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Abstract

LROs (lysosome-related organelles) are a class of organelles with specific functions in eukary-

otic cells, and their assembly, maturation, and trafficking processes take advantage of the endo-lysosomal pathways.

This review summarizes the molecular cellular mechanisms of the structure, function, and biogenesis of four repre-

sentative LROs (melanosomes, platelet dense granules, large dense-core vesicles, and Weibel-Palade bodies), pro-

viding some cues for a better understanding of the pathophysiological roles of LROs.

Keywords

VA I A2 A% 4 A TP el S AR R AL R T A
Muds, FEDRE A PR A G OB S A N 7 AE
NI G302 IR i & B i3 I, MK
5 PN I TR M B 58 DA I 22 FhOK R BB AT K 43 T 1Y
IKFEDIRE . BRI/, B BE. 230, B
KU, IF4AbT B Ad 40 i 48 BAE 3 A48
ez e DRI, I A4 38 O B e SO IR 1t K
. R ¢ B A (lysosomal-associated mem-
brane proteins, LAMPs), Jf&k = H #2 0¥ -6- IR 5244
(mannose-6-phosphate receptors, MPRs) #1441 ffy
a5 P, ZHUSE W] FH 20 i 285 B BRI K 13
B AR AT ARG 2 5 55 5, TR AR 4 A AH OC N S 1
Fh MG IR WA 73 o TN EHRE, H A A4 47 53 B A 411
VEWN ) N 7515 B (endo-lysosome) LA % [ fid 41 it
W ) B S AR (autolysosome).  BEAM, 25041
M rRIn G BA o i Thae S B A, FLOURR 70 i AL
Bg A (secretory lysosome), H 2L LWARK S 5%
ff BUTSBEAR X 200 Ut mT L, A B e SO TSR
AR I AR TR A

EAERE, AR AR AR 2 Fh B 4
MORE S P 4 B A8 (R 1~3K 3). 'EATTBE A AR A
BRI 2 R, A M SRR 5 A 2
V), DL SR R A 2 D Re . it W& FI8
MM AR A, XA 28 # A 5 A . Xk
7R FS AR R )t 25 40 B . I A . I P 57 40
e N N w211 AN - R N = 231 IR S 2
R ] B A RS, 48K 22 B0 1 o0 Wik B i Ak
B 1K B A0 40 R R FE DI RE . AR GO U A
LG 24 o 25 A R T A B P 4 (early or late endo-
some), B[l 57 Byt 4 B A8 ALK 2 ik 22, DALt
132 T AR FE S 41 P 25 (lysosome-related organelles,

lysosome-related organelles; albinism; endo-lysosomal trafficking; vesicle trafficking

LROs)® . X—ME&HTH 11 204F, HERE X 2 5
LROMFFLIIR N , 1% LRO 8 1 45 14 2 A1
VR BGAFN3 IhIR 4 Z A TEINR , BT
7~ T LROBE R AW 2R 5, LROMIBE S T 4 4%
B AR

AICE AR H AT AR EZ DY F LRO[ L35
03 A R i 1) B 2 /M (melanosome) . IfiL /)
R S EAZ 4 B HP 1) 3508 Jk (platelet dense granule,
PDG). 224 g J 3 1 240 i (1) K B80% 1% 0 kE
(large dense-core vesicle, LDCV). L P 57 41 i
) Weibel-Palade/)M4 (Weibel-Palade body, WPB)]H
TR R ) o TRATTHG NS AR AN AR 4
DIREANTF, MHLROKA . 4rik . B Ay it
PRI SRR K AR KR EAXKRE, &
ATTRE Tt BRI RIE 58 753 B LROWIE 7 (¥ S B At 27 ] 7t
ST TT A AT S A B

X P LROMY 2 e i A% mT DARR 4 & AR 1 e Y
ANEV RS B /IMAF DGsH N A F ERIE T
% %& K (multivesicular body, MVB); 1l WPBsA!
LDCVHE I g E R UE T 8 IR B A S 11 R FE (trans-
Golgi network, TGN)"(E]2). {HIC& Y& T Fh 4l
i, LRORT 4 st Gl i JE VL il & (vesicle fusion)
BLAISRAT i ghad B2 i 7 R AL 73 (8 .3 B AR ) BA
STV 5y, BRI BR9) (cargo), [R] A 8 i Sy 4y 24
(vesicle fission) Ll HE H 75 253 i% (sorting) B
(recycling) B4 # [ i (degradation) 2053 LROFI/&
55 R % B4 (endo-lysosomal )iz #rig 7 A HAE T,
f§f LROZRAF 18 5 L S /- WA R R B EE N B4
XM BRI 4y 1k SO Fp LG E 2 KB,
W ERA R B W] ARIE [ — AN LRO. 53406 1a]
() 5% e P 55 i IR0 FH 6T LROF R it 2 22 K B



102 BT - AR
*1 BRUNAEFENYFEERILROS"
Table 1 Identified LROs in vertebrates'
S HEILRO P a—
iﬁijt%es LRO Cﬁjj?iép% Rab27 D63 fel?;ii?iseases
Melanosomes Melanocytes or melanophores in skin, retinal pigment epithelia v N HPS, CHS, GS
and choroid
Weibel palade bodies Endothelial cells N N HPS
Cytolytic granules Cytotoxic T cells, natural killer cells N N HPS, CHS, GS, FHL
Dense granules Platelets, megakaryocytes N N HPS, FHL
Basophilic secretory granules ~ Mast cells, basophils N v CHS
Lamellar bodies Alveolar type II cells N N HPS
Phagosomes Macrophages, neutrophils, dendritic cells N v HPS
MHC class II compartments Dendritic cells, B lymphocytes, macrophages, langerhans cells ? N CHS
Alpha granules Platelets, megakaryocytes N GPS, ARC
Azurophil (primary) granules ~ Neutrophils, eosinophils v ? HPS, CHS
NOX2" inhibitory lysosomes Dendritic cells N ? GS
Acrosomes Sperm N ? GS
Large dense-core vesicles Specialized secretory cells (e.g. adrenal chromaffin cells) \ ? HPS, FHL
IRF7 signaling lysosomes Plasmacytoid dendritic cells ? ? HPS
Notochord vacuoles Notochord inner cell ? ? HPS

HPS: Hermansky-Pudlak%# 51 ; CHS: Chediak-HigashiZs &1 ; GS: Griscelli%gi A4ik; FHL: S MW I 40 vk bk L4 24 i g A0 v - ©ffE; 2

AR -

HPS: Hermansky-Pudlak syndrome; CHS: Chediak-Higashi syndrome; GS: Griscelli syndrome; FHL: familial haemophagocytic lymphohistiocytosis;

v : identified; ?: unidentified.

2 BAUWNESHERBERNLROS"
Table 2 Putative LROs in vertebrates!'®

ETERILRO o471 g 24 7 I
ﬁf;t?je LRO (Qi??;)je: Rab27 D63 fe?jtiifiseases
Melanocore-containing organelle Epidermal keratinocytes ? v ?

Secretory MVEs Most cell types, model organisms \ ? ?

Fusiform vesicle Urothelium \ ? ?

Osteoclast secretory lysosome Osteoclast N ? ?

Specific (secondary) granules Neutrophils \ ? ?

Gelatinase (tertiary) granules Neutrophils \ ? ?

Lamellar bodies lamellar granules Epidermal keratinocytes ? ? ARC

Surfactant production and storage organelles Teleost swim bladder epithelium ? ? HPS
Presynaptic vesicles Neuron synaptic cleft \ ? ?
Pathogen-containing phagosomes or vacuoles  Various host cells ? ? HPS ?
Non-acidic late endosomes Neurons (axons, dendrites) ? v ?

HPS: Hermansky-Pudlak%g &1iF; CHS: Chediak-HigashiZi A 1iE; GS: Griscelligi A1, FHL: 5% 1 P4 1 i 41 A 1 3k L2 41

ARIHE .

ANHIGAE; Vv CfE; 2

HPS: Hermansky-Pudlak syndrome; CHS: Chediak-Higashi syndrome; GS: Griscelli syndrome; FHL: familial haemophagocytic lymphohistiocytosis;

v : identified; ?: unidentified.

=y,

A R LROAE BB 7t % K H X HPSZ5 A it
(Hermansky-Pudlak syndrome)fl CHS%: & 1iE (Che-
diak-Higashi syndrome)FIHLHIHF 72 0% HATC 4

KL TR N R IE A 1 HPSEUR 3 K] B K 53 4 47

/NEHPSEL R U0, XX 154 35 (R 0 T Be F 98 K
B, AT AL = 2 530 T 2 AR is i &
FIEAW: fHE E &4k (adaptor protein complex,
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F3 ERUNELEHEN Y EENLROS"
Table 3 Identified LROs in invertebrates!®

TR HESPILRO Xof I8 L 27 PR
Invertebrates LRO Organism Disease model
Pigment granules Drosophila melanogaster retinal cells HPS

Zinc storage granules Drosophila melanogaster Malpighian tubule epithelial cells HPS

Gut granules Caenorhabditis elegans intestinal cells HPS
Post-lysosomes Dictyostelium discoideum CHS
Mucocysts Tetrahymena thermophila HPS
Riboflavin granules Bombyx mori Malpighian tubules HPS
Integument urate granules Bombyx mori epidermal cells HPS

HPS: Hermansky-Pudlak% &1iE; CHS: Chediak-HigashiZs & 1iE; GS: GriscelliZg &1k ; FHL: S P Wk i 40 i 12k bk (2 20 R Am P s A0 - E0fE; 2

RIE -

HPS: Hermansky-Pudlak syndrome; CHS: Chediak-Higashi syndrome; GS: Griscelli syndrome; FHL: familial haemophagocytic lymphohistiocytosis;

V' : identified; ?: unidentified.

APC). ¥ B AR AH O 4 e 2% Ik A 52 41K (biogenesis
of lysosome-related organelles complex, BLOC). [A]
R G & H 501k 2 5% (homotypic fusion and pro-
tein sorting complex, HOPS). APCig—Z 7Y
RUEHSEBE S, AT R L& 18 &
FE PR S5 A 0 45 5, DR IR EE ¥ (dileu-
cine motif) R % 2 R 1K #5t 11) 43 145 5 (tyrosine-based
sorting signals), i B W)L & IR XN B4R, (RIS
HZ /M & A (coat protein, CP)ERHAth % Bh &K H ok
AR IE R, R E A 2 H M. APCIE
G SFR: o A AP-1. AP-2H138 2 AP-3 1 i A%
A (clathrin){E NIRJZE ; AP-2FEES 50 -
clathrin/ TN HAE A ; HARK AP/ T TGNAIH
R IEE AR Z AR EE B k. YR 20
F W], AP-37E LROM) B4t (A ide vk 4 38 A
e AP-37EFa5E BRI TRAA, H16. B3 p3flio3
LA AL R, YR IX G 7 L () L PR E LR A )
BE A AR i B AR ST 5 AR FL B B AN [ 4L
B3\ W3 o3 ILAF(EAR MR B3A. n3AFI 63A W IE
FERZ HAH L MA g b i %5, 3B, u3BHIo3B
WA R ILRR T AT Rt 25 RN
M4 A4y % ", BLOCHL % BLOC-1. BLOC-
2. BLOC-34583M B &), B E & & AN F 1L

H 7 BLOC-1%47 BLOS1. BLOS2. BLOS3.
cappucino. muted. pallidin. snapinflldysbindin%8
ANFHE; BLOC-2% #H HPS3. HPSSHIHPS6%: 34N
% BLOC-3% 75 1 24N I %543 53] & HPS 1 fTHPS 4",
HOPS] VPS33 AV 1% SNAREE & W) JE B 4K
RS, RN T S A RMEARERERS

MVBHIfh &

1 4MKRMLROMEE., RESEYA
3
1.1 ER/NMERNEESINEE

/MR B ORISR —Fh LRO, A LA
B EAF LSS i B 3K (melanin) . R #E
LR AN NGNS ER ) IR S/ A ol ok 1 8 III
L7/ TSN < = SN TN < 7 SN 6 )7 SN
K. B, BORAEER PSRRI ‘%*U\&ﬂﬁ?lﬁé
BHEEN YA 3 0] R LB Z /MR U1 SR
BHESIIARAL, R HESI Y SR B AIMEAEE T B
B, MEAE. Bp, BB, AL HAmZH 20T,
Bk, BR/MEEA RS B 2R A= De. B
%E/J\TZKE’JJT; A& FA B I W) PRE S 8 DA B A SRR
e T, NI BB JBR %) B 3R /MR DRI R 2 /M
(premelanosome) 1| B 24 ) % 2 /MA (mature melano-
some)Z 4t UM, A TR RRERE T R EERT
PR 40 ML 3% (K <3 =0.5 pm=0.2 pm), BEi# 512
21| £ J5 41 Bl (keratinocyte) H & % T Re 419200,

N BB 0 3R 4 B 1Y) 32 2 T e R e i BB
MK, A E P 2K (eumelanin, Eu) M 45 &K (phe-
omelanin, Pheo) iR &K M, T A 2 X KA L
ISR, AR 5% IS L P ) R £ 2R ] DUER 3 4
G TR A K45 DA S DNASEAS ; TR I e £ 3% I
J% (retinal pigmented epithelium, RPE)4H i + ] 2 {7
FAEAL R e TS A BRI 4 . R DMARSE
AR HEFIT7 LR Euff) &8 x) k. B DL AT
JEE A e EH . BEERTHEREEARA
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A /N AL R JE(RPE) A ik 45 15 (choroid) Hh 2 2 /IMA TR FEUBE 1], B: /) Bl 38 (4 2R A B 16 HP iz 41 40 5% 5 B 1 FR 1 1A 1% 2 L i (iRFP-Tyrosinase) P
Je s R AR IC AT BG4 JC B 2R 11 (LAMP1-GFP)[F5E {75 C: /R Miiwhole mount £ 181 D: 0L )5 1A B4 IMEG-01 iz 2154
%G A AR IE I Rab7a(endo-lysosome i 1i7) PA J 25 25 ' B (AR 1E I SLC3SD3(DG 2 1) I 4N Al 35 72 475 E: W5 | i il Jo3 g 2% 41 A Jeg o 4 Al o K
FUE DRSS R Fo KR PC-1241 R f % 2R i CgA(ZL ) L DAPIARIC A B % (15 4); G: A JE iy i ik P9 B 4 I HUVECs H i
FAWPB(ER G k) AR B WPB( 1 (L 47 3k) ¥ 82151 H: HUVECSZ S OEARICvWE (SR ). TGN(ZL (), FIDAPIFIC M40 fl k% (U €2) «

A: electron microscopic images of melanosomes in the mouse retina (RPE) and choroid; B: localization of far-infrared fluorescent protein labeled
tyrosinase (iRFP-Tyrosinase) and green fluorescent protein labeled lysosomal associated membrane protein (LAMP1-GFP) in mouse melanoma cell
B16; C: whole mount electron microscopy of mouse platelets; D: Rab7a (endo-lysosome localization) labeled with far-infrared fluorescent protein and
SLC35D3 (DG localization) labeled with green fluorescent protein in differentiated human megakaryocytes MEG-01; E: electron microscopy images
of large dense core particles of adrenal medullary pheochromocytoma cells; F: rat PC-12 cells were immune-labeled with CgA antibody (red) with the
nucleus stained with DAPI (blue); G: electron microscopy of mature WPB (green arrow) and immature WPB (white arrow) in human umbilical vein
endothelial cells (HUVECs); H: HUVECs were immunofluorescence stained with vVWEF (green), TGN (red), and DAPI stained with nuclei (blue).

E1 PR RS ERE SRR A0IE ST B R (TEM) K 454 (1L B BA M B & (SIM)

Fig.1 Transmission electron microscopy images (TEM) and structural illumination microscopy (SIM) images of four typical LRO

MEMA SRR L . BEugBRa I BRME; BT FAMEE—J5i i AR R SRR (e 0)UoE,
KRR NMEETREUN, HE UIEwN T OB R EER 375 T R AR R HER D7 SRR ) g, PLSE
REWAL; A OEKEER RPheo, HEIAM  IEFHHEO LI ERKE, ERSRI O, RIZDIRE
TR AT 72020, B, #3E, PIRISRLA SR AENREY TR, ROXEBE SRR T,
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Weibel-Palade body

VA AR (1 A 1o P R 75 8 v R A S T R (TGN 75 22 I 391 P 445 (late endosome) (W iz . T LROIMZH 43 SRS % A R 47, ] il ok 2 2L
Sk T AR, T PR R AN R R A 2 ke 1 T A A (early endosome), 50 RURKIE P REHEINT A 22 o FE 2R /MR BHAIE 75 TGN B8 i -
Pl Hop 7 3k SR 2 R AR R 28, /N SR SRR IR AR R 2, AR S AN Do )5 R AT SR ARR AR A . R B R L UKL 3
KETGN, HAETGONIE KA KA, 5456 4 1 IR Y R ALl A LA 4 e A . Weible-Palade/IM At/ 22 5k H TGN, (B i R0 75 2 LT A
AR5

The process of lysosome formation requires materials transported from both the TGN (trans Golgi network) and the late endosomes. The assembly of
LRO have different routes, such as a-granules mainly come from late endosomes, melanosomes mainly come from early endosomes, and dense particles
may come from both. The maturation of melanosomes also requires the transport of TGN cargos. The thick arrow in the figure shows the main biogen-
esis path, while the small arrow shows the secondary biogenesis path. Note that both pathways are essential. The question mark represents unconfirmed
pathways. On the other side, large dense core vesicles mainly come from TGN, which occurs at the budding part of TGN, undergoes homotypic fusion
mechanism of sorting membrane bubbles and becomes mature. The Weible-Palade bodies derive mainly from TGN, but their mature process also re-
quires delivery of cargoes from the early endosomes.

E2 MMARMEABEEXERREDRERNE

Fig.2 Biogenesis models for four representative LROs
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B )5 0% 5B (substantia nigra pars compacta, SNpc) 1] AW A0 B A5 T A AT 42 R A
JLAS 0 12 B #1428 TG (catecholaminergic neurons)H £ L HR B Bk 14695 (oculocutaneous albinism, OCA).
R R 42 B 5 2R (neuromelanin, NM), #& 1 EufliPheo HR 1 4£99 (ocular albinism, OA) UL S ZE-A1E R 4690
TRA AR . NM =5 B FARBLAE B AN 7 T [HPS(Hermansky-Pudlak syndrome) CHS(Chediak-
—EAENMA O R SRR A 2 LG, EBIE Higashi syndrome)]P¥2. 4, € 240 L5
PRETHIMER, & NMIE T 2 A28 7 IR 4 W4 S BB 4 28 (melanoma), S (AR B AR
LN AL JFIR S, B 1 S8 A BLUS N B R R AE T S T IS X 0 AE R AR RS I D . EAE R RS,
R AR R EUE A ) R 2 S RN 4 B FA A0 398 ST S0 ) N RRO < AR ) KU 2 L
#%J9 (Parkinson’s disease, PD)F) & 4 . TCF I S N 245, 1 HA 4 %005 N R R

035 G IR sl 2D A 3 % 2 5 B0 A I R (anmin OB LR BRI SR EE = 0.5~2.06%. B AM
MEERERE LA HE. AiSM. A% £ A oo PR R B L At A e N ey 0320, S
Mo FEREIRNLE N B E AT 2 —Fh 5 % TNIX PP BEAE B AL AN AH S R 95 75 €8 2 AR B 1 T
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REFEEMNIERCR . Ol B EaRE 5MEeRm
R RIKEE A 2%, HoE 508 A%
HTEBE IO R MR, I, IRFEERERK
()31 4E BIATL A0 T FRATT 1 A8 3 A S o 2 L 1)
KA BAEE RN, I Hi@ I RAR T B 12
LK o] BeAa B T JRA T A SR €0 2 S5 0 & R
S 1) R AL o
12 BRPMMIRNEE SRS
BER/MERWT N R B i &I LROP,
MR IMA B A R A R AT DU T3S 22 4 R DU A
I DR R/ MER IR N R RGEH I MVB, &
L8N BRI /N (intraluminal vesicle, ILV), {HE—
B SN AL T SO RS R . XN RERRAET
B AR (planar lattices) 4 L 5 {10~F- B 45 K 2 B L P9 B
i, HASHA 2 (budding) fE 7T . 5 MVBASIE
72, BB ERMEN S RS, RN
B A IR Y, TLV A T 2B 25 /A ) T AL AR 3
PR BN A, B5TEREEE A PMELE ST 73k i 1%
IR B DB 2 /MG, B Ca> O B TR 1 /K i g 1)
N R ANy . EUEET IR, R
[JPMEL 5 ILVEZ; &, Ha AT 4R 2% S04 1 I 25 L i
BAZ AL T EREEFT I E , CR /K X ] 5k A b
fift, B R NAR IS 7> 4k 22 5 SR SUR G P 2T . 4F
YL 2k BUZ PMELIE . Bifr 2 e ¥y B 2 1 SR AR 1A
(amyloid), 1172 IR/ IMARIFRE LG P40, 2%
SUIRGE I BE R & R R I BT, LRAE R /MA
RAF NI T 25 00 1 SCHE B 42 . PMELE(RR /) i Eu
B R T R R MR I 2R SUIREE R 2%, HLRZ
A R R IMEA TR MY, R ERIE . Rk,
PMEL 4% I\ Ay /2 B8 2 /M R A 3K 5l 77 (driving
force). 1HAHEZ/MATEGRP143(G protein-coupled re-
ceptor 143)FI 1B~ 43 1L TUHA B8 22 /IMA 2 53 DA K e B
WARZL 7). T GPR143R A TR LI 151 (0A-1),
X H ATHE— SRR IR B R . GPR143 %2
— M EE R GE BRI AA, FEE AN
PRELJ SR /MAE . GPRI43 1T RE— J5 T /& i
PMELSE Be ) i B i 1) 551z, 7y —J7 &t 5%
180 7F A4y 1% 52 6 K (endosomal sorting complex
required for transport, ESCRT)AH ELAEH, {2t 524 1)
MVB#%iz 41, GPR143 6k K BLR AL 2 FHUE Z /)
L= NI S by NI O o
SRR/IME G RERR T PMELTE B 21 4E &

L RN UL R I E A AL, T
TiEEMEEARED. BEGRESEEAD. NG
A M NSFIEHE H 24K (soluble NSF
attachment protein receptor, SNARE) K%, LA
I E AR Gk XA E TIES
J1 TR 2 Bk A9 - LROAE S8 95 20 T AL i F
JT. i, B R (tyrosinase) R AF S EOCA-1, &
B TilIEOCA2R A T OCA-2, B 2RI S E A
1(tyrosinase-related protein-1, TYRP1)%48 S EOCA-
3, H/Wi$:i5 5 4 SLC45 A2 A S OCA-4, K-
#i Na'/Ca® J2 In) 5% 12 85 I NCKXS5/SLC24A5 R 5
FOCA-6, % % 74l (DOPAchrome tautomer-
ase, DCT)RA FH OCA-8. OCASHIFURFEHES
B T, OCAT(LRMDA)#IIE & — NS I
2 5 PMELN L BL K SR 23 /MAR pHIE ™, H |
TN 8P HR 57 JBk 11 A0 M 28 oA 4 B (R = ) B 4%
Z 5B Z/MCANE TRESEY . BROBENTT
Wor, EALT B R /IMEIIXFLIEIE 2(two pore chan-
nel 2, TPC2) k49848 (R210C), S5 Ca®'/Na" il i f
JIHG5E, [ R Z/IMAEpH T, H) (528 10 AR el
TPC2-R210CH A T SR Fa w44 77 X OCA 5
OA, 5 IZRAL /N R R Iy WA A%, I I
TR . IR R AT B T IR R R I
AR Fi 5 14 P O3 5 Ao Dh e kB , (RS VE 9 i 2
N OCATL OA, AT H TPC2-R210C 2 ¥ fik (11657
(cutaneous albinism, CA)IEUHE LN . TPC2L &M
Ny fe 58 -5 R K K B OR A AR AH SS 1 BT, (H
FEAE BB R 1 R210C H AT H A T T — i1l R AR
. 74h, TPC2I /Ny F-BEh 7 mT LLK S 4 2 241
VA BRI RURE (IR Y, T TPC2H 2 SR AR I B L 2
M BGYE . AT SRR RE I # 2IRES, $28 TPC2
AIRERCAIR R R B R PRERIRAT M0 LA A e
RAEWNIER RTIN HE,

TR R 3 /IMA N I SR S S, BB R
A R TG 7o R, 7E T A 3 /M 2
AR WEMRLLE . L. IVIIRR/NMEANE
TR RN BEIREE 2456 Cu® Ml Zn™
AR RIFEINRE, X ECu I Zn® %2 By F B R
s BB ERMME . 74, BRMMEApHEIE
T, DAIE IV % 2 1 T e o B I R 225K o HFH B
FAMEIEN I HAFAEZ T 73, 51128 (V-ATPase)
DA% 22 P S /IR W) e 3 AR o R 3 /M iR A pHR
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ARETER, AR, g7z mEa
OCA2LL 2 SLCA5A235) /2 AE IHAF 46 A 4 16 % 21 22
F/AMAR, VI IX S 1) 4 AL AN [ T PMEL.
PUAE N IX e B4 2 B E U B 3 /MA 2 1
WAL 53, JE e 20 T8 B IR A BRAR IR TG 2R
PR TE [F) #3038 B TN R 2 /AMA B, 53 b — o3 ik i 4%
K E TGN, #il4n#4 DCTLA K MART-1(melanoma
antigen recognized by T cell-1) 1 #E i MTGN H 27 )5
TR 16 B T B R /A B2 0k = oy i 3 0% i
BAEELFRR, HisEA R R 3 ) 7 5
B BS AL .

HPSHI K& XX — i FE AT 7R % o 3,
T % S £ 2% R S VIS TR AT b 5 B, S il T4
A T = R 3 R T A R o BB AR R
AR O o I T 43 i A2 B APCSERR T . FLFR
APCHHI=Fh, AP-1. AP-2. AP-3Z 5 H &£ /Mk
(43 ik . Horfr AP-247 57 3 e 40 i BT B _F (1) B ) 3
PAA L, T AP-1F1 AP-3 32 5%+ TGNAT Y 44 L ) T
PIEAT 03 1 BLOC-1#0N NS 5 & IRIE A P 1
IR, BLOC-15 &0 )\ AN W& A f A o] — A
R TAGHR o= FEUEAN AV R, AT 2L
TYRP1. OCA2. ATP7TAZ (RW)4E 11122 & /MA
iR, AR ARG BIRD . BLOC-2E &4
INAZ 5 ERYE IR A 4 30 T 8 22 /MR 1) 3 2% A
. BLOC-2f# =/ IEFERAE X . HPS3. 5. 6=/
T AR fE 4 S TYRPIAE 1% B A7 8| TGN, 4k
DL ST i . 546, BLOC-25 BLOC-1£ /N1
SEAFEA EAE R, T H 3 E ST T 2B 2R /M
TEIA AR _EIEAF, $278 BLOC-2 7] BE /2 BLOC-1/I
e, (R EARI 7R WL B AT A B B35,
BLOC-3Z 5 B /M AW 2 A= B AE FH ML I F
i, BLOC-31F N Rab32/38 1) S H R T #e K 1,
FHS 5 VAMPT M Z /MR 25 3R /AR 16 [
BLOC-3&A8 5, Kl VAMP7 [l fahs | fdif5 E %
MR R, KE ZRE, 3T S B R AR R
WD B BN R A S A KA R S
EAMThRE LSS T 3.
1.3 IM/MREEFRA(DGs) IS AT #E

I /AR E B A 2 7 A T [ T TE A%
MAnfE. ERAME T AR as . MR A5 AE H DA
FARM A 3 5, AERRCE I RS R R L /NR
ATAA, SR 0 B B I /AR B0, I /MR B4R R

2~3 pm, & MR /NG, EE RN
DIRE I 40 BRE Fr o AR L A AR AN, I/ INAR 23 48
Wog , BE S /MR P R URL S IR ISR K 2
VIRETECE| ) B A B b, R i B L o A OO I /N R
/0 BHA = FhoR ofURL (a-granules, AGs). £
SR (dense-granules, DGs) DA S ¥ BEAA, FH4 5733
SRR A3 A2 Dhse, BIBUBTRL/ER . CHEN
TN AGs5 DGs 1 X i 3EAT I v R s 4, 7Rtk
ANFEER ., /MRS 5~81DGs, 5 BT 540
B B AR 290N 150 nm, HHL W, 29
CEEHPRAS, U PR H A3 4455, DGs N g7
Z RN, IX L P ZR ) ()R TS RE B8 N I /N AR
b, 5 ok A A FL VR, R /AR 5 )
I e T B AR 006, DGSTEIE N & ik
Ca®(£12.2 mol/L). 5-F&{afi% (400~600 ng/AF/ I/
). £ BEERZ (£1130 mmol/L) L K A% R (ATPAI
ADPFJUR FE 43515 0.6 mmol/LF 0.4 mmol/L)™. [
T A A ThRESE, ML/ MRGE B 2%, AT K
RE - ME AL 8 7 55 D e
1.4 DGHILESEEANLHI

DG B Z/MMEBIHIE T MVB. R ZAEBEIR K
JoR 14 3R L (0 7 A8 R AL HE If /AR T RE R A, (H
H T DG FL i 22 26 A1 BRI, X T~ DGR A5 1k
BAR R BN FLHEAN I 1O DR 2 Rets e Air
T DG 8 G 8 1 7E F Mo i 45 R 435 &5 A 2 T XL
SRR NG R AR 73 1R H )T, X e 7 2 {RAIE
TV 8 AP-3 IR B I & pe izt . A 7E DG
BTN, TR, 24T DG I LAMP2FI
VMAT2YE AP-3 1R A7 £ 5848 Ji5 S35 52 A T4 g
JRIE, UE IR AP-3 TR S 1, 7E HPS/ R
B pearl®Fl mocha'® L} HPS-2F1 HPS-101735 A
o, O RIRIL T AP-31K) B3IARN SV IE AR | 77 A I
/IR DGERFE I AL E K R R Y, 28 AP-32
5T DGIRYEAM kIS . 76 AP-3 B3ATFER
A5 () pearl/IN ML /N, DGEE B 1) 41 pl 7Y 5 25 1
SLC35D3IAITMEM 163 R 1A K- 2 35 FRAIK, $2
7N AP-3REMS s H A2 £ DGR . SLC35D3#k A
N RIS EARER— R, 515128 UDP-
glucose!™", 1% 8 FLEM/IMRHFAEE S B X DGRIAEY)
R FE S EL B 1670, TMEM 63 42 34113 191 % LK) 5%
Wi [N DGAEWD R A2 18 T 3518 8 1, Tmem163
R RN B B DG R =, HE UL E L AR () 84 F 2 20
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Early endosome/
stage I melanosome

G0us00s® BLOC- |
4 8 @” BLOC-2
OO & BLOC3

Endoplasmic reticulum

Lysosome

A
b
SN 3 BAE N ST o, IS v R AR e, G S TR A B 200 A 1 e AT B A R P AR R R R
BN 2 SELE ), S I A e B M SR BN R (0 D24, R R PRV s B B 2/ . PMEL ¥ S8 B i 1 40 Mo S5, SR 5 PE I A i e
EFADRFEA . RN, PMELZ I N TR, TERGRIRMTER AR LT i P EF 4RS00 2 J0 0 35 U S L, R T AR 0 R
fiE. OALFAFLAD A 73 eI FE AR B TR M8 €0 50 & pRAA T TN B/, e oh (0 55 2 35 I SRR S PR I 7 T B 4173, 445 TYR. TYRPI,
OCA2. DCT. MARTI%. X2 5H I A=. %, TYRP1A Seid 40 5 i B A% 6 B U 2/ A . 3Lk, DCTHIMART 1Al BLE £
M TGNIE i BT B R MR e FRIR, K2 800 i e e 2 B R i A IR A NS 3/ ik DI 3R B S =7y sl iz &= 1v
SR M. G, BRPMELMOAL—#¥, WU BV Al e NIDU R 2 /M . FLIR, BRTYR—FE, MU AP-35 &4, # i BIDY R /M. FHX,
ETYRPI—#f, 1L AP-1. BLOC-1MBLOC-27£ ERES #4773k, W1 I 2/ IMAz i, 102X PR 28 2 A F R 5 77 ZEVAMPT . AR,
VAMP7 1 LB I BLOC-3 (17 B, [T /M ry g, B o O g find B2 B s 4R 00R, RIFE M B R R, R RIS A
LE R A AT i
All the melanosomalcomponents are synthesized in the ER and matured through Golgi apparatus, with some of them take the route of exocytosis and
endocytosis though plasma membrane. The early endosome or stage I melanosome, characterized by the multi-vesicle-contained structure develops
into lysosomes or mature melanosomes by selectively harboring different cargos in a sequential manner. PMEL is transported to plasma membrane first
and then imported into stage I melanosome via endocytic pathway. PMEL gets processed and mature in the intraluminal vesicles, where it forms into
elongated amyloid fibrils. The fibril structure is the scaffold for melanin synthesis and also the feature of stage II melanosomes. OA1 and other factors
contribute to this process. Melanin synthesis begins from stage III melanosome, where all the components essential to sustain tyrosinase activity have
been prepared, including TYR, TYRP1, OCA2, DCT, MART1 and others. These players can be sub-grouped into three teams. First, TYRP1 is directly
delivered to stage I melanosomes, by passing the plasma membrane. Second, DCT and MART are transported directly from TGN to stage III melano-
somes. Third, as most players take, go to plasma membrane and then endocytosed into stage I melanosomes. Cargos on stage I melanosomes take three
ways toward stage IV melanosomes. First, like PMEL and OA1, just follow the trends and get into stage IT melanosomes. Second, like TYR, take ad-
vantage of AP-3 complex and be sorted into stage III melanosomes. Third, like TYRP1, is sorted by AP-1, BLOC-1 and BLOC-2 on a tubule structure
toward stage III melanosomes, where the fusion between the two organelles needs VAMP7. Laterally, VAMP7 can retrograde to stage I melanosomes
with the help of BLOC-3. Known transport processes are indicated by solid lines and undetermined ones by dashed lines. Key molecules and complex
are diagramed with annotations on the right.

B3 BEHR/NMIERERRSRR XS TN EHAERTES E STEk[6,35]1#1T1EE0)

Fig.3 Key molecules and intracellular events during melanosome biogenesis (modified from the references [6,35])

BLOCE &3 DGV kA= L #I T 78 JF BLOC-1& 4% dysbindin [V & 5875 ] sy N BRI/ MR 5-
WA B, (H L 1 R R B RN B R T R AR R F2 00 i S5 S B AR U7 pallidindlV 3 2848 998 AL /NBR
B R — 2 ST RE R DGIK K A R . DGk =) A X DGHIAEY) K AR EE . BLOC-2
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AJ LA 5 Rab38 i1 Rab32iX %™/ GTPasetf HLAEH , 1E
E 4, Rab321Rab38% 5 1 AP-3/+ SHI DG
PRSI R B B A i 72, (3238 9 BLOC-2
2520 DG LS, BLOC-37E DG KL
(IVEF M AN 48, {H HPST. HPS4BLRE I N8
/N R R IA DGR Z U7, 7L 7R BLOC-3%
Bl MRP4(multidrug resistance protein 4)/ABCC4(ATP-
binding cassette subfamily C member 4)5%12 | DG
i A ADPY ., 2 J5 BATTRIAE pafil sdy/IN B (B3 3
A BLOC-15RE ) I /M, TMEM163 8% [ ik 7K
53 PR, X — IR AR I HPS 6 3 5848 ) ru
/INER (BLOC-28 [ ), {HAE HPS 1 S J AR ) ep s
B (BLOC-38k P ) AR RIS . 1X— 45 R
BLOCAHEAMAEDGRAES T W fEHSSE T
eE R, HX =MESYELIDGK A%
HFWAAEIREE S . H— 1S5 DG RTIA
ARl B B /e 25 1) HOPS, B VPS33A
AL 4% SNAREE S WIW BT RS fh &, ol Ge s
ST EADGCHEMEAMEHmENS MVBIfLA,
VPS33A AR 1) b7 B L [R) ZE 4K, ATP 33k /b,
DGHE /D, IF B HOPSH A LLZ I DG I A Y 5 &
A b FEe,

TEX DG T 250E L 5 1 BUR AL SR 72, 3222
KETT )2 LROFE 7P B4 8 1 1 29 e i R AR 1
Ml DG & HE#ER. ADP. ATP. 5-$2 (0%
NPT ZFE T, SR A B TIEiE., HisEl
Z5 7 DGR N /Nr T E £, ERED
A R AR F, Nats Ca> Fl Cu® 5 T Hfa
BRI RIER RELE ., RATAHBME, 5
SN R AE NI AR DG ] fE B 75 B 2 1
TIBIEZ 5 DIReTS .

HHEFTUEN], TPC2WEAAEDG F, Z 575
DG P 1) pHAE A Ca> (5 5 U7 Beifl e i is B
(vesicular monoamine transporter 2, VMAT2)[7] DG
iz s-F i | AKH H - ATPHiE ™ A2 1) 1 B Ak 2
T JiF 1580,k e &k LR B DGR 5 156 32 1R 5 o L 2
et EE, AT R, Zn? i B A
TMEM 163 7] LE A AE DG L, Tmem 1633 PRE 55 /)N
DGk = , DGHI A& B THER, S E DGR AR
A5, BARWE T A IR, (HIX g BE B DGIE
IR R IE RS TlIEN S 5 HELHN S TRE
MI4E+E, Ca®'y Na's Zn*'. H' A EE P AIEREE

YER, DRI DG e A7 1 25 78 A A% s B 1 AR 2
BT 2 K7 . ASLLG = KB UDP-glucosef% iz & [
SLC35D3 W] LLE ML /EDG I, DRI BA T A AR 5
WA B B E i [A) 2 )Pl B 2 5 4% DG AEY)
KA
1.5 KBEZOCFA(LDCV)RI ST E
LDCV & 1 22 4 55 Wh 20 f S A1 53 s 20 i ) b
SV RS U0, FLZE 19414F , BENNETTEE )k
1B b RVEE5 41 B (chromaffin cell)HF ##iid 7 LDCV
IR A . 19534F, BFFE N 3 MAIE & 48 i b 23 5
LDCV®™, AA AL EE FAEEFH LDCV A2 —F i 4
EREAE, & RABEZ ORI MM ™, B
LDCV W & K E IR F (granin) . #1Z K (neu-
ropeptide)- B 1 B A7), 00047 ) LR e ol
2236 71 (catecholamine neurotransmitters)s ATP. i
R (ascorbic acid)fl Ca*" 45 54, 7E 43 A4 i) 52 3]
T, LDCVsidid i 15 24 5 WA 1E F (regulated se-
cretion), 5 FLI A7 19 AL i VR4 o JE sk 0L 08 40 2 B
Je A HE) 77 ORI T HAlE B B D RE, R AUE
RE - AU AT AP 2 S vT 98 1 S S B A E
MPEIER . CRIILDCVIER . . A, B,
W% Z T B o Am, B B EE 9K B
KA
1.6 LDCVHYEY LS Rk
LDCVIE AR T TGNN K, 2 G4
5 TGN DR X 28 AN [R] (1) i K38 . 2 K 3270
KA =, TEARAFIN, 7] §e A2 ROk 2H 73 FH Rk
5y BTl B PTR A AR B9, X iR A AR — 2P 5 TGN
I, AR AR (immature secretory granules,
ISGs). TGN R A8 B Wi 535 ) R st ok . |-
B S apE . A% S EEIT APCsZ 5 18R
E i M S, YERRHTE ORI I TAR , JEAE RN
FSCGATT AR IBLTE o TBU YRR 18 1) B0RE 2 M TGN
NISGsTs 15 min, ISGs#% 25 N ik ks (mature secre-
tory granules, MSGs) -3 £ /945 min®™. R 4hE%
Fr B RE R A1 o LDC VI 73 i & 15~18°K 7. 4E
oL E B R A3 dd et X 2 L 2R /NI AN IS Gs |
B . FEISGs L R, ISGs [ v & A= ) 2
G, FHERG 2 G K A E 8 e SRRt — 20 ik
AR FERRHID-14 5 1 7E J B 25 0K IR i #hod 72
ISGsZ I8 (¥ [F] BU R & 158 MSGsAN & I 2 [ ACHE
TSI, BT EE S —. MSGsHISGs#H[ AT
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DA S e B, ISGsHE AR e B

LDCV R B E AR kLG EEE
“HIH 40 3% (“sorting for entry”) Ml “J5 & (i )4
1% ”(“sorting by retention”) P Pz 5, “HIE ik
MU TONIE N EE W ik &, il a e
TONH RAERLE, 2 J5 5 TONEBUE E 2k 8q &,
BEM Ik ], FER AR R HE RS R E
(i B8 ) o3 3de B A R i B 1 R EAE TGN [ 4k
HEAT 433, i A2 BENLIE N TGNATAE BT A 2830, =
SRR (1) R T 8 43 WA R 1 R A 1S G, ARRIURE 43 LA
AR T 0 77 EAA AR AP M ISGsHEH -
LDCVs &A= 1 2 o (1) 8 1 4338 7 2T MRSy =28
(1) WHSER 533k, & B R AR ORI & 2 1 (ki
EHAXE); (2) BREASE, 5Pk A& EE B
HEEGMIRE D, (3) BAMEG EE 5k, W
HHE. K E AR ES.

LDCVs W 8 E 1) R = i 510 v ik FH A .
LDCVsWIEEAFEMSMEAD R ED, Wk
K H A(chromogranin A, CgA). CgB. 4 WMk 2
I~V (secretogranin 1I-1V, SgII-IV)%§ ¥, 7F Ca* f77E
FITEOLT, EEARAE EREE S H CgATE pH6. 5 46
TERCITUE , DTVE Bl pHAE FRARIZHTIE 2 . X ULHH CgA
T8 o 7E R I I b R A TR AR TUE S I Al 43 Tk
BEES B, LING PRI, LDCVH T 8 A
Sgll = B A ] LA Ca* 75 5 AR AR 53 25 (liquid-
liquid phase separation, LLPS), k1 1f§#2 LDCVHI K
/o RLEE A TEAEAR N ISGSTE TONAR I H ZF 4L T
) 71o TEAE LDCVsHI AT 4E4H i 2R 1A CgAPIAI
CgBPH ] = A HA - Dy e i LDCVFESG 14, H.
ZE ) BA LDCVsI W Re. Rz, £ PCI24
A i Cg AR CgBIFR K™ B M LDCVsHTE
B B E IR FUR B, FE AT ARG b oy )it 3R
IEPUAI R B R IR (pro-vasopressin). i = % J& (pro-
oxytocin) 1 22 {7 2 i A7 {4 (pro-opiomelanocortin,
POMC)¥ 1[5 3 tH LDC VAL ZEiL %), 156 W b 25 19 A
PR JE A AT /E TGNAL 55t 25 T i ISGs HIAE
LDCV W 8 H Bk 1 i A8 43 85 07 sk AT 40 ik o1,
R UMEB S O EARSC L ik . SRk
SRR KB E(carboxypeptidase, CPE) 5 flx 45 #4315
] LL5 TGNALDCVsfiE_F NS A P, &
POMC. proenkephalinfll proinsulins#1 £ ik §j A 7E
TGNFILDCVs A & 1 79348 O, FioRi i 2 1 2 ] 4

AFAEAE AR BAE . 54 [ phogrin v & 13 7
LDCVs F IR SIS, BL130 kDafi &K%
A, EE AT B 5 WA I8 45 1) i R K n
N 60/64 kDalf] 5 5 R AR P, WASMEIER %5 V%
B, phogrinf¥] N-ify A iz &5 #4380 AT LARE N Py i, FF DA
AR A T AR, 1 phogrinf) 7332 AT fig
H AR/ S CPEFF 454 phogrind K
phogrin 4 JiE 25 #4935k, 7F pHS5.5F1 Ca* fAAEIA BT R BLAE
W5 . /E CPEREIR I AtT-2040 841 , phogrint &) {4
£ Golgi/TGNAH. 73 HEAH, $27K phogrin W\ TGNIr] 71 )
12452 BH . phogrin /& id K th 23 5200 CPE/E LDC Vs
SEANL, TE R % phogrin[] AtT-2041 i #, CPE4 iR 2
PSR % AA , 108 phogrinfg BT CPEYE M 4 1 1E
Eﬁj@i‘fﬁ[lm]o

73 WA P Clathrin /3 41 7E TGNZ R EB MIISGsAL,
$&7R Clathrin & A5 #2 55 AT BE 2 5 LDCVER H Y
A3, O SIS R B AP-1 5 SR IO MR AP-3E &
fenos0emr e Zx B Gl BB SIS R B, MPRSTE
ISGs I H ZE A B /NifL | 5 AP-138 52 7. Bl Uk
()8, MPRsAHIAP-1 2 &4/ 90%, M5 £5 [ phogrin
VA A, UL BIMPRAIAP-1 UKL RS e 2 4
FPER U, MPRsHT AP-152 752 5 i 8 (4 2150k 1
PSR T EH— LW . 7EAP-3REBLIE Amochas)y
BB IR AL K AP-3R [ ) PC1241 L kL 2 CgA
T STy 25 B A0 2 BRI %) TS M A R ASHs P 5
CySEIGHE— 5 R, 7E AP-3ThfEBRIE ) PC1240 1,
Sellifh N A 43 i i R EL I %2 | i AP-34 5
SglIfE TGNEY/AHISGsH 1) 7 e AFA 1, BHLiEH 220
RS WA AR RIS . HAOZE VTR B, Muted Bt 26
(4 R AN LDCVH 1) Cg AR AN, $27R Muted Bk [
FECgATELDCVIIHi 8 , 8 BLOC-12 5 ISGH
AR 2 CeAlAME, NS5 LDCVII KA.
YUZUR B, FEBLOC-3E A 7R I IEFEHPS 1L 1)
ep/INER/INVE IRAR M, 7% [RRL (3 7 —FH LDCV)
JELEE ] VAMPTAEG R AR 73 A oD, 78 7k ik Ad
FI43 A 8N, $278 BLOC-31] G5 5 VAMPT7 K13
[F. iR B2 S 5 5 ik 4wV 2 A s
o
1.7 Weibel-Palade/\NM A (WPB)R 54950 T/ g

WPB& ML A B 4t 7 LRO. 1964
4, Ewald WEIBELA George PALADE" /£ K fL AT A
(I N R 4l R R B T — iR 4l 28 . Bl
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Je HVRIE 98 % 30, 0 Ao 241 i 2% 6 25 i Ak 3 4 vh A
FEMOT 2 M 45 1 A 44 9 Weibel-Palade/MA . 7E
HLF BB RS, WPBERZ MK “T Ak >, Bt
90.1~0.3 pm, KN 1~5 pm, RIHEH R Z RS
¥, WS PAT TR HRUU HES IR S5 1) . 1982
., WANGER%E MR B WPBH & — Fi{iE 6t ifi. 2
1 vWF(von Willebrand factor), 7& H T2 N W
SZF [ WPB P S0 10 B IR 45 F B Bl vWF 1) 2 R AR
e U021 S Sk I WPB R L 21 4R A g
J 5 77 (tissue-type plasminogen activator, t-PA).
P-E % 3 (P-selectin). (4411 % -8(interleukin-8).
WE R A R 20 PR A S A PR F -3 (eotaxin-3) . LB AR
%3 -2(angiopoietin-2). ‘& {42 (osteoprotegerin).
M 5 % -1(endothelin-1)%5 2 Bl AE PR 737 10, i
LG WPBI A 2540 AT DLW B 3 {5 5 73T AL AR N
IR AR T B M AL, 2 587 I &Y ok S
WEME, FAEIRML RAE. M AER. MARTE R
O A5 2 AR SR R RS AR .
vWF& WPBH ) =417y, Al 7k B ML o 2 5
MR WER MR vWEFS . 5D BUER A TR AR
2= SRV I A% (von Willebrand disease, VWD) &
AR B, vWEZKSP i i 5 AR T RO 5%, vWE
AR I =B A A LR S B T R 51 K
A P I /N A 932 1 25 98 (thrombotic thrombocyto-
penia purpura, TTP)!'", LK H vWFK- T =ik 5
FE O BRI R Sl K LA T B A DR
FiAk, VWL 5 3 B A B4 AR O MY, £E vWF
B R B AT I Sh P, SR R AR B
R0,
1.8 WPBRYE &% K k7t

WPBH) & AEWEI FTGNW JE I K. f£
HEK2934if. AtT2080R EBIKA Al , Kk
K VWF R LUE B WPBHFEAH i 25 . IX 1] vWFII 2
A B TR WPBAEY) R A I 3 IR Eh 77 121,
vWF TR S H A —ME 5 Ik Q2R R R AR )
H1350 kDalt) H A7 O 55 &5 44 55 1) provWF(D1-D2-D’-
D3-A1-A2-A3-D4-B1-B2-B3-C1-C2-CK), 7EH 5
W AN provWFIE I B AT C AR i 1Y CK 45 14 4% 22 T
AR, FIATGNLLGE , 1% R4l D34,
P32 [R) RV IE 3T T B 2 3R 4K, 2 )5 D1-D245 F 35,
(100 kDa, #FxA proregion)# I EIF, F AR 24 H)
VWF 2 B4R U224 v W 1) 2 SRR AR B2 AT A

PR N (pH7.2) B TGN (pH6.2) [ pHAR ) FE A 124, 76
TGN, vWF 2 J 44 LU 1) 77 X 40 2 1l 1R 45
¥, £ proregionffI# B T, K i) vWF Z R AR Ay
TS0 B AR K B 1 AR vy, 3 o 2H 6 A K B A i 4
(1 VWE A7 i I AN R A= g4 . W 25 S84 (1 20 26 56
T WPBIIAEW) Az DA K R 3 A= B D R A AR o B 2
B TR, WPBJEE N B H FI Ca® /£ vWF 2 AR K
PAE R OR R EAE S 1N WPBJEE P 1 pH
B, SR VWEZ RARMA%E, Wi S8 WPBIE K
2 A FPIR AR 125126 yWF 2 AR IX Fh 21 35 7
IAME AT PAK RS 1 WPB A i A7 &, 38 A DR
HE vWF 2 BARTE 43 W I o] DR AT 7 1 28 T2 1
KeoF g2 027 B M 45 6 /MR LR 2 5
e

I A A1) vWF LK T clathrin/ AP- 14K
(177 M TGN H 28 U281, i Jg 223k s 7 24 ) it 2
WPBJ B TGNJE il A 34 1) WPB. YAMAZAKI
S UV I, ORI 4 243 5 Pl PKD(protein
kinase D)LL 2 V-ATPase V0al S5 WPBIP [ 7y it
o MBS TGNZ 5, AR WPB HL T2 B UK,
HASBAERZE . BEE vWF BRI aE . i
B B A AW 48 55, LA R AL R (homo-
typic fusion)fEF, A B4 B WPB R /N 23 A W7 1
m, WEREARGWHEM IR 7, R AR, 1B
T i) S A2 130132

WPB W & ¥R 5 73 1 8 55 I i 38 351 %2 3|
PR V5 T A 12 i 3 G RS 5 AR . R R A R
5 (4 t-PA. angiopoietin-2. osteoprotegerinll P-
selectin)/& 7£ TGN H 27 I 5 vWEF— 2 #8553 N ARk
B WPB!M, 7 i WPBH % clathrin/AP-111
Bz, ULHIE WPBI sz #2  , W RER clathrin €l
FR 7N A A 2 ) WPB HH 2 1 7 7 R e e B A
AR, 5 B A WPB H B ] A6 B VF 2 A7 AE TR
A WPBHI IR 1, £045 CD63. Rab27A. RalAF
Rab3D%%, X 2620 1 il 73 =& £ WPB/JIL 2 TGN Z J5 4%
2t N\WPBIU, i1 AP-345CD63%% iz £|WPB
B0, AR AP-3EFEN S T VAMPSF|
WPB_L[1¥;i2 . MADD(MAP kinase-activating death
domain) & P 7 41 g Rab27A. Rab3BAHIRab3DF
— Pl SR A B ACHL K 7. miP¥ MADDJ5 , WPB
EJRab27A. Rab3BFIRab3D & & & Z /D, R
MADDIKZ/iX L& Rabs 5+ ££ 2| WPB i | 151, 5
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&b, BLOC-2E &1k W3 HPS62 5 | V-ATPasell &
VOD1E| WPBI# izl FE , XF-F WPBHIEZ AL A1 vWF
FR) I 43 b 28 SR FE L 020300 g b FRATTIE HA R F 7
GEHLR R RRARAE WPBR A2 LA (45 AR R )
iR BRI B 4 B ) R AR A

FEEEA ARG FE R, AR R WPBYE4H i B 48 7]
JRIETT IRiE ), [N pHAB RFEEFEAIC, iz WPBJIE N
(I pHIEIE & Ik RS 4/ 47, HAFE R /S 5
NECEAR - I 0 WPBH 2 4 A 75 51 i b
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Scheme of biogenesis of DG (left thread), LDCV (mid thread) and WPBs (right thread) relative to the endocytic and biosynthetic pathways including
early endosomes, Golgi/TGN, MVBs/late endosomes, and lysosomes. Solid lines and dashed lines indicate proved and putative trafficking pathways
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clathrin and AP-1. Key cargo molecules discussed in the text are noted on the right side of the panel. The drawing was completed based on the informa-
tion reviewed in the references [8].
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