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Mitochondrial Phospholipid Trafficking in
Saccharomyces cerevisiae
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(Y School of Forestry and Bio-technology, Zhejiang A&F University, Hangzhou 311300, China;
2 School of Agriculture and Food Science, Zhejiang A&F University, Hangzhou 311300, China)

Abstract Mitochondria are double-membrane organelles, whose function and architecture rely on the
precise distribution and composition of phospholipids. The majority of lipids of the mitochondrial
membrane are synthesized in the endoplasmic reticulum ( ER) and transported to the mitochondria,
whereas a portion of lipids are synthesized in the inner membrane of mitochondria from ER-derived
precursors. Thus, the biosynthesis of mitochondrial membrane phospholipids requires extensive lipid
exchange between the ER and mitochondria as well as between the outer and the inner mitochondrial
membranes. This process is thought to occur at membrane contact sites by membrane tether factors or with
the aid of lipid transfer proteins. Over recent years, multiple models for lipid trafficking have been
established on the basis of the findings from the yeast, thus generating a preliminary insight of the
mechanisms controlling mitochondrial lipid trafficking. In this review, we summarize the latest discoveries
of mitochondrial phospholipid trafficking and discuss the models of phospholipid trafficking in
Saccharomyces cerevisiae, hoping to provide a basis for deep understanding of mitochondrial lipid
metabolism in the future.
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Fig.1 Different routes of lipid trafficking between membranes

Saccharomyces cerevisiae ; phospholipid trafficking; mitochondria; membrane contact sites;

T 4 F . (DBERE S5 F P B ( diffusion ) 1Y (2) 8
JmEiaEE (lipid transfer proteins, LTPs) i il ;
(3)iz /N (transport vesicle ) i fll A 45 Y ; (4) 5 (7]
B3R i (10 ~ 30 nm) B AR 3% 225 ( membrane
contact sites, MCSs) ¥ iz 5411 (I Fig. 1), 1997
Al N TR B A5, Bai 55 & B A Sl — Fl XL
PEIT -, W i AR B AT 7R PR 2 A W R 22 T
ST RTTREIE o (HJR 2R 25— AR I SERIAE 1 1%
I , HBE 7 P 2 ) D b #C ', Tazlp &
— 5.0 (cardiolipin, CL) UK EAIEE , &1
LI AR IE AR A ( phosphatidylcholine, PC) %) I bk 3
Tk 5 % 7% 2 B %5 I 0 8% B8 (. monolysocardiolipin,
MLCL) b, J& Jli 18 2 0 O 5 Bl 0 35 160 96 i 5 1L ik
(lysophosphatidylcholine, LPC) , I, Zepiih4g o]
REFI X P12 7 3K R G AR eI eE ", (H 3¢
TR Ty R SEAAR A 5y — 5 T, Sk A AT i
3 %€ 9 ( mitochondrial-derived vesicles, MDVs) ,
eIz 1K) o B 7 IR B0 A A | X R
WATRES S TR BT is i, (HIX 0 B = 2 % i S
BOUEAE SR Sk B R A2 AR A 4
PLHEAT IR NG e 3z, 2 B TP A IF 98 35 22 1Y Zeob 14
BERR iz Iy, AR SOMNZORL IR S 58 5 H:Ath 20 i #5%
Z B RR S e 1z | DL S 2ok A N Ah i 22 18] 1) 9l BiE
WIS J7 T, 4K ST AR R TR B R b T R B9 AH O
WH5E, A B o 4 I SR i 26 A8 iy F 50 42 fit
2%,

Arrow lines indicate the orientation of lipid trafficking. (A)

The lipid molecule is spontaneously diffused between two membranes. (B) The lipid molecule from one membrane can be extracted

by lipid transfer proteins and inserted into another membrane. (C) The lipids can be included into a small vesicle and transported

from one membrane to another membrane through vesicle fusion and fission. (D) The lipid molecule transfer between two membranes

can be facilitated with the aid of tethering proteins
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Fig.2 Network of phospholipid trafficking between the mitochondria and other organelles in the Saccharomyces cerevisiae

Arrow lines indicate the orientation of lipid trafficking. Phosphatidylserine (PS) from the endoplasmic reticulum (ER) is directly

transported to mitochondria via the ER-mitochondria encounter structure ( ERMES) complex or endoplasmic reticulum membrane

protein complex (EMC) complex. Alternatively, PS can make a detour to vacuoles (V) and is then be transported to mitochondria
via the vacuole and mitochondria patch ( vCLAMP ) complex. In the ERMES complex, Mmml, Mdml2 and Mdm34 form a
hydrophobic cavity and interact with Mdm10, tethering ER and the outer mitochondrial membrane (OMM) together with a regulatory
subunit, Geml. The EMC complex, comprising of six subunits (EMC1-6) , tethers the ER and the OMM by associating with the
Tom5 protein. The vVCLAMP complex factor Vps39 requires Ypt7 in vacuole and Tom40 in mitochondria to form a Ypt7-Vps39-

Tom40 subcomplex, which facilitates the interaction of Vps13 with Mcpl. Lam6 regulating the formation of the ERMES complex and

the vCLAMP complex likely through interaction with Tom70/71 in mitochondria and Vac8 in vacuoles, respectively

1.1 ERMES £&%

LR TN A 5T o0 2 T 120 A N WA 5 ) 322
Gy, —3 Z MR R B R . ERMES &
BT LK 9 5 5 LR A M I 2R (tether) 78
— 2, B U BB, L5 1 A 4 g 2 ) )
BR22 4", ERMES & & 95 4 A 80 W JE
Mdm10p ( mitochondrial distribution and morphology
protein 10 ) | Mdm34p/Mmm2p, Mdm12p, Mmmlp
( maintenance of mitochondrial morphology protein 1)
Fl— A~ A X AA BLAY GTP i Gemlp ( Mitochondrial
Rho GTPase 1) /2, PR N BN, ERMES
SEE WA R ) 30 53 AT A SR AT A Jo 4 5 22 1]
FR T AN 2200 B IR S8 A, DL £ o A
S L 4 A0S AT AT — Ak #R
2 FEERMES &5 W) 45 M A FRUE , HE T 1 4k {4
SIS WX 4 A5 AORARIE S 4E 7
FXHEEM | Bk Gemlp A4S ERMES &4
W ATGE B H A R E Y
RS R , 3X A, Gemlp AT RET T T ERMES
YRR

2t ERMES 55 1) 1. 2 ) 5 [K] 1 5 20 5% 4 16
He B IR T8k £ % % ( phosphatidylethanolamine, PE)
BT TR PP 22 = IR A F2 B3 ( PS decarboxylase, PSD) f¥)
BEAFAAEEAE , HBR AR — 0 A 2
KRGS A S 3B 2 (W g DA I T3 19 i 3 2 ks A
FIHR AR 20% B 509%™, 4 7E ERMES 58722 4
Hhak — N 3E ) JC D RE #Y 42 & 4 1 “ ChiMERA
( construct helping in mitochondria-ER association ) ”
I, BEAR 2 iz i s R AR08 — E KA, X 3R,
ERMES &9yl fEA B A S 5 Wl 10 5 52 i
M7 FU A B AR (0 B i B it — > BB I IR B
B8 3 A ) 05 2 2% BF 58 & B Mdm34p/Mmm2p |
Mdm12p Fl Mmmlp &5 ¥ o & 4 — F 5 5 25 4
J{——SMP ( synaptotaggmin-like, mitochondrial and
lipid-binding proteins ) 5443 , & J& F TULIP ( tubular
lipid-binding proteins ) #ZZ % , 7] L5 & H- 5 12 I8
JHe) o AHRMF I WAEBT Mmml1p Pl Mdm12p Ry
DIZS G NG, 9 HiR S HEAELE R &1,
I, ERMES & A WAME AT LAFE JR 4R ARSI 5 P9 )5
I 18 L2 3 O 2 3 A T B3 3 Mimmlp



374 FEAEDIE S0 T YR

5535 %

Mdm12p Fl Mdm34p =AM FHEIE 115 5T iz i 1)« %
B, JF 5 MdmlOp B 1F DL 58 iR BT By B
Y
1.2 vCLAMP £&%
LRLAR A B BE-S BT R BEARIE £ Il , B

SEAL T EACRL A IR 1) i PR ok 22 22 1R 10 R e AL

Rk 22 % R ( phosphatidylserine, PS) ¥R r=4= , Mk

Bt 22 Z R 15 1837 BT AL T N BT R T LR
BREE H B WIS £ i 1 3 251, S 2NN
J ] 1 is i mR 22 2R . Nguyen 557" 38 i 5
ICSEE A B, B ERMES &2 A 9 % 26 1 P 9 g
15 22 Z8 R AE FRURAE IR Tt £ 5 i 119 3 38 T LT R L S2 il
XLRH BR T ERMES &5 ¥ AN, ml e 4776 H:
b+ 28 525 W oR T B Wl T T 22 0 MR 1Y 15 i e 15
R, 2 A o AR 5k R B T —FloEr
Wi RE G, IF Har % vCLAMP & &
By Y ERMES SRR, A5 915 1 9
Pk 22 R B e ) v i i e As B VRO I 1 AR
J5 BRI vCLAMP 525 W04 W TR 0t 22 2R S8 %7
s R btk PV vCLAMP B AW EE M
TR N — T g i R o EOCHR A
(vacuolar protein sorting, Vps) Vps39p il i 5 I
f) Rab GTP 54 11 YptTp, LA B £ R0 A A1 I 5 7
fiti & &%) ( translocase of the outer membrane, TOM )
A0 3 Tom40p ELAF K 2ok 1A 5 W0 4 R TE
— P B BT RSS2 I R
) Vps13p ALk A F 19 Mdm10 H %M 3E FH (Mdm10
complementing protein, Mcp) Meplp HAE, PAiEAT B
i 7

VCLAMP 525 1) f 850t Ok T o B 40 ) £33

IRZS . 5 W BE A7 W W A K, Vips39p i R AL,
vCLAMP & & Wit okt i 25800 | [FIN ERMES &2 &
VIR N S5 3m >, X R ERMES B &Y 5
VCLAMP &5 W) Z [ AF 1 — FP I IH B 1 6 R
XN R A ] fEJE 2 Lam6p \ Liclp B3 #7520
Lam6p\ Ltc1p 435 506 F LR AR SME - TOM B &
Y Tom70p/71p MV L DA S ASE T I B TR T PR
Il (vacuolar protein) Vac8p H.AE, ¥ ERMES & &
I vCLAMP &5 W) WA X EcRE 20 [l 58748
ERMES & &1 vCLAMP & & ¥ 3 5 20 IR 15k 22
R B W T W R, I fe 2 5 SO B A1 i A
T2 aE ik % Vps39 % R K 1 B 5F Kk PR,
VCLAMP 5245y %o f 20 b 29 I 174 240 Jf A= 0 28 G 1
B AT RESE R R A T 4 A R K AR

825 S N1 RNV T AW 1 o L R
1.3 NEMBEEAESY

ARG ERMES & A YR 8RR B g 7 12 K
D 25 e {H G SR [ Bk % ERMES &5 9 DL %
N ) % 75 4 1 ( ER-shaping protein ) | DU 2 fifi % I
ik 22 S Bk I PR I O 2 32 ) 208 6 7 1 e B R R
X % BH PN P 485 R T 285 1 L X R AR Tl g 1 e
iBARF E B Bl W R 0 i M BAERF AT K
B, P A 6 AP 5 R R T ( EMC1-6) 4%
[ EMC ZEAYITTRES 5 T N 5 I 5 R 26 b 4 A1 i
RSz T EMC AR R &
HEEELEED

AN EMC & A AR5 LR AR M | 1Y TomSp
W HE, AR LR AR P B I O BBk 2 A4
EMC & & A=A — R 5 B S fE , angokifk
UIfeZ B WEAemE 22 2 R A i e Bk £ B e 1) 1%
REALS, S AR5 PN 5 I ) 32 42 B v ik /D 45, X3
.6 4~ EMC & [ 5 ] g 2L [RFE - A e U Bh iR
JRAES BHs i Y, UAE EMC & S W 0 28 728 1A 20 g
T RIATCIIRE M4 R A 1 “ ChiMERA ™ B, B i ok 24
SRR B 1R BE 2 B2 A R ] LIS B R
[, B2 EMC &2 &%) il ERMES &2 &), 2 (i i
R 22 SR 1 i iz ™ F A7 B, O fe 24 5 SR B 240 i
MAET= . ERBF T S5 R EMC & A Wil fE
LR et hEEER A, HHLS
ERMES & & Bl

2 SRS FD A RE (E] B9 RS BiE B

LR A N AN SMEAE R D RE b 022 5, LRSI
BENERT LKL D RE RS2 WA [R] . PRt , B A 7 i
P2 5 1 B 43 A R AN BRI Y 3k A X R
W, W (8] A] REAFAE A SR S e L . WF
FERBL, BR T T G SOk ik R S I AR R G
( mitochondrial contact site and cristae organizing
system , MICOS ) 2 B IRZE 4 8 (57 75 PN JBE AT M 5 22 7]
PEATHENR FE Az A 2R R A BT LA i g B iz 2 1
UPS e iz B i, LA 4k 355 31X Bl 8 5 B9 A X F% 23 A
(WL Fig.3) .

2.1 AR EMmESIEARRS

LRSS NG 1) I TE B RN, JF HAR
KRG TR T AL SN o R SR A
(¥ & ML A REE 1) 7 72 26 A S (R BRI SS4  RLAE 20
ZAFR A WS AL R AMIT SRR S Zobr N S
HMBERTTE USSR O T K BIRR R s . |



SR B R EOR R R IR 2 375

OMM

IMS

IMM

Fig.3 Phospholipid trafficking between the mitochondrial outer and inner membranes in the Saccharomyces cerevisiae
Arrow lines indicate the orientation of lipid trafficking. The Ups1-mdm35 complex mediates the transport of phosphatidic acid (PA)

from the outer mitochondrial membrane ( OMM ) to the inner mitochondrial membrane ( IMM ) across the mitochondrial

intermembrane space ( IMS). The mitochondrial contact site and cristae organizing system ( MICOS) complex facilitates

phosphatidylserine ( PS) transport from the OMM to IMM by forming the membrane contact site. The Ups2-Mdm35 complex

enhances PS transport in response to the cellular metabolic state. The main function of Ups3p in phospholipid trafficking is currently

unknown. The MICOS complex consisting of the two core components, Mic10 and Mic60 and the four components: Mic19, Mic26,
Mic27, and Micl2 tethers the OMM-IMM by interacting with many OMM proteins. Members of the UPS protein family ( Upsl,
Ups2, Ups3) binding to Mdm35 are resistant to proteolysis by IMM proteases ( Ymel, Atp23)

FlRIE JUAFA 258 Hh T — Bl R 5 ——MICOS
EEYET, MICOS 8 WAL T Lok A ML, mT Loy
N2 ANEE A, Micl0 W A 7R FT Mic60 I8 &
PR Micl0 WAZ AR H Micl0p Mic12p  Mic26p #il
Mic27p DU AN W JE 2 A%, 35 B2 b 05 3% 422 1 (cristae
junctions, CJs) TR RUERMILEE P ELA ; Mic60 V&2 &1k
WPXEFIE B MCSs 2 3¢ H 28, A0 4F Mic60p #1 Mic19p
P EEES . MICOS B4 4T A5 2R R SN 1
VFZ 8 H T (Porlp  Tom40p Sam50p 55 ) HAE , #4 R 4
RIS S PR
St MICOS 5 W R LR 595 ERMES &4
YIRS R Z MAE R B BAR O H I S Hwib 2 5
O BE g & R B IR BE H b BE R BE R R
( phosphatidylglycerophosphate phosphatase, PGPP )
Gepdp FLUWEAR G BUEE ( CL synthase, CLs) Crdlp Y
FERWAFAEE TAE, HIHEWT, MICOS B 51154k
KRR R AR A, e ) 2 O B i 4 & R mT RE A —
ERBER DS B MICOS & A W) A 52 i i i
Tk 22 2 W2 T FR T Psd1p B3 P, (H A 2 (i b 1A i
BIE 2 B Ji 1 A ok 36 B S g L I e B
MICOS 5251 Lh S e BE 240 I N 19 55 — A Wi TG 15k 22
FIR R W Psd2p, 23 o 1 B} 20 M )5 s ALis 42
(alternative pathway ) , BV F] FH SN £ B e 5 B0 B
Wk 2B e | 1Ry B R B A Y 7 SR AR IR
HRak—A N 1Y 8 1 BT 48 28 ZORL A I B Py i
IF, T B 40 vT DLAE T £ B B ) By 9R R B R
K2 RREE LRI MICOS & A9 T LU Ry e EE
PR B T T 22 2 00 P2 it T Wl M T 22 2 PR A e i

Tt £ M fie f it — A~ B B RO PR3, LA DR 40 N i iR
Tk £ B (1 Sh 25T

— A, A W TR RS e R A, A5 1) T
& TRz 5, s B — 2 E & RO ATE
FESZ BB R, (BRI A e A,
PRJZ RS BRI R80T, 5 o0 T — JZ M L A i T LA oe
IR AR AL R 5y — R RS RS, X AL
TR R N B2 ] 15 P (i trans activity ) M WSS B 22
FRBRR Psdlp 1 o Al B PIATEEEL AL, B VA4
SETESRLAAR Y | I 5 60 T RS M) BR A4 o SI7 & AH 25
A Aaltonen %5 | FH i S MBI 5 K B, A T
2 ZRRRG Psd1p AT LML AR BTR B
Pt 22 28R DR A U NRTSE B . 1X3RWT, MICOS 42
BYARAT AT BESE X A S i PSR AL T YIRS
AN ATy B — A B SERRUE]
2.2 UPS iz ER

W 1 ) IR AR A A1, e B 2R AR TR PN 19 iR
Jitiz i i EH I B 5% 02 4 L BOR S8, UPS 4R
F e TR ] B (intermembrane space, IMS)
NG i 4% iz B 12805, i Upslp, Ups2p/Geplp Fil
Ups3p/Gep2p — A A AL, Wi UPS & H ) 2
PUEAL T A MIA% . UPS 48 iz i 21 2R AR JBE 1] Bt
o — DN ERL AR BREE 1 Mdm35p B HRER
AR, 5 Mdm35p 45 & LIFSE UPS A, i
B TRL T LRAR N ERY i-AAA A BE Ymelp F
Atp23p MRS BRI, UPS 2R 1A% 5 Mdm35p 45
BB R A R AT A TR IRZ o T e

TRAMIFSE % B, Ups1-Mdm35 & & & 0l UL 5 #



376 FEAEDIE S0 T YR

5535 %

JIEM2 ( phosphatidic acid, PA) 454, i SEBENIE R 112
By b Upslp OIS 0-G BZ BES) ) il
143 B Upsl-mdm35 & A 7 1) & 1A 25 ¥4 1 % B,
Upslp A — A~ 5 A5 R 45 5 45 A 10 25 44 1510
FIREFFEW, Ups1-Mdm35 & 41 7] fiE 18 i iz
OBERRHA AT ABEIRIR 2 5 T Zohik O ie &
B AR, W B OB IE 2SR Upslp 50
WENE L P B PR SR A 25 G, BRI 1Y 53 A0 1 AR )
BAAEME - ff Upslp JE 5 Mdm35p 454, #Eili =z 2
FE B A 7K A | T RE 2R AR AT R ) FH 32 H1L 1 > 37
T BRI ShAS A 7

/b Ups2p 43 i 8 s It & 1t e 1) & o ik
/RS R R Ups1-Mdm35 52 45 1 Y T BE HE 1B
Ups2-Mdm35 B &R IRA W S 5 T W le ik 22 2R
izt , 18 AR AMIFIE AR S T X — AR B
2 Ups2p IASSE e i i 19 22 2 W A= U B Ve & B i
AR AR B C Ups2p A1 Mdm35p, 43
M EERE AN TG 75 3 & B IR AR KDY X Bk
BRI P B TR TBE £ I i 1 2B T g 3 B AR
MICOS & & ¥, T 4 B B 240 Jfd F 17 09 W A= K R
Ups2-Mdm35 &5 A A4k w E 8

Ups3p 7E B 5 % iz i i) AR Dy Bg B A i A T
#, Hit/b Ups3p X 2B AR BE NG 410 A 2 K11
SN (HIL 3k Ups3p 7] LA 43k &2 Ups2p B2 i
TR BB, X B Ups3p Al iES Ups2p FEIITE
EAFE— B BITAE

3 HABERE

LRI IE W BRI N BRI ARR G AT, 4k
KRB B % 1 0 A B () D) BE TS 22 8 i i i £
ST 1 e o O RS TR R 0 o R 2 NS F
BRIz MR G, (AR BB AT H B R M F%
BIEEY? SRR E B2 S N B R s
S ) AT T ST ST A, W RR LR AT LAS AR
Tk £ B AL LB 1T B 3 I TS Bt 22 24
% R R 1R e 2 DA P Jo I 3z i B b AR g | 3
ARk R, LRA T N i e BRI R T X ARG
JGRRRETEAR AR, BT AT R LORAR T & )
WA R 5 BB AR ErY, teAh, Sokifk
MR BRI e AR R, DR B Lok A
ARG BB BB R 7 4 BN SORL R R 1 4 il
AR5 A BIL TR AL R R A o B, X TR 2 1
Ul 7E B s X ¥ J2 B9 4 (outer leaflet ) F1 P4 i
(inner leaflet) [A] i F% 12 (X IRAE A A0 T 25 FIIRAS

BT Lk AR A [l AN, % F O i g e is 5
RIS IR IR E VR 28 PR, B4, ERMES &
AW EMC 24P vCLAMP &2 4935 R 48 T W

Rt 22 28 1 D\ PN JET IO 3 i 81) 2 R Ak 1 JEE 1) 7 3 IR0
%, = HTEWERRS b BT Y b 5 i fe] B AH T
G, LSRR IR U S H B i B 1 e 18 25 1) i AR 2 A
HBWFFEIr I8, Hk , MICOS &4 W) 7% 5 2wl g
Pk 22 24 TR N AREAR S B 3 B P BEE L 30 2 b 2
P PN RN A IR R0 IR 25 5 67 A5, S T 4ehE
A DAY B ) Tl G T 22 2 0 2 T A T &/ IR 1) 18 i 1 22
FIRPEHEE 7 XA M8 H jiE A7 e B — 1Y S
W BEAM L TFERAARRE R BR Y UPS R % s 8 M
KR ELE R A N S A 2 7 A AL, DL &
Ups3p (W EARTIRE S5 8t i ANV, 28 LTk,
FATTIT A B BARLAR R e i AU AN 2 B B
15 LS B UKL —Ff o AR IR A B FEAN N 4t
AR QI AR ST o B2 I EL X B A 4ok 4
DI REEL 28 38 A 41 M ) B2 25 F- £ (cell homeostasis )
P AERFHILTI R AT F B L

£ % ik ( References)

[ 1] Galluzzi L, Kepp O, Trojel-Hansen C, et al. Mitochondrial
control of cellular life, stress, and death[ J]. Circ Res, 2012,
111(9) : 1198-1207

[ 2] Dolezal P, Likic V, Tachezy J, et al. Evolution of the molecular
machines for protein import into mitochondria [ J]. Science,
2006, 313(5785) : 314-318

[ 3] Monteiro JP, Oliveira PJ, Jurado AS. Mitochondrial membrane
lipid remodeling in pathophysiology: a new target for diet and
therapeutic interventions[ J]. Prog Lipid Res, 2013, 52(4) .
513-528

[ 4] Chan DC. Fusion and fission; interlinked processes critical for
mitochondrial health[ J]. Annu Rev Genet, 2012, 46 265-287

[ 5] Tuller G, Nemec T, Hrastnik C, et al. Lipid composition of
subcellular membranes of an FY1679-derived haploid yeast wild-
type strain grown on different carbon sources[ J]. Yeast, 1999,
15(14) . 1555-1564

[ 6] Martensson CU, Doan KN, Becker T. Effects of lipids on
mitochondrial functions[ J]. Biochim Biophys Acta Mol Cell Biol
Lipids, 2017, 1862(1) . 102-113

[ 7] Henry SA, Kohlwein SD, Carman GM. Metabolism and
regulation of glycerolipids in the yeast Saccharomyces cerevisiae
[J]. Genetics, 2012, 190(2) ; 317-349

[ 8] Sprong H, van der Sluijs P, van Meer G. How proteins move
lipids and lipids move proteins [ J]. Nat Rev Mol Cell Biol,
2001, 2(7): 504-513

[ 9] Bai]J, Pagano RE. Measurement of spontaneous transfer and
transhilayer movement of BODIPY-labeled lipids in lipid vesicles
[J]. Biochemistry, 1997, 36(29) . 8840-8848

[10] McLean LR, Phillips MC. Kinetics of phosphatidylcholine and
lysophosphatidylcholine exchange between unilamellar vesicles
[J]. Biochemistry, 1984, 23(20) : 4624-4630

[11] Testet E, Laroche-Traineau J, Noubhani A, et al. Yprl4Owp,
‘ the yeast tafazzin ’ displays a  mitochondrial

lysophosphatidylcholine (lyso-PC) acyltransferase activity related

to triacylglycerol and mitochondrial lipid synthesis[ J]. Biochem

J, 2005, 387(Pt 3): 617-626



54

22 LIS B BRI ) B R i 377

[12]

[13]

[14]

[15]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Sugiura A, McLelland GL, Fon EA, et al. A new pathway for
mitochondrial quality control; mitochondrial-derived vesicles[ J].
EMBO J, 2014, 33(19) . 2142-2156

Zinser E, Sperka-Gottlieb CD, Fasch EV, et al. Phospholipid
synthesis and lipid composition of subcellular membranes in the
unicellular eukaryote Saccharomyces cerevisiae[ J|. J Bacteriol
1991, 173(6) . 2026-2034

Kornmann B, Currie E, Collins SR, et al. An ER-mitochondria
tethering complex revealed by a synthetic biology screen [ J].
Science, 2009, 325(5939) : 477-481

Kornmann B, Osman C, Walter P. The conserved GTPase Geml
regulates endoplasmic reticulum- mitochondria connections [ J].
Proc Natl Acad Sci U S A, 2011, 108(34) : 14151-14156
Alva V, Lupas AN. The TULIP superfamily of eukaryotic lipid-
binding proteins as a mediator of lipid sensing and transport[ J].
Biochim Biophys Acta, 2016, 1861(8 Pt B) : 913-923

Kawano S, Tamura Y, Kojima R, et al. Structure-function
insights into direct lipid transfer between membranes by Mmm1-
Mdm12 of ERMES[J]. J Cell Biol 2018, 217(3) : 959-974
Ellenrieder L, Opalinski L, Becker L, et al.

mitochondrial

Separating

protein assembly and endoplasmic reticulum

tethering by selective coupling of Mdm10 [ J]. Nat Commun,
2016, 7. 13021

Endo T, Tamura Y, Kawano S. Phospholipid transfer by ERMES
components| J]. Aging( Albany) , 2018, 10(4) . 528-529
Friedman JR, Kannan M, Toulmay A, et al. Lipid homeostasis is
maintained by dual targeting of the mitochondrial PE biosynthesis
enzyme to the ER[J]. Dev Cell, 2018, 44(2) : 261-270.e6
Nguyen TT, Lewandowska A, Choi JY, et al. Geml and ERMES
do not directly affect phosphatidylserine transport from ER to
mitochondria or mitochondrial inheritance[ J ]. Traffic, 2012, 13
(6) : 880-890

Honscher C, Mari M, Auffarth K, et al. Cellular metabolism
regulates contact sites between vacuoles and mitochondria [ J].
Dev Cell, 2014, 30(1) : 86-94

Elbaz-Alon Y, Rosenfeld-Gur E, Shinder V, et al. A dynamic
interface between vacuoles and mitochondria in yeast[J]. Dev
Cell, 2014, 30(1) : 95-102

Klecker T, Westermann B. Mitochondria are clamped to vacuoles
for lipid transport[ J]. Dev Cell, 2014, 30(1); 1-2

Gonzalez Montoro A, Auffarth K, Honscher C, et al. Vps39
interacts with Tom40 to establish one of two functionally distinct
vacuole-mitochondria contact sites[ J]. Dev Cell, 2018, 45(5) :
621-636.€7

John Peter AT, Herrmann B, Antunes D, et al. Vps13-Mcpl
interact at vacuole-mitochondria interfaces and bypass ER-
mitochondria contact sites [ J]. J Cell Biol, 2017, 216 (10) :
3219-3229

Bean BDM, Dziurdzik SK, Kolehmainen KL, et al. Competitive
organelle-specific adaptors recruit Vpsl3 to membrane contact
sites[ J]. J Cell Biol, 2018, 217(10) :3593-3607

Elbaz-Alon Y, Eisenberg-Bord M, Shinder V, et al. Lam6
regulates the extent of contacts between organelles[ J]. Cell Rep,
2015, 12(1) . 7-14

Gatta AT, Wong LH, Sere YY, et al. A new family of StART
domain proteins at membrane contact sites has a role in ER-PM
sterol transport[ J]. Elife, 2015, 4. doi;10. 7754/ elife. 07253
Murley A, Sarsam RD, Toulmay A, et al. Ltcl is an ER-
localized sterol transporter and a component of ER-mitochondria
and ER-vacuole contacts [ J]. J Cell Biol, 2015, 209 (4):
539-548

Voss C, Lahiri S, Young BP, et al. ER-shaping proteins
facilitate lipid exchange between the ER and mitochondria in S.
cerevisiae[ J]. J Cell Sci, 2012, 125(Pt 20) : 4791-4799
Lahiri S, Chao JT, Tavassoli S, et al. A conserved endoplasmic
( EMC )
phospholipid transfer from the ER to mitochondria [ J]. PLoS
Biol, 2014, 12(10) ;: €1001969

reticulum membrane protein  complex facilitates

[33]

[34]

[35]

[36]

[40]

[41]

[42]

[43]

[44]

[47]

[48]

[49]

Jonikas MC, Collins SR, Denic V,
characterization of genes required for protein folding in the
endoplasmic reticulum [ J |. Science, 2009, 323 ( 5922 ).
1693-1697

Yamaji-Hasegawa A, Tsujimoto M. Asymmetric distribution of
phospholipids in biomembranes[ J]. Biol Pharm Bull, 2006, 29
(8): 1547-1553

Zinser E, Daum G. Isolation and biochemical characterization of

et al. Comprehensive

organelles from the yeast, Saccharomyces cerevisiae[ J]. Yeast,
1995, 11(6) : 493-536

Simbeni R, Paltauf F, Daum G. Intramitochondrial transfer of
phospholipids in the yeast, Saccharomyces cerevisiae[ J]. J Biol
Chem, 1990, 265(1) . 281-285

Harner M, Korner C, Walther D, et al. The mitochondrial
contact site complex, a determinant of mitochondrial architecture
[J]. EMBO J, 2011, 30(21) . 4356-4370

van der Laan M, Horvath SE, Pfanner N. Mitochondrial contact
site and cristae organizing system [ J ]. Curr Opin Cell Biol,
2016, 41. 33-42

Hoppins S, Collins SR, Cassidy-Stone A, et al. A mitochondrial-
focused genetic interaction map reveals a scaffold-like complex
required for inner membrane organization in mitochondrial[ J]. J
Cell Biol, 2011, 195(2) : 323-340

Rampelt H, Wollweber F, Gerke C, et al. Assembly of the
mitochondrial cristae organizer Micl0 is regulated by Mic26-
Mic27 antagonism and cardiolipin[ J]. J Mol Biol, 2018, 430
(13): 1883-1890

Aaltonen MJ, Friedman JR, Osman C, et al. MICOS and
phospholipid transfer by Ups2-Mdm35 organize membrane lipid
synthesis in mitochondria [ J]. J Cell Biol, 2016, 213 (5):
525-534

Carman GM, Han GS. Regulation of phospholipid synthesis in the
yeast saccharomyces cerevisiae[ J]. Annu Rev Biochem, 2011,
80 859-883

Tavassoli S, Chao JT, Young BP, et al. Plasma membrane--
endoplasmic reticulum contact sites regulate phosphatidylcholine
synthesis[ J]. EMBO Rep, 2013, 14(5) : 434-440

Horvath SE, Bottinger L, Vogtle FN, et al. Processing and

topology of the yeast mitochondrial —phosphatidylserine
decarboxylase 1 [ J]. J Biol Chem, 2012, 287 ( 44).
36744-36755

Potting C, Wilmes C, Engmann T, et al. Regulation of

mitochondrial ~ phospholipids by Upsl/PRELI-like proteins
depends on proteolysis and Mdm35 [ J]. EMBO J, 2010, 29
(17) . 2888-2898

Tamura Y, lijima M, Sesaki H. Mdm35p imports Ups proteins
into the mitochondrial intermembrane space by functional complex
formation[ J]. EMBO J, 2010, 29(17) . 2875-2887

Connerth M, Tatsuta T, Haag M, et al. Intramitochondrial
transport of phosphatidic acid in yeast by a lipid transfer protein
[J]. Science, 2012, 338(6108) : 815-818
Tamura Y, Endo T, Tijima M, et al
antagonistically regulate cardiolipin metabolism in mitochondria
[J]. J Cell Biol, 2009, 185(6) : 1029-1045

Osman C, Haag M, Potting C, et al. The genetic interactome of

Upslp and Ups2p

prohibitins;  coordinated  control  of  cardiolipin  and
phosphatidylethanolamine by conserved regulators in mitochondria
[J]. J Cell Biol, 2009, 184(4) : 583-596

Yu F, He F, Yao H, et al. Structural basis of intramitochondrial
phosphatidic acid transport mediated by Upsl-Mdm35 complex
[J]. EMBO Rep, 2015, 16(7) . 813-823

Tamura Y, Onguka O, Hobbs AE, et al. Role for two conserved
intermembrane space proteins, Upslp and Ups2p, [ corrected ]
in intra-mitochondrial phospholipid trafficking[ J ]. J Biol Chem,
2012, 287(19) : 15205-15218

Miyata N, Watanabe Y, Tamura Y, et al. Phosphatidylserine
transport by Ups2-Mdm335 in respiration- active mitochondria[ J].

J Cell Biol, 2016, 214(1) ; 77-88



