW I A [l 45, BHIE AR AR RER B S 456, B2 mREARRE
254y . GRPT T i 45 2 L 40 M st B 35 W SE RIS g IE AT 8 1A S8 AR Bl A Bl Ak 15
PP M40 Rt R 3 . AR EGRPTS, T FERRASL Y, ARl P 454
W1 . GRP78HMIGRP7STE NN Z M A7 5 i, e AT IZE 4 i A 20 ol A 23 1 FEAR
A RAEAE T,
1.2 Hsp70E B S EHREWF =

hsp703E R 5K R 4 22 S8 Ko hsc7ORE R & 48 W& 1, EfIcDNA J¥
FICAEN KRB /N o A B 2 S8 T 20 0 A R IR o 40 00 G ¢ i 17
FURZ &5 6461 2 LR . hsp70KE K 21 15 hsc 70 PRI AR K ANIF] . Hsp 70 RV
HNET, Hesk— B R Zhnl 7oA B mRNASK POE 215 Hsp70, 7 1H Y 3%
J= X hsp70 mRNARTAAR I M, AT ERAIE T AN Hsp 70/ 75 25, LA Wistar K iU [F)
hsp7O3E K A, FrH2770 MEATIRALK, 5 Ui ARt X 7 51K A 284 I 1R
3 ARG X 7 B N 342 AL TR IR, 5”0 3 PG S AR B30/ AT IR A
TATA box FI2ANHSE (HUSHOUGAT, heat shock element) RIHSE I . HSEIl . HSE
LGSO O, JUAL TGS A AL BRI, A 1S58 7 (enhancer) [A4FAE .
20 52 ) R e T A B O 3R, AR M 10 22 K- R e e s TR
(heat shock transcription factor , HSF) SRS A TE BT i HE I — 5844, #is B,
250 BRSO N IR R B 1 oo AN UG (HSE), HSFSHSEZS &5,
A7 RO AN O DR e 5 AEARRIMAR AT, Hsp70 5 HSFARSS 4, AIfi il HSF
(R, HSFSHSEAUCARACT- 45 &1, B0 RIS HESh M RIRI A A7 AE 4N HSF3E
RG24 AR e o g —ANHSF, 78 A 2841 i Hh &2 B3N HSF(HSF,
HSF2, HSF3). hsp70%E K g hth s e BE 4k b B s s i, K Hsp 70 FE 1R
731 55 N Hsp 705 512 7 41 (1 RIS 29 4 95%, 157N S Hsp 7080 5612 /7 41 (1 [l 5t
PEZ798%, ANFHsp70%IEMR)T 415 KM Hsp70Z SERRT 41 K [H U5 K 73%, 5
KT 75 S B Hsp70( Rl Dnak) 2 12 1 4 (1 )PP ) 479,
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Hsp708 KL 650G SE IR AT i, & — M s FEORSF N i1, 3L
AT LA BAT — A LR R S5 4, XA LR 25 BRSO3 — N ORI
N, 501841 44KkDIF] ATP, LI HELK(ATP binding domain)fl—ANCifii 73 14
J25-KDI M 45 4 U Bt (substrate binding domain). [ 1-1C 57~ % Th g bl 2 5=
MAE AT A RANE . B HspTOS R % 8 V2R R 7 41 R N A Ui 1) 2 1
(RZIA00 MR FEIR) (-7 P T-Col®. — 24 Hsp 708 (NG BRCi /7 4E — BHS 5 Ik
SHE MR A B T AN A s A SRR XOGRTHT S ARG /W R BUNGG ATP s
Ty RESR I &5 M LT JUL3h 2 R OB B RN, 2 2 el 2 A KW R B 0 Tl g 3
(Globular subdomain) I F1 I BT p, A4 —ANERI T R R4 B or o, JFaEak2
ANAE I BT T2 , I T AR 4 1) ol 1 4 4% (VIS T Bl — MR IR X
s & BB T IE 48, TR 4 8 B 13l i 94541 BLAE F 45 & 7R R AR IR,
U P 1-1AMY S C o X3 AT A B AN fR SE IR MALSKD [ 22 Bk 45 4 2h fg Sk
(Polypeptide-binding domain)Fl— AR5 [ 5E UL C i (1M, 10-kD AN 5 D g3
Zhu5 A 5T 3 B DnaK (Hsp 70 [ Y5 440) IR 490 45 45 T RSN 73 1] 4% DX 33 i 46 g 42 22
HI PR 2, W 1-1B: 35— 8020 (N3 2 AN BT & JE il — N R A B =Hih
(B-sandwich) &5 #4); 5 — 73 (Cuiig) iH 5ol iE (a-helices) 4L i, B l— MR it o
WEVE SR A5 o NS 20 AT B VA 45 4] ER IR b2/ iy R g5 A A, B 1y 2
SERIER G AT 445 SR AT I PYT B (B-sheet BELL K, B3+ B6. BTHIBSZEASKHEL Bk —
WA 36 G5 A8 FPRD R R 2, BS~ Bd BLRIB2Z4 4 B4 ple AN KL f)
JREER, PHTEZ G — SR BRI IR 45 M (loop,  LYAFE, AW 3 F 2
S5 Ke 5 = WIE SR I LR R R PRI 5 TE R 2557 1, L1L,2(BIAIB2 2 (8] JE
B IR ) A L3,4(B3 F1 B4) T 1 — A~ K/ 2 0.5nmx0.7nm ¥ JiK 9 B3 7K &5 & 18 18
(substrate-binding channel). F27t1F) % 1) 22 IR &5 578 B B= IR 45 K JE 1) S 45
EETET, WodR R L T2 RGN b, BA TR SR G b
T, 1 BN P BB, RERBELIE45 A A k%2, Hsp701¥110kD F BT 471
RS, HEMABRR %L, W0 FiADnaK )5 o- 82 e 4i#, B AWK il Hsc70
10kD J B B2 g - R -8R Be 454, 2% tRHsp70 CACUi 10-KD I fE 18 10 02 ie 7 45 Fg 25

[12,13,14]
o
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A ATPase domain B Peptide binding domain

Peptide:

638

El1-1: Hsp70 N¥gATPaseZfEk(A). JEMLE S TReRE W (B). &l minER
©

Fig.1-1 Structures of the ATPase domain and the peptide-binding domain of
Hsp70

Hsp7ON it A City 5 A 45 74 T e 38O Hsp 7001 4> T AR T B EH K. N
Uiy ATPase I REIR L A /KR ATP IV T, CuiR4s & iRetlae s S A amz
JIK JEC ) % 55 7 AP K DX By S 45 2 o BIF9T 28 W Hsp 705 W) 22 Ik &5 & RBS Jitd
P2, RMAGATP/K i} ADPIRIERE, To/K i e ATPR AL AN G 5 | SR R RE T o
ATP) &5 RUK R v BETH T T Hsp70%¢ 22 BRI ISR R, 1 22 ORI T 8 1) B
17 A] LR 3E H ATPasedf !> 10), Milarski L 4% 4544 (¥ B 2k AAHIF 5T HoAE Hsp 70+ (1)
YEFIUWATPZE G0« RS Gl A0 B P9 8 A7 55 o a1437-6 1847 2 JHE IR 1) il 2K
PEHspTO AR AT LATERZ N L, (R AT IX SR A 480-64147 (1 2 Ik i/
TIEH IIRAZEAL, AT E 480-641 547 S5 HspTORIZAZ X 45 G AHK o et~
PEI R IE R B 2K (122-264) T B HspT0ATPL, A g 113 o 351-41447 5 B 521
ATPSE A SXGE AN M e A7, 7] BEAENI b5 o RS X 3. LRSI 5 1
TheA bt R e,
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R1: Hsp70&SEHB KA M e Ay, +: B — L
Tablel. Summary of the Phenotypes and Biochemical Properties of Hsp70

Mutants
Deleted Localization Association ATP
mutant | Amino acid | Cytoplasmic | Nuclear | Nucleoli | Other binding
nuclear
CRI 504-641 + + +/- - +
NSC 5-479 + + + + y
SN 5-122 + + + + +
NF 122-264 + + + + -
PB 351-414 + - - - -
BC 415-479 + + + & +
SMA 437-617 + + +

[l B Hsp70 1145 3 fit 160 2 45 75 T2 Bh A A0 i b B, 4 B £ 45 38 i i 1k
ATP-Hsp7045 & &M ADP-Hsp7045 & &4 e dt — 21T HDge . Hsp704i0h 90+
£} 15 45 Dnal . Hsp40,. Bag-1. Hip Al Hop &5 718192021 -5 & H Hif %f ATP 55
Hsp70ATPase D) G5k 1K) 45 & A AL 5 |2 S 45 5 Ty RS 5 A AR A I AL AT
ANTEAE o A FIBIE TN AR 3 0 5 0 AN (7] P 25 22600 Hsp 707E FI LB BEAT A R
Hartl DL4H B - Hsp 70 7 Y5 A ---DnaK A ERIFFU0T G2 I LI o f ok 2k 5 Se 4 B 201
AR Dnal R AR T S 1 2 Ik, ¥ 10 454 ATP[¥)DnaK, DnaK-ATPYjDnal-Z Jik 1)
Dnal (1)J 2y B8 BGH I A 1€ K DnaK K 45 5 67 AR BLAE R, RS0 8 A BUR Y
FFT FF I DnaK-ATPJEM 45 548 . Dnal 5 DnaKAH H./EH RIBLATPI KR, T
ADPLi £tk A DnaK. LI JEYIZ k. ADP-DnaK. DnalJE % —RMAEE 5. R
JE A% AT B K T GrpEfiE L DnaK 45 & (ADPE L, = AR AW BEMREE, B
Dnal, 55 ATP4; 4 3| Dnak L[] N AR . Hsp70M) 537 FEARAE HI R o0 i
e & FJEUZ A= ) DnakKF 9, BLAZ AR Hsp 70/E FHLEE 5 I A% AL AR AL, B 2y
THEAHsp40 5 KM 45 4 51 FIEY S5 Hsp7045 &, Hspd0ii i Ho A <7 (1 45 Fydsk 5
Hsp704i4, JE{euiHsp7OMATP/K i 1, 9 i) S Hsp70M &5 & S s . H
7 GrpERAUIAE TURZ AW A M . A0 MO AZ A0 N B R BR8] RETLAZ 40 i
RFEEGrpEM B, AT FLE S Y HscT0A 5 BAT AT IR AT i 122224,
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