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Abstract: Sterols are a class of cyclopentano-perhydrophenanthrene derivatives widely present
in living organisms. Sterols are important components of cell membranes. In addition, they also
have important physiological and pharmacological activities. With the development of synthetic
biology and metabolic engineering technology, yeast cells are increasingly used for the
heterologous synthesis of sterols in recent years. Nevertheless, since sterols are hydrophobic
macromolecules, they tend to accumulate in the membrane fraction of yeast cells and
consequently trigger cytotoxicity, which hampers the further improvement of sterols yield.
Therefore, revealing the mechanism of sterol transport in yeast, especially understanding the
working principle of sterol transporters, is vital for designing strategies to relieve the toxicity of
sterol accumulation and increasing sterol yield in yeast cell factories. In yeast, sterols are
mainly transported through protein-mediated non-vesicular transport mechanisms. This review
summarizes five types of sterol transport-related proteins that have been reported in yeast,
namely OSBP/ORPs family proteins, LAM family proteins, ABC transport family proteins,
CAP superfamily proteins, and NPC-like sterol transport proteins. These transporters play
important roles in intracellular sterol gradient distribution and homeostasis maintenance. In
addition, we also review the current status of practical applications of sterol transport proteins in
yeast cell factories.
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Table 1  Subcellular localization and substrates of sterol transporters as mentioned in this review

Famliy Name UniProt ID Subcellular location Substrate Reference
OSBP/ORPs Oshlp P35845 ER, GA, NoM, VM Lipids, ergosterol, cholesterol [11-14]
Osh2p Q12451 ER, PM Lipids, ergosterol, cholesterol [11,14-16]
Osh3p P38713 ER, CP Lipids, ergosterol, cholesterol [11,14,15]
Osh4p P35844 GA, CP Lipids, ergosterol, cholesterol [14,17-19]
Osh5p P35843 VM, bud neck Lipids, ergosterol, cholesterol [14,16,20]
Osh6p Q02201 ER, PM, CP Lipids, ergosterol, cholesterol [14-16,21]
Osh7p P38755 ER, PM, CP Lipids, ergosterol, cholesterol [14-16,22]
LAM Lamlp P38851 ER, MM Lipids, ergosterol, cholesterol [23,24]
Lam?2p Q18823 BM Lipids, ergosterol, cholesterol [23,25]
Lam3p P38717 ER Lipids, ergosterol, cholesterol [23]
Lam4p P38800 ER Lipids, ergosterol [23,25]
LamS5p P43560 ER Lipids, ergosterol [23]
Lam6p Q08001 ER Lipids, ergosterol, cholesterol [23,26]
RND Nerlp Q12200 VM Ergosterol, cholesterol [27,28]
Nep2p Q12408 \% Ergosterol, cholesterol [24,28]
ABC Snq2p P32568 PM Progesterone, estradiol, phospholipid [29-31]
Danlp P47178 Secreted, CW Ergosterol [32,33]
Auslp Q08409 PM Ergosterol, cholesterol [29,34]
Pdr5p P33302 PM Progesterone, estradiol [30,31,35]
Pdrllp P40550 PM Ergosterol, cholesterol [34,36]
Pdr18p P53756 PM Ergosterol [37]
Ybtlp P32386 VM Bile acid [38]
Ycflp P39109 VM Testosterone, progesterone [39,40]
Pdrl6p P53860 ER, MM, LD Lanosterol, phospholipid [41,42]
CAP Prylp P47032 Secreted Cholesteryl acetate, fatty acid [3]
Pry2p P36110 Secreted Cholesteryl acetate, fatty acids [3]
Pry3p P47033 Secreted, CW Cholesteryl acetate, fatty acids [43]

ER: Endoplasmic reticulum; GA: Golgi apparatus; NoM: Nucleus outer membrane; VM: Vacuole membrane; PM: Plasmic
membrane; CP: Cytoplasm; MM: Mitochondrion membrane; BM: Basement membrane; V: Vacuole; CW: Cell wall; LD: Lipid droplet.

A0 B ) P P A 2 B g M A, R 1200 A i R R R R 1/557,
FERWIMER 74> OSH LN SFECH G MIEME  #E—2{EIET Oshlp—Osh7p 25 T H BEAE A i
i DA PN S5 190 1) 200 D £ B A% S R IR B ISR g ORI B =2 ] (9 s
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The key pathways and proteins involved in sterol transport in yeast. OSH1-7: Oxysterol-binding
protein homolog 1-7; LAMI-6: Membrane-anchored lipid-binding protein; NCRI:

Niemann-pick type

C-related protein 1; NPC2: Niemann-pick type C-related protein 2; AUS1: ATP-dependent permease; PDR11:
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Pathogenesis-related yeast protein 1-3.
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Pleiotropic ABC efflux transporter of multiple

drugs; PRY1-3:
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1.3 NPC & EER
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AR T 55 3R R0 R FUASE e 1 25 L 3 T 4 Sy i A
KA, I BB R &R U & A 5
27 [ 1 55 At o T 4 5 et 0 26 0 G OREARL, B
TngE BT BRI P REAR O B R A AR RN T
B LA WA T IR S A A v S

HLTE 1998 45, TEFRIPY fe Bk rh SE 0 1 S B
W 20 T ) B B R A Ak A 7T, S
2003 AESCEL T S AL T AR DR L, ik T
VESTIE 1 ) FHT PRI 13 DA 17 Bl 5 i S e 174
FTTB B B R | 2450 A 1 7
W RE 52T Sk A B S Jiang ST
TE TR R b SE B TSR N IR S A ET A
24-3 -7 1 5 5 (24-epi-ergosterol ) AY = 5l 45
PARIRE T2y 2.76 g/L, N TR 24-35-
THZE R N R AL A B KSR TS R N BR2EE T
BEil o Ab, e HIS FC R RE A AL S Rk T
KT § B

N T B R R R S A, BN Ah A
HET NIRRT & T 2R TR RN,

B<: cjb@im.ac.cn



3212 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

T QTS 7 R AE R | o 2R ik B ) 2 R DG
it | 03] 5 A S % 1) 3 B SR AL H bR FS WA AR L A
5% JI T R A4 6L RS LA I 1 i 55 AR B RN AR AT
SR BRI S HIATR . Guo SE M 11 4
ANTER S 7- 58 &0 IH [ 5% (7-dehydrocholesterol,
7-DHC) i 4 i ¢ §E fiff DHCR24 [J5 3% (Gallus
gallus) ke V5 () Fe A 1 LA B 5 A [m] ik B s 3l 1 1
W, PR A% ERG5. ERG6 BHWTREI ™ ¥
1 LA IR A C S NEM1, ¥ 7-DHC 1y
FEIREE 1.07 g/L. Qu PR BLSS L 3E
G Ry LB SE N ERG6 H R BR A AT
7-DHC A, Hy» s+ = 1.328 g/L. Meng
S5t DHCRY 1+ DUER] B i bk MFEL
DRI e B 1) G R A 0 S 55 B R R, 3RS
) TR PR SR T S B T R R TR AR 3.7
(837 mg/L)*"', Zhang %P0 N W) Sk U5 1] 1
CYP11A1 FIH L FLAR Adx/AdR #1741 6 VA
FABIRAN )58 B 19 )3 2 3 3R08 , &3 801
R R0 B = iR B T 78.0 mg/L, Xu 2
i T B PSR A BOC B A A0 i B R P450
(cytochrome P450, CYP) 5 4fiJifd {2 % P450 if )it fiff
(cytochrome P450 reductase, CPR)HY fix £ kb 14
(CYPs:CPR=7.5:1), LA K 554k ERG6 J: A 3Rk,
AWK E SR RmEI 2w HOKF
(2.03 g/L), REM, FEA S BRI A
FE— SRR, (1) S5 U I A £ A A 0 A5 R
o Kim 2P 3o 35 Rk 855 N7 Ino2p SEFL T
P P T A B) DL R s B LA R RE L AR
P450 [irA LA S S BEA TR f B i T R i
LT, Ay A T S TR S T AR 1) AR 1 AN A )
RAFRAE T I . (2) BRI A4 R 223 ] o A
[FIRR I T bR . Guo ZEPPBF R,
7-DHC A A& St 14 SV 200 0 0 A RE 388 o it =2 1)
AL ZS , 4 i 5 B i Pt T — MR T
FIRm, . (3) AR IEI SR E AL . Wei

http://journals.im.ac.cn/cjben

SO ], i ik POSE #4 il NADPH Ff#
i DA R ad FRik CTTL BRI iE 1405, 7-DHC
PR 0= 5358 T 649.5 mg/L.

T TR PR 5 5 e 5 ARl A e, £
WERE 70 4 I A (ot 78 245 7= ) ff 6 o 1
SR, — 5 T S B D T G S e i
2 5 20 e R FEAE A, iR 55 A
RV AR PASO L& TR, FrA
TR T RS A AR Y 40 M X S B s X (AL
RORFBEAR, 350 H b S B 0 0 & s Qs v
SEOT AN O, SR AT LIS N
Ve BAR S B T AR, R R
SR TR A AN ()RR B ) T o S
18 2R AT DU B A g i A K S AR = DR s H
b 65 B~ P R OVEF 0 1996 4F Mahé 266 T
PdrSp 1 Snq2p BE/™ Tl —FERYSME, I EIEAN
1 Pdr5p F1 Snq2p X 9 5 RE 240 A P e K-
FIVE R o 5 57 A4 UK P-4 b PDRS BB TR A%
WA EREIN T 20 3 A%, FAkSEERR SNQ2
SRR P B B THRE 10 5%, Chen 4504
Xt A 75 #1175 (Curvularia lunata) ATCC™ 12017
PEAT R SRR, KRBT — K BT
100 f5#9 ABC 54382611 CICdrdp, 1Z%E 1/ 1588 4
RILTRAN,, S5EPRERERY PdrSp 8 AT A8
KUY Cdrdp 2 1PN ARRIE 235135 2] 45%F1
51%. BESSTERRIEREEEH A PGKL JH 3 Fid &
ik CICDR4 # £ ##k HC017, CICDRA 31k
FRUE TP AT A 21-BE PR (acetylated
cortexolone, RSA)[u] 4 ifi PN 5z ) 48, G
L P9 AR 9 R 25 1E T IR S AR R B HEA T
2 HCO17 ML=y &4k Al i b 14 77 1 DA
223 mg/(L-d)#E %) 268 mg/(L-d), 7RI T
25 20%. Xu ZFVERI R RSB T s POk
(2.03 gLy EH BRI KA, HEASRAALER
AR BRSSO 5 1EF ANA L, DSG
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FTEARANAE LP118 KBV, HLA0 A )R
G %, RUINAEEES DSG Rl B A R X R
S i B S5 R RN AR B AR T ORFIRE A, AR LP118
o P R T B LR IR B I o, S R R
SRR ERUE R, RV Do 2 sk,
HArtr LP118 HsgfHdh, K i ia E
Pdr5p Fl Prylp BYKIKHREE ™ waY8ETHm
¥&, I H[FEEFR PDRS #1 PRY1 J5 DSG [
REERLT 90%, XWE/R T B2 &8 A1
HMHE S5 B S BG  H AR VS TEAE .

TEAEYMARN, SBERRBUCHT ), h T2
FHET BRI, A D ia i 2 AEY) R 20
ZUNTHABSN A E YR, I b e = 2 LU
BT AFD, R AR B B AR
M. BN wie RIEAMT 2 UDP- ikt
M DzS3gtp (3-O-sterol glycosyltransferase)ffE fL. A
FIEEBRRMN C3NE 5 1 o T e
HIEWS R, SEMB SR, A S ia
iy BB A, AU Iy AR e P T ELA] LA
PRI S 2 R R A W 1 5 B0 EAE
AT, sAh, REMEALZZ MR . Sl R, p-
A HEIE . SLE T T [ P E 0 B 2R S A M L
RO O A 18 , R 55 Bt A B AR A T e 2 IR
W e s A R T A R 10

3 REERE

£ T 200 R 1) B R AL B A G, RS 2 b
BN M A i A A, A A P 5 )
SEMCARL, BEJG B s 2 A A0 i 7% & 1
BV AE . BERE R S EE E E DLE (UR A S IR
HIZ FHLHIR e a2, 5 8 RS 2 A e Y 2R
1% OSBP/ORPs ZHEHEH . LAM FKikE
1. ABC ¥z ZEE M . CAP HMEIEE
NPC FEf§ B2 . XU A S HLHIA
SR, ARIR S BEss iz i Rz R AF e &

&: 010-64807509

W1 A9 TCA, (EAERIL[R] AR P 1 S P T v 1
BRI PR i TAR, PRUE T B BRI Y 5 B0
BB 5 I RERRE

25 e bR TR RAMER Ry, BAY
IR BT, A AR A D S 2
ORAE, BORMBCRLF. TSk, BUPRERHE
e SR B B TAEBUS TR KA,
HWE AR 24545 T VR 2 A TSRS 90T 4, 60
T2 F IR R A5 PR OC R Wl | 3100 6 5 4 S 6 11 1
| ELiVRe 7/ L 1§ N e e 2 S R DR I
S DR R 55 1 1) 7K 28k BE IR DA B IX 55 o ) A
MBI RN . (HEEE &= A ARERTT,
H IR K g P DL Koad Z R G DR A A i Tk
X R — A B e £ 1 S A M B R R A AN RE 2
Mo BEXFIEZE AT, AT LA A i T AR A TR
SR 91 384 5 S 1 Rl 5 I ML R P AR N
71, AT L S AR AR ) 10 W A4 AL
], DA 2 — 20 igp i e 5 150 1 B 20 L ) B
RIMER . HAT, SEEfeis EO7ER e T F
AN AN Z , AT LR R 6 W s RO Re AN BT R A
WEFE UM N o il AU B s s A
EATVFZ N ZE G, (B2 5 5z 3 A ARSI
THERBARIE , B 1 i ia 35 1 AL RS 1 1
B, ARAKBORE R —MRA T T 1SS 5 il 1
XHEM T3 A R A B R B SR AT S
SRHRAL A, , PR e E (1) 58 28 A SR W i AL S R
H AR R 255 S RE S I R LR 4 5 T L [A)
IR AW F R LB, 8 Ao WME
JIRSE SR M iR AL L iz R, i — 2 o i S e R R
R AR, DU — 2D 3R T H R S
PRI R SE 3 s EE R .
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