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Split conformation of Chaetomium thermophilum Hsp104 disaggregase
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Abstract

UL Chaetomium thermophilum B2 D Hspl104 (CtHspl04) DOREiE%, X HRkSsahaiitT, 7 o 1 4 & M,
JRT-R I BEMEIIC K O AT U7z, CtHsplo4 O 7 4 A—3/ 3 IX, Flat Ring, Staggered Ring, Intermediate Ring, Split
Ring D 4 DOMEIC T FHEI NIz, HBETHHEMZ VINTENFHET D L, A2 T+ A= 3 VE{EHE#EE N, Split
Ring #EDSHENEE 5 T LV bh o7z, Split Ring #5EAS CtHspl04 DfRIEDA T ISAY = A DIRRETH », FHEDH

PR EIS U7 AiE Td 2 I REMED & %o

1. FL&IC

1990 FALL Y, FHEHO— ANDOEEHIE, HE TERY
DOFEHEL A DS & IR TUHENE Thermus thermophilus 0D
DnaK X1 > DO EH| 7% fii#hfr U7zo DnaK, Dnal, GrpE @
fthlc, DafA &\ 9 Thermus Dnak * Dnal # & 1KTE I £
FRKTOBETEFET ST ERHASMCL, mEFH
EZLTWV3S [1], 2OARQVOFEED S &, FiRIC
ClpB OBETFIMEET B T &M o7z, ClpB & ZDHE
KA TH % Hspl0d & AAA+ RN EH T 7 2 —IC
BT 57Ty XuTH5, 1994 4, Lindquist 72 B i,
J#RHC 35 T Hspl04 DREE LTz 2 VB DHERTTS
TEEWELTWS [2], ClpB A DnaK & [d]—DA X
ICFEET AT L5, ClpB A DnakK ¥ A7 L & H[ETHE
FELTWVWA T N FREEI N, FD%, FHLEEHH
%738, ClpB & DnaK ¥ A7 L\ (DnaK, Dnal, GrpE) 73,
il CATE URHE L7 BB E O FAAL (TRER) &4
KA L TN TW B 2 2SI LTz [3]o Lindquist
7B E, BERFO Hsplo4 7 Hsp70 & A7 L E#A U T
BT 2 EeRHEILK (4], MRICEERA Z0F2 v
VIMFET B, BERELIEZ VNI EOMMEET B &N
TE%DIE, Hspl04/ClpB DA TH B, TDizéh, XIS
D BREROIBIBEANDOI RN R EN SRR ZHD, 240D
MZEMTHNT WD [5], T thermophilus @D ClpB 13 Tsai 7z
BITHE D, X KRAS SAGE DRI E N7z [6] - Hsp104/ClpB i,
AAAL, AAA2 EMEIEND ATP ZH5E - IUK RS % R X
A2E, NRAALY, M RALVEMEENSHBI R XA
VINBiEh, UKD 6 BRZER L THEET %2, Th
FETOMFEN S, Hspl0o4/ClpB i& ATP DT 3 )LF—7%FH
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L, VYIHROILICEELE LIzZ VNI BRIEFS LEND
I & THEET S 0D TS, LAL, Tsaifzh
DORES &8, XHHSMT T 6 EIKOMGIE TSN
TWiahoTee RIeBEDFL ¥y Xa YO T-> T
72 hY, Hsp104/ClpB DWFZEIEIT> TWah o7z, 2014 4L,
2 T H DV BN B R Chaetomium thermophilum @ Group 11
13 % X0 = (Chaperonin Containing TCP-1) IZ B9 2
T o> TVBERC, o TWiT )/ LV TKERE
D— NI C. thermophilum 0 Hsp104 (CtHsp104) OiE{ET
D=2 T LTE 557z &M, TOWFEDAR—
N TH o Te. WEREMTA B X Kk S ST X TIENEERIC
HEATED, HREHNITH 5 6 BIKDOREEMNRIATE RV
WS D B —IRICTE#R L Tz, SORER DN
T, HFED—ANTHLEEDHO S, 7T A& M
BRI T M TR s EIC KB 21T S T & THEENE
FEFRMATHE L 72 D, AR4E Structure GEICF X 2 FEERT 5 C
EMNTETZ (7]

2. CtHsp104 O X $R4E A&

KHIGE THIY, K3 U7z CtHspl04 (X, C. thermophilum
@ DnaK ¥ A7 L & 1d U CTiREEE 2R UTzs X7 L
FF FWEELEWELETIIE/I—Tho7zh, ATP®
ADP ZiRINT % Z & T 6 BRZEK LTz, ClpB & ATP 17
ERDORT 6 BAEIEKT %, ATP {F(E FTIE, Wk
DFES BIMFSEZ(LIRRETH B T L DY 6 BARDREEMT A
NiETHBEKNTH S LEZ, ADPFIESMH T CtHspl04
D 6 BIKDREEMNT 2175 T LI Lizo NARIDN R A
A M Flexible TH D, BIRHEEIGHEICIZLEN TN &

BOEDWIEN 5



M domain

M domain

5, N KRB (CtHspl04AN) Dk S HEE AT 7 17 7%
OLMMMWMN&MP£®@AW@ﬁm%m%Zﬁ

DIREETCIRE LTz (Fig. Do T DOREMNGE T, i
%EEE&%E@M%&?7&??%@&%%?&?%
TSR E iz, LIRTICHENT & 7z Hspl04 & ClpB D
BEF—T 2 XKML TV, nucleotide-binding domain
(NBD)1 T, Walker A (Lys229, Thr230) & Walker B (Asp295,
Glu296) DEF—TMWX I LAF REESRT v R L
TW%, NBD2 Tl, Walker A (Lys640, Thr641), Walker
B (Asp706, Glu707), Sensor 1 (Asn748), Sensor 2 (Arg849)

MR LT FRERT Y FZIEE LTS, flfHo X
7 LA F RGO AN, 55 2 OMFETERE (SRH)

ETF—TIHRELHERINTWVS, NBDI Tl&, EEEHIER
Hspl04 TIRESNTWVWAB T IVFEZ VT ¢ U H— Arg333 &

Arg334 IS % Arg349 & Arg350 B, BT % 70 b
S—DX 7 LAF FEGRT Y PO ICREEENTY

%, F7z, NBD2 TlZ, ClpB TIREIN TV A7 ILF=
VT 4 U — ArgT65 IS IRT B Arg788 A, X U LA T
FEERT Y O ICEBEEIN TV 5, 1F5N/hEE
6; BT 4 AV MEETH D, ZFORGEHAIL 6 BIAT
Holze UL, 6 BEHEATEE L TWERWSEIL 74
i& (Split Conformation) Tdh o7z, T ORERIX, CtHsplod
MAILAF ROFE T CLE LTz 6 ®iIkE LTIFEL T
WBHZ L EFET B, HEIENTz 6 BIKIEZEMNITIFET
BLIEEZLNEY, KDNE A IT—E/3—IC
fEHICREET 2T N TE D, £, KEHRAVIT—IC
Zes BAlReEE & 5,

3. V54 FAEFHEMBICK SIS

CtHsp104 @ 6 & &I Split Conformation /% 3 B¥ I 17 1E
TENEINERRNDB DI, 7TAXFETFHMBET
CtHsp104 D K3 72 fiff A7 U 7z, BRI T-ARATIC K D, ADP
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Figure 1 Crystal structure of CtHsp104AN. (A) The monomer
structure of CtHsp104 is shown as a ribbon model, in
which NBD1, MD, and NBD2 are shown in cyan, green,
and salmon, respectively. The bound ADP molecules are
shown as sphere models. (B) The hexameric structure of
CtHsp104 in the crystal structure. The hexamer shows
a left-handed spiral structure along the crystallographic

65-SCrew axis.

f#1E R T CtHspl04AN DA 3E 2 TR E U Teo T DfE IR,
CtHsp104 Tl¥, Staggered Ring & Split Ring & \>5 2 flfH
DHIx % 6 B2AMENE 5Nz (Fig. 2), Split Ring A&

Staggered ring

Split ring

Highly
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Figure 2 Cryo-EM structure of CtHsp104AN in the presence of ADP.
Cryo-EM structures of CtHsp104AN. Yellow, green, cyan,
blue, purple, and red represent P1, P2, P3, P4, P5, P6 in the
CtHsp104 hexamer. Volumes denote the 3D structure of
the staggered ring (at a spatial resolution of 7.9 A) and the
split ring conformation (at a spatial resolution of 6.2 A) of
CtHsp104AN, respectively.
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X, TNETHEIN TV Hsplod DREE & I kELH
725 Tz, Split Ring #E Tl, KimDYP 7 1= b (P1)
DFHL EOBTEENRIITEY, BEELIENCT &
WRBENTUV S, Staggered Ring %ﬁ“ﬂi P1 &t
KDY T 1w b (P6) LDIEEDHEINTVSH,
%mm%%ﬁT@Put%®%mﬁ%bhfm%o%m
Ring f§if & XA MAEEIX RA 2D, wWind 6 2D
P1 & P6 DL EDMREE L 7z Split Conformation T 5,

4. X LFAFFIEEFELREBEEL

i, FRFRIASEMEE (AFM) & W T CtHspl04 2V
I~ —DMEBZELD X 7 LA F MMEFEN 2Rz, His &
U CtHsplo4 A ) I —%{ERK L, 2/NV KT
BbObNIEROXMICEELL, AFM THEER L (Fig
3o 6 HIADY V TIRKEENBIEE NI, U THATD
Y71y FOBTORKEND > Tz, mEMOY T 1
w b ERARMI DY T =y FOFES HEOMEDED S
Staggered Ring, Intermediate Ring, Flat Ring & & #& L 7z,
CtHspl04AN TiZ, F U I — D 81% /' Staggered Ring/
Intermediate Ring T D, 58D D 19% & Flat Ring TH > 7z.
—J7, ATP OWKDZRE N7 1o TdhH% ATPyS D
171 T TlE, 61% A Flat Ring T, 39% 7' Staggered Ring/
Intermediate Ring TH > 720 DL EDHKERD S, CtHspl104 1,
ATP ARAFHEY A 7 JVIZ I T, Staggered Ring/Intermediate
Ring & Flat Ring 258, D& & 2D00Rx%a07
FA=Ta DT ENREENT, LHL, MG
T T A A ETHMBINGG TR S N7z Split Ring A5G 1,
AFM TIEBI S Nz o7z,
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5. SEFEFMAEMIFICEKS CtHsp104 DIFES 1T =
9 ZDfEMR

Split Ring HEED ST A 7 VIS HRICHFEET B T &
TR T-81C, ADP X /zid ATP OTFAE T CtHspl04
@%ﬁﬁ%%‘b%%%ﬁﬁ?%ﬁﬁﬁ?(H&WM)T
B Uz WITNOEKMETD, Split Ring Mg BIZEE
7zo ATP {#{E FTl&, CtHspl04 A FEIC Flat Ring & Lff
HELTWABZ ERPARIRLTED, ATPYS FE FTD
FH AFM BISREER & —BLTW5%, ADPF(E FCIX, &
IT Staggered Ring/Intermediate Ring #53& Td O, Wi Split
Ring #HEIC 2L Uz, CtHspl04 O ATP AI7K S g Pl 3
BTHHEMZ RV EICKOER LI NG, TETIVEE
THB YA VEIMNZ BT & T, ATP{ZF(E KT HS-AFM
BRTREEEMENR SNz, AL VOB K> T
B RS EDVEER S N, Staggered Ring DAERE & Split
Ring DHAEDKIEICEIIN L 7= (Fig. 4),

6. FL&

AWFRTIE, XEASRMERYT, 72 A 4 8 PR,
AFM, HS-AFM ZH\\T, CtHspl0d DI T+ A—3/ 3
> DT AT U 7z CtHspl04 D H§iE 13, Flat Ring,
Staggered Ring, Intermediate Ring, Split Ring @D 4 DIZ %
ENTz, ATP {F1£ FTl&, CtHspl04 i&FIC Flat Ring ##3E
TIEIELTWzhY, WiffT, Staggered Ring 7 £ O IC
2t LTz, ADP {7(E [ Cid Staggered Ring M F 2750
VI A= 3 rTHY, MOMENDELE BT N,
Split Ring NDEEF DIHE X, ATPEFE FDLE X0 D
LRED -7, HEERON TV, ETVRETHS
HEA VEINAZ ST LT, ATPase MIEHTE(L & MBI A
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Figure 3 AFM imaging of His-tagged CtHsp104AN in the defined orientation. (A) Schematic image of the orientation-controlled AFM. (B) AFM
images of CtHspl104AN in the presence of ADP (Left) and ATPyS (Right). (C) Histograms of height differences between the top and bottom
subunits of CtHsp104AN in the presence of ADP (Left) and ATPyS (Right). Scale bar 10 pm.
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Figure 4 Histogram of height differences between the topmost subunit and the bottommost subunit of CtHsp104 in the presence of ATP with (Right)
or without model substrate (Left) in HS-AFM observation. Black, orange, blue, and green solid lines represent fitting curves for Flat Ring,

Staggered Ring, Intermediate Ring and Split Ring, respectively.
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Figure 5 A model of conformational change of CtHsp104.

EEEDFEF I N, Staggered Ring DHEE & Split Ring DA
JEWNRIEICHEIN Uz, T4 OFSRSE & 7 5 A 4 76 THE
MG L, ThZND 6 &A= FD Pl & P6 DD
fi#t i U 7z Split Conformation Td % & 5 sl THRALL L 72 Fifd
ZR-o T\ 5%, MG TREELZPI YTy MY
IRENTVSDICH U, (KIEE FEMEEAE TIEIERICH)
ERXFTVEMEPIY Ty PARENTWVS, TDC
&5, Split Ring MG X HEZEIRRETH D, s/ Sy F
VAWK THEBEDZARA IV E L TEERLIZEDEE
AbNns,

MEOBSRERICEDE, BLABUTFTDES &
CtHspl04 DREEZELE TN HEERT % (Fig. 5). CtHspl04
i, XTLAFREBNRVIRETIEE/ ~— L LTHEKET
%, CtHspl04 DHEERKIIX 7 LA F ROBEEICED 6 &
RICEERT %, ATP DIF(E N T, FIC Flat Ring Z 1K
T %, ATP DIUKDRE N B &, KTy hDay
TH A= g EICXD, NFH—HEED Staggered
Ring IC 2L T %, HEMNH S & ATP k53 iy T HH1E
TN, BINEREZENFEEI NS, ATP K RIC X
I OEE%, ADP #5516 L7z CtHspl04 OREREY 7 ES)
&Y, NFUR—DZENRHNET 2, BZTHLC
DORHE U TZREBIREOHEERT 2 ORELTWS
JREE (Off-pathway state) TH 5 & FHEL T %, T D Split
Conformation (&, FLEOHHHELMICHEIG LIZMEETH %
ATREMEN D %,
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