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Fig. 1 Cartoon representation of the dynein motor complex.
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Fig. 2 A crystal of the dynein motor domain and improvement of diffraction quality.
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Fig. 3 (Color online) Electron density maps of the dynein motor
domain. (a) An anomalous difference Fourier map (con-
toured at 3g) of the SeMet derivative calculated using the
TagBr;4, SAD phases. (b) The MIRAS phases including the
SeMet derivative gave an improved experimental electron
density map (lower panel) as compared to the SAD phases
(upper panel). The improvement was the most prominent
for the S-sheet structures. (¢) The final omit Fy—F, electron
density map for the bound ADP molecule (30).
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MMEWEFEIE S T v, Ehivy JICREY, SV
DHF/E L HBHELL SND, OFD, WO ELEE LK
W AHNE D PR T £ TICES LA K Eh
T 5, TV, RO EHED R/free R HF130.373/0.425
ERIFCH -7, F/o, BEIGHETHELNSH k<Y
TFER~ y TED AHBRICKEENRL LD, ©7IVIEE
LIRS NIz, XA ZVaFICfEaEL w5 ATP/ADP
BFICOWTIE, FEEFET OIS 2 HHERE T & T
B, BWEHESESICONTETEE Y FhTroa
VI F A=V a VBB ETELIREEHER LD L7
(Fig. 3c), fRMTHME T, 1007 3 /BEHEICKSE WD
AWVE AAINVEBEDOT 2 /BERELIRBHAEE L 725 72,
COXOE7Oav AR TI TS0 OREET I Bk
BREEK 92,900 (£ 4 = MD D89%) ICEL, £TD
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0.322 THUR L 7= Bty TERMK X 4 = MD OREFELFTHE

Table 1 X-ray diffraction data collection and refinement.

Data collection

bserved/

Resolution Ounique Completeness  Rperge
(A) Reflections 6 )
Dynein MD 3.8 5%22;8/ 99.4( 92.3)2 7.8(39.7)
Mutant 1150120/
dynein 2.8 209488 98.3( 81.9) 9.2(77.9)
TasBrys 3.5 1?{8%;1/ 100.0(100.0) 15.8(67.1)
PW,,040 3.5 718141117660/ 100.0(100.0) 14.2(86.2)
SeMet 3.5 ﬂﬂi%gﬁ{ 100.0( 99.9) 8.7(27.5)
MIRAS phasing
Phasing Figure
N Number power of merit
Derivative Riso of sites (centric/ (centric/
acentric) acentric)
TagBr4 16.2 4 1.07/0.96
PW,04 28.0 2 0.51/0.39
SeMet 14.2 121 0.19/0.24  0.18/0.26
Structure refinement
: Total atoms Rmsd
Res?lgl)t]on (solvent  R/free R® (bond/
atoms) angle)
Dynein MD 3.8 46130( 0) 22.1/29.4 0.003/0.72
Mutant
dynein 2.8 45241(45) 26.3/32.1 0.010/1.42

*a Values in parentheses indicate statistics for the highest resolu-
tion shells.
*b Free R factor was calculated using 5% of data.

[25ET & L7z (Table 1), ©F VKSR O 4 2 Atk
D ETH-7T,

—75, BEMA L = MDIZ>W\W T EROFERGESR
A= MD EUATL CEBRAMG L, 5FETI3SA £ T
HESN, BREXA =V MDY —FEF I & LIS
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ZybELTHEETS TUVA—] T, 19K o=~V v
JALEBERDB-AF SV ELLEAZTy FIROKERK L
LT UV/Z7OBLTHEES XDICH b TWa, U
VH—IE, VT R TEHT LT, XA
DIRA ENVE EOBMEB A EAHT EEZ LN T
Z)1(5,17)0

XA =MD OEMEEP bbb SN/CEEMA
LTiE, €7, ATP Ky MaHE> Y v/ 7 L T —
JRCd % ATP/ADP 451 & DFEERERPIRE T L~V TH
LTI o EREIFSNS (Fig. db), XA = MD
121 4 B> ATP/ADP # G FEET 5 2 & BE R
SN, BEICED CGEESRIERRBITIC LD, 20551
BRTA =V E— 2 — % BEERGTH L, F/o, KD 3
AR A = DB— X —{EEOHIE A S & 28 501
ot SBIT, ATP Ko % JIF i Eshic Z# 4 %
ETERED, VT ED V=R A= B0 R
MHOLMN IR/ LA FTHETH 5,

B BBRIE DL, XA =B AAAY 2 /87 B 23t
WO TVEFYVI7EE 2T — 2 —iSEREICHAL C
WA ERBET 5T e VA —OMEEREERT
% (Fig.4c), KEEMEETIE, Vv 7y vh—0H
BEREEO CTRENT, V726 ROEHEL=2D
—ThE D E B ERALTH D, VA —Dib
N el L KO ITREE L T b, Th bFFE
—THEE L, —EBO AAA+ XU N7 BICHEL TRS

(b)

AAA5

AAA4 AAAB

Fig. 4 (Color online) The atomic structure of the dynein motor domain. (a) Overall structure is shown as a ribbon
representation. The stalk and linker are highlighted with different colors. A dashed line indicates the disordered
portion connecting the stalk and the microtubule binding domain. (b) The nucleotide binding to the AAA+ AT-
Pase ring. The four bound nucleotide molecules are shown as thick stick models with the six AAA* modules
colored separately. (c) Side view showing the ring-linker interaction. The close-up view of the contact region is
also shown. The two linker-interacting loops are highlighted by arrows.
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Structural analysis of ““dynein’’, a huge molecular
motor working in the cells
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Abstract Dynein is a huge molecular, microtubule-based motor complex belonging to the AAA+ superfami-
ly, and powers important cellular events such as ciliary beating, cell division, cell migration and in-
tracellular transport. We have determined the complete structure of the 380—kDa motor domain
from Dictyostelium discoideum cytoplasmic dynein at atomic level. The structure provides a num-
ber of important aspects to understand the structure-function relationship, which includes the
coordination of the bound nucleotides in the four nucleotide-binding sites in the ring-shaped AAA+
ATPase unit, a newly identified interaction interface between the ring and mechanical linker, and
junction structures between the ring and microtubule-binding stalk.
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