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HE WLERAZEARENRERNAREHNZ—, ) 2557 ANENE S EELE. ExocystZ 6K /-F 8
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1 SRR R
1.1 Exocyst& {44130 WS AL BRI A2 &

G UFEWLAE SR b PR R 2 A AE A A] e d)
Pefih, 7RI N R SRR A 2 e T B A,
HHT, FEREREFIZN YA R S T — R AR
AE G, HAExocystE G ARTE 73 WA HEIH 5 U 142
BRI R R S AE . Exocyst® A4 HSEC3
(Secretory3), SECS5, SEC6, SEC8, SEC10, SECI15,
EXO70(Exocyst component of 70 kD)FIEXO84(Exocyst
component of 84 kD)X el FEH B )\ B K (&1).
Exocyst= &4 K — L840 73 8 AL 7E /0 I FRIE |, S 4b—
ST 6 TR, IR e T R Y 4 B BRI A 8] U
s gE A AT I, ExocystE A A1
Iy N T BRI PR A RE R E L. W EE
W R TR B, SeclSIEIERENS 5 /0 WA BRI 1)
NG FIRabZE &, i Sec3 FEx070F I I it 5 74 58
M 55 7 5 A B RS AU TR, (B, H T T
HARURLEE Y 3 5 SEC3— @ fr T . Wif L v kL 5
SEC15— i@ hr T I FEV IR AT /E — Lo g i — Pl
SO NSEC3FEXO70F J 5 A7 o3 IS A i ek o7
A, HAl 3 52 AT e T 53 Ak FOUL A
JNSEC3/5/6/85E i T i i, SEC10/15, EXO70HIEXO84
XA T ™ T W15 T ExocystH A ik 45
A) P fAE AT B AU 1] - S RF 8 A W Bk 23 T B SEC3-SECS-
SEC6-SECSHISEC10-SEC15-EX070-EX0841% /™Y
BRI AR, BAfERE R Zh AN, Exocyst
S eI TSRS K R EE, |
225 TR AR R R M 5T o
A S Zh 404 B A Dy 2 F R 28 TO AR ST il B R A A 2
AR B2, ExocystE A A 4 IATEN 5 5 Y
MHEAEREESL T BRI R, AEMIN 2 =
Mot AR, IR B EE A AR RS IR E A
M 28 H . RabMIRho 5 5K 1)/NG R H BL A HoAh 41
i R 5T 2 L, AN g R M A << 4 A

T IR Bt L EZ PIP2 (phosphatidylinositol - 4,5-bispho-
sphate)/EExocyst& & 7K BT/t 3 48 R0 F2 1) 8 221
R BERER B TE ORI, PIP2REMS 5 Sec3 N I
PHZS MR EL B HL A, AT S Sec3 5 o 5 o g
(E1). PIP2XFSEC3 V. JE 1 5 M 75 A [F] 4 o 2 AN ]
(. FEMHE T, SEC3ARIPHSS Fssxt T HAE AE M 4 T
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i JG R FD 5 AN A L 2B AELAE DL R T, 12 45 R A P
SRAAF FEAN S M HLAEAE R 8 T (1 32 Az 5 Thse,  HLAE
PIP2 114 B PIPSK 4(phosphatidylinositol-4-mono-
phosphate-5-kinase 4)) T EedRk R RABAH, SEC3ATE
TERY B RAL R E AL MR KA SR, X — 45 R
FPIP2%T Exocyst S A 14 (1 1 5 75 A [|] i 4k vh o]
AR, HEMPEINA R T — 07, Bk,
EXO7035E7F i 5 1) 72 67 t A2 PIP2 (1 1A 5 (Kl 1), 7EMd
FLENP) R P R b SB35 2R B, EXOT01 Clify 45
P PT LB B2 SPIP2 HAE, %45 Mys i ik 2k 2 5 5L
EXO70/5 i 5E R 261, fEMRE AL, NEX-
070A1afINtEXO70B1 5PIP2# 43 d g fr, ik — 2D
SRPIP2X T M)t EXO707E Ji i (1 52 ot A5 gt 7.
ItAh, PIP2 [ HT A PI4P(phosphatidylinositol-4-phos-
phate) £ Exocyst & G 4 5 11 73 WA B3 78 o JI6E 1) A
FOIAE ORI E AR . BB BB T IR, PIAPMR E
o0 FEE 1) A R AE WA T VD B 5 7R A ) o A R i AR
oy E B EIRE IPIAPAE T 4 A BRI N i SR B A
(7%, 1H2xFH1ERab GTPHE§Secd [ GEFHLE K 1
Sec2 5Exocyst® & hSec1 5 EE 45 A, A MPI4P
(IR P R B E— & A S, Sec27 fiE5Secl 545 ikl
NSO E PR R, IF Hixid B PIAPIK IR
F) 2 4 52 1 4 K 45 45 2 11 Osh g 1 35S 1),

12 YA ExocystE &R R BT FEILR

AR T B BERN S AN, R DA oS T s 3
JELEFUE A R 7CE T2 G BR. ©RIExocyst
B AR S A WA T AA R 2 48 DL I &
Bil4n, FEMNEF T % T SEC6MISECS H 5% D1 I K 4w
g4k, SEC3, SEC5, SECIOFISEC15H2 3 A 45,
EXO84 3N 4ifid, TEXO7014mis LK £ k23
AN S R R 5 R T 8 S T R A Exocy st B 1A
T BEFNZN ) ] Be A7 1L B N 2 PRI 25 5 BT Re ke
A UARER A R AR Y AT % E B
LeExocyst S AR L 1) DhRe sk Ok B E, BA1{E—LL
Ji e 2 P PO g5 A B e A 7 7 e b, o,
TEAL R IT T SEC3 A-GFPJE ir T 488 I A A7 st FAE
BT, 76FRICEXO70C1FIEXO70C248 A N &
LT AER RLFNTERD B I MR P, X eI R R AR 2 3K
TENY I 5 B AE R A A K BRBE ) SR TR 1 B R Ak
exo70A17E LT 53 LR B TV 1% 77 Tt 77 78 G 20T,
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) — L5 Formin i [ AtFH3, AtFHSHILIFHIRENS & T BB AZEN, ENTHTRES S 7L B 4E. nilb B M sl =&
HAR. B o3 B A RS /N B2 i A D, T B = Ay R i 4 P BE A SR PR P 28400

Figure 1 The functional model of the cytoskeleton system modulating the tethering process of secretory vesicles to plasma membrane. During the
tethering of secretory vesicles to plasma membrane, according to findings in yeast and mammal cells, formin, Arp2/3 complex and Myosin of the actin
cytoskeleton system can directly interact with the components of the Exocyst complex, thus affecting the polarity localization and assembly of the
Exocyst complex; meanwhile, the Exocyst complex also regulates the aggregation, branching and other types of actin cytoskeleton dynamics. PIP2,
small G proteins, and their regulatory proteins play important roles in mediating the interaction of the actin cytoskeleton with the Exocyst complex,
plasma membrane (PM), and secretory vesicles. Studies in plant cells have shown that microtubules (MT), via CSI1 and PTL1 proteins, and actin
filaments, via Myosin XIK, are associated with the components of the Exocyst complex and participate in the directional anchoring of the cellulose
synthase complex (CSC) in PM. Some formin proteins in plants, such as AtFH3, AtFH5 and LIFHI, are located in plasma membrane and vesicles, and
they may be involved in the interaction beween actin filaments, secretory vesicles and PM. The small yellow circles within the secretory vesicle refer to
the contents generally, while the gray triangles refer specifically to the cell wall related contents

MR secSa exo7041 M sec8 exo70ATFEALT )T IR HHEXO7 0% K SR AN [F] A v] Reds et 2 5 7 AN IR
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oA REIR 5 B A RO R R R AR L D RE.
ExocystE SR 5L ER ARG R EEMK., HEME
R, EATHI 96 R EERIAEM AN Ti1H. —J71H, Exo-
cystE G4 4 Be S 5 T 22 i S 1) BURZ R ¥ Arp2/3
(Actin-related protein 2/3)& A ARL 7. Formin LA & il
22 ElERE R T NGE B A, MR
22 B R ) A% AN 53 SCEE B A A (L), TAH L [
(R RAZ 22 51 R P (P 22 B R ke, Bl s i A4 it AR
K. EBAESER LT BT AR
TE 2 & ExocystE A A4 5P EXO705 Arp2/3 2 7] (1)
HAEXRZR(EDL). BN, E30YH i,
EXO707EX 1 22 8 L i P A FH rh s R f o 15
%5, EXO700] LALE N Arp2/3 8 G5 1124 805 R 1
(kinetic activator of the Arp2/3 complex), {23t Arp2/3
B A5 iz i3t K F(nucleation  promoting factors)
WAVE2(wiskott-Aldrich syndrome protein Verprolin-
homologous protein 2)#AH BAFEFH, @i hiidg 22 i sk
B AN 53 3CHE T 2 5 RO Dy A2 0T B 40 i 7% 55
AR 3Lk, EXOT0IE AT LB HE45 £ Arp2/3 5 £ 1K I
W17 -7 WRC(wave regulatory complex), F1Hizik
FIAREEE RIS, MTEmEst®. 3R
W, ExocystE &Rk 72 Sec3 nl LA 5 il 22 i i% R ¥
Formin# [ For3 H.{E 3 1 4% HAE 0 IR (1) 45 5 € A (]
1), T S AR AL A v = MhAS [ (1 k22 S5 7 1 52 )
S AN, s SR B A AR AR T LU Exo-
cystE SR DIRE(E ). LEZFFAME BEH A SO N, €
RLAE 5 WA HEYE 1 (1)K 2 $Exocyst 5 A 74 i) 53 #EE ) 72
A7 3] 5B AR A e A 2 BRI A, (BAE BB e
BLfISec3 MExo70HE AR Z R m " JLek & (o
Myo2pH] Ll ik HLGTDZS #4873 71l 5Rab  GTPfSecd
PL K ExocystE AR i Secl 5454, K417 A Exocyst
525 VARSI B 1) 73 W E VL W B ol 22 B s 1k 3 T 2R
R, FEAEBIIK 5 RS 4k S b S5 - i BRI A5 A, LA
TRy FEAE BT ke &R, DLoE AR 2Rl E
T ] 1y,

SR, FLFEEEBEH Exocyst 2 A4 B 51 1R P 2 fr
TRKFRRE AU T 22 B JR e s B 28, ZJa )
R AR A T AR A AN T o 22 B 1 BRI s e R
4t (B IR For3 M1 SecS 5= K T e [F] I R 2%, F BRI ok
22 R EFI R Exocyst 2 AR ThRE, T 24245 M1
PEAEK, R 25 AR MR AR KA, ol A HEA R
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TE 2458 o BRI RV AR I 7R A 22 1 ZE FIExocy st
SRR TIRE AT REAETE RS 4y BB 5 A S [ — TR
FUAEAE /NS E P %502 1) — N HT B A For I F, & [RI £
FrExocystE AR I SEC 103V 3k &5 #4380 RN 13 22 42 1)
B A% K F-Formin4 M3, NAEMRAZIE BT 7. ForlFr]
VL5 ExocystE A RSEC6W H AL 52 {7, I H e AT 2 {7
ZR| BN %% P Exocyst
HAEWSMeE R ARG R SRR FEER . %
ANAT 3B, B AR A B 7T K I ExocystE
A S B A 2 (e EE AR ELAE A B, {3
22 R 25 Latrunclin - B[] 4 B 40U I+ (AR 2241
M, 2{fExocystS SR &N R kA i A, H
BN Z R, BAETITEY, ACT7RA S
FEEXO84bTE AL B AR 2 K 241 Jf Jo % 1) AR A1 A1 52
B,

A Ll 5T 45 R343R B Exocyst A ik 5l 22
HERGEVIME, AHHARW#E 2 8] a0k 5 AE FH LA
FAE S BN R L M sh B i R B R E
B, H RIS 2, B 53 mEE R L, Ay
KT IR T T BB C N S i Ja, G SR REAEAE ) Hh i ik
A% E SExocystE S HEL G Me s 6&a, K
N B AR R DA R 4 WA FEVRLTE TR RINBh A I FE R
b o

22 WEBRARLGS5REExocystE AR AR
TE L

5z 5 A2 M, ME T RSS SExocyst
SARIIRE R FHkaE L b, 7R 2L 3w 5 4 g
SN ZPC12H, ExocystE A& STUE & 4245 & 3%
SENL, TACE R SR 25 b RS20 T ExocystE A1 1 €
fr 4 WAEWIE R, 75 RNRK ik
EXO70R T U B 48 M &8, FEF BT AL 7 A 2540
22ROy RIS, R —45 8, A 1HEExocyst
R e B I TS B 2R B A SR N IR AE
PR, FE/N SIS, ExocystiE A 1A ISEC6ZH
SRERHEMN TMEREREX, 25 7 M52 R
PRI B R, s, LR SURE T 40 LB T AT AT
HMEEREP, Bk P 7R HEYExocystE &
PR I 58 AL T B 42, BB R T A4
A T T JoE S A R e S R IR AR A i BE ) T AR 0
FEOSN SRR T B U SE-Exocyst i A AR 5
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PTG BB M7 (B J2 [ T 45 £ 4 25 i OE 5B 1) 4 o A
s g, fEREY bR R IA TR & FAPATROL (pro-
ton ATPase translocation control 1)FIEYIHIEREE A
TR FiMyosin - XTK 4% 138 7T LL 5 Exocyst & & 14 1
RASECSB&E &, L[R2 41 4 3 G il 1m0 M 1) 5 1) A%
. R RS, BAEBUE BSOS AL AT
YA M HAE B FCSI(cellulose  synthase interacting
D)FE R 43 WAI 2 A R DURE S b £ 4 3R A i A S I
ol o 5 .

23 /NGEHMPIP2 R NG 2L R S S5ExocystE
R BAE R LR T

AN, fEExocyst®E SR 541l B 2RI sh & HAE 1,
NGEARE TAEFHEENREEM. XM
I GTPIK il BEAE N AL ) LR SF 5> TR 5
TR, TTizZ 535 S A 2R A BRI
FENL AL A B R i, L R e
H#A REVE FHIIQGAPI(IQ motif containing GTPase
activating protein 1)£K H7E/NG#E HRhoA(Ras homolog
family member A)FICDC42(cyclin-dependent protein
)BT, fEls S5 ExocystE A 1A ISEC3HISECS
FeLhG, I — EAEX T e 40 A ik e £ R 1 D e
R F T el R 4 o 5% T GEF-H1 (guanine
nucleotide-exchange factor H1)2 A I ThRERF Lt — 2P
VLA 22 . ExocystE &K 5/NGEH =& Z [Al4f
ERZRMEAERR. B, GEF-HI W] LGS & E B 4L,
T R R BE RS BGE GEF-H1™Y; 4R )5, GEF-HIIE & WL5)
T EAMBEGE R T /NGE I RhoAIGTPAL #e K ¥, GEF-
HI1M S Re % 4t — DA RhoA, Mg ik 22 %
P21 je 4k, GEF-H1RE 5 ExocystH & 14 HISECS
WHEZELS G, X — 46K T /NGE HRalA(RAS
like proto-oncogene A)MINfE, F1] LUE#ERhoAFIIL
WO, TR R R I 2 S ExocystE AR T 3
455, HRRENS H BIGEF-HIBUERhoA, AT #2122 5
E LA K ExocystE G AR R E R RIS, mATER—ANIE
SRAGHR TG TR, 3K — A I8 X T T o R
Hh O SRV (R T 1% LA B B 0 40 B 1) O A 2 0 AN ] b
g0 5 R RR FLEN A IR ho S AL, MDY
S H)/NGEE FAROPs(Rho of plants)t [F] i) B A5 5 40
F B RS (A B T (K D E Y. ROPs 3 B3 it
H RN 2 ARIC(ROP-interactive CRIB-motif-contain-

ing protein) kK FEHRIEAER, f57# AR AT LAY
A 22 B BB Bh A5 ARk 5 e 7 0,

UbAbh, O VF2 A5 R BIPIP2 i LU I 5 2 R
22 44 B A I B AR R T 2 B BN,
GFormin, Villin, Arp2/3FIN-WASP(neural wiskott-al-
drich syndrome protein)Z % filtn, it 5 /N
ForminZE mDial flmDia2 N BD %5 #4181 785 /N B 12
ZRFILRIL P EEEAE, PIP2 UL E AR 1) 7 2 i
FForminfi N FHIML B A", @ik 5Villinfgs1, S2
JHPZERIRZE &, PIP2AT DM HEVillinf) — %4k, (3
FEH R A 1 SR SR BE 3G A, 3k T A R 221 R IR SR A AR
BRI, R AR R 2R O R TR AR il S
Arp2/3 5 AR HE K FN-WASPZE (41 BAFFH, PIP2
B2 A2 3E S AN RIML R A CI(E. %
FERlx gt B 2k A ExocystH A kSec3 FMEx070F
LA BRI e 6 7 BT S PIP2 EL e 4 &, W LA
PIP2 W] fit /& /- S 22 & 42 5 it 55 & A BRI
BRI B, 78N FLE A E(MDA-MB-231 cells) ",
PIP2 {1 4k 4B PIPK Iyi2(phosphatidylinositol - 4-phos-
phate 5-kinase Iyi2)—7J71f ] LLE# 5 SEC6HIEXO70
ZEE R Exocyst E SRR LS, H— A LS BE
H (Talin) FJFERMEZS fa 48 45 & ek Ho o 0 3 4, {2
T 22 F 41 255 5 K (integrin) [7) 40 0 B 2% O 14 12
f, 3t HPIPKIyi2, Exocyst® &4 LK Talin = H{f—
AN IR R M A L 4 52 T R O\ (BT, AR
S P B U R, PIP2EAER B T - DAY K IR
YRELG AT AP RAEAE, TG R PIP2 )i & 7= A
(3E F X PIP5SK2(phosphatidylinositol-4-monophosphate-
5-kinase 2))7] BEH M EROPEE [ANtRac5 1 T HE 4[]
RICAHAG I 22 (1) 3R, TR AT 1 PIP2 (1) 3 & ™
A2 (i FIL PIPSK 6) T A I T RIC3 A6 )l 22 1) i 2
FA s ek 1 FE V). R L AR ) 43 A
I PIP2 AT BT B0 I 3 22 15 AL B A58 Ak 5 Bt 2 TR 1)
PR TE EER, RSk IGTPIP2AE 3 2 4R F ML)
BB, e E e kR R =
Z B2 2 S I B R TA A,

3 UAEES BURA R A
3.1 SNAREZ &1/ G446 5 R ik
N T RSP TR S BRI B A, ik 2R 110 53
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PR T E DR e U L S T BB
S 3 o WA BRI 5 T A BE 5/ T710~30 nm, - 535 i
PSS S A W R ) s BE T ) Bl M B2 BRI, — %
IR D E R BT )R, e
Fdt— Pl IISNARE(soluble  N-ethylmaleimide-sensi-
tive factor attachment protein receptor)® & 7E ik _I- i
I7RbE. SNAREZHE 72— 38 HH100~300 2 J FR 4 A
Ny FREAR, EHmas — M ERmA284670
MNEIEFRHISNARESE #3R. H4E SNAREE (A &
AN [R5 43 &1 5E 7 SNARE (vesicle-membrane
SNARE, v-SNARE)FI##75 fI5 & 7 SNARE(target-mem-
brane SNARE, t-SNARE), o HE 4 F.SNAREZE: #4135,
bR S BRI AN [E] 4 4> 9 Q-SNARE(glutamine
SNARE)FIR-SNARE(arginine SNARE)""", — A~ LG 7%
PEFISNARER &4 th =AM T #bR i 1 Q-SNARE
ML T4 B8 T IR-SNARES AT AL, 4351
BT W FE I A EE BRI (1) SNARE AN e 4 15 47
PBE—FEIR T R AT — M F N trans-SNAREE &
1 BUSNAREpin]o- MR e 45 14, 1EIX —id F&2 = AL O
B R PR RS A A,

Huf iR 2 R F2 511 7 HSNARE
HEERN TR G TR, SFSME A (SECT/
MUNCI18-like). Exocyst& & 4&MISYT I (synaptotag-
min )&, LR BEFII LA AR A 5250 K
M, SMAEESNAREL: & Iid HSNAREE G146/ F
R R it R kR 2 (KR S IE R, SMAE
NSNARE 73 FHAR K5I BE, B 15 SNARE()
HAKT, R SNAREE A4 41 285 1) 38 5 ARG i
IIHISNAREE G AER M & 2 Wi RS, 5
SNARE—&&Z 5 7 Fr A I P iR fh & i 72 A0 i 1
FAUSOL e BE v R 9T 2% I Exocy st A B AT LLE i
L5 SNARE K SMEE H HAEZ 51 SNAREE &K 1 4H
e R A R 0, S ek B It Exocyst S & 4
SR R HSNAREE & 16 510 il 4 i 72
FHAREE TR, BN = P ES M B AR
Be EAEAE I EVE . BhAh, ANIRAEREE N Ca R
P3G IR R R S R A M EEE SN T
(E2). FEFLEMIFLTTH, SYT 1/ENC (55
A IR 8% 5 15 5 ful BT 07 B X () FE Vi R o A,
SYT T /&M fire /b Bt/ N IR 1, B
WM F IC2 M RE NS AN Ca™ Z A, 24Ca> TR
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Wi, SYT [ REEFISNAREE &4 ik L [ PIP2
i, Wik EEROE R ERME. XTSYT
[ WOR BERE 1) T HLRIAEAE 2 P, X el it
IR 5Ca™ 4541, SYT1REN MU SNAREE & 14
IR, Bl 38 n pN BE2s ih B, Bl $r il BEV 5 50
JiEE ) g .

32 Y4 P SNARE & H B 5Bk

FEXT T BEREFN S I 7L, AR O T b B
W5 PR Rk LA FLab AL T2 A2 B Br. S Exocyst
S EMRMIEIZIRAL, Y SNAREE H 1455 [ 4
FAEZEINKEN. MErmERATSH6S
SNAREER, Horb RKE 75 F M O/ B8 SR s i Dy e, 1
R B P R PR L RS ™, E AT
b B 4 % 8 B — BUSNARE L ST RN, e @t
N FRFREMAEEESS T A2 EARN ER TR,
X e FE R (1) A AT F BU™ BRI EY A KK E G,
filan, AR IFH ISNARESE K SYP132(Syntaxin of
Plants 132)FMSYP111/KNOLLEFA 4> S5 Ji 73 24 B
Ba™, ARG ST = A syp124 sypl25 sypl31HITEMAE
HEKAFAE P EREST, SR R SYPI32ATAE M TR
88 R A AR B R MR R B 1 e 1T, ks R
SYPI1219878 SO S 5 e fa i ™, g I o
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Figure 2 The functional model of the cytoskeleton system modulating the fusion of secretory vesicles with plasma membrane. During the fusion of
secretory vesicles with plasma membrane (PM), a large number of complexes composed of actin and Myosin Il are recruited to the surface of
secretory vesicles, and the formation of this actin coating depends on Rho, formin, Myosin I, and the Arp2/3 complex in yeast and mammal cells. The
increase of Ca”' concentration is an important signal factor to induce the fusion of secretory vesicles with PM. Myosin Va binds to the SNARE protein
in a Ca2+-dependent manner. These proteins of the actin cytoskeleton system help the SNAREpin complex to complete the fusion of the two
membranes and finally release the contents of secretory vesicles. In plant cells, formins may play a role in the fusion of secretory vesicles with PM, but
the specific molecular mechanism remains unclear
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Advances in the study of cytoskeleton system regulating interactions
between secretory vesicles and plasma membrane
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Exocytosis is one of the most basic cell activities of eukaryotes, which is widely involved in many physiological processes in
organisms. The Exocyst complex-mediated directed tethering of secretory vesicles to plasma membrane and the SNARE (Soluble N-
ethylmaleimide-sensitive factor attachment protein receptor) protein-mediated fusion process are key steps in exocytosis, and there
are numerous regulatory factors involved. Previous studies have shown that the dynamic spatial distribution of cytoskeleton is closely
interacted with the tethering and fusion of secretory vesicles with plasma membrane: on the one hand, cytoskeleton provides driving
forces for the tethering and fusion of secretory vesicles with plasma membrane; on the other hand, tethering and fusion related
regulators can also influence the dynamic of cytoskeleton. It is of great scientific significance to explore the important role and
regulation mechanism of cytoskeleton in the tethering and fusion process of secretory vesicles to plasma membrane in eukaryotic cells
for the deep cognition of various physiological activities of cells including exocytosis. In this paper, we have systematically reviewed
the dynamic processes of the tethering and fusion of secretory vesicles with plasma membrane and emphasized the role of
cytoskeleton in these two processes.
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