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WE: W 1% A (cytoplasmic dynein) ZHME @AM EZHINTRXEL, 250N LHY
Fthiz sy, EHO I (cargo) NEFHERNAMMEOR, AEWWEFER, FHEBRAES
B4 & & A (dynactin) A —REAHAFM, FAREEAZ A2 TFEN 12 MDath %
THELY, AAPFAEANEFFAAEETFTEMERA, FAFCEATHIENAKE L, #
BET —AWPWEMBER 105k, MEXSEXEAERFAENTHEN, FEHF LA A #
FEAARTUMBES A EOERT LT HEE, TEXTHHEEL A AN LKL,
KT, A MFEEOSShEGZAWMELRA YT H®, I REEEAENELE G W AEH
AN EOLWNESERE, REARQEAERER, KXRS I % EE AT EHNRK
REFEHH N EOREDEETRRREATRELE, FAUEHAREARZHRTEL,

KR A EE; BAMERE;, ME, flmEd; FEEATE

PESES: Q71
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51 B

A (dynein) WHEHITA) 8 (cytoplasmic dynein) F#1#24) J3 51 (axonemal
dynein). B ) 20 AR ITAT SO AN, R A AR T AT B B A M b, AR
sl ) s BT . A0 A Y Tas i AEREN LY . D R AE T RNA MR E L, K24
Mg Fngeis, HnIfER “Te¥)”  (cargo) HIFFE NS> Tk (molecular motor) WA HREE 1)
Bul (W5 (microtubule) TR % (F-actin)) HEATAT /7 M PEMIIS 8l PR /& FORZ 4Ly 1
SIS Eh S, B4R A (centrosome) AL DY EARSHIR 0 AT, HAFRYE, ST
AN R IG—0 K Fid (minus-end), 174 ) 40 5 LR — 0004 TE B (plus-end). ik 1 1E
S MRETUNIX AL ATP By, K5 ATP FIUKMRRER AL N IS hfe. BikEr, %MiEs)r
] [RIANTR AT 43 S 1 W) (anterograde) 122l S5 IAFIf ] (retrograde) 1280 iAW, 4 HiZ3)
POERIANIR], AT N ik M 22 By iA W52 . Dynein A& SLRZ 410 A VAR BEAT ) iz
M FELGEEA, BHATHRNOES S - ANEARESY—3) hGEA
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(dynactin) A% 2, BHTE T ORS U0 LA AR AED, AR 8 FR S0 A0 SR M, LA 2
15 o M 1 ML FRE 6, 5T R TT dynein 1 dynactin®, 75 525545 HE 2040 0 W I B
i1, JE S dynein JEJE dynactin HUBRIC R BAL . WL RGK — F G T IR, 1
A IR B IR OL T, o AT A R A S5 5 2 G B 2R AT P 0
g,

Dynactin B9 E 48 Y FA L5445 5

H 1991 4EA4E— K dynein ()2 B S54K40 (in vitro) % P I 52 06 59 b i % B LAk,
dynactin 52| T ) Z W RER RFE IR . 4G TR WA K BB HA,
dynactin & 754 (1) 10 3L 20 B gl AR DR A AT

Y1/ dynactin (S 11 A (R 1), IREERCH B 20 4, BB BTN
1.2 MDa. JIMERECH 20S MWEREEW. WS, dynactin BRI —DAXIFRE A, H
PN TGS 72 v W M S R PR e L (B 1)

%1 Dynactin TEEERLEN
Table 1 Summary of dynactin subunits!!

WAL B LA A4 B L QR Ty AL S

p1508ued DCTNI 2 CAP-Gly motif, a-helical coiled-coil
p62 DCTN4 1 Metal-binding motif
Dynamitin(p50) DCTN2 4 a-helical coiled-coil, elongated
Arpll ACTRI10 1 Actin-like

Arpl ACTRIA 8 Actin-like

CapZa/ CAPZA/B 2 PDB: 11ZN

p24/p22 DCTN3 2 a-helix, elongated?

p27 DCTN6 1 Left handed B-helix

p25 DCTN5 1 Left handed B-helix

B-actin ACTB 1 PDB: 2BTF

TEHEE N (1), dynactin 5% 2 3 I 45 FRF RUE —BE 10x40 nm (AT FRARE5 1 (rod),
I Bh & FeF 4 (B0 522 ™, X J2 B A ATP /KRG 1 M L3l & H A DG H Arpl
(actin-related protein 1) ZH 1)\ ZRAAS . 5l Bk (AR 22 8 4BL, - Arp 1 & F 1) 7 3 0 & A
I, EAT BB Jg 8 fil (barbed end) F14R3%G (pointed end)(&] 1C). AR M, 454
HMHAWLB)E A INIE 2 A CapZa/B (actin-capping protein)®, % EIAELLL B Rt (1IEA%)
(2 S A AR A 22 SE AR P HEDI A2 45 dynactin Y Arpl FEETAERIICIE . L5051
Ui AN R R, AR R A e — A IR VU SR AR (heterotetramer), H p62 5 73 4h— M3
HE A IRHE T Arpl ] (actin-related protein 11) KPR /NIEIE p25. p27 LAY, BLARAR
PSR T, Arp11 AT B8 AT AR K B REATFE I B0 e ), AH i T ILAR AP IA B IR
AN R B INERE e RN, BRIbZ A, 3T AN EE——B-actin, {H2HH T4lfb )7
PIOANR], & IFHE R IR 52 4T dynactin &4,
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&) (©

/pISOG'“e“(x2)

(B)

Arpl1

B 1 s AEER dynactin B3 EIR R EE (A) Dynactin [5G UG T, 7200 41 5 7 VR 5 3l A [+
FEERI M, A — % )R . (B) Dynactin £ 4% HLUEE IR 1) 413 0, P A ds OB 2R 24 10 nm.
(C) Dynactin 125 KB R &

Fig.1 The structure model of dynactin (A) Typical electron micrographs of negatively stained dynactin with
variety of positions and angles of sidearm relative to the rod”. Raw electron micrographs are in the left column,
whereas the corresponding schematic traces are in the right. (B) Two-dimensional averaged image of the dynactin!.
The bar represents 10 nm. (C) The overall structure model of the dynactin based on ultra-structure and biochemical
characterization

M Arp 1 Ji B 1 50 o sty ZE F HH — SRR KR 25 F B0, BN JE R (shoulder/sidearm),
EHEE NS Arpl FEEAHXH B B A 2480 (B 1A). JBHE % p1502, dynamitin F
p24 AE, LT, X AN g A B KRN o IR, pl1502 i2 dynactin E 5
Pyrb i KEONESE, PN R AT PG i IRTE (coiled-coil) 4544, FFATILIE BB 1 — 2844,
BRI 5 Arpl 458, AL N Arpl RIEEMH, B RE (sidearm). R 1 T A7 P9 A BR
e kk, {5 CAP-Gly (cytoskeleton-associated protein, glycine-rich) ffA (motif) Fl1—
Bl 2 R 1 DX A L LA B & 5 i e 012, ERTE B B O T 4 A R 3 (MTBD,
microtubule binding domain); 5 H A3 XM, [N & H A 4545 dynein 4% (intermediate
chain) [FIHE 10, p150ewd R ARAE 45 A Arpl M [ I, B 45 4 dynamitin A1 p24, J& i
(shoulder). JH 2™ dynactin AWK SR, FECRFFREAS dynactin (145K 5 D fE e B 1L
oA IEE EEREH . 7F dynactin FASME B SEIR T, WE 5 (subcomplex) [AF7EH
UESE T . Dynamitin A1 p24 w55 p1502 JE A N Z 54, 20 0 BIE et 2000517
dynamitin 1 p24 () 55 = 54K (dynamitin : p24=2 : 1); BRMLZ AMEEE SYIEA CapZa/p
R, p62/Arpl1 S IR N p27/p25 i T ERAKI. | T E H R A L R R BAT A A
Y) dynactin E-5 WY S B b A3 81 A2 E, Prlk, dynactin IV IEAT ] RESE & H B K
BONRRGENIEEY), AR 2428 o 5832 1) dynactine P4 gkud, DLV E S8 A4
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BT REHIN R R AFRAEAR A IR NE R S 030 B L

Dynactin¥3 Bl dynein /& _E 4L 14 H1T E

EEATEM SRR AR PR, —MIERE)E 1 kinesin (1X HL4FFR kinesinl), 3 —Fpf&
B EE dynein, ©ATTS 0l S DT A0 A B A0 1o AR L AR i R AR g P A PR B 32 T Klinesin
Al dynein HURTESS M FAFEEE RN ZE R (K 2A. B), (HEANIFEME a2 HAa =M
[l 55—, WHAMWA DL (motor domain), K ATP KM 5 S AL ABIRAE — i ;
W, B KON 8nm (—MEEASR R, dynein BT 8 nm 24k, AR R
FORELH /NP K, HiZshEA344 “head over head”, BIEfiEz)—0, XfEEA Tk
YLHTEE 8 nm, AEN T BN Eh A S5 kg dioke it , AR HAR 26 67 B S bR B ATRE T 16 nm™ 17, 5
=, #REAEIE LRFELIZH IR KRR . R MRBE KO 1 um (AP EAC), T
BE125 B A RSl 1R e AI N A S R AR A B, REMSAETIY L RRskia )
EBMARES, IX0T A Bk 5 A 8] 1 Hh G & o2 — MR KI5

(A)
Cargo binding domain Stalk Motor domain (©)
and light chain ~70 nm ~5nm
11 11 ]
B)
Tail domain and associated chain  Motor domain Stalk
~30 nm ~15nm ~10-15nm MTBD

I 1T If I

B2 BHEA. HNEA. INEA-FHWFEEAESHRNERTEER A KIEALSHKFEREE.
(B) B AL RERER . (C) BhJ1E A - B J70E A A S AL R R

Fig.2 Schematic representations of microtubule motors (A) The cartoon structure of kinesin. (B) The cartoon
structure of dynein. (C) The model of dynein-dynactin complex on microtubule

XFF kinesin 18 S FFEL R AT IR AN o BAT 85 AT e 0 10 S a8 S5 M SR B i — 2K
EIIZE (stalk)(&] 2A) ZTAJE) 13 A2 BERR, o P Ty ik 45 kg 3 2 1) 147508 13% 1) &5 K 2R A
X B IR R SR 482 (neck linker)™ 20, S48 1) P 3 A F (RAIE T — A Ty Ik S5 sk L AT
TE 5 — A Tk g M S A BB 45 B IS DL T A S B TR R, i — A EM LN,
W2 — NSRS, 59— FUA S BT 22 . NIk, kinesin ZEMHCEY BAT B AR H /N LAl
PRAF, Xt I REREA T Bz i 1 45 W B
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SR, T FRER. S5 INE 21 dynein i,  FSAISUIEFL I 4504 i AR 4
. & kinesin AHEE, dynein (1) 5y ik 25 Fy sl 58 42 ANF], B HI N4 AAA (ATPase associated
with various cellular activities) %5438 JE /N4, FEHEA R E AR 15 nm I3E (B 2B).
AR, dynein (1 5 IA 25K ANE kinesin —FEREDS BB 45 A0, &l —4
K& 10~15nm 25 (stalk) 1EH - DME LSS (MTBD), XAAESF ATP Kl 554
G BN SRR AR AN T PR A I B IR, [] A A5 Y A AU 45 6 8 A S T ) 3 1
TN AE . H AR B S A B A A B dynein 7RI Lz gLt
dynein /& 75 1] LR HUY kinesin AH A 7RIS b “UlSz” (BN 45 6 45 KA 3 S0 2l )
He5)) 175 PIAS TIE S5 R (A& A5 AT ELE AR B Y, 1 i A I Y R 1 A
A, AEEAEAI. 5 dynein AHEAEHM W E A, HATC KW TRZ, HU NudE
(nuclear distribution protein E). NDEL (NUDE-like). Lisl (lissencephaly protein). BICD
(Bicaudal D) FI dynactin 55, {HAUEHEZ BT dynein (#1328 3l 1A 52 10 (19 50 JU45 dynactin 1
Lis12 (ASCHBHERT#, X )5 & EOGE AT B 152 2 2% 3CHR)

Y], WEFEAERSME S PENRR S ORI, 2E40 1K dynein £E40 H 2 B I HAT A3 2%
M2 KT LGB 2 wm, MYEA T dynactin 5, 7ELREF dynein hiA 45 f k1) ATP BiiS
PE. 280K (stepsize) IR (velocity) SFIANZ MO R, XA LLAg v DL = 21
20%, H HIX P L R4 H X dynein ¢ 7 19, % kinesin %A LA 52 M@, X — &5 KM,
dynactin 7EAANSLIG % dynein (12 B EEE B AT W] BRI 9R AT . Ao se 20, dynactin
[P 3L p150e=t BE RE 25 A0, M R4S & dynein 1 EE, DRI, WS Wl 45 W dynein 1]
e 2K SE dynactin $E4E TS T 25 A A0 i, INTTERERAL “Baml” M4 . BAR
B G AU H e T IX— B, (R, BRI ER N, X RO R A AN K b 52 3
JUSE. FeTIIECER I, S S2 BRI S ZFTHIERE (S, cerevisiae)*PIEHLK p1502 (1)1
EEGHINEOT, dynein fEAE EHIZ ) IFRA ZEUTAT R, A5 S ) S5 SR
TIX . BRI, dynactin /& WA 5 dynein IS B FFSEERT,  FoAT I 3 T HLHIA I 2 T B
H AT v ANUIEE, VP dynactin (K AR 2 W IEHEAT S0 RGEM AN EUW A FT . 50 Hi 42 23z 3R
AT dynein/dynactin GV HIEA, 7 LA XA )

KRN IS, HIKENEE [ kinesin FHLEKEL 1 myosin AHZEALL,  7EX) dynein 153))
WSS FE AT IR, B0 7 9¢ e g B R (single molecule fluorescence imaging)
HPEOCHEHEH AR (optical trapping) & T2 SEETVEMBI TV &, SIS, & B
IR B9 T 1S, BLASKY dynein AT dynactin B2 R IA ARSI, 34 J& 1K AN 40
S ISR R ) 45 Ao ARAS, BEAE BRI ARG S, 58 2 A0 T R 38 7

I
=
HH

Dynactin #iBf dynein 5 “4541” BY%E#E

IR B AT FPER M MIE sh BE S AN B “T27R” B RoGukaeft, A, Rz
PIRIRE S M o) — KAEVESRFR . Dynein IBIX G RART 2, /N8I RNA. AW, K
ORI, EUREAR, HERMRREA. R, D 2R S, dynein AIANME kinesin —FF
HAFEZHMEE (heavy chain), H AU —Fl dynein BHEP, B —)d 5 ZFEH

www.cjb.org.cn | ACTA BIOPHYSICA SINICA 789
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IEH D) AT SR AL P JE X P JE AR A BIF ST dynein 7K 28 TGV [R]RE PR A . A1
dynein 5 532 18] — @A A0 — SRt 1, IR B NV H AR 58 . H TR
BT BERL R Sk I & (147 LIS« NuDE. NDEL. ROD/ZW10/Zwilch (Rough Deal /Zeste
white 10/Zwilch). spindy 1 dynactin.

TEMAN B, 24K H) dynein BUR AT LAY E O #4738 5, (HAITEIL 4 SR IUK 22
iz, 1 dynactin I AR AT H B A X (8 ), X IE & dynactin #% fiy 44 [ J5 R B9,
Dynactin fRAT W BEAR G HELE AR MO, XKL S dynein 454, M5 WE 5.

KRS SEEG R W], p150e=t — SAKRE H 45 & dynein H8E,  HAH EAEH] ) X B87E
p150ed {5 ko, HIEEEE T Arpl £F4EZAMOE b (] 20)m»0, IR — o, XA
1E H X482 5 55— dynein #7752 (1 NudE $£ 52 HAH B 5% 4 (19103, X Fh 5% 448 v] fig il
dynein [FJIAFZHLHIALAS 50+ 5

R dynactin FLIAE A dynein 5 A B )2 0] (3 S s AR AE S, B4, BRI
R AR N A AN R e . S b, dynactin ZEAN MR R T WY A AL, IR
P TE A T R B AR B O R R T A S R 3, DL A R BT (cell cortex)Bo R
ez A, G T IA W %23 dynactin Y5 dynein —HEN TIRZ ARG B, Lo iy 7/
M EURIEAR . GORLAR SAZ BT, SX SNy A Bl sy (R4S #nTRERA dynein-dynactin
Hammb

SR, dynactin 2 QAT 5 X S8 o S5 My EATAH ELAR TR, H AT W AT AR A A4 TR o i
3R], dynactin f 2 3 IO SIS RO Arpl ALK SR LR 22 I J AR IR 2T 4k, SRR W
Arpl fg BLIESS A R FE AR ISR (1) BN Il 52 2 109, DA, dynactin t/F Pl IS Arpl £ 4E
SRR EAT EAER, 48R, XA IC T EE T 2 1S AR R UEW . BR T Arpl Z4b,
dynactin 47— 28V HE e 55 40 i N S AR BAE ] . Dynamitin B 7 7F dynactin 45 #4) 1
HEAEMAL, &5 Ledi i ds LR A HEMAHEAER, W3y E Zw10P gi i K 5
#H 9% 2 1 MacMARCKS (myristoylated alanine-rich C kinase substrate (MARCKS)-related
protein)®, LA i /R BARAH OCH 1 BICD® . SR FAR VR AL OB AN WA, AE A] DL
£7 - dynamitin T8 57 i) 2 26 i 45 0 B . UM 2o, p62 B — 2P A1 B AT — AN BE R AR AR
(zinc-bing motif/RING), {EH & FAAAERITE O, 5w /K IARE L% P A ATP i ATP7B 11
FEHE AR,

L LTRSS, dynactin fE N SRR A AT REMEIR K. AR, HTAHEAEHEAZmE
A%, FALSEI A0 B A0 A A S 30 HEAT B0 P R, S REHARAR O, B VFIX I A2 X AN Iy ) 3
JEGAGH A, R, IS T BT T B A H

k2

ZEJCREI, FEANA AR ST, dynactin BHEE T EEMME. ERASEMIE. 2
T HIEUL K Z RS IRETT . Z AR ZHRE L IREE THF IR A ZE K, dynactin A% B (K4 F A
R, AZWHEREY, AT RIS PR BB a5 (X RE R FLRERe B, Rk iR 2
55 REM IC I B ARG M AN T o RV A 2 B e RE o 6 T 20 2R 0 mT ] 2y I3 1 PN 9 Y
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dynactin®, (HIATCVEIA R 0] H T &5 EW At s g, IR, IRy o e = Y g

IBE T AFAEAR K IRk, H Ak &
RIS TR, X REA# dynein 1 K50 F 5

KT Dynein IS LHI IR ERE & AR 3R

PEICARICTLA Y AR ] - F%T dynactin Z 4},

WL, H A AR AL A AR
Wik,
P2 H AL AXAT (R 0 S

¥, Dynactin 5 dynein BL A 552473 1 2 [AAH AR H

K HIAE FIALHIE:
o, JUHOE R
Lisl ZEUA7 dynein 128 ¥ b UEHE
T T AFAE T R

A EEAEH

LR, RICHE Ty A

? A B N A0 B AT

R BEAT KR EE B 1 70 1 ik, dynein AR AT H

LT P, MATRCE I IS5 kinesin g — AN KFKIE, XA R 1 52 Y04 45 A ) 1) o 4 o

Dynein 12 i 52 Y0 2 AEPE 5 H A A 0 i—

AT TS

K&, Rk, dynein 75

HH, U

HAETIRER I dynactin, 7ESTWIIEPERE € /K045 Fi4T . Dynactin 5 AR i 553 2 [H]
MR, B TILC R E A, 32 BAH BAEH 8 8 xRl B
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Dynactin Is an Indispensable Helper for
Dynein's Function in Intracellular Motility
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Abstract: Cytoplasmic dynein is a microtubule motor protein which is responsible for the majority of minus
end microtubule-based intracellular motility. The cargoes of dynein include not only mRNA and protein, but
also cell organelle and vesicle. Dynactin, a huge complex with Mw of 1.2 MDa, is necessary for dynein's
function. The subunits composition and an overall structure model of the dynactin has been revealed based
on biochemistry and immuno-electron microscopy. Since the initial discovery, it has become clear that
dynactin links dynein to cargo and increases dynein processivity. Although how dynactin ineracts with dynein
and how dynactin act as an adapter between dynein and cargoes remain unclear, a lot of achievements
have been made in the last decade. We will review these progresses and share a perspective future in this
field.
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FIIR &

RS

Y HE AL (cytoskeleton) & FLAZ AN i Hh 55 40 I JE AR AE R AT 40 32 B A7 OC (MR 25 AR I I 2%, oAl A
Jo . Haiidm A 1 EAT =25 % (microtubules). % (microfilaments) A1 [0] 4] 4 (intermediate
filaments), & —ZRLFgEHARPMEATIEHR. FHEA (tubulin) AHEHKEAL 25 nm FPIEEE, B
B ORI UBOK, U EE LT A1 MO AZ 1 PO AR AR TT IR A AG, BRI 20 A T i b o LS A 1 Ak
(G-actin) REHMRERL 7 om MENIGY, BMOME (F-actin)e AR ITAFAE, EATEIEAZET MR
(bundles/cables) B, o [A)£F A2 v ) 21 2 22 A 1 4 AR BE, AR 10 nm, A T2 R 2
6], e AR MR B PR TS, AR = Th BN ), RO G AR eI AT, i b R A
IR A A 2 AN AR T AL AT IR A e T A 2R T e R BAT AN AR 1 e B A SRR R
FENHE, TP AL A0 1 e 8 20 M A 1 2 2 T ) A B SO A M 5 A
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