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H A, B XTexocystilFE J& 5 A 450 (1) g DA
KT HASHFEEMT T, AT exocyst & &R 114H 2%
MTHEENLHIAE T EHHAR. R, BE&exocyst{E %
AR T2 WA, R R 2 (1) 41 i 1) e Ak
A E LR iR exocystH Gk 1) 4514 ) H D sewt s ik
&, BENA T HEM 5 DRt 2%,

MR MR

1 Exocyst® &K 1451 S HAH 3L

Exocyst& G/ 3 0 W FIL 5 I #8 R A,
HE R ESNARES F IR G, ffEdTexocyst R Gk &
HE IR =g ahii, R L2 DL R R ML 2 3
fifexocyst B A AR MR K HEHE R DI BE A S HE.

20t 090K, AT I v R T 21 FL - AU BE
B IR ELR] T A3 WexocystE SR RER. 18
R BEACHE )G, exocystE AR R eTAI B <Y 7Y,
FIRIRE T, EahE B~ M ERKEZTRNY,
W J5 R FH X 207 5 A% g LR (nuclear  magnetic re-
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zSec10
(411-805 aa)

ScSecb6
(411-805 aa)

dSec15
(382-699 aa)

sonance, NMR)F AR fEMT T £ Nexocyst WV FE (1454, £
F5 ¥ BESec3 NG 45 #3K (71~241 aa, PDB ID:
3HIE)!", i 4K (8% B} Ex070(67~623 aa, PDB ID:
2BIE)!"®, W BESec6fICH 45K (411~805 aa, PDB
ID: 2FIDM7), B BFExo84 ¥ Ci 45 #J38,(525~753 aa,
PDB ID: 2D2S)"%, WF3h#Sec5(1~99 aa, PDB ID:
1HK6)"FIEx084(167~279 aa, PDB ID: 1Z2C4)" "1y
RalAZ & 45138, E2K /N REx070(85~653 aa,
PDB ID: 2PFT)"°) Bl Secl5HCf 45 i i
(382~699 aa, PDB ID: 2A2F)™" 54 K4 F5 7 Exo
70(75~629 aa, PDB ID: 4RLS5)*?'LL % BF 5 f1 Sec
10(195~708 aa, PDB ID: 5H11)™). /45 & W 7 41 7]
WK Z10% AT, HEAT = 4E S5 MM AR &,
HREA Z AR S IR RIE e R S (B, AR
X BRI FMRMT T 2 A exocyst I/ 454, HRZTG
15 Bexocyst 25 ML

20184F, Mei&s AP {8 0000V 1 i T S5 s
HiARIENT T exocyst Gk4.4 ARIZER, 4554022301k
JREE . P REERMNCR BB TS, BT —
HAL I Bl exocyst AR G5 F R R, 2R iy J LT

ScExo70
(67-623 aa)

mExo70
(85-653 aa)

AtExo70
(75-629 aa)

ScExo84
(525-753 aa)

Bl 1 ExocystMEE LR IR IE AR L5, AN WA exocystill 3 C i 45 1 55 1) it A 2540 7S L DRy (B E ARG 4. % 24 DA
BB R RN E|Co. PDB ID: ScSec6é 2FJI, zSecl0 5H11, dSecl5 2A2F, ScExo70 2B1E, mExo70 2PFT, AtExo70 4RLS,
ScExo84 2D2S. Sc, BRiEEE; 2z, PE S0, d, Rl m, /NG At BUREIT

Figure 1 The conserved helical bundle structures of exocyst subunits. The crystal structures of C-terminal domains of exocyst subunits from
different species show conserved helical bundle structures. The blue to red color in each structure indicates the sequence from N-terminus to C-
terminus. PDB ID: ScSec6 2FJI, zSec10 SH11, dSec15 2A2F, ScEx070 2B1E, mExo70 2PFT, AtExo70 4RL5, ScExo84 2D2S. Sc, Saccharomyces

cerevisiae; z, zebra fish; d, Drosophila; m, mouse; At, Arabidopsis thaliana
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LK I ISecS, Sec6, Sec8, Secl0, SeclS, Exo70,
Ex084 VL K Sec3 1 Chiii— - 25 M 2 ). Exocyst& G441
St LLE 7 N Fe. A exocyst I 5 BN BL K&
Sec3 LA S A — MK EL 70N A HE MR i coiled-
coilzh ), BlCorEx3 /7. 18 id CorEx3t 7 1 S [n] P47 fic
*T, Sec3-Sec5, Sec6-Sec8, Secl10-Secl5FIEx070-Exo84
TR 7 R Ak, AR5 7 — K A Sec3-Sec5MSect-
Sec8 I CorEx 7 X AH FLAZ 2R VU B i3 e i, AT T
fSubcomplex I; Secl0-Secl5FIEx070-Exo84LA#H A
()77 2040 2% il Subcomplex 11. #x 5 9 4 PY A& Subcom-
plex IAISubcomplex LA INKI T AR EBEE &
RPNER). B, ZhaiZe NP R T BB =
Y E R AR N iexocystE A I 45 M AT T AL,
RINFLZE R 5B Blexocyst&E M AL,  $E7R AR H
Hexocyst & G EE 7 AR AT REAH A, s 4

B N BB (total internal reflection fluorescence,
TIRF) S 5 6 BB H ARSI /N il exocystE A A ) A 4
3 AT 90 53X — HEMIA 2, e LA R, exo-
cystB & AN DY SRR 5 5 4)SC1(Sec3, Secs,
Sec6F1Sec8)F1SC2(Secl0, Secls, Exo70f1Exo84)2H %%
MM, SCIFISC2H] LML 5 BB AT LS &, H 5
J\RAR AR L T B HEDIRES . ERE R &, Sec3
5SCIA AR M 45 5 AR ELSS, £940%[KSec3 4t T
W EIRAS, BB SCI LA =B AR A7 0.

HAl, BEIAXTexocystE A2k ) A1 BEH Hi1 f1
WEFLEAS T E R R, (HRUE 12 i) e AT .
B, 45T ST FexocystR AR B 45 M AT Ak T30 R
TR, B R TR HE7RexocystE A4 1)
HEEHLH]. BIRNIR SRR exocyst A 45 1 FIZH
BHUBIRILL, (R HE SN e 28 B4

B 2 Exocyst® &1k 253, Sec3-Secs, Sec6-Sec8, Secl0-SeclSHIEX070-Exo84i i %3 FN i CorEx 7 8] i 2 181 747
FEXT TR e E &%), SRJASec3-Sec5-Sec6-Sec8F1Sec10-Secl5-Exo70-Exo84id i CorExJi > T il VY AR M2 i 5 M 1 6 i VY 76 10
HEWYISCIMSC2, FfaSCIMSC245 & T HL/\ Ttexocyst A4, 18t & WH 735 A FRIBUE R IR, §i k4878 CorEx i 71 i)
SPATECR, =M B 7R CorBx 2 7 T A fr VU 15 W e 3

Figure 2 The hierarchical assembly of the exocyst complex. Sec3-Sec5, Sec6-Sec8, Sec10-Secl5 and Exo70-Exo84 form binary complexes through
anti-parallel pairing of the CorEx motif located at the N-terminus of each subunit. Then, Sec3-Sec5-Sec6-Sec8 and Sec10-Sec15-Ex070-Ex084 form
ternary sub-complexes SC1 and SC2 through helical-bundle formation of the CorEx motif. Finally, SC1 interacts with SC2 to form the octameric
exocyst complex. The exocyst subunits are shown in different colors. Arrow heads show the anti-parallel pairing of the CorEx motif. Triangles show
the helical-bundle formation of the CorEx motif
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ML T AR R HexocystE A RRIsh A4S B
I, Xt FexocystE AR AL 2N HIBF 78 2, mixd T3
A SR BAIE T AR 2L, exocystAfiF 58 LAEREH) 5 :0iEAT?
SRR LL R R E? MR 2 )G Mexocystill JE 2 4 [ il
AN T — R R S IR EA? X 2 o) @A 1F
e,

2 ExocystE G SRS R Rl

HHl, exocyst2 &M N R+ KIE D e 1)t
FEERIE T BRI Y40 . a7 % 0,
exocyst B ARSIz AEAE T Mk FI 4 B 5k v
BRIXIRPY x4 Rexocyst ] fe 2 S EIZHITHE. 5
A, exocystfTAA] 75 (1) % B AR ER 2 T S it 7
FH B P, 5 WA TEILLE Y 2 X I R P A R
XfEoRexocystZ 5 T Bz e . 1 RO
RhEFRTT. TEANM AR R B, A T4 WA L F ¥ Sec8
BEE NI R UR b, FRER BT E R RS K
AP X RexocystR AT RES 5 1 IS IENL 5 TG
BRMAE IR Ao, TERRAN A IR E AL S5 A I,
SENL B 2R LAY Sec3 BEfE 5 fEexocyst ) L Ath 37 3,
FEAE IR A G2 i 2 (1) 70 Wb B W 5 8 F kAR, HEFR
LR R R, X% HexocystH & R IEIEE MY
BRI P KRR T M. B, RossiZe NPgsr
TR RSN RS, R ITESTo T/ L
T, exocystE A RRETE R R AR i3 7 1A 3 70 2R £ WK
X2 H il &k Texocyst 2 &K SR R M —1K
ANEE RSN, K HexocystR G RTE S WA EEIE 2 7] ()44
R EEMER. AR, 1% R = A5 R 1
25, If H.Sro7TWIAFLEXS T4 W BEVIA] 1) 8 R AN AT
aik, I IFASEE NexocystE A& G20 WA B 5 4
JHL B R B ) 48 R R i B EIE R,

R, exocyst® A AAE ML IR 7 H 2
ZIaeift 7 REKYE, HARNEIE AT LS 2 F 4
o o JI6E L ) B8 I R /NGBR3 R AR L AR ELAE FH(ED3),
M BE AN exocy st G AR 7 PR IS4 25 74 2 [R) 57
HROE AR AL T B, BER IR, ke S
/NGEE A A EAE H Blexocystill 3£ Sec1 SRENS 5 52 1 7E
SRUIAFEND 1 If1Sec4-GTPLE &), T HETE £ A exocystil
FE) o WA HEIE A R HEAVE . Sec3ilid HoNiPHZE
F4J35(pleckstrin homolgy domain)5 i L f{P1(4,5)P2
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Bl 3 BB exocystE G A5 43 W BE VRN 240 J o F) A L
{EH. Exocyst®& &4l it H Sec3 I 3t N ity &5 #4935k 15 41 Bg S5
5% 1= I P1(4,5)P2 MR ho LAHEL/E ], Jii HLExo 70 % f Cli
SE RIS Al BB I PI(4,5)P2 AR ho3 M ELAF A, i
Secl 53V 557y WA HEi I (¥ Secd AH ELAE ], J8Id H V2 Sec6
NG 5 K438 5 43 b 23R I Snc2AH FLAE . Bl Fexocyst#
WA FBUERIR, B 23RN R IE 1A BAE

Figure 3 Interactions between exocyst and secretory vesicles or
plasma membrane in yeast. The PH domain of Sec3 interacts with PI
(4,5)P2 and Rhol, and the C-terminal domain of Exo70 interacts with PI
(4,5)P2 and Rho3 on the plasma membrane. Secl5 interacts with Sec4,
and the N-terminal domain of Sec6 interacts with Snc2 on the secretory
vesicles. The exocyst subunits are shown in different colors. Dotted
lines indicate reported interactions

MIRhoZ i /NGEE FARho 1 454, AT & 157 51 48 Jfd J5i
JISS5h, Exo 708 FCHt 45 #3515 PI(4,5)P2 il
Rho3 M HAEF, MM iFexocystE &1k & AL 3 i
FECOT ] I A8 SR Sec3 FEx070 5 PI(4,5)P2 45 4 B 41T
41 B2 I P1(4,5)P2 1) &5 FE s 2= il exocystE i i I 140
2%, %ﬁlexocyst'ifﬁHﬁﬁi@%%ﬁﬂﬁ%ﬁj\%m]. A3
4iHE Y, exocyst® A& W 3 Exo70id it HCui 45 #4355
PI(4,5)P2 DA A id i FEN i 45 149 38 55 % £E R ho3 1) [F] 5 i
HTC10AH EAEF & Ar BB L, X FoAH ELAE 2 8 %0 0%
2 k-4(glucose transporter type 4, GLUT4)Mi |37 fif &
FAGT 1 RS s Y 05T, L
AR B Sec1 S 5PEFA A F4K 1 /NGEE FIRabl11
FHEAEH, X F0AE EAEH AT B8k Secl S5 ALEE I N 77
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PRI L, FEEENEIR A T pk i 2 b R vh R T e,
FEH, FREZFRECTSecs 5 @M EGLUTAfi 728 I
/NG HRaIAMHHAEA, FFEGLUTAfi /£ 380 F 3t
SENL, 2 5GLUTAZEN 15 5k is™™ . fekth,
FA T Sec3 i it 7F B BEATN S w0 3 OR <7 BBl 12 7 2k L
B 5P1(4,5)P245 & U I /2> TES2(endosi-
din2)45 & FExo70F 3 I, BIAEx0705 R I 45 4,
MG TR AR, RS T YR E
>4 AR, exocyst 5 SNARE SR [ fIAH H./E I}
5 o7 21 2 90 0 51 BE . BERFA A A, Secoidid Hilr
Ny 25 #9358 5 73 Wb B3 L Snc s A H A BAEH. 78
AL A SecolfISnc2 RAFFERL R 1, exocystff 2 i th
LS5 FLM ], T Secd 3L 23 g % 1520 1% R
Snc2 RAF & IR Y, $E7RSecl 55 Secd A EAE FH LA
JSec655Snc2 (1 AH BAF FHAE i .exocyst 5 73 WA ZE T[]
B A R AE R
TR DN ZHELRE, I LexocystE &
A2 (B I 3 5 43 T B RN AT o R 1] Py Bk 28 DA I
HIE KA FIEATFE? AR H, exocyst# W5
FH 73 WA Y 2 B A A AT B B ik HE B P AL 6, e RE
ET B AE AL, RN AT LI IR, Sec3k &
JUR 8 N R R 5 HoAthexocystilV I AN, H HiZid fE
KIS T WLEN 2 L4, 4k, 7ESec3 RN L4 5
B %5 fi 3k AT Sec 3 5 BN A0 B T L, AN 2R
fitexocystil 3 (I T AE UK fg st 2, X eRff 4t $o
Sec37EAT (T REMT @ AL T4 S e, 7E 98 i Ik &
SEEG R, exocystiT A M Sk &5 E 7 1R 3R 2R 5
P50, EARBT ISR A4, $RoRix et
B EN B W R b, SR BE S RIS Bk 40
. (B 12, H5Ex0705 Sec3 ML AT RE
FRABL, T 55— 343 0 55 A T AR AL ibah, 2R
PR SR A SRR R, AU Sec3 R i A 55 Ho fthexo-
cystlFFEF /3 I BRI, HE/nSec3Eiz RidfFEh RIER
SFEBERERPY, JETIX L5 MlexocystE A A2
FHLH], Meis ANPY2HR H— A exocyst/t S TEWL 2
FIAEAY: Sec3idid HPHEZ #4145 5 P1(4,5)P2 MIRho 1 #H L.
A 8 7 T 40 P R b 1 2 A7 i, HRexocystill 5
Bt Sec15-Sec4 F1Sec6-SncikSecl5-Rhol 1 AH EAF
TEFEVR M AR A A2, FERf A TR0 7 40 i 41 s
MFEYE BNIA RS, Sec3ilid H CorEx 2 /77 5 HA I 3
MEAER, M S ShexocystE &AM, Bt exo-

cystE AR % 52 i, Exo705 i iR AOAH AR 3t —2
et TR BRI R, TERIERER RIERE. A
1M, X AL B 40 i exocystah 25 4 2 HF AL B,
W FLZN Y Sec3WIdR E AL T M o, H5Sec5, Sec6Hl
Sec8 TR E A4k, $7Rexocyst/ ™ TR RI1
i FE R RE A BT PO B, % TexocystE &
A PR R B BRI FRIE ARG, AR
PRI AE Rt — 2T, Tk R A
RN T FRE B . MR REN . BT
A TSR ARRGE 7% BN T R B T fi
3K L i)

Exocyst® £ /42 i SNARE 4 5 i i il

3
it

Exocyst 5 &4 [ 78 45 2 % o bl 5 287 15 5 I 42
RER, B IR A R B BRI E SNARE
EAN ST, SNAREER A # 2 A ol L ARk, fir
T3 L v-SNARE S T #EE I [1)t-SNARE. B% L}
W SRR 5 R A HIt-SNARE S (2L 45 Ss01/2(5
Wi 7L 34 1 Syntaxin A [F] Y5 25 H) FSec9 (5 1 .34
HFISNAP-25 N[AIJEE ), v-SNAREZ (. $6Sncl/2(5
I L5314 -F VAMP/Synaptobrevin N [FJR K H). E/NF
BN SERA SRR, SsolJt5Seco K It
t-SNAREE &4, )5 5 Sncsh & 4 2 i 52 B 1
SNAREE &1 W 7 @it 4 R i 29 5 5
5 55 AT/ v-SNARE 2§ 4 flIt-SNARE 2 (A4 78 5[] |- 5¢
i, exocystil il H V% 5 SNARE X SNARE 4% £
A LA FH SR AR 33 SNARE & 45 4 (1) 4 265 J Ho A S
L A ok .

Exocystill 5 Sec3 i it HPHEE #4455 Sso2 4 H.1E
I35 5 Sso2 KA 81k, i3t Ss02 5SecOI il —
FTEAY, MRS AT Sec6lE I Ll 5Seco H
B EAER, B LPL5Sso1-Secd o E A WIAISec9-
Ssol-Snc2 = L H AWML G, RHMNEE HIESNAREA
ZE1ISM(Secl/Munc-18) 5k HSec 1 #H HAEH, 1XL&4HH.
6 FITT REAE #ESNARE S SR 255545 ZE 0l 7o,
Exo707] ftil it 5v-SNAREE A VAMP721 [f) L4 4H H.
VE 5T VAMPT72 L FEIAE 2 B I, FEasE—2DiE
it 5t-SNARE& FISYPI2 1 B A BEAEH, {23
SNARE® & &I MR & Emglaimt, A
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5B, exocystl H:Sec6 RSec8 A 4 7] 5 SNAP23
FISNAP2SHIELAE AR, 534b, S dtiiie 5 ik % e
KIL, SNAP235Exo70tfFEAI B AR, (324K
ak, WL o i T B 10 S 5 U S HFexocy stfE
SNARE )21 % FISNARES 3 i I i 15 1o A o ke i ik
TEH.

4  Exocyst® G2l L RE

ExocystE G2 5t fsh, w22 5%
AR A AR, AL AR AR 2R
MY WIRAT R HH E EE.

4.1  Exocyst&Z K2 5 AL 2
MRS N A A KK EREE, B
AT 0 WA BETI AN R A & 31 o AR 78 Xk, AT RE
Jig 5 AN R s s B A M AR T R E AL B, exocystE
BARAEIX — R R B RS % S I E . ExocystE &
e AL T R TRERAL i, 2 50 B A A R 5
BRI FE. BRI, Rho GTPasesflIPI(4,5)P2H.
P2 Hexocyst & A1 F:Sec3 FExo704H HAE F & 541
At 2 37RO, e e e AR AR RO AT, U
T FRY DX 2k 7 T 2R A N (B 5% R 5 fal 1 (B %), xaf
25 Al B TV AN Ty i R 4 28 e d g7, Exocystig iz T4
SAEAKHE, PRETRIIGERS) S, IS X A T
SR M e 1 PR SRS R P 23 AT 9 JE 2 1T, (.43
RIS, exocystlF-AZ 5 R A/ NI 70U, ]
exocyst AN S I #2238 5T 1 R 7%, (ENMDA (V-
methyl-D-aspartic acid)f!AMPA (0-amino-3-hydroxy-5-
methyl-4-isoxazole-propionic acid)3Z 4[] 5 i 5 I 1
%k ZexocystE AR BN, exocystid ] LA
S I 7 T - S A M T2 A, Xo6f T b R 4 ) A
Mg ~r ks E TP /E Bl b, Sec65Rop(HFHESNY
Munc18-1/) FIVE R A B AR, JHF o m kg,
TEL s, RAB-10fexocystt i 51k i 5 117,
Sec8 {1k 2k £ B M B IS T2 R AU A,
exocystE= A A JE Sec3a s 9 v A K I i A B P g ek
YER R RBE DR 28, RHAER A I AR S O B 2 IRy
& H Sec3al NG PHEZE #4358k (Sec3a-N)id i 5 P1(4,5)P2
FHEAE I 5 BUBE 25 &, A0k 7 AR 5E 2 Fl Sec3a
(I Th B R AEA 52 5PI(4,5)P2AE ELAE ™. 45, exo-
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cystHI AN I Sec6 MEx070A 1 50 g I iR iz 4= K
FAPEIEHIIPING A I FCE 5. BFFE R B, fr IF
HiSec6 T EHE Y SARAET SAR I 2 Y 4 3 Jo
MM R X 3, SOl AR AE K SZ R AR 2 46 52 3140
#1177 Exo70A 15848 {4 th 45 S FPIN 1 HIPIN2EE [ () 1]
Wt AR EIR, M S EPIN I AIPIN2 2 A W) E H 247
TEIX 6 JAR s v 52 BR K 45 Y,

42  ExocystH &k S HSMMITB MR RS

TR AR 2 LBl B B AP 4Ensh A A i
JE AL AR AL 0 WA P [F S8 B Exocyst{E N E &4 F 4
Z 5 AL 7 W, T R Exo 7038 18 i 2 Aol
S TexocystE A AT Z 5 T L8 & B 44k 1) 3)
SHBEMPFREMERE. Arp2 3R &S A NLsh &
H A YE (R BN A RN 73 S OB B 1, Exo70/E 41
TR ERES A2 3 EAER, RENEBL
YL TN 53, AT BERCIR P4 A2 1) T8 s A0 4 i o
LR IR, Exo70i8 5 O AR 3 T WAVE S
EARFIWAVE 12 & 5 18(WAVE regulatory complex,
WROH EAEH, F WRCH 55 21 41 i i i1 58 &
BT A, IX AN G AR ] DA S A0S Arp2/3 5 5
PREREYE, W AMER". thoh, Exo70@E A LA
T I TR R R 22 SR A4 DA S 5 2 R 1) B AR SR 15
25, TR RN e, R ik an T i

2 60 152 2% 188 S B A AR B A2 R TR S AR 4 i 7 e
FR SR, Nz RRTERE T IS E B A 4R s
ZH e, T A AR A o ) B AR T B o 4 I
(matrix metalloproteinases, MMPs)] 43 #. Exo70i@iZ
5 Arp2/3 BARRENZ R TR, FFid@idexocysti)
AR HEMMPS 239, TR 30 42 221 ik
Ex0702 BH KT A AR P 2 BT B I I 25 e AT 248 o 71 ik Joig
HIFEAR. £EExo 70U A1, MMP-2FIMMP-9 1
H 7K 2 2 B A 1 BT 3R A Ex070, A AR X R
T 88 173 WhACF) . 8 B 4 B AR Ex070 2 &
B & 274 5 A Dk 55 FIMMPs 73 W FELIKT, - AT 5t
ERRMR AR R N HEENE, F
ANE S FEx07052 BIAS [RI B A 42, (2 3k S i)
Jb R A T R AR 28, TEYLERSAAE TS, ULK Ll i
&AL Exo 704 1) 3 [R5 584 L 2 HexocystH &k
2H 2R, DT 00 24 oL B 2 2 T2 S FIMIMIPs PRI R 8L, 417171
YR T A, AR AR R, ERK 122 IR
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HHEx070, I RIMFIULK 1% Exo7ORI R AL, MM
IR AT R . A4k, WAL HEx0704 £ fi
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Advances in understanding the structure and function of the exocyst
complex

LIU YiRong, LI MingTao, YOU XiaoYu, JI QiuShuang & MEI KunRong

School of Pharmaceutical Science and Technology, Tianjin University, Tianjin 300072, China

Vesicle trafficking mediates material exchange between organelles in eukaryotic cells. The four major steps of the process are: vesicle
budding, transportation, tethering, and membrane fusion. Tethering proteins regulate the initial contact between transport vesicles and
target membranes to establish a connection between them, which facilitates SNARE-mediated membrane fusion. The exocyst is a
conserved octameric complex that mediates the tethering of post-Golgi vesicles to the plasma membrane during exocytosis. Here we
describe current knowledge on the structure and assembly mechanism of the exocyst complex, discuss the molecular mechanism
underlying vesicle tethering and regulation of SNARE-mediated membrane fusion, and summarize its major cellular functions,
aiming to help understanding of this complex.
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