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Abstract: As a member of the Ras superfamily, Rab proteins are small GTP-binding proteins. In the process of endocytosis of macro-

molecules and substances delivery between organelles, Rab proteins act on vesicle formation, transport, tethering and fusion by

recruiting their effectors, therefore being key regulatory factors in vesicle trafficking. Disturbance of localizations and functions of

Rab proteins and their effectors are involved in the pathogenesis of several diseases. This review focuses on the main functions of Rab

proteins and their possible roles in the onset and progression of neurodegenerative diseases including Parkinson’s disease, Alzheimer’s

disease, and Huntington’s disease.
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1 RabZEERITNEE

Rab ZE 5 H e+ GTP Mi—Ff, 7EHuES
KRS B, 5 GTP 454 N 4T HIEIRE,
55 GDP 45 & Ak TR IRAS B GDP 22 #ly GTP
Al ffi GDP 454 % Rab #4628 GTP 454 %! Rab, X
— Ak B S N A A R AC 8 (K F- (guanine
nucleotide exchange factors, GEFs) f{£ 1k, ; GTP /K fi#
1% %% % A (GTP hydrolysis activator proteins, GAPs)
il GTP /Kfi# 7y GDP, MTHF GTP 454 A Rab #1L
N GDP #5471 Rab '), GDP & GTP 4547 Rab 2
) 4 R 1) 22 A2 BEAE AN X 3, TR TR R
II, 5 GDP &5i& i, JFRXEEARIFTEN, 5 GTP
Siany, FFRXIBA MMM, Aek st SRk
RiEEH (AheEE. BiEE. Bl R, &
BT 745 ) g5 4 B, i R FE AR

Rab &5 H & 1 EBOE 5 K35 IR & Z R 4,
SRR 5 R 2 1A 7E3F 7, Rab 2 B BEEER C
ity 7 A2 R AR AN AT 00 ) e 3 s A A T B 1
WEZME Y, Rab ARG RS, S5 Rab
$11% % A (Rab escort protein, REP) 45 &, 4k 1 ¥
Rab [ 2 3 45 7 M I 5= 5 # 1§ (geranylgeranyl-
transferase, GGTase) #4757 % Mtk S )5 7
IR LI Rab #3% EREME P, 7E— R0 R H e
5, Rab H5 B EARES Tk, DARTE M2
e Y, BN Rab3 HAEE [ it 5t
BEIEFRE, K AT HH] GDP RIf# B, #iFK N GDP fi#
B9 41 771 (GDP dissociation inhibitor, GDI) ", GDI
R5 5 2@ H & 1% 1) GDP 454 4! Rab & H
HEEMS), X T Rab & A RIS 5 It
L4 GAPs K3 i A4 MU - gl s V',

Rab &5 [ 7 o7 T o B R0 14 40 B 2% ( P9 J5 X
FUREAR . AR, VERRARSE ), e MR ) A
LA R s R Y, 25N FR1E. Rab
EEEEE M, WP ARPBES 4, DUk
7 “TRY7 Wl IE R b3S S 40 i Py 4 s A L B 12
FER >4 ot 1t N A M )k R v, R e e AR D A
#HH W7 (clathrin-dependent endocytosis, CDE) FlIA
¢ 51 /A ¥ B 11 A % (clathrin-independent endocytosis,
CIE) M XL LA 380 . N ARZRIES ARG,
HEN AR U NN IR R — RS, Ak
FECE T ST R R FE IR E5 42 (trans Golgi network, TGN),
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A A A B A, FEOEIR PIAA 1Y, Rabs.
Rab4A. #kE B M2 LR RSN AR 1
(early endosome antigen 1, EEA1) " % i\ Jy & 5. 1
WARRIFRICY), BN AR B Bk Ko T B
BN 3. N A SRV P A 3R i AT A
Rab5, HFZEILE Rab RV & H EEAL IFEHI N S
R MR G, —HREG, “0W” #ANNEE,
JEESZ AR TR I EIA NA (EEEPEME AL D,
H R YL B B3I 404 Rab11 M) 3R [ 21 5 [,
EHN T —R N B, B AW =R
BEFRIC, FEHE201% 2105 s NV (intraluminal vesicles,
ILVs) "7, ILVs fE AR R R, AR I 4L R IE 25
KA, TN AR BRI ARy 2 ik
(multivesicular bodies, MVBs), B[l i ] Py &, 1L i
Rab5 4 Rab7 8% ", [T Rab7, i&f5 Rab9. HF&
Wi -6- T2 52 4 (mannose-6-phosphate receptor, MPR)
PN A AR R RR e MY N IR R A SR
B fRRL A, 4 ILVs BEJRNEBEAA S, Ko Y0
WK RN AIEIR . MR BoKAE YD, B4 f B R
FI ™. 1 CDE J¥ R i) P 77 ZE 3 9 4% 25 1 60
S S e S E=Rer?/ ) S 2 2 WAL S P
ShsedE AR ik T KR E TR, RE
WRLL <A Moy N AR “ i
A S AR AN A AR AT ik, AR SR T
e i BRI AR, B IR BT U B e A Y A s 42
Al F)5E TGN P w4 A 0E v] 5 R Bl &, 8
ILVs [A1ZH A3 , BIRR 94 NIAA (exosomes) * (& 1).

Rab 5 18 48 55 208N 88 H 2R J3 3 ML is
MR PR, B Rtia e 1 Ehil 2, Rab B AETH
SOk EEREONREES SIAEA (PIERED. K
EE. Sh1EE ) 45 G kR IKEh FE AT 40 M E 22450
B (B E AL ME ) #iz ™. fli, RabllA
W 5 #2 28 H Rabl1l X% H.4E & H 2 (Rabll family
interacting protein 2, Rab11-FIP2) ¥ 3 5 Bk iR 5
Vb [HHEH R, fENEREE Vb 1IKsh N et
YT BTG A LR 532 P, Rab27A fH 3L 50K
et R A 2R A R B B Z /A (melanosome) fii
F, KRR NMESIBRED Va ik, EVLEK
B Va IREh R, R /AIMAR IS B BT P,
1M 5 — Rab27A % W & H SIP2 (synaptotagmin-like
protein 2) 17 M 2 /NMALE 240 BT FR T (1) IE A
G3A i SIP2 ] ekl B8 /IR J5T IS BT 1 23 A
B /MEER MO, MMEERSEE, E
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Fig. 1. The process of endocytosis of macromolecules and substances delivery between organelles. Under physiological conditions,

macromolecular substances are endocytosed via endocytic vesicles (Rab5 as a marker), and the latter is fused with the early endosome

(Rab5 as a marker) in the presence of EEA1. CORVET can mediate the fusion of homotypic early endosome. Once plasma membrane

receptors have released their cargo into the endosomal lumen, they are transported back to the plasma membrane by recycling endo-

some marked with Rab11, making them available for another round of endocytosis. Macromolecular substances are sorted at the endo-

some into intraluminal vesicles (ILVs), late endosome, and the late endosome eventually is fused with the lysosome, thereby releasing

the intraluminal vesicles into the lumen of the lysosome. Macromolecular substances are also sorted to the trans-Golgi network.

Late endosome can also be fused with the plasma membrane to release their ILVs into the extracellular space, termed “exosomes”.

In addition, proteins synthesized by the endoplasmic reticulum can also be transported to the Golgi via vesicles and enter endosomes.

EEA1: early endosome antigen 1; CORVET: class C core vacuole/endosome tethering; MVB: multivesicular body.

E SR U 2 A8 R 7 A, E4 M 3 PO AR (KA
L) ——MPR MBI 4 14 5232 3 TGN ({1 FE
Rab9 4 % (1) %4 B2 & (1 TIP47 v] if 5 MPR,  [] i
Rab9 34 fin 7 TIP47 X “ T8 %) ” (MPR) K 3¢ fil 77,
AT MPR 4338 3 W0 30 4 44t 28 BT I 1) 29 2,

Rab EH M HANEHES S T RILHKF W
A& L. Rab 8 A L H AN & A5 7T 1% N-
£ T SR It U i U A P 1 B 4 2 1 2 A (soluble
N-ethylmaleimide-sensitive factor attachment protein
receptors, SNAREs) 3£ [F] 2 5 8l fil &, ZEIME L
f) SNARE (v-SNAREs) 5 #Ji5 [ ) SNARE (t-SNAREs)
JEEL SNARE 54, FEEG LA K, 2 e
BRI SR bR R A P AR IR AR R I B R A
ANTE I BLHI : EEAT Ko FLAH C HL 1) A0 &G B 52 5 4

CORVET (class C core vacuole/endosome tethering)
Fe FLARICHL ] . Rabs &2 (4 EEAL & 47 T 7
WINARIR e R, RAR G il R el WA
— B 5 EEMAE L GTP 454 %8 Rabs 454, #t
SREHNIE, ENFRES RIANAESELL, Vpsds
(vacuolar protein sorting 45) & [ ( =5 SNAREs % i
] Seclp/Munc-18 ZX A% 5 ) 1 1% A 47 2E1t v-SNARES
5 N4k t-SNAREs AHEAE T, gk et A7 i 5
IR AR AL S P, RabS 55— 2% & 1 CORVET,
17 Vps3. Vps8. Vps33 SENFER FEAII T, Vps3,
Vps8 I3 5 Rab5 454, Vps33 T2 5 v-SNARESs,
t-SNAREs 454, 4k i (e 30k [7) 54 530 A A f b B
FEFEVO I SRR B R b, O T ORE s
AERAE, 7 HEA: 455 A i T b 285 P 81 7 2 R Bt
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FGRRE F T B TR R —— KRR
4 (p115.Golgins.EEA 2 ) fil £ 8 4 & &) (TRAPP-I,
TRAPP-II 4% ) #{ & Rab 2N H . HITIEH T
K Bl GEFs f1 GAPs [ | 2 5 GTP 4 & 74 Rab Ml
GDP 451! Rab Z [ ) HAH¥E e 4h, EHBES S
FRFM . EREERMS T GEFs B 425 3) &k
JRNL, TS Rabs #E— 5 2 9 B b R B i
GAPs [ TBC &5 #4348, 5% (1 5% i il 7% TBC1D23 —
5 TGN K IRJE 8 H Golgin-97 1 Golgin-245
KRR IR EELE G, o — 3 5 RIE T AR FE L)
WASH (Wiskott-Aldrich syndrome protein and Scar
homologue) & &W)4 6, B IR T P A ) 22
TP E] TGN P2,

Rab H [l 1o i 4% 280 7 3 1 40 i A 0 o e i
AR, FESRAE R T R TR AR T
G B, SR RGP TR R AR s
ARTR 7R i PR 7 1 43t B0 FEARZE e, Rab
HEEA T RAL, 7ER MBI IEIA b 15 fl 5% / B
RIPEIBAT . WATiaf, i Rab3, Rab27 55fl
FE00 A 2008 i AR JBC DDA G B, Rab3 W 5K ik
i Rab3A. Rab3B. Rab3C. Rab3D PUANKL 7 4 ik,
Rab3A & F i 1 X B sy, 5 RIM1, MUNCI3
TERE G, VR R ARTENL B, TR O &
BT e ] R SR Al BT R R Rab27 WE 1, W
BT fh B A e kD B Rab B (AT AN [ A B
FEREmR1Y,, bl CDKI (cyclin-dependent protein kinase
1). LRRKI1 (leucine-rich repeat kinase 1). LRRK2,
PKC (protein kinase C). TAKI1 (transforming growth
factor-f-activated kinase 1). TBK1 (TANK-binding
kinase 1). Src (sarcoma) Y, F.7E 1991 4Egi A W 58
RIE, 7EA 230, Rabl, Rab4 #{H 227}
24 CDK1 ek, BRI S AApELE S ™, &
1 XA UEHR R B TBK1 W] ER 1L Rab7A {22 PINK-
PARKIN i 1% ) 4R 44 5 1, 110 % 7 B LRRK2 %
2 1L f*) RablA. RablB. Rab8A. Rab7L 41 H 1E
(W5 )™, PTEN i 5 # & 1 (PTEN-induced
kinase 1, PINK1) HJ#0F 7] %5 5 Rab8A. 8B Fil 13 7
55111 AL 225 R (Ser') HUBERR L Y, JF H PINKI
i) Rab Ser'"' £ & (1 B4R 44 ] BT LRRK2 /1 3
[¥) Rab £ 72 A7 225 % (Ser”) HUBERRAL ™.

2 RabEH5SPD
PD 2 55 R E W WA 2B AT TR,
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T 1) 9 B 2 R AIE A2 2R TR B0 30 2 B R RE M 48 Tk
PBEVEE R VL 5 /M (Lewy bodies, LBs) I,
Horb LBs 5 3 E R 2 57 BRI o A% &
[, KZ%¥ PD B RBUR MR, KM PD 5
F & PD B3 1) 10%~15% 7, 124 ik, &
18 NEEK I RAE 5 PD RIS, BT 9w o- 25
W2 (111 SNCA (PARK1/4). UCHLI (PARKS). LRRK2
(PARKS). GIGYF2 (PARK11). Omi/HTRA2 (PARK13).
VPS35 (PARK17). EIF4GI (PARKI8). DNAJCI3.
CHCHD2 :[F 5 % Y 8 R W M 8 45 45 ¢, Parkin
(PARK2). PINKI (PARKG6). DJ-1(PARK7). ATP13A2
(PARKY9). PLA2G6 (PARK14). FBXO7 (PARKI5).
DNAJCG6. SYNJI =K 5 & Gy o A4 B itk 83 % A %,
RAB39B 5 X- BERUEEAT O ¥, Hh—1i534r 5 Rab
IR M54 5%, W LRRK2. SNCA. Rab39B %,
2.1 Rab5LRRK2

#% % Rab & [ /& LRRK2 [ %', LRRK2
RAL & T8 PD & W IR K, 1E KR % PD 4
5 4%, fEBUKYE PD 44 1% PP, LRRK2 & —
N2 E N, AR, Ras EE) (Ras
of complex, ROC) fll ROC [X C sl ) GTP & 1)
e AR - EAFMEER SRR, 2T W
JRIM. EORFEEAR. AR, IR, EVREENE.
Py s ™, fENE, RALENIEH . BRIk
B S R T R AR B LRRK2 JER
RAFIN 233 BE IS LRRK2, 3% {23 Rab ZETF K 1
X HTF 26 I X 9t ol R AL, 17 9 2 1k 1Y) Rab /S g 4
GEFs Ji%. GAPs 3% UL ) GDI [, siAREs
RUNLER AR A A

LRRK2 /1 5[] Rab B2 {0 52 N i 12 vh 5
HigH. LRRK2 F875 {0t w5 /R B4k 7 Rab7L1 Ser”
LS IBERRAL, 5 & P03 TGN J&45#) 7, ff TGN
FrBAE. MPR 55 4040 B, IX AT RERZ M MPR [ e
H PN A (13 4T PR 3532 5 Rab7L1 B2 T A7 /E A LRRK2
AN, B AT VE A 37 5 85 (1 478 55 LRRK2
TGN Ff30% LRRK2 P>, Rab7L1 5% RRIN45 &
a5, RImtRe s, HA S 40054 ) GDI
GEA A S LE SR GTP 454 1 0 LRRK2 1,
Mt S ECEMEE IR . A A 20T B R & LRRK2-
G2019S RAZ M5 3 M £ 68 T-40 i (induced pluripo-
tent stem cells, iPSC) SKJF 1 £ ELIZREME TN F IR
128, W& [ (endophilin I-IIT, &) Rab & [1%%)
= vl N SV B e A SRR F AR AN E SR



% 745 RabiR AL IRAT MBI A HI BT F0 0t e

JRE R I LRRK2-G2019S 5848 i #2041 endophilin
- 7K-P 38  TX E 2, 6B LRRK2 /51 PD #]
5 A IR R R A ok

LRRK2 K Rab £ [ [ 1E % Ty e A Bh T 4k £ %
M fRfads . ARSI S Rab7L1, LRRK2 5 fif
FYAEEM, FFI0E LRRK2, LRRK2 W] i g 1k,
T U RNR B ) Rab8 55 IS S 10 T I A AR RR
BOK, BRI Rabl0 {2 3H A BEAR N ADIIRE, 1X
16 (B 3 3 7 5% Rab8/Rab10 (K] 4% 5 &5 9 EHBP1 F1I
EHBPILI 45 ), 76 figge A 280 55 e 1z 4 i
(AS549 4 ) ', % Rab7L1 ]y LRRK2 45
) Rab10 BAER1L ™. SR8 7E AL B R o, 2
EL A4 76 7 Rab10 5 LRRK2-G2019S AH H.AF ]
B OR, 1 Rab3 55, Rabl0 fJREE % A&
JeH LRRK2 A Rz — Y, B RR 1k 1K) Rab8.
Rab10 & o fE R R, FEP O RN RS £
TE R, Rz K. R AL AN 2 1A
TR, DR PR R AF B T R BRI T g 25 N PD
BER N IR AE bR B ', H Rab10 B 7] B I {F
LRRK2 il 7] 5 AR 356 1) AR Wb S BUE & E 4R
AWk A 1,

FEJFAC R E A2 0, LRRK2 5847 i RablA.,
Rab3C. Rab35 g 15 F 4 & 814, H & Rab35s
BRI S 2 TR VR 9 P, )/ BB TR X
4 Rab35-T72A JiE # F 8 £ B L fe 4P & o048 1%,
FIA 2 JF B0 5 TH A28 J0 RN Nissl #1282 T E 2%,
EIHAE ML TR I ThEEE frdt— 0 HiE ©Y. LRRK2
i T IE I A S Rab35 BEFR AL R T o R flA% 8 A%
& (VWG EAEEKZ, PD R — RS
VPS35[D620N] 57 v] 3 5 /I TR i 21 4 48 .
LRRK2 4} 3ff] Rab8A, Rabl10. Rabl12 [z 1k LA
JoNRAZ (. B B ) 7 Rabl0 FIBERRLL 5 7
VPS35[D620N] 7% 1] .55+ LRRK2 /5] Rab10
(IR AL it am, I H VPS35/D620N] 53738 L, LRRK2
A e (L3 Rabl0 B R 1L . [k, LRRK2 #
filg v P A Rab B R 10 I 72 7T BE & 1E 2% PD R R ilE 2
SOPETNE LY
2.2 Rab50-SEiitzEH

SCNA 9l o- RfkZEE, £ — MR
PD U A @, & e, Rab & A T AER G
RAEFERIS RS, T o- KA & AR5
EIEFEABFMT, o Sk E A EMZ 0 1) 5 fil
AR w4, XA mT e, JR a3 fsi
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ZOCHE B, FREPT 2 B 5 Rab
S HAHEARR VP, RIS AR, o R
filkz 8 A R E A R S RS AL, a- R
filiA% % 15 GTP 45 &4 7 Rab3A #HEAEF, J5# R
RS E RANFEN LY o- RAMZ 5 H - Rab3A AR,
H5HE5 1) GTPase DIREGR I T8 a- KL AT
VRN b fg g, A8 - RAMZE AR ERE, T a-
Rz BRI R R W e 55 PD, {H H
PINLEIASTE 2 T e R AN B R, o Sl
FI R TE T F 1 BRI A 5T %12 B e R AR, 3
BERFVE RN DA K 2 R REM 22 T i B %, FE R
F5 WK AT 22 HURER BB, Rabl YRI5 4% o- R
fZ R A S 2 ERRRE M E I Bk T XiRig
P % 5 /MR (Lewy body disease, LBD) 34 |7
SERER, WA o- Rl HE 5 Rab3A A
S 1 rabphilin A4 5 A EAER], BT Rab3A £
SRR AT RS 0, KL HENIZE LBD H o-
I fil % B AR AT AE A2 451 ). Dalfo %5 7E A30P ¥
FERUN R PRI o- RAZ R B REA, JF HX R
KA - RAMZE H 5 Rab3A, Rab5, Rab8 L.
EF. RAEM o- RAMZEH S Rab3A 455 7] 33
R ThAE % ;5 Rab5 454 0l S8 434 7 1 7
WA, AR B A e o 2 B
55 Rab8 45 & A S A L 57 P a- R A% R A BB I8,
TET P B8 530 - S R I LE LT R AR T
Rab & A 1% a- RADZ HE A K REMGER. o-
Rtz E OS5, B O ARTERRE B B>
(non-amyloid-beta component, NAC) 5} 5% 58 4% il IR
B2 S EUE AR R IT 2 AR, dkmsgm LR
ELDiEe ™, WIEN HA W R4, YTk Rab8B
ek o- SEfl% BE A SRR, JE A4l B
P, %1k Rabl1A. Rabl3 n[ {2 i o- S filii% & [
AL (75 B 4000 - Sl 2R 1 T I E 1 T
FERIE S, Rabll PEAS a- RAMZ & E K SREIF 0
T o= Rz R AU R 5, g BhRe ) T
% B & oA A A a4 i U s /E N HA WA
R, i FIE Rabl1A FEAK a- Sl & (A1
RAEE, MRS Rabll B M4m il iy o- R il 285 H Y
A, MR A AR IC A, Rab7 847G
WA BIRR R Z 5, S RREREY IS o
I3 ful A% B R AR E B T, T I T R B,
Rab7 288 H —— & FYVE F13& i iR e 45 i 1 8
1 (FYVE and coiled-coil domain-containing protein 1,
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FYCO1) it REFE T &5F o FMlZE A RHEMT
Mt E, Ffk FYCOL ffi Rab7 i 311 a- Zfli%
B HRERPNG R, XK B Rab7-FYCOL ji i
fEHET o- Ml & AW AR ™. BHEVRER,
E/NRJEAE E M4 50 HeLa 40 irf, T E B
(interferon-B, IFNB) 155 microRNA1 (Mirl) f)#43¢,
J& # 1 5 TBC 25 #4380 & A K & (J& GAPs) [1) TB-
CID15 3" REHPEX S5 G, M H B ERIL, {f Rab7
TR R, (RHE AN, T FRRER 1 SRR (o- SRk
ZEA) FAZE Y, HE I HEN IFNB-Mirl-TBC1DI15-
Rab7-FYCO1 m] fig & e ik a- FRAMl% 55 1 R EARTERR
=N e RE M . MEERIE BoR, o- RAZ R
C A i 15 Rab8A FF KX 1454, Rab8A {2 il a- %
il K% 2K 1 1) 35 B O BAAIG o- SR Al k% 2 115 5 1K 4 i
. Rabl1 Al /b Hook [A] 2 — F 44 41 Py
AR BB SR AR A PR AR v ™, Bl
FERW, 152 P9I Z 5 T 404 BEAH MR 4 i 55 70 Wb
o- Rz E A RIBAF, FEK Rab27B /b o- S fil
& A A AN ISR R, BI04 i P9 A i
o- Rz E A RIS, FFFELC3 RIEH M, H
HL 5 i fIC Rab27B 32 A Wl S kA A ¢, SXHH
AL, PD fB35 74  2H 41 Rab27B R I& T+ i,
PN AT BE R — R A3 0 Y,

VTR, KERAFITIFSE a- FEAl%E A TV A
B P77 fEARMRIAAERRFIY 1S, o Rl g A
RAERUTIRL TTI LR B, AT G L 7E o v R A
Oy A R BRI B, R AR B Y o- SR A R
HEENG, B SRt i o- SfAZ B 1Y
Wik, PWALJE 1 o- SR A% 85 1 7E Rab4A brid [ 22
BARRE, fEE, ©RA HRIERE AR IR
fiR B, - SRl A% B I8 T DU T AR A R G
FRANAE, B AR R 40 i A Ak G T s 2
52 SR 440 B3 1T 1 S b S BT Ol W LR
Y HAbh o- Sl B B I AR B A SN EIS
RRENGH, FEMCE R LR B B -7B 8 I 4E R
JIEAH O 1 JUL 30 B 1 X 2% >k 1) 5 40 Jif 2 THI I 3 712,
BEMTEY a- ZfdZ & Ak G0 ™, FEANAIEH o-
il 4% £ (4 7] 3 TLR4-NF-xB-p62 2/ Sk
PebE s R Y, AR n] e A e DA A s
T A 40 i 3 4 1 Y, ARSI 7T R, Rab Af
W o- SR E R 40 PS4, 4940 - Rabll,
Rab11A %™, it G W 58 o, £ SH-SYSY 40,
41 o A1 1 A R AR AR T S - Al B 1 B A

HEPR2EH Acta Physiologica Sinica, April 25,2021, 73(2): 315-328

ML), LRRK2 G2019S [ A a0 o- Sl
HEEAEMMRA KR, FE, LRRK2 G2019S 4%
S8 LRRK2 FgvE RN, (2@t o- A% & AR
eV R 20 B AN 43, RIE 3 hn 4 i =5 PR FH 1)
7 B 12 2 200 i 1 A 47 ©7), 7 o 2 B 400 PR R840
It #IA Rab3s REMRHEES A o- S fbA% B (AT AS3T
o- Rz FRIFRIL, JEH S8UAS3T o- Rk
SR AE RN A0 WA . PD /NER RS (MPTP. i
fii /N6, LRRK2 G2019S #6FEK/INR, ) )i X AT PD
B M Rab3s B AREHTHE, HiME Rab3s
/KF5 PD KRR B EMK . Rab AT o- K
FlRZ B VAN T 7 B R A% 5 v U8 1 4 FH R B LA
PD Al g B EEIRTT A .
2.3 Rab39B

7E 18 /> PD (1) By 250 2L K 4, Rab39B Jk Al
%5 ¥] Rab39B /& Rab FRAL I, fEM £ 0N 57
MeRIE, TERALA SR GE R /e ™. Rab39B
RAGERLRNE PD, I 5 /A 45 8 7Y o 28955
HIAR . F e AR R R TE  — AN K v R B R
PD 5 Rab39B B[R RALA IS, Bl fa ALK B 1) —A4
FKBEH KL Rab39B 3 K4 L 537F (p.Thr168Lys) ™
)5 R B LB Rab39B F: K 4 XL 587 (p.G192R/
p.-W186stop/p.E179fsX48) S 111 PD Jif5 °". Rab39B
HR RN NE PD NS4 2% P77, (Hihg
Wt 7L N Rab39B 5 [R5 AN 42 5] 2 PD Fl i ) /1N
PR R H LR R P, e /N BROK A, Rab39B 7F
KGR s, BRABUEX Z2RE, HEER
BfEMZ e P gt b 1) Rab39B 52 7 TR /R
Befk, fEIER GO T K AMPA %2 {& (alpha-amino-
3-hydroxy-5-methyl-4-isoxazole propionic acid recep-
tor) A& GluA2 iz 2ifg S 4 u R Al J5 1B, AT
5RARKIEIEE EFIIREA IS, Rab39B KAZK]
M2 T R R GluA2 KT Th s, SR
GluA2 WL AMPA SZARTE R, 3X 5 AR B R i
T R AN 7y hg A o U O, (HIX — HLI IR 3 R AE
505 PD B INFIFRAS A K. XLLIEHRRH, Ak
Ff4 1) Rab 1] e 5 8 K i PE PD Jig A #H & IR AT PR
[P 5:Al, {2 Rab39B yfg ik Jk anfal T 80 2 B e
2t PN R IHLEI A 4 10,

3 RabERS5AD
AD 2 FE e H LA, 65 % LA E A BEH
()R I N 1%~3% U191, AD i i A4 555 P 22 45 40
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A RITE N B- WEMFEE T (amyloid B-protein, AB)
T RS I FE IR AL Tau B [ 1R 4 28 J5 41 4k i 25
(neurofibrillary tangles, NFTs) ['** '],

12 AP KIS fE e, IEWE AT, Rabs Frid
LI N ARSI T B VR AR R AR 2R R = 2 B, B-
4y VAT (B-secretase, BACE1) 7E B A7 i D& B ek i
HOPRER 1, ZEMI PO S TGN e — 25 L7
AB ™. 6/ AD BRI AD 8% KK
B Rab5 (13 B s U7 R BB R R i B
(B-cleaved carboxy-terminal fragment of APP, BCTF)
(¥ 235 7K 7 7t U, BCTF 41 5% Rab5 [k M 2 11
APPL1 (adaptor protein, phosphotyrosine interacting
with PH domain and leucine zipper 1) % Rab5 #ric i
WA, 0 GTP 45 4 7Y Rab5, ‘53 Rab5 (11 J&
Bos, ABTERIE N, SEAMEIZIK. Rz 2
5 "™, BCTF-APPL1 AR EL{F HI T /1 S ) Rab5 i Ji£
Bod ABTFT AD REEHLEIR B T — SRS AL

Tau &5 H AR B2 AD [ 2R BARAE, S
LU M\ R D BERRAT B UIAH oG, 5 2 b [ idk
FIRebER g1 " M. Tau B AU REAEE =R
LA - 2 REABMARS. HEEER AR M
WIREEREAE . BT AR, TR OGER
WIERE Ay kiR e 2 5 Tau RIS, %@t
52 Rab35 FFE12 AT 75 I N AR 73 1% 2 A4 (endosomal
sorting complex required for transport, ESCRT), Tau
KA/ T Hrs (hepatocyte growth factor regulated tyrosine
kinase substrate, &7 3~ F AR, 4157 4H S PO
"), EEAL. Rab5 BHPE () 510 Py fd . B 301 P4
RANVEBER, KW Tau & FEN N IERE A ISR IS
BE— B I 50 R A B B a1 ] Rab35 5t
FfIk Rab35 fykik, BETMMH] Tau 8 HFEMF £ K
BV S P TV S iR S0 B A HL 2238 Rab35 7]
DA KOS B R B 5 S 10 Tau R E A R . B,
Rab35 Iy i EF A & 12 0] Tau 8 (75 bR 26 B 2,
Xf Tau & F A RT3 B RE TC D) e FEAG R T
fafFE—Suse M.

Rabl10 fEyEEtlis i, HITHHE N —MYS
AD MK E H . A AD 83 I 4 24T )7 R 30,
AD 514 70 H Rabl0 Rk /K IEH A "5
£ AD BH G LALINFTs HF, 55 73 {7 95 & PR W 1R
{LF¥) Rab10 (Rab10 phosphorylation at the amino acid
residue threonine 73, pRab10-T73) F ik /KT~ & 3 15 T %ot
MR, PR e e G (o R I pRab10-T73 5 & &
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R L Tau 25 (A3 Ar MY, EM L BRI R 4R
it ik Rabl10 S5 AB42.AB42/AB40 LLK % T,
Hi4 Rabl0 S5 AB42. AP42/AB40 LLE FF%, R
Rab10 A] g2 TR A1A 9T AD [ 2R A U ity
WE R A5 B 0 7% 8 LA v e 5 AD
MR ELE LMY, HoA o f045 Rab10o M7,

4 Rab&EHS5SHD

HD & — i Gt 4R 5 1 38t 4% 10 2B AT 1
PR, HIREN 0.5%00 Y. HD ) 5 IR PR EFE 2
B3 AT ARSI AT E N B, BRIEAE A i S
WA RE IR U, HD 2 4 A = 42 112K () (hun-
tington protein, Htt) [ 58 Al 5 A2 SRAZ BT, F s I -
JIRIENS - SRS (CAG) FRAIE LY 1, 45 405 1)
Htt 20 oK 0 20 & 35 DMK B 2 lthz, X
FEARAE Het HAT BRI SR 1,

Rabl1 IJjfesk k5 HD 1. 7E K & I Kk
JJZ v, Hitt i i i 2 Rab11 48 14 N- 45 3 & E
(Rab11-dependent N-Cadherin) ff) %% iz > i 15 % 4 1
LI W - IS 8 IR R, RARH
Htt ZEH5F & TN E 5, JFeliAe 7 Rabl11 #H 1)
P2 IEIE R P E HD /N BRI SOR AR R/ il
GDP 454 %! Rabl1 [i] GTP 45 & % Rab11 {5 %%
515 Rab11 3G P, B GEFs ANREA 551 Rabl1
[P0, X AT e BE A I [A] PR HERS X0 22 o0 Dh g = A
R, 5 HD 21817 MK R R AR A — 2.
f£ HD JZJZ#h 22 o, $m Rabl1 f i M Al A ph
ZIUA B AR S A ST T R Y. R,
XN HD a7 326 17— Nt sl

Rab & 5 Htt A 520 . 51 4 75 48 ff Fr 5 i
AL, 4] Rab5 ()58 R4 Het (1) & 143 i,
it 221K Rab5 i 58 4% Htt (1) 8 1 K. B 95 3 B,
Rab5 Al / B HBEGE 1) N5 1 Vps34 3G 1t 1 PG 2
) Atg5-Atgl2 456, F2m R B AR 14,
HE T S [ AR BT R P A B T ek 2 fi
RAL Htt [ BRI, T FECR A Hit [ SRR
BN, BhAk, T EWAE OC R 40 (Htt-associated
protein 40, HAP40) /& Rab5 % M. & H, /5 Rab5s
¥ Htt 36 55 2 B A A, 75 HD i35 B2t 4 40 g Fn
1 20 23 1 BA Rz HD /)N BRUARER S0IR A4 48 i o HAP40
ik B, @it 520 Rabs 7815 BN & 5 LS
HEEMME RO E R mRER, SENER
EE MR F RS2 U BR T Rab B A2 Hit
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& Lysosomal dysfunction dysfunction & Neuronal dysfunction
Rab proteins Abnormal a-synuclein aggregation, Rab proteins
L phosphorylation ‘ clearance, transmission Rako | | RaR10 | | Rek3b dysfunction
! ) A Al
LRRK2 SNCA Rab39B Increa_se Amylo_id Tau Hitt
mutation mutation mutation B-protein formation accumulation aggregation
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Fig. 2. Possible roles of Rab proteins in neurodegenerative diseases. LRRK2, SNCA, and Rab39B mutations are genetic risk factors in

Parkinson’s disease (PD). LRRK2 mutations promote Rab proteins phosphorylation, leading to vesicle transport defects and lysosomal

dysfunction in the endocytic pathway; SNCA mutations and Rab proteins dysfunctions cause abnormal a-synuclein aggregation, clear-

ance and transmission. The typical pathological features of Alzheimer’s disease (AD) are the abnormal aggregation of misfolded Ap

and the neurofibrillary tangles of hyperphosphorylated Tau protein. Rab5 and Rab10 regulate the formation of Ap, Rab35 regulates the

clearance of Tau protein, and Rab10 was observed colocalized with hyperphosphorylated Tau. Huntington’s disease (HD) is caused

by mutations in the gene encoding Htt. Htt mutations lead to the loss of several Rab proteins function, whereas the latter regulates Htt

aggregation and toxicity. This eventually results in vesicle trafficking defects and neuronal dysfunction.

MR EME, A UEHE R B Hit /o K2 & A4
[ Rab M 2E R 2SIz . 7EREL) b, Hit &
IEIKFFRARIT, £ Rab3. Rab9 fFEI ) X )3z 5 «
¥ Rab7 3N AT B 532 BT 40, A [ i o)
T % Rab2 [ ZE I IBAT 8 5y, [F)B XURE B Rl A5
s, Htt F1 Rab2, Rab7. Rab19 7% 781z fyid 72 rh
— s Y, X F B Hit 7] A2 500 & AN [F) Rab [
Jinmiz, g E T Ihag.

5 MNEERE

Rab & A/ N ERIS 1 EZ R RIR, X
Iy T BRI Py AR A NG N DL 4 i P P o
iz i A b RAE R AIE ] fELhid FEH Rab &
I3 H 0N B D RE SR 2 S BUR 7 T B
Feiz sz, X5 RZHRHEIBIT YRR 0 HE A 5UR
G AERHIEAR G . HR Rab AT AR ¥
iz, B BE SRR R CYUESE, JF B
Kbl 2 (I UESE R B Rab & 15+ 20IBAT PRI 2 [8]
FAEEVIR R (1B 2), B2 Rab Z H  FEILIZ fl 52401
H AU 18] B BARHLH R 58 eI, I
—BINEXS Rab £ HAEMZRAT M 70 11
FIMLEI 58, FRATAH(S Rab & (A4 1l BERCNHZ
BAT TR I W A S, IR INIG
TR BT AL
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