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BE BEEARENFEAS, BESE5ESHSNEEGES ST AERAS FEGRIR F RS0 A 75 BRIk
R 8 S A RS UL RS & B E AR EE H (ORPs) & —8AE W RF IR F 7 7, B 88 X B i T L e A [
BRI R o FilAT IR G iis, SE5MPF N2 ERERE, SR ESES. B, BRREMmIERRzms, A4
K AREBEAEEER. EJUE, kT ORPsTE ALY AIEELE(Saccharomyces cerevisiae) 45 74 F1 I BE i1 i 70 BUAS
T RANEERE, HEEY DA . %0558 T ORPs e MM B AE FLEh . MR RUE Y H W SO, 1R
T T T YIORPS 1) 25 #4) e 3 50 AL 3 P AN B B [R5 25 A 2 MR DG R, FHEXHEYIORPs A KW AL 7 1M 34T T JE 2.

XA

AACEBEA S EAMKEA, ks, B aAA

BROCHR, BE, T (2021). FALEEESE SR AMREAZ BRI AR, EY%#MR 56, 627-640.

21 S A L R, DA KRB BAR . BRI
& i (endoplasmic reticulum, ER). = /REEAA
TS 55 24 2 A g N 3 i P R R % PR SR Y B
JERTAH I RS, a2 A s AR 4 oy, B
Hg Wi (fats) 15 A (lipids) . 25 AR X 4 N HE (phospho-
lipids). # A (glycolipids). HE & H (lipoproteins) Al [#]
fi 2 (steroid). AN[FEWIFR. AN [FSEHY (1) 40 f DL K AN [F)
24 it 245 1) A R FBE e 5 T BRI R L A0 A AL AN S
A o AR B 5 20 T E 4R M A i vis i F2 b e 5
WEENEM. IR K 450 %y, T E
Z 5 R B A A S AE R A BB (R i s VE A B, R
BARENGESH SR CHA Y S 5 MR EER
FAAEESRE. AT, BIEE S RN IR E N
2Kiz ki A (lipid transfer proteins, LTPs)f 787 Ac
G o IERH TLTPS/E NG 55 T HA A v 8k
MR, oA PR T e £ 2 Wk 90 3 1 O3, A ORI i (e
i JVAE LS T E 2 2 (Pietrangelo and Ridgway,
2018; Balla et al., 2019; Wong et al., 2019).

Ak [ 5% 45 & B H A 9C 2 E (oxysterol-binding
protein (OSBP)-related proteins, ORPs)/&:—& & %
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FILTPs, fE&RAEW R 21, HEFERZXIE
1 5 (Skirpan et al., 2006). 7% 7% W], OSBP/
ORPsAMMY AT Lhiz%iflg 2K, &2 5% iEizHi(Dong et
al., 2016). fgfiftig(Lagace et al., 1997; Beh et al.,
2001; Beh and Rine, 2004; Ma et al., 2010). 15 5%
5 (Wang et al., 2005b; Lessmann et al., 2007). 41
Wi B 485 712 (Johansson et al., 2007; Wyles et al.,
2007) Fi1 5 [K 2 1A &5 A4 # k72 (Yan et al., 2007,
2008) . JTL & i 2 4E ORPs #H 2% W 7¢ £ A\ 2% (Homo
sapiens) 1% £} (Saccharomyces cerevisiae)HH Bt 15
TEEE, AT T ORPs I A4 % Dy RE W 5T
PIAFSr, R HARBOAER . B ORPsHY
SFINREG S EAEYI . IR, AR E 2%
R TR 58 AT R & AE 57 2GR, Bk, &
SC N8N J7 T ORP AR S5 A B3 1R I 9 3k g 1 47
3R

1 BRESFHARE—oh REEREFIhEE

1 i 20 1E 9 A= W S 38 g X531 |2 1) 2 L5 R B 4,
A 55 H i 8% i (glycerophospholipids, GPLs) Al i
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fig (sphingomyelin) (#/I5 (spingolipids)ft]—Fk). R
L5 10 R 5 AR 2 2= (A1 A AN [ GPLs T 43 A sk g Tk L s
(phosphatidylcholine) . i JIg Bt 22 % 2 (phosphati-
dylserine). f# i &t H i (phosphatidylglycerol ) Fl i g
I LI (phosphatidylinositol, P14 . H: o il g 1 UL s
(5N 2 AL fULE R 8 WG I /R T R gk AT B i R
o WAL =k, 77 AT IR UL (phosp-
hoinositides, Pls), fi#%PI3P. Pl4P. PI5P. PI-
(3,4)P2. PI(4,5)P2. PI(3,5)P2FIPI(3,4,5)P3. Wila
JULIE = EE ST R AEAE A 5 & AR e 25
RRIVERT PC R SERFENS - ALY k7 b L SR WS TRsta Sl
VL L R £ (Heilmann, 2016). Aefs S5fE 7> 1
SEAEE & HPH (pleckstrin homology)Z [
4E#)IE . FYVE (Fab1 YOTB Vac1 EEA1)E 45 #45
APX (phagocytic oxidase) & [ 45 #J 1% (Lemmon,
2003). Plsh] DLid i 75 55 1) 2 fth slofs e M 1 25 itk
SO I ) A B T, 3 T s e B R R D e
(Lundbaek et al., 2010). PI(4,5)P21E i fig s PLCAE FH
TR EER R A5, WYLEE1,4,5- = BE R
(Ins(1,4,5)P3)F1 i H il(DAG), & %3 555
% (Hong et al., 2016).

R ¥ 2 5B 2 AR, GRFERNEK
B KB WERKE. MAEGES. Bk, A
Wi L HE ) e 9% DL Je — S8 A= W RN AR AR ) B aE R
(Xue et al., 2009; Harayama and Riezman, 2018;
Jia et al,, 2019; Xing et al., 2021). 7EfEY+, Tk
RGNS 5, K 7 AR AF O R 1 18 B 58 [X 45
(Wang et al., 2016b), 1 A5 73 % T 15 i iz f 22 5%
# % (Liu et al., 2013). i, PI(4,5)P2/2 it iz firid
T e s 3% A 1 2 —(Martin, 2015; De Craene
et al., 2017). BEERNLEF 2 5401 P9 B WRAK 197F B
(Chung, 2019). H W&AH %% K (autophagy related
genes, ATG) VPS34 (vacuolar protein sorting 34)i%
Wi 5 g /N R & AR 3 47 PtdIns3P 1 77 4= . ATGO
ATG18a Jy 1 ) 4 JiL A ot X B Wt Ak ] ol BT 4 5
ATGOK #iPtdIns3P i ATG18a 7t [ W A JiE L fry %
i&(Zhuang et al., 2017). BEFR LR /2 125 738 18 (1) &
FAFATAF . PI(4,5)P2 n] i ik i 1y K@ i i i < ALis
zh(Ma et al., 2009).

] i St R AR I a5 M oy 2 —, 1ENIE S
JO3 A 24 o 5 B 40 M A% R AR R R AR K R B R AR R

L E ) (Boutté and Grebe, 2009; Ferrer et al.,
2017). HEEEREREAEE T3, WARET YT,
T L 2 S TR RN SR 9 S P (Tarkowska, 2019). A
A 240 B A T[] T 7K ST PR A8 A BR A S o T 50
22 PP A M %98 E (Luo et al., 2020). H i ka4
REI 7 T DhRe it FUAR X B /b . fERE R, WISE 3R A
(brassinosteroids, BRs)/& — il 5 % [ 7 [F i 2
#(Geuns, 1983), Hit 5EZABRNEHE A,
AR . 524156 (Li and He, 2020). %f3)
VSRR LRI, SR EE S T ReNS SRR G
TR — Rk A IR (lipid rafts) I X IR, A~ S41 A
N IEEAERMARNEHE. F5/kS. ¥
355 5 IS0 R 1 A K A5 2 A AR ) 2 i 7R (Malinsky - et
al., 2013; Tapken and Murphy, 2015). %+t 1F
TESAR & 2 [ e A0 IR 11 400 R R A DX 3, gtk
P 50 N ¥ B 2 R BRI (X (detergent-insoluble (re-
sistant) membranes, DIMs/DRMs), i & & (4 i
A] X A1 GO A2 3 A N % (Takahashi et al., 2013;
Zauber et al., 2014). HILRH, EYAMNE HIE R
F1% ] T 28 e 1100 4 i B Al DX ek T e o A K B R
BifE g N RAEEER.

2 JEBE4E EZEBORPsXK %

JIg o £E 41 B J5E I f 4> A A ¥ — (van Meer et al.,
2008). K% IR )i 3= BEAE A i X Gk, B S s
W SR (T e R %), AYERFIE
¥ 5E X 384k (Moreau et al., 1998; van Meer et al.,
2008). NEEEAANE T /KGR EEE. A5J52 ifer
A B (P 5T I ) % 1) &% P A 25 14 2 40 B dan ]
Y F [ B 43 7 AR A [5) 40 B 2 FEE R AR 3 50 40 A 2 1K
BeH R B R R I EE L IR T gt
I AR AR B R F . i PN IR 2 e T AL HE 3L
il FEALIS 5 RIS f SR S I TR A R ER
HLTPsZ 5 [ E E iR i & s R is 1 3= 2207 1
LTPs EZA3T7hfe. (1) fEANREMNZMER,
MNP REASUIR Sz B ) 5 — M. (2) 1ENIEZEI
Rz A, G R O AR RS G BURE TR e
2. (3) TENMRRAIIRALE, WSec14p (secretion 14
protein), HE 5L B 15 LB S 1% 22 1% Mg 19 UL e 35k g
(Schaaf et al.,, 2008; Raychaudhuri and Prinz,



2010). LTPss2& & V2 A R o0, MR H ik o
SE4 AT 405y NSEC14. PITP (phosphatidylinositol
transfer protein). START (steroidogenic acute regu-
latory protein (StAR)-related transfer family). GLTP
(glycolipid transfer protein). SCP-2 (sterol carrier
protein 2) 1 OSBP/ORPs % % J& (D'Angelo et al.,
2008).

ORPs ZJik 1) 55 11 1 iR OSBP i ¥l =& 1E Ak
£ I 1) 2 AR A I, JFL I 5 41 ) 3- 2 -3~ FR L I —
L 46 Tl A S Ji7 i (HMIG-C oA ) B4 37 P8 37 ] JEL i I 1) 5
B (Kandutsch and Thompson, 1980; Taylor et al.,
1984; Taylor and Kandutsch, 1985). 7EAN[E¥)F)rh
ORPsZ % i b i % H AR AR, {H Th Re s fa <5 PR
3. fE N4+, ORPst & 124 1l i (Jaworski et
al., 2001). & R4 A5 124 B (Anniss et al.,
2002), rEREEEH, ORPsEL &7/ It (Beh et al.,
2001). # A Y3 B 5 (Arabidopsis thaliana) 5 A2
M R —FE, HORPsH %124 i i (Skirpan et al.,
2006). ORPs—f & &5 A W R B LI IPHER (1 45
Pt A5 R ALK coiled-coil 8 (A 45 K3, FFATH:
F(two phenylalanine in an acidic tract motif) LA & &
1 B AR S EQVSHHPP T FIl i 7T 45 4 IF 25 [ ORD
[ 45 #445 (OSBP-related domain).

3 ORPs & EL£E i

JIg 5t £E 2 i 2 18] 1) 32 i 75 %2 OSBP/ORPs [F] i 7£ 2
AN 8% A 2 1 (Gatta and Levine, 2017). ASEE]
JIG I3 B 232, OSBP/ORPs — % & A5 XU # 1) |2 41
W L[V B B ) 2244 2% 1 . /EOSBP/ORPs 5 jik 1
A DAY SR [ (1 25 A e BURE 7 A PHER 451
. FFATXH: P FEH: A I ANK & E 45 14 38 (ankyrin
repeat domain).

TEARZLTPsH, PHIE 45 t3AH 2t~y HAE
ANEENAFEBEIRE . L10% PHE ALK 5 1
R EE s Ry e G, AT 2R A 45 & BIRF e T |
HR90% PH [ 45 44 3 Ty A & A~ i 4 (Lemmon,
2007). fE N2 i, [ T ORP2FIORPY,
HAR RO & APHE B 45t 15 (Lehto et al., 2001).
EZ R EI2 K i H, 74 & PHE [ 45 # 35k
(Anniss et al., 2002). TEEEEF7ANA L H, Osh1p—
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Osh3p & 5 PHEE [ 45 #i5(Beh et al., 2001). #E{LL 5
FE12p o, AN A PHER [ 4544 43 (Skirpan
et al., 2006).

BT PHE 1 45 193805 B R LB 45 & A e e 1,
PH-GFP & H ok 45 7 i 7€ B % JUL B 1) %€ £z (Balla et
al.,, 2000; Rusten and Stenmark, 2006). ORP5#
ORP8¥PH & [ 45 F4 383d 1 5 Ny AH <0 1Y) 22 Bl 25 /7
1R I PI14PFIPI(4,5)P2ifi 44 3 5E £ T B (Ghai et
al., 2017). HEABERNIELA B TPHE Q454 &
FIE B, A2 EATZ B E AR . %4, Osh1p
i1 5 PI4P A % £ 2w /R LR, Osh2pifiid 5
PI4P B AE A AL E AL 7E iy /K FE AR, 1 5E A 78 5T i
(Roy and Levine, 2004; Yu et al., 2004). A i,
ORPs ¥ 7 P 58 A7 AU K T PHER B 25 #4 85, 18
TEZMHAFHIZSS. FlW, OSBPE N TE /R A&
JEEAA AR T PHEE (A 25 W 3550 5 v R AR | PI4P )
ghifr, 7 EARF (GTPase ADP-ribosylation fac-
tor)2& 1 )2 5 (Levine and Munro, 2002; Godi et
al., 2004).

FFATH: FP 2 518 7 51— fUN-EFFDAXE-, 2
PRI IO A7 P R 1 X 8. N R4 R 5 T ORPS AN
ORP8, H &k i #l & fAFFATH)F . B ERFOsh1-37F
A FFAT# ¥ (Raychaudhuri and Prinz, 2010). FFAT
7 g% 5 VAPs (vesicle-associated membrane
protein (VAMP)-associated proteins)#& 4 H.1F, 1
VAPs & — K N it W & A 1) 28 90 42 Ha A O
(Skehel et al., 1995), [ It FFAT % J¥ g6 % 5 5
ORPs & {7 2| 1 Jii % - (Loewen et al., 2003). {H
FFATI 5 G 9 A /& ORPs i 1z 1] Py Ji 9 L (it i —
77 2. i1, ORPSFIORP8 B4R % 5 FFAT 3 /7, 1H 2
AT 38 T C iy 1 5 S X5 A B 5 i (Yan et al.,
2008; Du et al., 2011). Osh4p#: 4 PHZ [ 45 #418 l
FFATZ: 7, MKERTE P T N-Jiii i (plasma membrane)
(ER-PM)_L5E 7 (Schulz et al., 2009). HHj, MY
FHILA W FFAT I 7 8BS 7 1 D e E .

ANKE 45 1402 — MORE IR 10 8 2 45 1
. HEr, RAEMENZRORP1AIEFEOsh1p-Osh2p
T8 ANKER (I 254038 . Osh1plfIANKEE [ 45 #3858
5 E-iEEREE A1 (nuclear-vacuole junction
protein 1, NVJ1) EAE S I 5E A7 7 20 B A% AL 2 7]
(Manik et al., 2017)., 4> KORP1L (ORP1 large)ifit
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ANKZE [ 5 #4485 GTP 4 & ¥ Rab7 & A & {7 T I 1]
WK S VBR8], W EAT A IR ) iz i (Jo-
hansson et al., 2005; van der Kant et al., 2013).
ANKZS 1438 £ Osh2p i (#) HAK D et AT 4L

4 MBS

JiE 45 45437 5 (membrane contact site, MCS)f&24~4f
Ji 2% I 2 18] BE 25 /N T30 nm i X 3 (Helle et al.,
2013). /N T A e L S AR 5 AR I A A R AR
TMCS. 5240 N oA ) 4L 2S, Aefig 5
Z PP 2L BIMCS, Wi SRR B Ak
2R Rtk I g (Levine, 2004; Friedman and Voeltz,
2011; Helle et al., 2013). & 2552 8]t 7] ATE I,
MCS, %S ia s, Ltk 5, Wk s
AN YK (Eisenberg-Bord et al., 2016; Saheki
and De Camilli, 2017).

ORPsIz il if 2 1) id 72 — Mk A2 /EMCS . il 4,
OSBP £ N Jii M - i1 /K 3 A 22 [8] 4% 126 JIH [#] BF 55 P14P
(Mesmin et al., 2013), Osh6p. ORP5F1ORP8147E
PO R - i B 2 T) A% 326 18 i T 22 2 IR 5 P14P (Maeda
et al., 2013; Chung et al., 2015). HicRIEM
ORPs )€ fif S Th g W1«

5 ORPsiz#ifEEE:H)TTE

Mesmin%(2013)$2 Hi T OSBP Iz i I [ B 1 1 41 A5
BU(E1). OSBPizHi [ 7407, 10, Wi
¥ & . OSBPi#IIPHE 45 418 S5 PI4APFIA1GTP4E
&, R B R R FAR R4 (trans-Golgi network,
TGN) I; FFATH 7@t 5VAP-AEAE, {£OSBP )
—BRBIN M . 20, HERSZH . ORD
R [ 45 R I P JoR P L A S R 1, AR O i E
TGN k. %3, PI4PHizHi. ORDER 45 4I80RE

R1 W KR ORPs I 41 i i v & Thg
Table 1 Subcellular localization and function of ORPs in animal and yeast
E4=| JELGE s s Bl ZE IR
OSBP ER (endoplasmic reticulum)- Cholesterol, P14P Mesmin et al., 2013
trans-Golgi
ORP1 ER-late endosome/lysomes  Cholesterol Rocha et al., 2009; Kobuna et al., 2010; Vihervaara et al., 2011
ORP2 ER-lipid droplet, ER-PM (plas- Cholesterol, Hynynen et al., 2009; Jansen et al., 2011; Weber-Boyvat et al.,
ma membrane) P1(4,5)P2 2015b; Wang et al., 2019

ORP3 ER-PM Pl4P Weber-Boyvat et al., 2015a; Gulyas et al., 2020

ORP4 Unknown Cholesterol Wyles et al., 2007

ORP5 ER-PM, ER-late endosome? PS, PI4P, cholester- Du et al., 2011; Chung et al., 2015; Ghai et al., 2017
ol, P1(4,5)P,

ORP6 ER-PM PI14P Mochizuki et al., 2018

ORP7 Unknown Unknown None

ORP8 ER-PM, ER-mitochondrion PS, Pl4P Chung et al., 2015; Ghai et al., 2017

ORP9 ER-trans-Golgi Cholesterol, PI4P Ngo and Ridgway, 2009; Liu and Ridgway, 2014

ORP10 Unknown PS Maeda et al., 2013

ORP11 trans-Golgi-late endosome Unknown Zhou et al., 2010

Osh1p Nucleus-vacuole junction Cholesterol, ergo- Levine and Munro, 2001; Schulz et al., 2009
sterol, Pl4P

Osh2p ER-PM Cholesterol Schulz et al., 2009

Osh3p ER-PM P14P, Cholesterol Schulz et al., 2009; Tong et al., 2013

Osh4p ER-PM, ER-mitochondrion Sterol, PI4P, PI(4,5) Raychaudhuri et al., 2006; Schulz et al., 2009; de Saint-Jean et
P, al., 2011; von Filseck et al., 2015b

Osh5p Unknown Cholesterol Schulz et al., 2009

Osh6p ER-PM PS, Pl4P Wang et al., 2005a; Maeda et al., 2013

Osh7p ER-PM PS, Pl4P Maeda et al., 2013
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B AT R S5 2R (OSBP)E A BT M sy /R F A 2 [A] 5 25
A a5 i 0 ] 1 Th e AR X I (2 E Mesmin et al., 2013;
Pietrangelo and Ridgway, 2018)

OSBPil i FFAT 2 /7 5VAP27-A B AE, EALT WM, @ik
PH A 45 #3858 RL7E = /R E k. OSBP— i id Coiled-coil 45
P B — AR AT M D e . ORDER [ 45 #4048 76 g i ok WL 124
BERR (PIAP)EAT 212 IR AN T, A4 JIE [ e I P J5 0 4% 7% 31 i3 /R
BEAR

| PH &5t
Coiled-coil
FFAT 355
ORD %535,

A VAP27-A

g P14P

o HHEIRE
2

Figure 1 Working model of oxysterol-binding protein (OSBP)
function in cholesterol transportation at membrane contact
site (MCS) between endoplasmic reticulum (ER) and
trans-Golgi (modified from Mesmin et al., 2013; Pietrangelo
and Ridgway, 2018)

OSBP is located in ER by FFAT motif interacting with
VAP27-A and in trans-Golgi by the PH domain. OSBP usually
forms dimers through the Coiled-coil domain to play its role.
The ORD domain could move cholesterol from the ER to
trans-Golgi, driven by the retrograde transport of phosphatid-
ylinositol-4-phosphate (P14P).

MR R S5, #HHPIAPER =N M . 240, PI4P
KA. PIAPHIZ =N BT &, B A5 i€ A7 SACT
IR 23 A, REILI B ] A PR AR AL R R S
XK AR FAE 9 5 5 TGN 2 AT Bl — SRR 22 1)
PI4APHS S, FHEdEOSBPYEIR LM FE N 4L % U7 Mlia
AT AE B FH T OSBP- S BT &S BELE P 5 X/ i Ab AR
B, I AR ARG 2 W 34 P9 gt JR MO s B8, 55 vl 4 L Py
[&] % 1) 4341 (Mesmin et al., 2017).

ORP5f10RP8 ] L, fEEPCS[X (ER-PM contact
site)f% 1z PI4P AN g 19 22 2% (Chung et al., 2015).
WFFER I, PI(4,5)P2 1 LA ORP5FIORPS 1) it
£(Ghai et al., 2017). ORP5FIORPS8IZL & A7 T Nk
W - 2 A T J5E I - 5 3 996 (late endosome) ()
MCS, 5 i [ i 1 F 4 it (Ishikawa et al., 2010;
Galmes et al., 2016).

TEREREAN i, Osh1-3%H PHFIORDE 145
1, Osh4—7 1 &4 ORD % [ 45 #4 3 (Raychaudhuri
and Prinz, 2010). Osh1 7 LU ANKE [ 45 #3802

ARSCIRE: AN IS G ERAMREARIRNPI TR 631

N AMAZ SR 2 M FIMCS, B i i e Fi [ i, 3k
T A 33E 24 B 4 I 534X 34 (Levine and Munro, 2001;
Manik et al., 2017). "4 ORD% [1 45 #3511 Osh4p
I HR T3 I T L PI4P IR B 156 FE #E ER-PM 7] 32 4 [¥]
fiZ(de Saint-Jean et al., 2011; von Filseck et al.,
2015b). SN —+F, BERRAN A b [ R ) i
il 1L P14P- 13 2 g Sact /K fift PIAP T i — & W BE B B2
K4 +F . Osh6pHIOsh7pn] LUK Bl A I 22 Z B M N I
W %1z 3] Jifi ki (Maeda et al., 2013; von Filseck et al.,
2015a).

6 ORPsEH{EZEHVAPs

6.1 ZHIVAPs

VAPs & — B 1E FLAZ AW 95 R <7 1 FE A G R
F1(Nishimura et al., 1999). F¥IVAPsZ %% A A%
HAoarAiriz, FEIEFFATIE F & A0 78 N 5 AT
W 5 B B T MCS (Murphy and  Levine,
2016). VAPs—fi & 4 MSP1E 1 45 #4915 (major sperm
protein) . Coiled-coil £ 14 3 1 C uiy % 5t 45 14 35§
(C-terminal transmembrane domain, TMD). #A7E
1 B o R L RT AT i — R 44 ¥ Coiled-coil 45 14 35 B
BRBLE. VAPs T2 53RE A IAE: Rindeig
SNAREs (soluble N-ethylmaleimide-sensitive factor
attachment protein receptors). % #&E A M & H
FFATHL (115 [ (Lev et al., 2008). VAPs 544
FFAT 3L Fr ) 8 A H.AF & L T Scs2p 5 Opitlp#l H. 5%
A MW 5 (Loewen et al., 2003). EITFFATHF S
VAPs . {F ) l5 3812 iy A 5% 88 1 32 2 5 ORPs
CERT (ceramide transport protein)#1Nirs (PYK2
N-terminal domain-interacting receptors) 3/~ 15
% (Wyles and Ridgway, 2004; Amarilio et al., 2005;
Kawano et al., 2006). % 7 A [JFFAT%: 7, ORP3
5 24 FFAT-like 3t ¥ (HFFSGSTFINYSDGSE),
5 5 VAPs [f] H.1F (Weber-Boyvat et al., 2015a,
2015b).

VAPsZ 51 L MW AR, Wiz
s NEFACH IS DL S 141 2R (Soussan et al.,
1999; Wyles et al., 2002; Kagiwada and Zen, 2003;
Kawano et al., 2006). Scs2/& [k} 117 H Z [ VAPs
Z—. Scs2pZ 5 EIIERA. WA, IRt LA
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K ok & %E A ]k M (unfolded protein response,
UPR) A5 RLIT Bk 455 #2 (Lev et al., 2008). Scs2p]
5PI4PHIPI(4,5)P245 &, B IR LR £ & 1 38 i w417
#1]Scs2p50pi1pfii4h & (Kagiwada and Hashimoto,
2007). Scs2pIij e ik 2k i) UL - 1- 18 B2 S 1l P 22k K]
INOLIIZRIE, FEARME NG e ULIE 1) & B, 2 0 525 T Tk
E % 11 & % (Kagiwada and Zen, 2003). VAPs
LTPs EAEA T e 2Kig & VAPs [ EZEIIRE. Scs2p
7] 5/ £F0sh1p. Osh2pfO0sh3p HAE/ FMCS 2 |
ez (Loewen et al., 2003). Sl A%
VAP-A5OSBP & A H AR g i AEN N, 7
MCS ] fH[# B ¥z f(Mesmin et al., 2013). VAPs
e B Ok 5] & IR FEARPIAP /K - Tt iy, fif g JR Bk A
FEAERTA AR , R&FEUT AR ERAMNE
A& (Mao et al., 2019). AJVAPsI)fEH LA 5]
— BB o 0, VAP-BPS [y 548 5| R 2 W,
(1) 388 % 1 12 Bl 4 28 G 95 o 5 B A UL =25 48 R0 UL 2 4
KTk (Nishimura et al., 2004; Chen et al., 2010;
Kabashi et al., 2013); VAP-B*V® 15745 5] #Lif4: 7%
J%i (Kun-Rodrigues et al., 2015). VAP-BFJZRA: S5
BT A e Ae R B R Bk b, 5]k R A PI4P
KV, i FBEET R IE AR R, MIEE B
Wk 5 A 1Y) [ g 1 22 % (Mao et al., 2019).

6.2 #EYIVAPs
PR IFVAPS EH 10, BT R F 11 VAP
T8 RA27 kDa, W4 i%5 )t NVAP27 (Nishimu-
ra etal., 1999). VAP27 /3 A3 MWK, K EIGLFE
54 (VAP27-1. VAP27-3. VAP27-5. VAP27-6
FIVAP27-7), T % Il & $5 3 A ik i (VAP27-8 |
VAP27-9 fll VAP27-10), W 5% J& I A & 2 AN i 57
(VAP27-2FIVAP27-4). )74 I+ VAPs A & MSD
A 45135 Coiled-coil 8 1 45 M 3 A1 5 i [X . VAP27
FAHEE N M AMEPCS (Wang et al., 2016a).
5 JIE X 1) A7 A A2 VAPS S8 AL TE A5 I PR ke 12 DX 3k
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Figure 2 Phylogenetic tree and protein domain analysis of Arabidopsis ORPs family
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Arabidopsis ORPs include ORP1A, ORP1B, ORP1C, ORP-
1D, ORP2A, ORP2B, ORP3A, ORP3B, ORP3C, ORP4A,
ORP4B, and ORP4C; Yeast ORPs include Osh1-7p; Human
ORPs include OSBP and ORP1-11.
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Abstract Membrane lipids not only are important components of cell membranes, but also participate in signal trans-
duction as signal molecules. The uneven distribution of lipid molecules in membranes requires specific types of transport
channels and transporters for each lipid type. Oxysterol-binding protein (OSBP)-related proteins (ORPs) are a highly
conserved family of lipid transport proteins that recognize and transport phosphoinositides and sterols, which are involved
in many physiological processes including signal transduction, vesicle transport, lipid metabolism and non-vesicle
transport, and hence play a very important role in the growth and development of individual organism. In recent years, a
series of important findings have been made on the structure and function of ORPs in mammals and yeasts, but the ad-
vances in plants are relatively slow. In this paper, we review the progress of ORPs research in mammals, yeasts and
plants, analyze the structural domains of ORPs in plants and the phylogenetical relationship to their homologs in mam-
mals and yeasts, and also provide perspectives on the directions of plant ORPs research in the future.
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