Perynauma cnuaHua membpaH



NSF -SNAP-SNARE -complex
(20s-fusion particle):

e NSF - N-ethylmaleimide-sensitive factor
® SNAP- Soluble NSF-attachment protein

® SNAREs - SNAP’s receptors



NSF- rekcamep (6 x 75 k[a)

Senaerca ATZasoum, npu ruaponuse ATE
«passopauyusaeTcs»

AT®a3a
cBA3biBaloT ATO
~a
N 1 D2
N B3anmogeuncrBue y4yacTByeT B
s wsia” - co SNAP-SNARE- rekcamepusaumm
KOMMJIEKCOM

AT®d-3aBucMmoe ocBoboXxaeHue
M3 KoMnrekca

NSF -related proteins:

P97 - noctmutoTudeckaa cbopka annapara Fonbaxu; He
Tpebyer SNAP (in vitro)

Cdc48 - romoTunuuyeckoe cnusHue npu cbopke ER u
apepHou 060n0YKU

SNAP - a, p, v



v-SNARE

SNAREs - 18-47 k[la O/\ \/I

[eTeporeHHas rpynna membpaHHbIX 6enkos,
cnocobHLIX 06pa3oBLIBATL BLICOKOCTAOUNBbHbIE
K - K ;
OMNApPTMEHT -cneuugUuyeckue napsl  SNARE
3askopeHbl B membpaHe C NMOMOLbHO KOPOTKUX XBOCTOB

(6enkoBbIX UNU U3ONPEHUNbHLIX)

nepBoOHa4varibHaa kKnaccudukaumsa:
v-SNAREs - VAMP (vesicle-attached membrane proteins)
t-SNAREs - syntaxins;

SNAP25



NcxoaHas runoTtesa NSF
“20S fuswn particle”

a-SNAP
t-SNARE
v-SNARE

Trans-complex \ .

t-SNARE

v-SNARE

Cis-complex



Ho:

CKOpoCTb cnUaHUa membpaH ropasao BbIle, Yem CKOpOCTb
ruaponusa AT Ha NSF > 3Ta 3Heprus He moxet 6bITb
UCNONb30BAHA ANA CNAUAHUS

Ho:
1. HekoTOpbIe cTaauu obcnyxusarotca 6onee yem 2-ma SNARE

2. Hekotopbze SNARE obecneuusatot 6onee yem oaHy ctaauro
TPAHCNOpTHOro npotecca

Kak Xxe obecneuusaeTcsa

cNeuyUPUUYHOCTb CRUAHUA?



Ctpyxtypa SNARE
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Ocmamku XXUupHbIX
Kucsiom

bernkoeblie MeMbpaHHbIe y4acmKu



SNARE- komnnekc Haubonee ctabuneH, ecnu

06pa3oBaH «ny4Ykom» U3 4 cynepckpyYeHHbLIX y4aCTKOB
Takum 06pa3’om, YTO MpOTUB KIHOYEBOro apruHUHOBOTrO
octatka (R) nexar Tpu octatka rnyramuHa (3Q):

Q-R-runoresa: R+3Q
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Figure2: Architecture of yeast SNAREpins
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TTpumeper SNARE -komnnexcos

B A

Kak npasuno:
R - v-SNARE,
Q - t-SNARE

SYNAPTIC VESICLE PLASMA MEMBRANE

SYNTAXIN

SNAP-25

ER VESICLE ER VESICLE

MEMBRIN

| SEC22B

Fi1c. 11. Potential similarities between the ER/Golgi quater-
nary complex (boffom) and the synaptic ternary complex (fop).




Mammalian Yeast Structural N-terminal
SNARE ortholog mole Mammalian localization: functional role; notes; alternate names domain

Syntaxin la. 1b Ssol. 2p QJ-A PM: neurotransmission: enriched in neurons (sytaxin fa, SNAFP 25 VAMPZ) Hapco

Syntaxin 2 J-A PM: varied functions, e.g . sperm acrosomal reaction and platelet dense core Hagpc
granule exocyt. (W/SNAP-23); splice isaforms w' different PM domain and tissue
distributions

Syntaxin 3 Q-A PM; varied functions, e.g . apical delwvery in intestinal epith. and exocyt. in Hape
ribbon synapses

Syntaxin 4 QJ-A PM; varned functions, eg . GLUTA translocation in muscle/Xat and mast cell Hagpc
granule exocyt. and platelet o granule exocyt; binds synip

Syntaxin 5 SedSp J-A FR.VTCs. throughout Colgi: EFR — Golgi. intra-Colgi. endosome — Colgi?; partic. Hapco
in multiple. SNARE complexes (sytavin 5. mernbein, rbet 1, soc22 5y

Syntaxin 7 Vam3p QJ-A FEndosomal compartments: LE — L, homotypic LE and L. fusion, PM — EE? Hape
(syenaxin 7, visib, syivaxin 8. VAMP 8)

Syntaxin 11 Q-A LE, TCN: enriched in immune system: no TMD; palmitoylated? Hape

Syntaxin 13 PeplZp J-A FE. RE; EE and RE fasion and neural axon extension: binds pallid Hape

Syntaxin 16 Tigzp Q-A Colgi: ubiquitous expression: cytosolic splice variant lacks SNARE motil and Hape
™D

Syntaxin 17 Q-A Smooth ER: enriched in steroidogenic cells; two TMDs: bound to sec22b and rbetl Haec

Syntaxin 18 Lilelp QJ-A FR: homotypic ER fusion? ER — Calgi? C — FER? Hagec

vtila Viilp J-B Colgi: intm-Colgy?,. endosome — Colgi: SV variant vtila g involved in SV ?
biogenesis?

viilb QB Fndosomes,. Colgi: homotypic LE fusion, intra-Colgi?; E in middle of TNID ?

vtilc QOB MNot characterized: no TMID ?

wviild QB MNot characterized. no TMID ?

COSs-28 Coslp J-B Colgi: intra-Colgy Iate ER — Colgi?: binds CATE- 16207 ?

Membrin Poslp QB VTCs and throughout Golgi: ER — Golgi and perhaps intra- Colgy ?

Syntaxin 6 Tiglp Q- TON, endosomes. 150s, neutrophil PM: TON — endosome, [SC — endosome. ?
neutrophil exocyt . binds FIC and EEAL

Syntaxin 8 VamTp Q-C FE. LE: homotypic LE fusion, EE — LEE? ?

Syntaxin 10 Q-C olgi. TGN ?

rbetl Beatlp Q-C FER. VTCs: early ER — Caolgi. Golgi — ER? No

gsls Sielp Q-C Colgi: intra-Colgy? No

SNAP-23 Sectp Q-BC PM of most cell types, basolateral PM in acinar cells, pool in RE; CLUTA No
transloc.,. platelet L and a granule exocyt. and dense granule exocye., TR
cycling. mast cell compound exocyt: no TMD

SNAP-25 (o] o PM: regqulated exocyt.: neuron-specific: Cterminus binds synaptotagmin: no TND No

SNAP-29 Spozip 0Q-BC Several organelles; enriched in Colgi: many cell types: no THMID No

VAMPI, 2 Sncl, 2p R SVs, SOs. REs: regulated exocyt.: enriched in neurons: multiple splice soforms; No
also called synaptobrevin 1 and 2

VAMP3 R constitutive REs; RE — PM, eg., TR, possibly CLUTY translocation: most cell Nao
types: also called cellubrevin

VAMP 4 R TON, ISCs; TGN — LE?; hinds syntaxin 6 and synaptophysin No

VAMP 5 | 54 PM. peripheral vesicles: induced in differentiating myotubes: expressed in No
skeletal muscle and heart. not in brain: also called myobrevin

VAMP 7 Nyvlp | 54 LE. lysosomes. TGN, novel compartment involved in neuarite extension. Sim. to
endosome — L, homotypic L fusion. neurite extension and apical exocyt. in sec22b
polarized epithelia: also callecdd TIVAMP

VAMP 8 R FE. LE. apical RE in polarized epithelia; homotypic EE and LE fusion: also called MNo
endobrevin

sec2Zb Sec2Zp | B4 FR._VTCs. COPII buds; early ER — G C — ER?. COPII homotypic vesicle fusion? Prafilin

like
vkib YkiGp R Colgi?: Late ER — Colgi?: no TMD. prenyviated. =50%, cytosolic Proniihn
like
Tomosyn R Nerve terminals: nearotransmission, mast cell exocyt.: enriched in brain: binds ?

syntaxin 1 and SNAP-23/25. regulator or SNARE?
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Figure 1: Subcellular location of yeast SNAREs.
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Figure 1 | Subcellular localization of mammalian SNARESs. The mammalian SNARESs that



Takum obpasom, cneumnPUUHOCTL CNUAHUUA NOAAEPXKUBAETCA 3a
cYeT TOro, YTO KAXAOW CTAAUM TPAHCMOPTHOroO NyTU
COOTBETCTBYeT CBOU YHUKASIbHBIA KOMMJIEKC, COCTaBnsarolme
KOTOpPOro, OAHAKO, MOTYT MeHATbCA He MOSIHOCTbIO. 3TO, B CBOHO
ouyepenb, obecneymBaeT KeCTKyO MOCIeAOBATENbHOCTb
OTAesbHLIX CTAAUU OAHOro NyTW.

Hanpumep, Sed5p/Synb BxoamuT B COCTAB BCeX KOMMNIIEKCOB, peryimpyroLmx
CIUAHUA Ha BUOCUHTETUYECKOM MNYTU!

SNARE complexes including Sed5p / syntaxin 5

Complex May include Excludes | Transport step

Il 'll LN ) ll
Yeast Sec2?p Betlp SedSp Bosip Ykt€p

E 4 ER to Golgi
Mammals | |secoou}| rBet1 || Syn5 || Membrin | | mYki6 GOS-28
Yeast Sec2?p SedSp Gosip YitSp  Sftip

. y Intra-Golgi retrograde
Mammals | [.cecoon)| syns |[Gos-28 mYKt6 rBet1
Yeast ’ v .

YktBp  SedSp  Vtilp Gostp  Sftip Sec22p Intra-Golgi retrograde?

Endosome - Golgi?




Ewe oauH yposeHb KOHTpONa cnuaHUU membpaH:

CNOCO6HOCTb CUHTAKCUHOB K CNUSHUIO MOAAGBIEHa B HOpme B
pe3ynbrate B3GUMOAEUCTBUA C MPOTEKTOPHEIM Genkom
cemeucTBa n-Secl, KOTOpLIU NpenaATCTBYeT ero CNOHTAHOMY

nepexoay B <«aKTUBHYHO>» KOH(POpMaLUHO» L

Syntann charnges
cordormahon

Syntaxn 1awhen

\ Syntaxan 1a when parl
C  bound ko nSect of the SNARE complex

n-Sec1 - t-SNARE npomekmop; nodassisiem ckopocmsb criusiHusi 8 2000
pa3; e3-em ¢ N-KOHUOM CUHMAaKCUHO8



HecTeylowas moaensb perynauum CAMSHUA C NOMOLLBHO
SNARE-xomnnekcos

Membrane
fusion ..
hairpin

PeuyuknupoeaHue

v-SNAREs ‘

a-SNAP O

AHeprusa rugponusa AT® Ha NSF ucnonb3ayetca gpna gauccumauum cis-SNARE-
komnnekca. T.o. NSF gencrByet He A0, a nocne CNUAHUA MeMbpaH



Rab-6enku (Ras-related
proteins from brain)

Rab-6enku, HecomHeHHO, y4acTsyHOT B
perynauvm cnmaHua membpaH:

'A% -cea3aHHbIE UX POPMLI 61OKUPYIOT
TpaHcnopT, a [ T@-yS-cea3aHHbIE -
CTUMYNUPYHOT obpasosaHue CUNbHO
yBesSIMYeHHLIX KOMMApMeHTOoB



Rab-6enku (Ras-related proteins from brain)

Mantcie [T2a3br

KomnapTmeHT -cneungpuyHsbr:

HO: 60nbWMHCTBO KOMNAPTMEHTOB UMeloT 6onee Yem OAUH
Rab- 6enok

UaeHTugpuuuposaHo ok. 60 reHos y mnekonurtarowmx,

11 - B Apoxxax

BbICOKOKOHCEepBATUBHLI

lunepeapuabenbHbiti

BbiCOKOKOHCep8amueHbIl domeH
00{\4eH A

I \ \ + rn¢: GEF + 'TO:

\ T / nokanusoBaH (————— JFlOKanu3oBaH

B LUT
Hykneomud- Ocmamku LuTo3one GAP Ha MembpaHe

cesi3bliearowWull KapmaH

2epaHur-
2epaHusnbHoU
Kucsiomsl



Kaxabin Rab-6enok moxetr umeTtb 6onee oaHoro GEF unu GAP,
4YTO NO3BONsSEeT KOOPAUHUPOBATL TPAHCMOPTHLEIE MOTOKMU

Table 2 | Regulatory proteins

Rab/Ypt GAP GEF
Rab1 ? Cissa D
Rab3 Rab3-GAP @ ossibly
Eéal ][
Rabb Tuberous sclerosis 2 (7)) Rabexs
RMN-Tre RIN1, PLCyl
ER-to-Golgi Rab6t CAPcenA s

Raba ?
Rab10 ? CMssa)

Yptip 7 TRAPP"
Dss4p
Yptslp/s Gyplp. Gyp3p Vps9p
Vps2i1p
cekKpeuuns
Yptep GypZp RiclTp-Rigp1p
Gyp3p. Gyp4p.
Gyp6p
Yptip Gypdp. Gyp7p HOPS!
Secd Gyplp. Sec?2
3 6582 g.-'l'vldﬂ P. DSS4|F))
Gyp3p.

Gypa4p/Msbdp

"TRAPP complex: Trs20p, Trs23p, Trs31p, Trs33p. Tis65p,
Tr=85p. Trs120p. Trs130p, Bet3p, Beth p. 'THOPS complex:
VpsTIp, VpslEp, Vps1S8p, Vps233p, Vps39p, Vps41p.
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Figure 1 | Map of intracellular localization of Rab proteins. Summarizes the intracellular
localization of Rab proteins in mammalian cells. Some proteins are cell- {for example, Rab3a in
neurons) of tissue-specific (for example, Rab17 in epithelia) or show cell-type-specific
localization for example, Rab13 in tight junctions). (CCV clathrin-coated vesicle: CCF,
clathrin-coated pit; EC, epithelial cells: 1C, ER-Golgiintermediate compartment: i,
melancsomes; MTOC, microtubule-organizing centre: SG, secretory granules; SV, synaptic
vesicles; T, T-cellganules: TGN, trans-Golginextwork.)



Basolateral membrane



TTepebin umukn Rab-6enka nocne cuHTesa

q- M B- .
cyobeanHuubI Rab
repaHun-repaHun- .

REP (Rab

escort protein),
cyobeamHuua

repaHun-repaHun-
TpaHccepasbl

TpaHcdgepasbl

= /
o~

mMemMmbpaHa




Pabouuu umkn Rab-6enka S
GAP

V4 }‘ =
6

6 (GDI (GDP dissociation
inhibitor)

™
I

Target membrane

(GDI displacement factor)

1
Miaponus MTE He HyxeH Ana cnuaHua membpaH



Ho kak xe KoHkpeTHO OHU paboTtatroT?

OtseT 61N NONyYeH NO Mepe HaKONseHUs

AGHHBLIX NO UAeHTUPUKauum benkos,

CnNocobHbIX B3aUMOAEUCTBOBAGTbL C

AQKTUBUPOBAHHBLIMU Rab -6enkamu



MHoxecTso napTHepos Rab-6enkoe npeacrasnator
cobou komnnekcol 6enkos, BLICTPOeHHbIE NIUHEWHO,
unu 6enku, obnaparowme NUHEUHLIMU FrMOKUMU
AOMEeHaMMU .

STU NapTHepLI Y3HAIOT aKTUBUpOBAHHbIe Rab-6ernku

Table 1 Recently described tethering and docking interactions

Event GTPase Tethering/docking factor ~ Comments

Endosome fusion Rabb EEA] /Rabaptin Homotypic interaction —
(mammalian cell)*”

Golgioprevacuole (yeastf — Ypt2l Vacl Vac] Inks vesicle to Sec homologue Vpsd5 at the target e
ER-toGolgi (yeast™* Yptl Usol /TRAPP TRAPP s at the target: not yet known if Usol interacts with TRAPP -y
Intra-Golgi (mammalian™* Rabl' 1 15/giantin/G1 30 Giantin s on the vesicle; GM130 and p1 15 are on the Golgi -y
Secretory vesicle to Secd Exocyst Exocyst inks vesicle with target: Sec3 marks release site; Sec15is

plasma membrane {yeast)” recrulllted by the GTPase Sec% =%

" Rabl i important for intraZGolgi banspart but it is not yet known to which docking factor itis inked.




Cekpeuusa: Sec4 u Exocyst

CnusHue cekpeTOpHLIX Ny3sbIpbkos ¢ TIM
NpoOUCXOAUT TONbKO B Tex aomeHax TTM,
rae nokanusosaH Exocyst

Wilde type

. fusion .

T
K

Plasma membrane

frenas in

FIGURE 3

wology




3askopusaHue COPI-pesukyn (TpaHCNOPT mexay LMCTepHaMU
Fonbaxu):

Rabl- 6M130/p115

iy
4
//
o 4

trends in Cell Biclogy

FIGURE 2
Protein interactions involving GRASPES,

> 533, 7|['~.|l ::‘ ), I'I I r“ -'”I‘I
giantin mediate the tethering of COP| vesicles to the

Golgi membrane



FomoTunuuekoe cnusHue paHHUX 3HAOCOM:
Rab5 - EEA1 (early endosome’s autoantigene 1)

g‘l‘l.gtlvalent Endosome largeting by Homodimernc EEAT

A Tandem

a Ins(1,3)P, Lysines (1 3)p,
PRIt s o -1 g1 2= INurret

Loop 8.2 § } 3'. paS ¢ Loop
| :
> )
[g\’\"ﬁ\’“- - > " FYVE o
omain \ o
Domain " .
[5]

=|~'\‘\|-' Rabs 5D %) PA . ==
EEALI Rab5 Ptdins(3)P  SNAREs



3T 6enku unu 6enkoBble KOMMEKCLI NOSYYUNU Ha3BaHWe

tethers (ot «npueasb», «KoHOBA3bL>>)

PaboTaroT kak apkaHbr, ocyuiecTenaa saskopusaHue (tethering)
MeM6paHBI Ha MepBO CTAAUU CNUSHUA, KOTAa PacCTosHUE mexay
Ny3LIPbKOM U MULLeHbO ellle Benuko (okono 25 HM) - T.e.
ABNAOTCA (PAKTOPAMU AUCTAHLUOHHOTO B3AUMOAEUCTBUS

CTabunusmpyrotr membpaHsr ana aanbHeuwero conuxerua (< 10 HM)

b AR _

(a) Tethering (b) SNARE engagement (c) Fusion

TRENDS in Cell Biology




Rab-6enku u/unu ux gaxktopsl AUCTAHUMOHHOTO B3GUMOAEUCTBUSA
MOryT y3HaeaTb cootBeTcTByrowme SNARE, tem cambim

KOOPAUHUPYS B3AGUMOAEUCTBUS «BE3UKYJIa-MULLEHb»

Membrane SNARE
Tether type Putative tether  Localization Rab receptors interaction
Large COG/sec34/35 early Golgi Rab1/ nd nd
complex Yot1
Coiled-coil P115/Uso1, early Golgi Rab1/ GRASPG5, syntaxin 5,
GM130 Ypt1  Giantin GOS-28
Large GARP/VPS 51/ late Golgi Ypt6  nd Tig1
complex 52/63/54, VFT
Coiled-coil EEA1 endosomes Rab5 PI-3P and syntaxin 6
others?
Large Class CVPS  yeast vacuole Ypt7  nd Vam3
complex complex/HOPS
Large Exocyst plasma membrane  Sec4  Rhot, CDC42 nd
complex (polarized secretion) and others
Coiled-coil? Rim 1 plasma membrane Rab3 nd SNAP-25

(active zone, neuron)




Ponb Rab-6enkos He orpaHuuusaeTca perynauven
CnuaHus.

1. Rab-6enku, kak npasuno, BCTPAUBALOTCA B Be3UKyJly elle Ha
cTaauu ee (POpMUPOBAHUA 3a cyeT ceasu nmbo ¢ v-SNARE, nubo c
3NeMeHTaMM oKkaumneHusa, nubo ¢ peuentTopamu rpysos

Ho accouuauua axktusmupoeaHHoro Rab-6enka moxeT npoucxoauTb u
nosxe, yxe nocrie otaesneHUa TPAHCNOPTHOU Be3UKYSbI OT AOHOPHOU
membpaHbr (Rabb)

T ==c=
|_| M Invagination

.--':.:>- - @ —_ SN

7 Rab5 %

;7 Coat assembly

'_] ‘
Clathrin
=
% Adaptors

r Receptor—ligand complex ™T Adaptor complex

QS Clathrin & Rabs

Current Biokbay




2. Rab-6enku B3aUMOAEUCTBYHOT C LUTOCKENeTOM B
nepeasuxeHUa TPAHCNOPTHOU Be3UKYJSILI

npouecce

Table T

Microtubule-based motors.

Table 2

Motor Rab Organelle
Rabkinesin-6 Rab6 Golgi-derive
RB6K/Rab6-KIFL vesicles
Unknown, minus- Rab5 Early endos
end-directed kinesin

Rab33b-EP Rab33b Golgi memb
(kinesin homologue)

. Dynein /RILP Rab7 EE, LE

Actin-based motors.

Motor Rab

Organelle

Myosin Va Rab27a

Myosin Vb Rab11a,

11b, 25

Myo2p Secdp
(Sec2p)

Melanosomes
lytic granules

Pericentrosomal
recycling
compartment

Secretory vesicles

IMT

Rab27a-GDP

melanosome (or myoVa )

Fic. 4. Schematic representation of the tripartite protein com-
plex responsible for melanosome transport. Rab27A is associated
with the melanosome (15, 19, 42). Slac2-a binds the GTP-bound form of
Rab27A through its SHD (Fig. 1) (13) and also directly binds the
globular tail of myosin Va through the C-terminal domain (Fig. 3). The
head (motor) domain of myosin Va interacts with actin filaments. Thus,
the tripartite protein complex of Rabh27A, Slac2-a/melanophilin, and
myosin Va is essential to the capture and local movement of melano-
gomes in the actin-rich cell periphery (25).



3. B npouecce 3aakopusaHua Rab-6enok (GTP-
CBA3AHHLIW) cnocobeH CHUMATb MPOTEKTOPHLIU 6enok
n-Secl ¢ +-SNARE v aktusupoeaTtb ero ana yvyactus B
obpasosaHuu SNARE-rkomnnexca

a Sec1 homeleques bind Rab effectors
Rab effector removes negative regulation




Rab-6enku:

1. YuacteyroT 8 pOpMUPOBAHUU TPAHCNOPTHOU BE3UKYIIbI
(3a cuet B3aumoapeucteua co SNARE, okammneHuamu
u/vnu rpysamm)

2. YJyacTByOT B ee nepemellieHUU K membpaHe - mULLIEHU
(3a cueT B3GaUMOAEUCTBUA C LIMTOCKENeTOM)

3. Onocpeayrot 1-r0 pasy cnuaHua, crabunusmpys
Be3UKysly HanpoTUB MeMbpaHbI - MULLIeHU

4. Axtusupytot 1-SNARE, yaanaa nporektopHbiu 6enok,
moryT B3aumopeuctsoeatb co SNARE (kak v-, Tak u
t-)

me. monbko 3+4 - yyachwme B perynayuu crvsaHUs



Table 1| Rab proteins and their effectors

Rab

Rab

Rab3

Rab4

Rab5

Rab6

Rab8

Rab9
Rab11

Rab13

Rab function

* ER-Golgi transport

» Rab3a: synaptic vesicle
and chromaffin granule secretion
» Rab3b, c, d: requlated secretion

» Localized to early/recycling

endosomes

» Role in sorting/recycling in early
endosomes

« Ligand sequestration at plasma

membrane

« CCV-EE and EE-EE fusion
» Endosome motility

* Retrograde Golgi-ER and
intra-Golgi transport

* TGN-plasma membrane traffic
(basolateral in epithelial cells)

* Late endosome to Golgi

« Recycling through perinuclear
recchg endosomes
» Plasma membrane-Golgi

traffic

* Involved in the formation of the
tight junction

Rab33b - Intra-Golgi transport

Direct Effector function
effector
p115 = Tethering

» Sequestering SNAREs
into budded vesicles

PRAT » Rab receptor (proposed)

Rabphilin-3 = Potentiates fusion

RIM1 « Membrane fusion

RIM2

Calmodulin -~ = Confers calcium sensitivity
to protein interactions

Rabaptin-5, -« Activates Rab5 through
Rabaptin-5p  complex with Rabex-
Rabaptin-4 = Implicated in protein
sorting and recycling
Rabaptin-5 = Stabilizes Rabex-5
Rabaptin-5p  recruitment

EEAT « Tethering, core fusion
component

p150 « Class Il PI(3)K regulatory
subunit

p110p3 » Class | PI(3)K catalytic
subunit

Rabenosyn-5 « Required for CCV-EE
and EE-EE fusion

Rabkinesin-6 = Vesicle motility
» Cytokinesis

RabgIP = Stress-activated protein
kinase

p40 « Stimulates fusion

Rab11BP *» Unclear

&-PDE * Extracts Rab13 from
membrane

Rab33b-BP = Probably requlates motility of Rab33b-GTP

Rab33 vesicles

Rab
specificity

Rab1-GTP

Rab1
Rab3
Rabdb
Rab5a
Rab5c

Rab3-GTP

Rab3-GTP
Rab3

Rab4-GTP
Rab5-GTP

Rab5-GTP
Rab4-GTP
Rab5-GTP
Rab5-GTP
Rab5-GTP

Rab5-GTP
Rab4-GTP
Rab6-GTP
Rab8-GTP

Rab9-GTP
Rab11-GTP

Rab13

Effector Partner features

partners

Giantin » Tethering of COPI-

GM130 coated vesicles to
Golgi

VAMPZ « v-SNARE involved in
bilayer fusion

c-actinin = Crosslinks actin filaments
Rabaptin-5 into bundles
» Stimulated by Rabphilin-3
interactions
= Also binds Rabaptin-5, an
effector of Rabs and
Rab4

RIM-EBP1 = Contains fibronectin type i
repeats and SH3 domains
Many * Multiple functions

Rabex-5  « Nucleotide exchange
factor

Rabex-5 = Nucleotide exchange factor

Rabphilin-3

Syntaxin13 « t-SNAREs essential for

Syntaxin6  bilayer fusion

hVps34 » Class Il PI(3)K catalytic
subunit

p85-a » Class | PI(3)K requlatory
subunit

hVpsd5 » Regulates SNARE complex
formation or disassembly

Microtubules

msSec13 = Coat component of COPII
vesicles



Rab-6enku B aApoxxax:

Yptlp  « ER-Golgi Usolp
Yp1p-Yifp
complex

Secdp  + Delivery of TGN-derived Seclsp

vesicles into the bud

Ypto1p/ -Golgl -endosome and plasma ~ Vaclp

Vps21p membrane-endosome transport

Yptip  + Vacudle fusion Vamzp-
Vamep

* Tethering of ER-derived
vesicles

. thGTPase binding to the
-Yif1p complex

essenﬂal for veSIcIe docking

and fusion

* Tethering through interaction

of vesicular Sec15p and

Sec10p with target complex

inthe bud
* TGN-Golgi transport

+ Tethering and nucleotide
exchange activity

* Budding of AP3 vesicles?

Recruitment
requlated by

Yptlp

Yptl
\%B?p
Secdp

Secdp-GTP

Ypts 1p-GTP

Yptip-GTP

Exocyst

Vpsd5
PFe)p1 ZB

HOPS
complex
Yam3p
SNARE
complex
d-adaptin

* Integral membrane protein
* Possible receptor and
GDI-releasing factor

* Marks the site for
docking or fusion

* Requlates SNARE complex
formation or disassembly
* Pep12pis a t-SNARE

* Links SNARES with Ypt
activation

* Marks the site for
tethering/fusion

* AP3-vesicle formation
at the Golgi

(CCV, clathrin-coated vesicle; EE, early endosome; ER, endoplasmic reticulur; PDE, phosphodiesterase; PISIK, phosphainasitol-3-OH kinase; SH3, Src homclogy
region 3 domair; TGN, trans-Golgi network; Vamp, vesicle-associated membrane protein.)



CnuaHue npoucxoaut B 3 asbr:
1. Tethering (> 20 nm), Rabs
2. Docking (<10 nm), SNAREs

3. lipid bilayers reorganization

L)

L]
AN
D IR

(a) Tethering (b) SNARE engagement
(docking)
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Figure 5 | Model of SNARE-mediated lipid fusion.
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B kauectse «HOcutens» ana peopraHusauuu NUNUAHBLIX
6bucnoes moxert BbIicTynatb Vo-cybbeauHuua
BE3UKYNApHOU NPOTOHHOW nomnbr V. ./ V

298 MAYER

Figure 2 One possibility of a pore model for fusion ( Almers 1990). Integral mem-



He Bce cnuaHua B knetke onocpeaytoTtcs
NSF-SNAP-SNARE-cuctemom:

TTepokcucombr u mutoxoHapum He umetrot SNAREs (u Rab),
HO TeM He MeHee CNOCO6GHLI K FOMOTUMUYECKOMY CIUSHUIO.

Bupycbr umeror cesoro mawuHepuro ana obpasosaHUa NOp CAUSHUA

B C
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Fusion
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Figure 1: Schematic representation of the conformational changes in HA and their consequences for fusion. Box {(Al: neutral
pH structure of HA, showing the numbered trimers (in the backaround}, and part of the HAZ monomers, corresponding to the TEHA2
structure, drawn attached to the fusion peptide and the membrane anchor, in the foreground. Ears represent »-helices. (B} Proposed
low pH structure of HA at 0°C, with the fusion peptide on the outside of the protein near the viral membrane, without dissociation
of the top of the trimer. (C) Possible position of this structure during fusion. (D) Conformational changes at low pH, based on the
structure of TEHAZ, showing the transformation of loop b into a helix, formation of an extended coil, the reversal of part of helix a,
and the dissociation of the top of the molecule. {D) Possible position of the TEHA2 structure during fusion; lacking information, the
HA1 subunits are not shown, although they would remain attached to HAZ2.
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Possible Scenarios during Fusion of Two Big Vesicles with a Large
Contact Area (Shadad)

1. Radial expansion of a single central fusion pore.
2. Radial ex pansion of multiple, randomly scatterad fusion pores. If

all pores axpand radially. small pieces of the connacting doubla-
membrane layer are expectaed to be left in the lumen.
3. Expansion of fusion poreas alignad along the rim of the connected

araea. A central membrane disk is excisad.



Ca®* u cnusHue membpaH

KoHueHTpauusd
Ca®*

10M

3HO0COMbI/

JIN3OCOMBbI

50-z00,10° M

CyluecTByeT MHOXeCTBO MOHHBLIX KaHanoe (KaKk perynupyemsIxX, Tak U KaHanos
yTeuku) U TPaHCNOpPTepoB, CENEeKTUBHLIX MO OTHOWEHUHD K KanbLuUio

B pesynbTate Aaxe MaccupoBaHHbIA BxoA Ca’* moxeT 6bITb 6LICTPO
HUBENMPOBAH 3a cYeT ero BbIbpoca B OKpyxXarowyro cpeay u obpaTHoU
3aKa4yku B Aeno.



Kanbuuia yuacteyet B perynauuvm

® CIIMAHUSA CUHANTUYECKUX MY3bIPbKOB C NPecUHaNTUYeCKOU
membpaHoum

@ CNVSHUS 3K30UMTO3HBIX Ny3bIpbKoB € TTM B cnyyae perynupyemots
ceKpeLum B 31eKTpOHeBO36YAMMBIX KNeTkax

e "omoTunuyeckoro cnmaHum COPII-sesnkyn

CNUAHUSA SHAOCOM ApYT C APYTrOM U C JTIU30COMAMMU

¥

Cnoxunoco npeactassfieHneE O TOM, YTO BCe MNMpoLecChr
CNUAHUA ABRAFOTCA KANbLIUA - 3GBUCUMBIMU

¥

370 npeanonaraeTt CylecTBOBAHUE YHUBEPCANbHOrO MOMEeKynapHOro
MeXaHU3Ma, € NOMOLWbO KoToporo Ca®* perynupyeT cnusHue memb6paH

OpHAKO, TAKOro mexaHusma A0 cux nop He obHapyxeHo



BAPTA n EGTA — «ObICTPbIN» U «MeANeHHbIN» XenaTopbl Kanbuus

B KOHUeHTpauun 10 mM BAPTA racut TMnmn4HbIn KanbuMeBbIN rpagueHT 3a
0,3 MUKpOCEKYHAbI

EGTA - 3a 1,2 munnucekyHabl

ObICTPbIV XenaTop nogasnsaeT cnusHusa aHgocom n COPII-Be3unkyn, Torga Kak

MeOS1EHHbIN — HET ‘

ans addPEKTUBHOIO CNUSIHMSA NoBbILLEHNE YpoBHSA Ca2+ TpebyeTcs Ha BpeMs
MeHbLle 1 MUNNUCEKYHObI.

MCTOYHUK Kanbuusa (T.e. OTKprTbI! KaHan) AormkeH HaXoAUTbCA Ha
paccTtoaHuu nopsaka 20 HM oT 06bekTa BNUAHUA

Cnunanun nayT 3a cyet JIOKAJIbHOIO NOBbLIWEeHUSA ypoBHA Kanbuus

OOBLEKT BNUSAHMUSA - MaLLIVIH!pI/IFI, CBfi3aHHasA CO ClIiussHUuem,



TTpu AelcTBUU POCTOBLIX (PAKTOPOB, 3aNYCKAFOLUX MEXAHU3M
OMYyCTOLWEHUS BHYTPUKNETOUHBIX Aen0, «BCe AOJIKHO CIIUTbCA CO BCEM>,
Yyero He NPoOUCXOAUT B AeUCTBUTENbHOCTU

ToranbHoe nosbIlweHUe YpOoBHA KanbLuUs
N\

INokanbHoe nostIlweHue ypoeHA MoryT obecneumsatb camu BesuKynsl 6naroaaps
HaNUUUIO B UX MembpaHax KanbLueBbIX KaHANos

—>




MuULeHU U MexXaHU3MbI AeUCTBUA KanbLuma?

f'MnoTte3a: poknHr komnnekca SNARE ctumynupyet Bbiopoc Ca2+, a OH,
B CBOIO oyepenb, akTuBupyeTt Hekne Ca?*-cBaisbiBatowme 6enku,
KOTOpble U peryrsiupyroT criusHue.

1. B cuHancax:
CvHanToTarMmH —
nmeer 2 Kanbuun-ceasbiBarowmx C2-noMeHa,

ctaobnnusnpyet SNARE-komnnekc 4o MOMeHTa Bbibpoca Ca2+ yepes
accouumupoBaHHbIn co SNAP25 kaHan,

nocne 4yero cBsizbiBaeT Ca2+ 1 nameHsieT CBOKO KOH(hopMaLuio Takum ob6pasom,
YTO YAaCTUYHO NOrpyxaeTcA B MemMbpaHy, cnocobCcTBYA ObICTPOMN
peopraHMsauum nunnaos.

Cam OH nocrie 3Toro AUCCOLMUPYET, YTO U NpeKpaLlaeT AanbHenLwne CrUsHUS.

NMo3ntunBHanA perynauuna CrimaHnA



2. Ha aHpocomax:

HRS - (komnoHeHT copTupyrowero komnnekca ESCRT0, Heo6xoaumoro ansa
HanpaBlieHns rpysa B IM30COMbl)

Hanpsamylo B3aumogeucteyeT ¢ Q-SNARE SNAP-25 3a cyet cBoero SNARE-
noaoOHOro AoMeHa, npenaTcTByYA POPMMPOBAHUIO KOMIMJIEKCA CIIUAHUA C
cuHTakcuHom-13 u noaaBsnaa cea3biBaHue ¢ R-SNARE VAMP2.

3TO MHFIMOUTOPHOE B3aumMoaenucTBUE CcyLlecTBYeT A0 TeX Nop, NokKa He
NpoucxoauT BbIOPOC KanbLUusa U3 3HOOCOM, B pe3ynkraTte Yyero HRS
BbICBOOOXAOaeTcsA U3 KoMnnekca, oceoboxaana nytb ana SNARE-onocpeayemoro
CIIUSIHUA.

Bpems Bbiopoca Ca2+ n3 aHAocom, B CBOKO oyepeab, onpeanensercd MOMEHTOM
AOCTUXeHUA onpeaeneHHoro ypoBHSA pH (6,2 — 6,7) 3a cueT paboTbl BaKyonsipHOun
NPOTOHHOW NOMNMbI U ocyLecTBrnsAeTcA Yepe3 pH-4yyBCTBUTESNIbHLIN KanbLuueBbIN
KaHan

Taknm obGpa3om, B AaHHOM cly4vae KasribLMeBbIW CEHCOP CKopee ABnAeTcs
NPOTEKTOPOM HECAaHKLUMOHUPOBAHHOIO CIIUAHUA, KOTOPOE MOINo Obl MPONU3ONTU U
B OTCYTCTBME KalibLUA.

HeratnBHas perynauuna CrinaHus



3. Ha GMocuHeTMYeCKOM NyTU KOMMNOHEHTaAMN TPAHCNOPTHON MaLUNHepUu,
3aBucumomn ot Ca2+, okaszanucb HekoTopble 6enku okanmneHunn COPI n COPIL.

CBAi3biBaHMEe KalibLuuA CTaOUNMU3UPYeET 3TU OKaUMITIeHUS.
Kak 3TO MOXeT NOBNMUATb Ha CINUAHUA?

Bo-nepBbix, cTabunusayuna okanMneHMm MoXxeT CnocobcTBoBaTb
cdhopMMpOBaHNIO TPAHCNOPTHbIX NY3bIPbLKOB UIN NPENATCTBOBaTb UX
OOpaTHbLIM CITUAHUAM.

Bo-BTOpbIX, AaXe Ha cTaauu B3aumoaencteua ¢ ERGIC Besukynbl MoryT
COXpPaHATb YacTb OKaMMJIeHUA, OAHAKO U B 3TOM CJlyy4yae Herlb35l cKa3aTb,

WHIMOUTOPHOE UK CTUMYNMpYIOLLEe AeMCTBUE Ha CNUSIHUA OyaeT oKa3biBaThb
Ca2+.

UTaK,

@ YHUBepcanbHOro MexaHu3mMa perynsuum KanbumemM CrimsHus
MeMOpaH He cyLuecTBYeT.

@ HeKoTopble CTaaAuN TPAHCMOPTHLIX NPOLIECCOB, HanpuMep, TPaHCMOPT
u3 3MP B ERGIC, B otnuumne ot cnuaHum mexay ERGIC u AT, He
noaasnaroTcsa BAPTA-AM — Ha HEKOTOPbLIX NYTAX CAAUAHUA MOTYT He
3aBUCETb OT Kanbuus



Ewe oaHa yHkumua Rab-6enkos -
OpraHu3aumsa (PYHKLUMUOHASIbHBIX AOMEHOB
Ha membpaHe opraHessibl

Figure 2 | Model of Rab domains on endosomes. Studies
of Rabs5, Rab4 and Rab11 tagged with green fluorescent
protein (GFP) have shown that these Rab proteins are
compartmentalized within the membrane of early
endosomes™. Cargo flows sequentially through these
domains as indicated by the amows. The Rab domains ako
have a specific distribution and different pharmacological
properties®. We propose that. similarly to the Rab5s effectors,
Rab4 and Rab11 effectors are clustered in defined areas of
the endosome membranes that are linked to each other
through bifunctional Rab effectors.




SpekTopsr Rabb - pabanTuH4 — 2 cauta

cBA3biBaHUA ¢ Rab5 n Rab4
PabanTuH5, pabanTtuH5a, -

cTabunuanpytor cBA3b Rab5 ¢ Ho Rab4 cBs3saH c
noanepxusas Rab5 B akTuBnpoBaHHOM PeunKknupyrowmmmn Be3uKynamm, T.
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MHoxecTBO 3HAOCOMHbIX Rab-6enkos, cobpaHHLIX B cybaomeHst,
oTpaxaeT MHoroobpasue cCOpTUPYHOLUX (PYHKLUU SHAOCOM, a Takxke
MHoroobpasme ux poneu

Table 1. Endosomal Rab proteins

Rab [ntracellular Localization Function References
Rab4  Earlyand recycling endosomes Endoeytic recycling to plasma membrane Daro et al., 1996; Mohrmann
and van der Sluijs, 1999
Rab5  Clathrin coated vesicles and early endosomes Endoeytic internalization and early endosome fusion  Bucei et al., 1992; Gorvel et al., 1991
Rab7  Lateendosomes Transport from early to late endosomes Feng etal., 1995; Gorvel et al., 1991
Mukhopadhyay et al., 1997:
Vitelli et al., 1997
Rab9  Lateendosomes Transport from late endsomes to the trans-Golgi Lombardi et al., 1993:
Riederer et al., 1994
Rabll  Golgi and recycling endosomes Export from the Golgi via endosomes, apical and Chenetal., 1998: Duman etal., 1999:
basolateral endocytic recycling Goldenring et al., 1996; Ren et al.,
1998; Ullrich et al., 1996:
Urbé et al., 1993
Rabl5s  Early and recycling endosomes [nhibitor of endoeytic internalization Zuk and Elferink, 1999
Rabl7  Epithelial specific: apical recycling endosome Transport through apical recycling endosomes Hunziker and Peters, 1998;
(see also text) Zacchiet al., 1998
Rabl8  Epithelial specific: kidney dense apical tubules Uncharacterized Littcke etal., 1994
and basolateral domain of intestine
Rab20  Epithelial specific: kidney dense apical tubules Uncharacterized Littcke etal., 1994
Rab22  Endosomes and plasma membrane Uncharacterized Olkkonen et al., 1993
Rab24  Endoplasmic reticulum, Golgi and late endosomes ~ Uncharacterized Olkkonen etal., 1993
Rab25  Epithelial specific: apical recycling endosome Transport through apical recycling endosomes Casanova etal., 1999

(see also text)
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Localization and function of Rab proteins in yeast and mammals

Protein Localization Function References
Secd post-Golgi vesicles. plasma membrane Golgi to plasma membrane transport [72-74]
Yptl ER. early Golgi ER to Golgi. intra-Golgi transport [48.75.76]
Ypt3l, Ypt32 Golgi? intra-Golgi, Golgi to vacuole transport? [66]
Ypt5l, Ypts2, endosomes transport in early endocytic pathway (77

Ypt53

Ypt6 intra-Golgi, Golgi to vacuole transport [65.67]
Ypt7 transport in late endocytic pathway., [78-80]

RablA, RablB
Rab2
Rab3A

Rab3B

Rab3C
Rab4A. Rab4B

Rab5A. RabSB.
Rab5sC

Rab6
Rab7

Rab8

Rab9
Rabl0
Rabll

Rabl2
Rabl3
Rabl7

Rab24
Rab27

intermediate compartment, CGN
intermediate compartment, CGN
synaptic vesicles, secretory granules

synaptic vesicles?

tight junctions of polarized epithelial cells
synaptic vesicles

carly endosomes

plasma membrane, clathrin-coated vesicles.
carly endosomes

medial/rrans-Golgi, TGN
late endosomes

post-Golgi basolateral vesicles, tight junction
in polarized cells

late endosomes. TGN

Golgi and post-Golgi vesicles

TGN, recyeling endosomes. post-Golgi
vesicles

Golgi complex?

tight junctions in polarized epithelial cells
basolateral plasma membrane in epithelial
cells, apical endosomes

ER. cis-Golgi. late endosomes

retinal cells

homotypic fusion of vacuoles

ER to Golgi and intra-Golgi transport
ER to Golgi transport

regulated exocytosis in neurons and
neuro-endocrine cells

regulated exocytosis in neurons?

92

similar to rab3A?

recycling from early endosomes to plasma

membrane

plasma membrane to carly endosome
transport

fusion of early endosomes

intra-Golgi retrograde transport?

carly to late endosome transport

late endosome to lysosome transport
Golgi to basolateral plasma membrane
transport in polarized cells

late endosome to TGN transport

?

transport through recycling endosomes
endosomes to TGN transport?

?

?

transcytosis?

[45.47.49.81-83]
[47.84]
[3.4.85.86]
[87.88]

[89)
[90]

[84.91-95]

[54,55,57-59.61.63]

[96.97]
[98.99]

[100,101]
[68]
[102.103]

[104]
[105)
[5]

(104]
[106]




