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Abstract: As a generally-recognized-as-safe microorganism, Saccharomyces cerevisiae is a
widely studied chassis cell for the production of high-value or bulk chemicals in the field of
synthetic biology. In recent years, a large number of synthesis pathways of chemicals have been
established and optimized in S. cerevisiae by various metabolic engineering strategies, and the
production of some chemicals have shown the potential of commercialization. As a eukaryote,
S. cerevisiae has a complete inner membrane system and complex organelle compartments, and
these compartments generally have higher concentrations of the precursor substrates (such as
acetyl-CoA in mitochondria), or have sufficient enzymes, cofactors and energy which are
required for the synthesis of some chemicals. These features may provide a more suitable
physical and chemical environment for the biosynthesis of the targeted chemicals. However, the
structural features of different organelles hinder the synthesis of specific chemicals. In order to
ameliorate the efficiency of product biosynthesis, researchers have carried out a number of
targeted modifications to the organelles grounded on an in-depth analysis of the characteristics
of different organelles and the suitability of the production of target chemicals biosynthesis
pathway to the organelles. In this review, the reconstruction and optimization of the
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biosynthesis pathways for production of chemicals by organelle mitochondria, peroxisome,
golgi apparatus, endoplasmic reticulum, lipid droplets and vacuole compartmentalization in
S. cerevisiae are reviewed in-depth. Current difficulties, challenges and future perspectives are

highlighted.
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Structure of organelles in Saccharomyces cerevisiae.
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=Je et ALY IR TP AR IR - AL AR LTt
NG AL TERREREERED, CTRARHE A 192002
XA, RGNS . Lok
o E ALY AR A AZ T, AT X 2 Y 2Tt
B A TR 220K, PEkaE HAE LR K h
)2 B R A R A 20-30 572, SR T 2 Bk
Mty A ANRERS BREE 12 4T L, SO [F] X A
RE EL AR ZERR A R FZORLIA T Z BEAf i A
A R e, B AR SRR A T T
wAE, FeAbr Az mT LA A B T B E i i s
A S B R 3 A B ) AR B H AR
PN, lan, AN e 3 AR A il A A S ok
R N f5 50K, 4 CmEAIE A TilEms
H 32 %R (mevalonic acid, MVA)i& 4% i FH B& R
#EA X (methylerythritol phosphate, MEP)i& 412
AT O FRIR BIARLAR D, SEEL T ELORE
PR R RaE — SR e Ve 2R AL S W (R IE . D7 iR
B SR e, R HCRIETERE A
P B R A, A IR AN B S Y [ AR
A, B RARTE B AR P R AR
FHIX AN mE , Thomik 451V 10 7 4 Jfd J5 70 2k
PRI TR N-HUR A R 0 5 (134 SabS 1), Jf
FIRLRRTREE 1 Aim25p, A H (143 2 15
F|T 1549 mg/L, EWIREHEA 60 f5; Zhang
A5 PUYE SR A rh R 2 3k 7 J8 Sk AR W 1R 6 1 il
(farnesyl pyrophosphate synthetase, ERG20)%
AR ERG20™YNETY IR B PR A D5 RS
fiff (linalool synthase, CoLIS) WY &l & & H
CoLIS/ERG20™WNTW 1 3t 44t 37 41 i Jii 35 i it
B R AR, HTRMRE 34 2 T Y O R I 3 Gk
5] 23.45 mg/L; Lv P50 e by i — A5 A4 i 5
AL ABUE A B PR, IR AR X T ff ]
SRR BN M o T AR R FH A AR, 3l T
2.1 AN 1.6 A S s R, ARSI A T
AFET 2 527 mg/L HISHIR T Zha Z5EPTRH

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

SRR WS A 7 R e W, T E A R
FEIRMRIE ) 3-F2 -3 F I 1 — IE A A 3F D
(tHMG1), 185 MVA il B 546 & P00 4 if A
KN M A RE T R SZ e, A e M K
rik®| 1 21.1 g/L R R R w25 5 9 1)
G AR R R AR R X =, AT AR X
EHH O A FTARY, B LS
A AR T AN TR B — e R AR
HI2, WESEAE Py — 2L v [ (A 4 % A
AR, JUHETELR AT, BRAS MLk
BRI IE R DhRE, IR FRm =R, K
U, AR5 75 38 A OOk 20 pd A s, ik
— AR hE R, Wb RER, D
TR 22 T8 By (R R B S SC L TR |, BB IR AT
B ALA 0% A0 A A KR A R A TR
S Z Wi A A A A R AL TR
1.3 Znifks & LA ERER A 57 K 89 1

|

- AR

PERRR LR AT TCA 1B IE B %
SHEFTIARY) . bR b 3= 5 i R B R A= IR} S
TR S A ) B E TSR, g
W A A% 1 Tl IR PR (46 & Tk LR & il TLV2
Fil 2 R 8 S SR T TLVS . FR BRI /K B TLV3 |
LA ADH K o-fiil 5 R IR KDC)
ENRILRAAR R FRIL, Avalos 25 053F) it S m
HERG M T 635 mg/L WIS T I 4T
130 mg/L By 5 %HE . Hammer 25543 — 40
DT 2-T R AE A Yy 3 g U B (LEU4, LEUL,
LEU2)E LB R Rk, N T R s
B A% B T8 A S D T A A AR i
2- 5N BESE IR BR A Bl 2-TPMS AUTRAE , fd1 S5
PEEGAE] T 1 241 mg/L. FIL, K oE a0
TRAR Y ) B LRI T, A 1S RN ] A A
UL 7 S A Uk S o0 - R A R IR N
Rk, - winssE 2R,
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1.4 A[E 8GR X e AR R P4 & RCHY
A

G TP P B 7 A T A 2 B A, 4 B s Ak
TRREEAIRAS, BERAERRE . TCA TR L1
PRGN R A 2 B, Lok AN 1k
DL R A A Kt 25 32 30, AT R 4
TR O, ZILEHEFR A Crabtree 4%
RO s ol o 2 5 R RS SR T
PR meh1 FI RNA 55 i 1A BiS & Yk
med2 X 2 AEEAL R A] DAV Crabtree R ,
Zhang PSR I meh] T med2 25 3L R )
RAMK mth1°" Fl med2 ™ FEHE Mk 2377 A
[RIZN, PAZEf# Crabtree U0, [RIE o503 20 A
AR, I 2 R o 5] A GO IAR I 1Y 1R RE R
AR TR A P96 %, DR R
ity A & BEHE o) ok b Zeak, TRR AR
HAHEET 2.04 o/L RN 3-FREENRR, J2
PR RIGIRRAY 5.4 %, PRI A AR
W, S AN L, ARG R 4 i 2
REBH Crabtree-negative fCI4ERIE, H A
PRI Hr SR A B TS BR, 8 gk WP R S B 3R
BT ACHEACIT A IR LR AT PR RE S 42 15 23k
7.3 4%, N TR R H B o 3 4ok 4K 1) 32 By it AT TCA
PEIRAC T I8 Gt B B3R, by DAV I 1 A i R
YA DR (B KA &Y A Y& it 7 F
ZAEROTLTS0 S bk S T A B AR E A B
BRI BRI Bk ik h 2235, Lane SH ST
B P A S T 2.6 g/L. Zhang 25U I KL,
@R batl (mtEE AR S B SR
) ald6 (St RN S ) A phol3 (4 HY
BB IR T SR DL AR A i A, 5 T Ay i
IRFN T 3.1 g/Lo FETAMEACH BB A% 1S 25 PN 1 2
HEAGARAR S i, SIS B S Aok rh
LT A WMARER, XA TR SR
TELARAR X Z P A . A REZH 3 ) JiT I 7R
R 260 W R AW AR P TR G % A4 A B S R

&: 010-64807509

il A B B F 5 A |, il A S ORE DL 2Tk
W A TR B0 A A R AR Y T
FENE R IR BN BRI X ZE N, ) S A A1) TR g
T BE LR ARG AR T BE R MR . BFE RN, 4obe
PRI J 1 TR AR A I ARG L 40 B A K 22
2, A RN, AR TR A .
R 3 )8 R SR M A I S S Al e A et e £
%R (geranyl diphosphate, GPP)& il i 1 P4 %)
ERG20™Y [ fil& 25 F1 (tVoGES-GGGS-ERG20™™Y)
DA Ko S )N s 5 £ W9l TR S 40 il (IDT 1) i 7 31 4k
PRrh Rk, 255 AN 5 b R s A A L
TR AR AR R AR B e B A i 15 3 R IR B2
T, ABATS I 35 B 240 M o ekt TR R A i, U
HI TR AR AE AR A B BOREAA Th AT TG A f)
L RFRS U M TCA PG, Wi B Atk &9
AR B R o ZR B TR, Ak 0 PR Rk
TEARRI IR AT A RRIE A5, R BLAR
P G Rl N AL N R i S = | = 1 e 1R N A
W R A s g R, o HAR LA AR
R Ao A R RIL, TE—ERE Fig
i~ EAF 8P 5, (AT G n G a5 4k
LN S G Rl B e T 1R N AW 7/ R 11=1 5 R A
s B IR R . 7o, SRR
ZEEAEF LT, Mol ALK B m AN
R AR, AR S S 3R AR iR kP,
TSR 15 A BRI e . BRI, 7ERSR A B
girp, ek — xR R AR T
P G I Ak e, I ELER XA [A) ik I 15
S ZUEECH) HAn W6 suste, e &
SRATRETR ] BART=Y),  [R] B O s SR AR 4 45 3
FEAS AR BT B A A I A, R R
e v SRR AL 27 il IR
1.5 ZhAREMBRTREFSMUERE
pA=sEA

SRR ENBEA KD pH A, XN
pH K ALE Y B-& Bt 7A R, Fin,
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BLETT Y A . Wang S BU7E m R -
8-S 18 M L2 T 1) TR TR AR 1 A b, KX
ik pH UK FLYE BB 4 M o v Sk i 2 2k 250
P ) 57 5 R S RS T (GmOMIT2) i A 3 3K 75 i
BRI il 8-SRk s L A A
FAEAT, E AW R4 T 7.2 mg/L
AR

Jihb, LRKLR Fe-S & TCA FEEFFI
HL AL b i E ARG 5, B8 S 540k
RSO G RR . 2T K . AN T FrEmR
AR A BT KB, SRk Fe-S
RARGE T — A 18 IR Bk & BB A A Y A
BB RS R B OBR 2 iR i (S-adenosylmethionine
enzyme, NifB)"*", NifB 7 & &L 91 A 8
AEEA AL, NifB ffb 8Fe-9S-C #EIE Ak
NifB-co, BRI T 3 i [ UG R ()3 P 7 55
B I98% 0 o Burén Z5U70 [ AUl 5L 72
S BRI FERELORLR 3Rk, 40 M AE A SR AR
T, 774 NifB, B9 SEBLAE BLAZ A Py v [
E Ny 3R T I 4

2 TAANAEERRE 6K LF R

21 TEAYIMBANEHSIEE

A ALY A R R R TR A A T A
H,0, WA ALRE TS HoO, 13 480 1h S0 19 2
MLES, B R R/ IV AR 2R K S kT 2h A AR
b E ALY R Y BRES5 H XF i 2 0y BT
700 Da /N T L RA B EE, JEX i
BRI ™ A B b, S AL Yy 1A m] LLZS 94—
B KL G 2 S5V 20 RN, A3
NEWitR B-AA k. CMEFRIE PN AN ST, LA
HH IR 0 A= ) A B RO i Sk W il
IR B-4A AL REE "k S WA A, BIFZ
EW G A ETAY . ALY A NADP K
i S5 A7 A5 R i L il (isocitrate dehydrogenase,

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

IDP2 F1 IDP3), REHE Mt A AL W E A SE 4 A
WFARAS, W AYE B X NADPH 1)
REY Tt A AL YRR NADPH 12,18t
il A ARRBIE, RKSERBNS E O S B IA
FEFR (S S K Pts1p A Pts2p, DL e (i 33 48
LW A I 45 5 Bk mPTS, "REHRHR A
Ra I AHE 3 i AL AT,
22 TREAYEARERIERLEH
AL W AR BR MR B-SUAk AR 1 Tk
W A, WAV RNESRER, Mk
T e A A X2 A S Sk A Y B S
P . Dusséaux ZE M MVA 4% Fl— 26 BTG AL
WG UG L F R B AR A, R
Pt E ALY AR A T A S B R AT A Ak
“Y, IR AEME. (R)-(H)-Frighs . a5
PRI | Sl | e A e A T A 8- R o
PN NN L S TR S Y S
HERBESAE R E T 5.5 /L FMEFN 2.6 g/L
(R)-(H)-ArHi ks o i ad X i A AL Wy g iA AE  % A
K7L 5 pex30. pex31. pex32 Flid EH AL Wy igiA
BVEZRIEN atg36 (B — Bk 22 T ok i 25 21
BRI AL A B, S AR
IR o-PHB R 142k bull, PIF E3 ZFR
i B2 (RSPS) 5 HR Wik ke K ik 11z ik,
B 11 i R PR, R v TRV % - A o e ot
T PR TS 52 1, [ 0 I S A 3 1 — 25 4 e %),
Zhang PN MVA 15 48 1 o- 75 5005 4 T 30 3o 39
s 0 S AL W A5 5 K ePTS 1 48 i) 2 {3 3R 36
FadE bl 25 AR o- RS
WAL, HEAREMK T 160 mg/L A a-FEE M,
AR TAREMRA L, o- 7R A P R I T
2.5 %, IHAE 5 L AEY RV 5 hAbE It & 3R A
T 1 726.78 mg/L B LMY a- #5007 . Liu
1k E AR A R I R idp2 A
idp3 ¥4/ NADPH [} AL WA R iz . 3R
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ik ant] (GihSid EALYBHA R A% B IR 15 R
FDIE I ATP LR, st S s b 1 80
B, AR AR AN B AN A P A
ACEACH MR, M &R A S T 11.00 g/L.
AL R R IR TR B~ AL ™ AR B £ TRl iy
A, FETFMRE RS, DR/ R AT L
MR8 A RS AT Bh T3, 4™ 9 0 A4
Z208], iR G A AR B TR R SR
23 HBEALMEEAXEESKEY

TEA 2 A G R b, S 5 BT 0 B
T 200 B A 25 1 1 S 2 Qs 2 B 5 H A Ak
W7 P SO R, o A AR S
FoAd A0 e s AR, RIVEE P BB A i A 58 4 Bl il
W, WA AR AR, 2 A
TG fr b &9, Sibimy S FIHES
Ik ePTS1 ¥4 519 & H 58 57 oA i (nocloline
synthetase, NCS)xE i 1A 2|1 F AL Wy A
IRFIBCE R R AR B H By, (8 R 42
BRI AR, RPN T IR A I RE A% DA
T E AR R YO R R S s kA )
TR RESE & 1 47%. R A AL YA R 4P 04 43 bR
AFEYEE ST, WO HAA T & W& K
Pt T R
24 SEAMEESHEMELED

bR 76 B St -& v LLA R TR T R
B-4A Ak AL 1 L TR AT G A 38 T DA S v A 2 Ak
EWQ2S)-ME XA 8. Zhang SRR IANE
JITHR B~ b A2 O B 1) ok A ) AR 386 5 e
B MR i PR % 12 AR #E 11 (Pex11p) . MEALHIT AR A
‘A AL [ (fatty-acyl coenzyme A oxidase, FOX1),
B A AT A K
(3-hydroxyacyl-CoA dehydrogenase and enoyl-CoA
hydratase, FOX2) 1 & BE4H A Mok I 5% % T
(peroxisomal oxoacyl thiolase, FOX3), 4/l 1 i
AR IR B-A AL AT R YL, i —

&: 010-64807509

AN T A WRERL, F2EEQS)-Hh R Z 1
A, TERIEREANEI L R TEACIE T . TRIAR(2S)-Hl
B 2 B NS Z HiTAY 703.53 me/L R E T
1 129.44 mg/L. &b %1k Y i 1At 2 i i 1R 4 fi
WX 2, T R A = 0 1 S S AL IR W R A A= 0 1
JIEY . Sheng ZE ML MEIL ARG A IF 5N
(TaFAR)FE ] 235 F R PR B 1) i S Ak P A
i R A AL Y B AR T S5 B T PexTp
MM 5l A R 1L (acetyl-CoA carboxylase,
ACCY), & e ) 2o S0 by AR 6 1 2808 I AR
IR AT, TEAMR M R e, TR
RE Wi w At 1.3 g/Ls

T AL 0 Tt A A ) PR AR A P TR R
WA - Ol A E EEAEA . Dzanaeva
U R B, i E AR BRI SRR AR A
W e, o A AR R L pex3
ol i i AL S N cral WBAE LA 2
Pt A 7 T R R 8 2ok SR AL ) B AR 2 11 Pex34p,
il 5 AL BRI /IS G, 48 T AR bE
AP CEERIRCR,, (OB AR T 8 g/L, &
FEARRMRN 1.4 f5. Kk, #dSEETTARY I
NP HEN . IRALER PR AP . R AR
S W R A A R U — 25 s H AR W i
&, 2 A T R DX A R s TR T R A
B A2 S — B A R 1

3 AR RERANE & A

3.1 HRMBIEHSThRE

N B A TP il KA As, 22
HEGHT B ARG . N R
20 N 2% 3k A HE S AN NS, 5 At 20 e 2 G BR
AV, 05 B L . W AGE A et AR
i EEA G, FFPITZMEENEYET
ft, UIEEORTBMEZ . IBRAEM. i
12 i K5 S T (Ca DA AT, LA B 5 £ 5
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EREE LA ST e IR EABUN =AM o Do C S B =
ZER WSS, B OB S N
S W JE AN G R S P AR AR A
7 P9 J5 P9 PR A ) — BE RS S AR AL R A X 4R k2
i A A B B
3.2 AR E P450 BEANRIA

BT R, R T P A RE A AL 2
fb. R, Bibesib . R-IRIE. Ab 2
S5 2PN TR] B IVE A 21 €07 RERE AN i (2 R P450
filf, TERPACE Y (B FERESS | W EZE . AR
BT R RN A A W) B AR W A b R R
LA IS0 40, Thodey 251)5d 1k Fe ik —Fh
A6 PASO B, DIEALET B 28 E WA i agk 12
Hh O b ) AR (R)- X e 1y 15 XU L
F5F AT £ A J5U i (codeine  reductase, COR)H!
fi] PN 5T P RS 3R AT 3RS, T M M Y R S A
BN PER, AR IR b (8 B R 2 2 1 1 T
KE|T 131 mg/L; @id AR P45S0 gAY
LRI A MVA 8% MEP & 72 (1915 5 i i 4 %
Wi BRI R LU i 28 bS5 , dn —=ik
. b EER. WAS R, HR=0_
R R ER AP SR, TR R R A
SRR PAS0 B A7 7E—BE AL S 0 550%
AR LA K X NADPH 41l g (2 % P450 i J B A
RS R R, IF H AUt R P450 B =35
W2 P BN TN ST S R
I, FEARRMBI S, WS IRAVR N
Jo I ) A AL R AR I 45, 5% 7 el A i £
R P450 Jifry Ik, DX PN T I ) A TR R I
33 HRKARMERIESHKERSE

F T PR B 9 A AR s T2 2 1 B T 8 g
P ER R, RN 5%, G588 T
PR A T 1 R S T T A S BRI S e T, BB
% i i3 5 N L R 1 AR IR o 5 i 4 i
3 P450 BEMIFIRAYTE, WL —EHEHE

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

PRALE I LE P48, Arendt SN A FBRBE RS
PR W% W2 14 (phosphatidic acid phosphohydrolase,
PAH1) S E A M SR P 5k, ek 7 =28 ik
EY . =R LA 2 S IR A R o Kim
S5 VR % 35 WOUE g T AR ) A R B ST
Ino2p, fEEBEARS AL, MG N A 5 I3 J5E £ T
L, ARG REAS ZE R ER T
634 mg/L Ml 12.1 mg/L, 55X HBEMEAR L, 77 i
SRR T 71 R 8 £ . Wei SEIRIIAHIF SR
W, I RIS e IR 1 B & %S s T Haclp,
O A 1 BT B A DG A A e 5%, TS 9 o Y
FRIRTT R FINE, I N R K R Y
FE 3, (HERE RGNS T 36.29 mg/L, Ff
TE 5 L ardibabBl R iR A 7= T 75.18 mg/L U2
BRI FH TR P R N 5T R R AT A TR,
et G Y p - A TR . A e
PN 2k SRR AN 2 2% P40 i, 2R EL A
A TE PRI B R AT S R S AT RPN S5
R, Wl b A AT R S, Had YT
A2 X A A AR TR e . P,
DrAsE A o 0 A IR ZS RO ASE 1, DR 38 vy I B 200
M T e H AR I BE )

4 EXREARREREEFG KL
WK IA
4.1 SREFRNEHEINEE

R B SE — N . shA AT
TEBRP RGN A, o R AR B A B T 4y
W, ST IR SR, Wos R W
B JFE AR A SR R B A R s
28 By HR s, TP T R IR ] A DAL B | 3k
s By A B B R AIg RO AR A )
WAL R AR PN XET S R A 3 B R % 2
IRFEAR, FEIR B EA IO TAEME A, nT5g
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WG, SR TR B 2R 2K B R 2K (trans-Golgi
network, TGN)H 73 4 Bz fy A e, o8
A RN R T TG R Y 2
FIRE N 4%, S8R IRE R A RIB K
AR, I B I A R B R WX A
i A7 10
42 MUETEREMNERRSDEZRE
=EEE B

W M PE SN E A G (coat
protein complex II, COPINAIAM eI E AW 1
(coat protein complex I, COPI) % ¥l = [1] ) JIit
FEREA L DM IR PN 5T I R R AR =2 T ) X )
WIS, DA SR P J5T 0 3] IR B4R g 2R
PRE o B R Y B A B s T A, R EE R
TP 1 B S Y5 1 o 2R 7 A — AR .l i R R
IR TR AR ZE 1 Secl6p, Jimam Py s I 2] & /K
SR Z AT iz, w7 L2 COPIT 431 1)
TR, BN A  Bao ITEM
ik secl6 FEPR T BR 2R 5 ADP-EBE AL
K ¥ GTP #0% & 11 Glo3p k3% COPI FE 4
FRYWAT IS, BT RERE R R T a-vER
it 1) 4310 o Nielsen! 1 e 1k I i /R 3 1A 51 41 g
) 4 30 3 i LA B TN 9P R 1 R AT 23 T Y
Secl/Muncl8 (SM)# [ (SEC 1)l M 5 /R L 1A
) i ek A A 8 9 3 i 5 T BRI 5K AR
o-DE Ry TR A LM B P SRR AR A 20 W, ORI
PR M BT I B 5 R SRR R B Rl G ) SM R
FI(SLY D) T 9 it 21 & /R SRy as iy, iF
— R T o-TERY AR, T R TR
PR AN R B 7 A2 T 238 mg/L o-TEH
B, HEXTREAPREE S T 16%, HEAHRE RET
R T 84 mg/L YIRS AT,  Hoxt g
RMRERE R T 34%. 38 20 X A% A 3 & /R S Az
St A, AT DATE SR 540 1 4 ) A K

&: 010-64807509

k> T AR, R E R EE N
(9533 . Huang S5CYRBR S5 8 R BRI
WZ B R E%ia 3L R vpss Fl vpsl7, 453 57N K
DT o-TE R EAE 200 6L PN R S EG 5ER T LA A3 b
i, GE S TR o-TE R R RO BT R
R\ T 25Z2, fEANE MR T o-TE R B 1Y
FRRIRENT 2.5 g/L, JF HAE KBS R a-BE K
it 8% B AE 20 M P 1) AN 21 10%

AN, SRFERIES . FaE R/ L
T o B PR A A TR, (R S SR A (Y i AR
Xof 25 11 543 006 ) 52 Ml ML) 1 AT A . AL
A5 4 44 A 56 A B 11 B B o, AT B T
B R G B AN A3 B0 ROk g b, Bk
TR 0 WA A ) ol 58 LA R LAt 35 v B
JOT 3 DA PR SR G, TR T BB A S 5 1 T A AR
R EE R T .

5 MEAERAFZFRELES
B B B

51 PEHMSEHSI6EE

Jg i 2 — b EL A R 265 4 1) Bh AS A A
IR T AR, AR ER R, AT
TR 55 G LR, A PN R AT A A g 2
L, 25K g R A A P4 R o i
DA% B BRI £ P 45 B, IR IR 41 L e A
e R A O PO R e R S — R
ey m et BARXT RS AL & P B - A RE )
AR, EAEMEE NI RS, fE
¥ R e A Wil Ar e e, ookt TR R R
HAL S YA A R R B R &M
52 MRS ERSUEYTE

TE RE T Hb G R G A7 KT 23 52 3 G T ik A
25 (A A BRI, 38 o 20 A 2 A | A R AT A A AR
PR VRS NG T B 0 BT AL Al . RNV ECE, ]
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AR A w3 m, SRAENE Z 0 R ig ik G
By BT fa) G R R TR TR 3 H T R I A
(diacylglycerol acyltransferase, DGA1), HEWSHH
TN N BR TR AR, PR o- T AR IR A A
W e B R ATEANR R B R A T
1107.9 mg/L a7 B s {6 A 0 7 i is 3] 1
255.11 mg/L. fE#BFIE dgal FERt F, Ma ZD
E— P ERIE accl . NRIWITR LM ARG olel
IR 53 P Joi I o — b i 8 1 R B f1d T (Seipin),
e Mg Y R SR H M AR R, el
RRMHAR A, ZE s, S AR R Ll
ZPEEGAF T 70.5 mg/g DCW, B 5 P2 H bk
PR T 25%, #MEMHER BT R ks F
T 2.37 g/L M1 73.3 mg/g DCW , 18 1 58 n fg i i)
KNRFZS &, RN Z R E LG
Yy, G0 e AR EEE T, Az F SR g R L2
A HAD AR AR 2L, SR — 2 R R PR A
HEWIFRER, Flangbi ik sl A A w4 T3
BUEHHZE S, R R ERR R AL S B
53 ATERKBHIESKEYNTE

R AERE LA T A EEAE A, BEmAt
T 0 2% 10 3 Y AT LU R 5 e o i AR S
A=A B 1N Sun 25 PG 36 1k 42 SRy R Y A
TN upe2-1, (PRI RGN are2
Flacel, YEENGWIFR A YA BRI KA
WA fr A 5, bk M- ' ms 1
40.6 mg/g DCW, LHIRRIMRR 4.2 £, RPN
BOAMEL SR S A 7 i 25 B A A, i bR A
FEer= A% T 2 986.7 mg/L F1 29.5 mg/g DCW.,,
Zhao MK S BEBEIL L BRI arel I
are2, fHANMELA S BEEE K4 . I HBks M
WEBREE LR pahl . dppl R Ippl HOBRE, 35
TBERRAKY- o S IXPIRNRENG , BE A0 T 40N
KAE MRWRER, i A N EBR T
8.98 mg/g DCW , 1 tb FHI R kL =5 T 2.4 %,

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

UEAh, Bu ZEPH FISME AN 2 mmol/L R 1
WS, WD T p-IE MRS SRAETTWMAEY &
BRI B 5e 4, W3 ekt 1 =T h Y
R, IR SR TR, MRk A T
11.4 mg/g DCW F1 142 mg/L () g8 &, 78
BRI LA b, DR
ERAE R, AR EE b S R 15
B — P
54 FEEBPIATHEEREES

XA A&, BR T PUikig
Jox ) G A LA A R TR s s g Ak, f AR
AR X EE b o R T AR i, RBAS OE R OR
B tEAL B 0 P 1 228 3. Shi 25 A
S K Plnlp #F 40l (4 P450 MR N2 B
(protopanaxadiol, PPD)& i (PPDS)#E [v] A5 i i7F
Figeak, (R Yk DM —FE-11 4kl PPD B
R T 394%, 1ELL PPD NJKYE ™ PPD Al
B AS B ILEY K (PPD-type saponin
ginsenoside compound K, CK)#JE#EH, CK i
IBET 5 g/L. Guo %P erg2 (Ymtid C-8 5 i
S AME) . erg3 (C-5 SBREEMIAINE) . dher24
(A5 SR [ WA ) | erg25 (Smfi% C-4 L
H M B ALl ) . erg26 (Znfith C-3 fS B Ut ) F
erg27 (Ymhth 3-filil {55 50 5t i )k DR #E 1) i ik 12F
ik, &M 7 RS B AR,
f 7-M6 U [ 7 i BB B 187.7 mg/L $2
1 2 360.6 mg/L . 3 2 K 43 A kA2 HE 1] 2]
JE Tt , BEAE 1 ik R0 ] A4 Y SR Tk
B, B T Y i e, s
FNHZMME, HRUBCRIEIES Y (KA
PR A Y A R TR B

6 B KERF LT REK

6.1 HBBEHSIhEE
AR TG P B 0 760 2 A M b R M A o 1Y 2 i
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#r, pHHTE 5-6.5 Z ], RmMadikm. 28
BEREE . Ca’ MIF 2 &8 & 11 EEME AT,
XE NS H ZHOKAMGEE, ATREMEA . %R
MG S5 R FH L, JFeen iR i A Y
JRUN YR S A0 T T R pHL (B
FRASWAY, 4ERpdU NG & A, R4
LR N AR Z EAE R . HAIRTEE SRR
AT, KRR PR, m
TEE TR Z W], W v 2 B IR 2 % 1 B 240 ot
H R UE 4 A 20
6.2 MU BFHTHFRSTIRERE

FH TV 2 TR o0 2 B R ) LA S
DR S 08 91 1 S 33 5 W 1 R A6 M2 G B il
HEALRE I A A Ta) L, (i VR rh 2 R R A K
BeAb, DB B AR R 23 5 H AR P i AR
R ol PO R AR Y 1 ORI
W fif% 24 W (Fj TAL)E (IR B , $&0 1T
WP R R, i DL 2R A AR A
X SR 1 P R & 593.04 me/L, [RINE,
TS b4 E ) 2 LR 5% i 2R U0 4 B A% Z 1814
Fr 5% s ki E mEAER], ikt iz i N
R HLE, AT ARG SR A ) A s A AR
Srinivasan 255 AKE YRI5 18 2 R kR
IR TP 2 B 1 3 B 1 s R LR A PR,
TAERE A IR R S R, A R 5 R
JEIRE]T 30-80 pg/Lo #E— Kk 2 Fiiiz ik
1 AbPUP1 F1 ADLP1 REAE W6 Syt 01 40 Jif Xof
A7 SRR BE 75 B A P U A8 FROR 3 fin T AR Rk rp
FCe Bk r= 0, Kok A 4 FpOR Y
BB TR (NIJAT1 . N(MATE2 , AbPUP1 F1l ADLP1)
MIFRIBEE G, REME AL 40 M % = ] 3 %
(AR 0 B S 4, ol R %5 R AR B 25 ™ it
S IEE] T 480 pg/L A1 172 pg/L.

HAT, KRR Y6 I b i
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TERGEL P R IR, i i fa AL AR i 5%
AL S W s A A o AR
O B RN 2 B AR M 1 R 1) A2 Ak
T AZAY, , X AT ) T I 6 10 5 ) PR BT Rl it
ASUI0 50 000 5 O™ I BICR, B T A&
B o A AR AL HA T IRABE TS . BeAh, W
HWIRPE NI RS iAo pH BUR L 4R
PR S AP . TR A
MRALA I RETT , DAL X = P F iz 1 2
Je FC FAD AR B i 22 18] A BIME 24 S5 B A
LI Z—, FHEE B R S s e

BN E LA b

7 EMEIRERAMLFRNA
Y& B

Y HfRE R — A2 L Al i 2h ), FEAN A
KA B T p o T A TR A e
£ 6 BE (5 G P R AN T EE Y 15%-30%, H S
A OB-1,3-HI M. B-16-H RMEFIL T BN 2
AT @R E RN Z 4R N2 E
ST AN RE B HLARR L T Ah 2 I 3 R
PIAERT, BRI 40 A P i o A R RE TR A
YIELGT B, 0 AR AR AN R RS i a8 1 5 — 1B
B Lk, 40 RESEHL M (cell wall integrity, CWI)i&
125 B9 20 B AL T LA o) 7 A4 B BE 45340, 4
Fran AR A 123120 X o it R R A Bl A 4 i
TAERT DA dn iy B AR fbas S i A o (1) B
AR 21 L XGT 00 T A2 IO B g, v Xof i S o )
TR 52V, IR B PR 5 D0 A AR A 461 5
Kahar 2530 1 76 4 10 49 1) 455 77 56 v 0 2k 1
—tE e E R, SHMR L, S50
FBE 7 L B P 2 5 s AR R 1 2 mor3 1)
GEAE , RS 1 oo PR P9 B TR 200 L BE 1 K
g ZREE R N, R R R AR B i
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TES AT, 24 hIHFE30 g/L 1Y
WM, AT 145 g/L LEE. Son N
Fr CWI k42 1 DB 15 [+ Eem33p il CWI
IR I R, T 240 X 15 98 32 1 A e VA B
BT Z v B, R R
AT SEAR TRARAR F ™ S 3N T 4 12%.
(2) MR HREE SR, R PR, 1Y
I B SRR AR (7 . Li SO TR g AD
21 BfLBE H A B L R cwp 2, (0 RIP P B v 2T 4
WK R AR BN AN . VFE2TS B,
JFH B L % g 1k UL (glycosylphosphatidylinositol,
GPI)fi 7 He AR AE A M 2 T A Th Be 2 1 R iy
B RRIR T R 0 T B 41 A Y — R ARG Hi S
2, B FE SR T 2k 5 R R A i 2R
[ 5 2 GPI-54 & 4 g B% 8 11 (GPI-anchored
cell wall proteins, GPI-CWP)]i% H7E 41 il &% |-
FAMEE . Inokuma A5 FHAS [w) 10 58 2 Ik
Sedlp Fll Saglp K 7MJIFN PN U £F 4 K il o 2 3]
HMIREE T RIS, RS T HEARKRNAER 5
fif e 1, AEXT AL BRI A RS B A T K ORI K
SEFR, TR BE AR AN K T R v SRR R AR T
30%. GPI 45 ) H 85 #2451 (covalently linked
cell wall protein, CCW 12)/2 R 7 [ 1 41 fifg B 45
IR B R, #BRIR cowl2 BEMSHR & M R XHI
il 4 Py i 2 A2 R 40 B A 1 Kong 25 7E A
HAARBERER P RE cowl2, HGE G I HERLE
FAFEFKRY T 48 h N7 4 T 0.503 g/g bk
BB IER) 98.8%M iR fE LB it . TEF K

TEEL L RORISF N R B &R T K i
R R, EFKEKBEY T 12 h W ERTEC
B 5N 0.49 g/g BBE, FFXT R EE K AE )
R MR m & WM. R, 5 Z A A&
Inokuma ZFFSE KB, e PRI AR B A P I
R cewl2 Fl cewl4 (YatSAERE GPI-CWP), HE
T R RR 2 L RE SR RGN, I S U - 2 A T
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FORMECE SISV LR A AR IR Y 1.4 £,
{EL 20 i e 2 285708 A R e D 11 20 B B 0 3
oy THLEIIATEEE o

A A 1R A A L BE A S B 1 Y BB ok
SR AL AT M BB e X R TR PR SR R R
AR E A S P R R B AR A B, (3 H Al
FASCAEFBLE AN TE M. FE AR E ARG Y
85 B o 5 A N B A 1 R Ay i A A
MBIEA FFRADIF

8 AL&RARENTILE N

N LA A f 246 T L2 S50 R AR 1)
NTAYHEARRE, BEYBREE R
LA b, AP e R — A
A AR SR 8N A A M s T DL b
518 EANMACEH A R R, JF AR S A 4a
PRI o BT N A5 A # 1) T 4 AR P T
DR B AT A5 2 P A S 1 45 4 T Lk
PARE R TR E B RN o N, il A e A i
FLAR 8 R/ NI B iy LA 7 0 1) 3 A R e )
TR BT 1201 Cheah 2817 T R £ 9805
FEFEPIURE (murine polyomavirus virus-like particles,
MPyV-VLPs)i% i H AN TACHOKIX E , FAG—Fh
KR AT E 1Y JULEE I 48 (inositol  oxygenase,
MIOX), ZH%EHE N TACE YK X % b T4 7™
D-HIHE IR o A TR BRI B b i KRR
A USSR LA ey, JFR
IRl LU MPyV Aot i, REFRSBN
H A BOKEERAR, BTSN T B AR i
N5 TS0 A L Sy TR T B 5k — o 1) A IS
EE ORI N - S D 1 = S ]
Xof 2 A AR A 1 S S LA R AT
B TUAN L 25 1) 245 1 25— BB AL | o) R 75 i — 25
WEFE A
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9 RE¥

UEAFR, Bl X TR 1 B A ] 240 i g P
RAWTIT, S AL a8 25 FEh e 2] 1 i
GF AN o B 0 A TR S A o i Y O B
SEPHPFRT AR AN s AR E R,
b PR R AR Gs HLE, RS R AR Y
HOCHE B E AL B A i de b Rk, SRR R4
M AR AR SRR S R B RRY), A2 i
A it 19 A= AR R AR 28 A TS 1 1 40 i %
kg USRS, R AR TR 2
Xif DX g rp g A R A DL 200 e 1 45 4 A T O
b, EEREEEE ] LU 2es i A AR e &9, L
Lo — e e PEREAT B (F a0, S ). A3
A I S A T TR P A 1Y 25 Rl 2N R AR ) 4
Hay o DHRELL B Aoz dh G B ARG T B i SRt
S5, FE 03 R AR T A 1) 40 25 B PR AR R R
AR fln, LR EER L
WEAITE A NEPR S AR . BT FIRER 55,
AN S . BEEAL S MR L S PRy
AW AR BEA R 26 F s i AR B AR D5 R
B-AAL AL LA AL HIN T MIAER S,
OIS SR A P AR W PR AT A
WIS AR BEA R, IR BEA RO0 X e A 75
Y B s SR IR AR I (5 3R P450 i,
M2 E R ERERE, Wiy RN
PR ARRR, BE A% 8 5i A J5iE 1 pAY 028 R S DAV 2
HEa T &fe ), fEm AR
R R BRI S s T A, nT LR R A
N S SRR B /N L IR B FIE B
UBhE R, e fe MR IRTEIL SRR R 1
B EE B L, Bl AR Pz fa A A
fem Hbnm IR R BRI BEA OG5 1ok
TR A ), R e A AR B AT AR K
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R Bl o B AR 0 2 e A O ek A T Gl
b A BT AR , E AT 5 4 A ST B P [ 1 58 Y
HOR, TR B 7 Hbn "Wy, i
T A 2z e A i S 2k, DL R A
AR BN ER BT IR TE h R R . ABE
HRE B T (AN [R) A e ), P B PO 200 M 2 4 2
AU TR RIR ZBR . fltn, AR 20 e 25
Xt AN R 490 S5 (- AN [ 5 %o 2 1 B R Ao
FIBCRAY 1AL, JCi 46 Sl i i b i AR
Pl T S0 Bl A AU
SR e 2 S MR AR R SRR s TR IR A L A
Mg R R ShAS Y, JF LR AR AR L BRI
FRBPIRZS . SME IR BT FHAB IR R AR R L KD
PRFR L 3 R M TR AR BT R 4
i s R AR BRY R, R AR A P B B KR
AR AT RSB AR, SEAERAHESE.
T XX SE PR, X s
TAY G R AE . EALE T IR R
wn I B L A A A 0 A B R
AR AT R G RIS, LAREA T B AR
s,

JEEARA, FORTETIN 7 £ 240 i & T AR Bk
i A AL S BOBIETE AR B T B Bt B SOCR
HEAE B F RS HAR- a7 i, EH AR
KT T ) A AR LA & (1)
BT 9 A= 0 R A 1] 40 i e R A T R AR
BT o3 M A A B A B H AR W
IR A, TR B A 5 A g = T Y
o %, Sfemaipas 59z m iy e i
PE, REERECE; (2) g, e
S Tl 4 2 R A AR SR, AT RE DR/ 40 i
DX PN AR s A DA R AE HE B A0 AR D 4H
(3) I FHHE DA B0 2l 258 42 S, Sk S v 1] (A3t
Py iy ik JEE BRSO AR e i s g R, A
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TP ECE MBRAESZBIL 5 (4) BT L A0 P9 R4S
oy e R 2 IR i e i B 1 A e 1K s
PLEEOTSE IR A, BEXS A AR 9 = 88 e i
Z G ikt Jo i Qe R A RIE S T
(5) X TR HEZIRM )G @ te, R 2 X%
RIS EME . S AE— 2B 4R A dh i A W)
B MEREE S IR ARG ORI
ZRPEANBT RGN, 2R A AR AL G T
W5 A Wy s i R R FAEACHR AR S 5
LIRETH A A W i - 5 B 2B 000 1)
W, S AR R G A 0 R SRR UK 5
PRSI £ mp 25 Ao K R 7 ) A2 45 ) A0 A
W TREAOI S IERE , FE 2 0 A M5 Ak 27 b
AOTRRE, RO PR L B e AR A T i
IRE ST, DAk b A A R Tl A A 7 B
BLfili

REFERENCES

[1] DUSSEAUX S, WAIN WT, LIU YX, IGNEA C,
KAMPRANIS SC. Transforming yeast peroxisomes
into microfactories for the efficient production of
high-value isoprenoids[J]. Proceedings of the National
Academy of Sciences of the United States of America,
2020, 117(50): 31789-31799.

[2] JUNG SW, YEOM J, PARK JS, YOO SM. Recent
advances in tuning the expression and regulation of
genes for constructing microbial cell factories[J].
Biotechnology Advances, 2021, 50: 107767.

(3] skiele, FR=, XL, T, XJg, ¥ M
BT 5 A W B T A8 W i i AR G R E S
JE[1]. & EAYI2, 2021, 2(6): 863-875.

ZHANG XL, WANG CY, LIU YF, LI JH, LIU L, DU
GC. Research progress of constructing efficient

biomanufacturing system based on synthetic
biotechnology[J]. Synthetic Biology Journal, 2021,
2(6): 863-875 (in Chinese).

[4] EW], e, &gk, AUk, BRmER. R e bk

A A 7 Al 2 b A BIE S e 0], AR TR

2021, 37(3): 1042-1057.

WANG M, LUAN T, ZHAO JZ, LI HX, BAO XM.

Progress in studies on production of chemicals from

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

[12]

[13]

xylose by Saccharomyces cerevisiae[J]. Chinese
Journal of Biotechnology, 2021, 37(3): 1042-1057 (in
Chinese).

DAVID HAWKINS R, HON GC, REN B.
Next-generation genomics: an integrative approach[J].
Nature Reviews Genetics, 2010, 11(7): 476-486.
REAVES ML, RABINOWITZ JD. Metabolomics in
systems microbiology[J].  Current
Biotechnology, 2011, 22(1): 17-25.
SNYDER M, GALLAGHER JEG. Systems biology
from a yeast omics perspective[J]. FEBS Letters, 2009,
583(24): 3895-3899.

DURAN L, LOPEZ JM, AVALOS JL. {Viva la
mitochondria!: harnessing yeast mitochondria for
chemical production[J]. FEMS Yeast Research, 2020,
20(6): foaa037.

HU YT, ZHU ZW, NIELSEN 1],
Engineering Saccharomyces
production of fatty acid-derived biofuels
chemicals[J]. Open Biology, 2019, 9(5): 190049.
RO DK, PARADISE EM, OUELLET M, FISHER KJ,
NEWMAN KL, NDUNGU JM, HO KA, EACHUS RA,
HAM TS, KIRBY J, CHANG MCY, WITHERS ST,
SHIBA Y, SARPONG R, KEASLING JD. Production
of the antimalarial drug precursor artemisinic acid in
engineered yeast[J]. Nature, 2006, 440(7086): 940-943.
WESTFALL PJ, PITERA DJ, LENIHAN JR, ENG
DIANA, WOOLARD FX, REGENTIN R, HORNING
T, TSURUTA H, MELIS DJ, OWENS A, FICKES S,
DIOLA D, BENJAMIN KR, KEASLING D,
LEAVELL MD, McPHEE DJ, RENNINGER NS,
NEWMAN JD, PADDON C(J.
amorphadiene in yeast, and its

Opinion in

SIEWERS V.
cerevisiae cells for

and

Production of
conversion to
dihydroartemisinic acid, precursor to the antimalarial
agent artemisinin[J]. Proceedings of the National
Academy of Sciences of the United States of America,
2012, 109(3): E111-E118.

PADDON CJ, WESTFALL PJ, PITERA D],
BENJAMIN K, FISHER K, MCPHEE D, LEAVELL
MD, TAI A, MAIN A, ENG D, POLICHUK DR,
TEOH KH, REED DW, TREYNOR T, LENIHAN J,
FLECK M, BAJAD S, DANG G, DENGROVE D,
DIOLA D, et al. High-level semi-synthetic production
of the potent antimalarial artemisinin[J]. Nature, 2013,
496(7446): 528-532.

HOU J, TYO K, LIU ZH, PETRANOVIC D,
NIELSEN J.

improves

Engineering of wvesicle trafficking

heterologous  protein  secretion  in



N FMERSARSRKEASHEERNAREERE 2353

[19]

[20]

[21]

(23]

[24]

Saccharomyces cerevisiae[J]. Metabolic Engineering,
2012, 14(2): 120-127.

NIELSEN J. Production of biopharmaceutical proteins
by yeast: advances through metabolic engineering[J].
Bioengineered, 2013, 4(4): 207-211.

MEADOWS AL, HAWKINS KM, TSEGAYE Y,
ANTIPOV E, KIM Y, RAETZ L, DAHL RH, TAI AN,
MAHATDEJKUL-MEADOWS T, XU L, ZHAO LS,
DASIKA MS, MURARKA A, LENIHAN J, ENG
DIANA, LENG JS, LIU CL, WENGER JW, JIANG
HX, CHAO L, et al. Rewriting yeast central carbon
metabolism for industrial isoprenoid production[J].
Nature, 2016, 537(7622): 694-697.
ZHANG W, SHAO W, ZHANG A.

tolerance and production of Saccharomyces cerevisiae

Isobutanol

can be improved by engineering its TATA-binding
protein Sptl15[J]. Letters in Applied Microbiology,
2021, 73(6): 694-707.

PURDUE PE, LAZAROW PB.
biogenesis[J]. Annual Review of
Developmental Biology, 2001, 17: 701-752.
GUIRIMAND G, KULAGINA N, PAPON N,
HASUNUMA T, COURDAVAULT V. Innovative tools
and strategies for optimizing yeast cell factories[J].
Trends in Biotechnology, 2021, 39(5): 488-504.
DELOACHE WC, RUSS ZN, DUEBER JE. Towards
the
compartmentalizing

Peroxisome

Cell and

repurposing yeast peroxisome for

heterologous metabolic
pathways[J]. Nature Communications, 2016, 7: 11152.

KANG W, MA T, LIU M, QU JL, LIU ZJ, ZHANG
HW, SHI B, FU S, MA JC, LAI LTF, HE SC, QU JN,
WING-NGOR AU S, HO KANG B, YU LAU WC,
DENG ZX, XIA J, LIU TG. Modular enzyme assembly
for enhanced cascade biocatalysis and metabolic
flux[J]. Nature Communications, 2019, 10: 4248.

DU L, LI SY. Compartmentalized biosynthesis of
fungal natural products[J]. Current
Biotechnology, 2021, 69: 128-135.

MA YS, LI JB, HUANG SW. Targeting pathway
subcellular

Opinion in

expression  to organelles improves

astaxanthin  synthesis in Yarrowia lipolytica[J].
Metabolic Engineering, 2021, 68: 152-161.

HAMMER SK, AVALOS JL. Harnessing yeast
organelles for metabolic engineering[J].
Chemical Biology, 2017, 13(8): 823-832.

LV XM, WANG F, ZHOU PP, YE LD, XIE WP, XU
HM, YU HW. Dual regulation of cytoplasmic and

mitochondrial acetyl-CoA utilization for improved

Nature

&: 010-64807509

[26]

(27]

(28]

[29]

[31]

[32]

[34]

isoprene production in Saccharomyces cerevisiae[J].
Nature Communications, 2016, 7: 12851.

THOMIK T, WITTIG I, CHOE JY, BOLES E, OREB
M. An
improved substrate utilization in yeast[J]. Nature
Chemical Biology, 2017, 13(11): 1158-1163.

CAO X, YANG S, CAO CY, ZHOU Y]J. Harnessing
biosynthesis  of

artificial transport metabolon facilitates

sub-organelle metabolism for

isoprenoids in yeast[J]. Synthetic and Systems
Biotechnology, 2020, 5(3): 179-186.

ZHU ZT, DU MM, GAO B, TAO XY, ZHAO M, REN
YH, WANG FQ, WEI DZ Metabolic
compartmentalization in yeast mitochondria: burden
and solution for squalene overproduction[J]. Metabolic
Engineering, 2021, 68: 232-245.

JIA HJ, CHEN TH, QU JZ, YAO MD, XIAO WH,
WANG Y, LI C, YUAN Y]J. Collaborative subcellular
compartmentalization to improve GPP utilization and
boost sabinene accumulation in Saccharomyces
cerevisiae[J]. Biochemical Engineering Journal, 2020,
164: 107768.

SHI YS, WANG D, LI RS, HUANG LQ, DAI ZB,
ZHANG XL.

compartments

subcellular
the
lipophilic natural products ginsenosides[J]. Metabolic
Engineering, 2021, 67: 104-111.

MALINA C, LARSSON C, NIELSEN J. Yeast
mitochondria: an overview of mitochondrial biology

Engineering  yeast

for increased production of

and the potential of mitochondrial systems biology[J].
FEMS Yeast Research, 2018, 18(5): foy040.

ZHANG YY, WANG J, CAO XS, LIU W, YU HW, YE
LD. High-level production of linalool by engineered
Saccharomyces cerevisiae harboring dual mevalonate
pathways in mitochondria and cytoplasm[J]. Enzyme
and Microbial Technology, 2020, 134: 109462.
ZHANG YM, SU M, WANG Z, NIELSEN J, LIU ZH.
Rewiring regulation on respiro-fermentative
metabolism relieved Crabtree effects in Saccharomyces
cerevisiae[J]. Synthetic and Systems Biotechnology,
2022, 7(4): 1034-1043.

AVALOS JL, FINK GR, STEPHANOPOULOS G.
Compartmentalization of metabolic pathways in yeast
the

Nature Biotechnology,

mitochondria improves production  of
branched-chain alcohols[J].
2013, 31(4): 335-341.

HAMMER SK, ZHANG YF,
Mitochondrial compartmentalization

specificity to the 2-ketoacid

AVALOS JL.
confers

recursive pathway:

B<: cjb@im.ac.cn



2354 ISSN 1000-3061 CN 11-1998/Q =4 T #%#4 Chin J Biotech

[35]

[36]

[37]

[39]

[40]

[42]

increasing isopentanol production in Saccharomyces
cerevisiae[J]. ACS Synthetic Biology, 2020, 9(3):
546-555.

LANE S, ZHANG YF, YUN EJ, ZIOLKOWSKI L,
ZHANG GC, JIN YS, AVALOS JL. Xylose
assimilation enhances the production of isobutanol in
engineered

Saccharomyces cerevisiae[J].

Biotechnology and Bioengineering, 2020, 117(2):
372-381.

ZHANG YF, LANE S, CHEN JM, HAMMER SK,
LUTTINGER J, YANG LF, JIN YS, AVALOS JL.
Xylose utilization stimulates mitochondrial production
and

of  isobutanol 2-methyl-1-butanol in

Saccharomyces  cerevisiae[]]. Biotechnology for
Biofuels, 2019, 12(1): 1-15.

BUREN S, PRATT K, JIANG X, GUO YS,
JIMENEZ-VICENTE E, ECHAVARRI-ERASUN C,
DEAN DR, SAAEM I, BENJAMIN GORDON D,
VOIGT CA, RUBIO LM. Biosynthesis of the
nitrogenase active-site cofactor precursor NifB-co in
of the
National Academy of Sciences of the United States of
America, 2019, 116(50): 25078-25086.

GERKE J, FRAUENDORF H, SCHNEIDER D,
WINTERGOLLER M, HOFMEISTER T, POEHLEIN
A, ZEBEC Z, TAKANO E, SCRUTTON NS, BRAUS
GH. the
peroxisomes of a product-tolerant baker’s yeast[J].

Saccharomyces cerevisiae[J]. Proceedings

Production of fragrance geraniol in
Frontiers in Bioengineering and Biotechnology, 2020,
8: 582052.

ZHANG CB, LI M, ZHAO GR, LU WY. Harnessing
acetyl-CoA for
sesquiterpene a-humulene production[J]. Journal of

2020, 68(5):

yeast peroxisomes and cytosol
Agricultural
1382-13809.
LIU GS, LI T, ZHOU W, JIANG M, TAO XY, LIU M,
ZHAO M, REN YH, GAO B, WANG FQ, WEI DZ.

The yeast peroxisome: a dynamic storage depot and

and Food Chemistry,

subcellular factory for squalene overproduction[J].
Metabolic Engineering, 2020, 57: 151-161.

ZHANG Q, YU SQ, LYU YB, ZENG WZ, ZHOU JW.
Systematically engineered fatty acid catabolite
pathway for the production of (2S)-naringenin in
Saccharomyces cerevisiae[J]. ACS Synthetic Biology,
2021, 10(5): 1166-1175.

SHENG JY, STEVENS J, FENG XY. Pathway
compartmentalization in peroxisome of Saccharomyces

cerevisiae to produce versatile medium chain fatty

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

[45]

[46]

[47]

[50]

alcohols[J]. Scientific Reports, 2016, 6: 26884.
SIBIRNY AA. Yeast peroxisomes: structure, functions
and biotechnological opportunities[J]. FEMS Yeast
Research, 2016, 16(4): fow038.

DZANAEVA L, KRUK B, RUCHALA J, NIELSEN J,
SIBIRNY A, DMYTRUK K. The role of peroxisomes
in xylose alcoholic fermentation in the engineered
Saccharomyces cerevisiae[J]. Cell
International, 2020, 44(8): 1606-1615.
THODEY K, GALANIE S, SMOLKE CD. A microbial

biomanufacturing

Biology

platform  for  natural and
semisynthetic opioids[J].
2014, 10(10): 837-844.

ARENDT P, MIETTINEN K, POLLIER J, de RYCKE
R, CALLEWAERT N, GOOSSENS A. An endoplasmic

reticulum-engineered

Nature Chemical Biology,

yeast platform for

overproduction  of triterpenoids[J]. = Metabolic
Engineering, 2017, 40: 165-175.

KIM JE, JANG IS, SON SH, KO YJ, CHO BK, KIM
SC, LEE JY. Tailoring the Saccharomyces cerevisiae
endoplasmic reticulum for functional assembly of
terpene synthesis pathway[J]. Metabolic Engineering,
2019, 56: 50-59.

WEI PP, ZHANG CB, BIAN XK, LU WY. Metabolic
engineering of  Saccharomyces  cerevisiae  for
heterologous carnosic acid production[J]. Frontiers in
Bioengineering and Biotechnology, 2022, 10: 916605.
BAO JC, HUANG MT, PETRANOVIC D, NIELSEN J.
Balanced trafficking between the ER and the golgi
apparatus increases protein secretion in yeast[J]. AMB
Express, 2018, 8(1): 1-10.

HUANG MT, WANG GK, QIN JF, PETRANOVIC D,
NIELSEN J. Engineering the protein secretory pathway
of Saccharomyces cerevisiae enables improved protein
production[J]. Proceedings of the National Academy of
Sciences of the United States of America, 2018,
115(47): E11025-E11032.

YU Y, RASOOL A, LIU HR, LV B, CHANG PC,
SONG H, WANG Y, LI C. Engineering Saccharomyces
cerevisiae for high yield production of a-amyrin via
synergistic remodeling of o-amyrin synthase and
expanding the storage pool[J]. Metabolic Engineering,
2020, 62: 72-83.

MANZOOR R, AHMED M, RIAZ N, KIANI BH,
KALEEM U, RASHID Y, NAWAZ A, AWAN MUF,
KHAN H, IMTIAZ U, RASHEED Y, KALEEM I,
RASOOL A. Self-redirection of metabolic flux toward
squalene and ethanol pathways by engineered yeast[J].



N FMERSARSRKEASHEERNAREERE 2355

[55]

[61]

Metabolites, 2020, 10(2): 56.

MAT, SHI B, YE ZL, L1 XW, LIU M, CHEN Y, XIA J,
NIELSEN J, DENG ZX, LIU TG. Lipid engineering
combined with systematic metabolic engineering of
Saccharomyces cerevisiae for high-yield production of
lycopene[J]. Metabolic Engineering, 2019, 52:
134-142.

SUN ZJ, LIAN JZ, ZHU L, JIANG YQ, LI GS, XUE
HL, WU MB, YANG LR, LIN JP. Combined
biosynthetic pathway engineering and storage pool
expansion for high-level production of ergosterol in
industrial Saccharomyces cerevisiae[J]. Frontiers in
Bioengineering and Biotechnology, 2021, 9: 681666.
ZHAO YJ, ZHANG YP, NIELSEN J, LIU ZH.
Production of B-carotene in Saccharomyces cerevisiae
metabolism[J].

2021, 118(5):

through  altering yeast lipid
Biotechnology and Bioengineering,
2043-2052.

BU X, LIN JY, DUAN CQ, KOFFAS MAG, YAN GL.
Dual

metabolism and ERG9 expression for

regulation of lipid droplet-triacylglycerol
improved
B-carotene production in Saccharomyces cerevisiae[l].
Microbial Cell Factories, 2022, 21(1): 1-13.

GUO XJ, YAO MD, XIAO WH, WANG Y, ZHAO GR,
YUAN Y]J.

post-squalene

Compartmentalized reconstitution of

pathway for 7-dehydrocholesterol
overproduction in  Saccharomyces  cerevisiae[J].
Frontiers in Microbiology, 2021, 12: 663973.

SR, RO, SKIER, PRI, 70 A SRR
B TR R E S U] Y TR, 2020,
36(9): 1838-1848.

ZHANG SQ, ZHOU JW, ZHANG GQ, CHEN 1.
Construction and optimization of p-coumaric
acid-producing Saccharomyces cerevisiae[J]. Chinese
Journal of Biotechnology, 2020, 36(9): 1838-1848 (in
Chinese).

SRINIVASAN P, SMOLKE CD. Biosynthesis of
medicinal tropane alkaloids in yeast[J]. Nature, 2020,
585(7826): 614-619.

SRINIVASAN P, SMOLKE CD. Engineering cellular
metabolite transport for biosynthesis of
computationally predicted tropane alkaloid derivatives
in yeast[J]. Proceedings of the National Academy of
Sciences of the United States of America, 2021,
118(25): €2104460118.

KAHAR P, ITOMI A, TSUBOI H, ISHIZAKI M,
YASUDA M, KIHIRA C, OTSUKA H, BINTI AZMI N,

MATSUMOTO H, OGINO C, KONDO A. The

&: 010-64807509

[62]

[64]

[67]

[70]

cerevisiae
robustness alteration of the cell
hydrophobicity[J]. Metabolic Engineering, 2022, 72:
82-96.

SON SH, KIM JE, OH SS, LEE JY. Engineering cell
wall integrity enables enhanced squalene production in

flocculant  Saccharomyces strain  gains

via wall

yeast[J]. Journal of Agricultural and Food Chemistry,
2020, 68(17): 4922-4929.

LI J, ZHANG MM, WAN C, den HAAN R, BAI FW,
ZHAO XQ.

recombinant Saccharomyces cerevisiae by disrupting

Improved cellulase production in
the cell wall protein-encoding gene CWP2[J]. Journal
of Bioscience and Bioengineering, 2020, 129(2):
165-171.

KONG ML, LI XW, LI TT, ZHAO XB, JIN MJ, ZHOU
X, GU HQ, MRSA V, XIAO W, CAO LM.
Overexpressing CCW12 in Saccharomyces cerevisiae
enables highly efficient ethanol production from
lignocellulose hydrolysates[J]. Bioresource Technology,
2021, 337: 125487.

INOKUMA K, KURONO H, den HAAN R, van ZYL
WH, HASUNUMA T, KONDO A. Novel strategy for
anchorage position control of GPI-attached proteins in
the yeast cell wall using different GPI-anchoring
domains[J]. Metabolic Engineering, 2020, 57: 110-117.
INOKUMA K, KITADA Y, BAMBA T, KOBAYASHI
Y, YUKAWA T, HAAN R, ZYL WH, KONDO A,
HASUNUMA T.
surface-engineered yeast cells by altering the cell wall
morphology of the host strain[J]. Applied
Microbiology and Biotechnology, 2021, 105(14/15):
5895-5904.

CHEAH LC, STARK T, ADAMSON LSR, ABIDIN RS,
LAU YH, SAINSBURY F, VICKERS CE. Artificial

self-assembling

Improving the functionality of

nanocompartment for organizing
metabolic pathways in yeast[J]. ACS Synthetic Biology,
2021, 10(12): 3251-3263.

ZHANG Q, ZENG WZ, XU S, ZHOU JW. Metabolism
and strategies for enhanced supply of acetyl-CoA in
Saccharomyces cerevisiae[J]. Bioresource Technology,
2021, 342: 125978.
ENGLISH AM,
KORNMANN B,

ER-mitochondria

SCHULER MH, XIAO TY,
SHAW JM, HUGHES AL.
contacts promote
mitochondrial-derived compartment biogenesis[J].
Journal of Cell Biology, 2020, 219(12): €202002144.
YUAN JF, CHING CB. Mitochondrial acetyl-CoA

utilization pathway for terpenoid productions[J].

B<: cjb@im.ac.cn



2356 ISSN 1000-3061 CN 11-1998/Q 4=# #2244k  Chin J Biotech

[72]

(73]

[76]

(78]

[81]

Metabolic Engineering, 2016, 38: 303-309.

BUU LM, CHEN YC, LEE FJ S. Functional
of acetyl-CoA
hydrolase, Achlp, in Saccharomyces cerevisiae[J].
2003, 278(19):

characterization and localization
Journal of Biological
17203-17209.
WEINERT BT, IESMANTAVICIUS V, MOUSTAFA T,
SCHOLZ C, WAGNER SA, MAGNES C, ZECHNER
R, CHOUDHARY C. Acetylation dynamics
stoichiometry  in  Saccharomyces  cerevisiae[l].
Molecular Systems Biology, 2015, 11(10): 833.
KRIVORUCHKO A, ZHANG YM, SIEWERS V,
CHEN Y, NIELSEN J. Microbial acetyl-CoA
metabolism and metabolic engineering[J]. Metabolic
Engineering, 2015, 28: 28-42.

SIKKEMA J, de BONT JA, POOLMAN B.
Mechanisms of membrane toxicity of hydrocarbons[J].
Microbiological Reviews, 1995, 59(2): 201-222.
KWAK S, JIN YS. Production of fuels and chemicals

from xylose by engineered Saccharomyces cerevisiae:

Chemistry,

and

a review and perspective[J]. Microbial Cell Factories,
2017, 16(1): 1-15.

SALUSJARVI L, KANKAINEN M, SOLIYMANI R,
PITKANEN JP, PENTTILA M, RUOHONEN L.
Regulation of xylose metabolism in recombinant
Saccharomyces cerevisiae[J]. Microbial Cell Factories,
2008, 7(1): 1-16.

ZAMPAR GG, KUMMEL A, EWALD J, JOL S,
NIEBEL B, PICOTTI P, AEBERSOLD R, SAUER U,
ZAMBONI N, HEINEMANN M.
system-level organization of the switch from glycolytic

Temporal
to gluconeogenic operation in yeast[J]. Molecular
Systems Biology, 2013, 9(1): 651.

HEYLAND J, FU JN, BLANK LM. Correlation
between TCA cycle flux and glucose uptake rate during
respiro-fermentative ~ growth  of  Saccharomyces
cerevisiae[J]. Microbiology, 2009, 155(12): 3827-3837.
KWAK S, JO JH, YUN EJ, JIN YS, SEO JH.
Production of biofuels and chemicals from xylose
using native and engineered yeast strains[J].
Biotechnology Advances, 2019, 37(2): 271-283.
KILDEGAARD KR, WANG Z, CHEN Y, NIELSEN J,
BORODINA I. Production of 3-hydroxypropionic acid
from glucose and xylose by metabolically engineered
Saccharomyces cerevisiae[J]. Metabolic Engineering
Communications, 2015, 2: 132-136.

WANG PP, LI CJ, LI XD, HUANG WJ, WANG Y,
WANG JL, ZHANG YJ, YANG XM, YAN X, WANGYY,

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

[83]

[84]

[87]

[88]

[91]

ZHOU ZH. Complete biosynthesis of the potential

medicine icaritin by engineered Saccharomyces
cerevisiae and Escherichia coli[J]. Science Bulletin,
2021, 66(18): 1906-1916.

BEACH A, LEONOV A, ARLIA-CIOMMO A,
SVISTKOVA V, LUTCHMAN V, TITORENKO V.
Mechanisms by which different functional states of
mitochondria define yeast longevity[J]. International
Journal of Molecular Sciences, 2015, 16(12): 5528-5554.
GREWAL PS, SAMSON JA, BAKER JJ, CHOI B,
DUEBER JE. Peroxisome compartmentalization of a
toxic enzyme improves alkaloid production[J]. Nature
Chemical Biology, 2021, 17(1): 96-103.

van ROERMUND CW, HETTEMA EH, KAL AJ, van
den BERG M, TABAK HF, WANDERS RIJ.
Peroxisomal beta-oxidation of polyunsaturated fatty
acids in  Saccharomyces cerevisiae: isocitrate
dehydrogenase provides NADPH for reduction of
double bonds at even positions[J]. The EMBO Journal,
1998, 17(3): 677-687.

SCHUELLER N, HOLTON SJ, FODOR K,
MILEWSKI M, KONAREV P, STANLEY WA, WOLF
J, ERDMANN R, SCHLIEBS W, SONG YH,
WILMANNS M. The peroxisomal receptor Pex19p
forms a helical mPTS recognition domain[J]. The
EMBO Journal, 2010, 29(15): 2491-2500.

PHILLIPS MJ, VOELTZ GK. Structure and function of
ER membrane contact sites with other organelles[J].
Nature Reviews Molecular Cell Biology, 2016, 17(2):
69-82.

XU, e ECAR. PRS0 S ) 4 K 24 ) A F 5 0 ],
AW TR, 2021, 37(2): 418-428.
ZHAO Y, YU QL. Advance in
reticulum-targeting nanodrugs[J]. Chinese Journal of
Biotechnology, 2021, 37(2): 418-428 (in Chinese).
HAUSJELL J, HALBWIRTH H, SPADIUT O.
Recombinant production of eukaryotic cytochrome
P450s in microbial cell factories[J].
Reports, 2018, 38(2): BSR20171290.
NOWROUZI B, RIOS-SOLIS L. Redox metabolism

for improving whole-cell P450-catalysed terpenoid

endoplasmic

Bioscience

biosynthesis[J]. Critical Reviews in Biotechnology,
2022, 42(8): 1213-1237.

JIANG LH, HUANG L, CAI J, XU ZN, LIAN JZ.
Functional expression of eukaryotic cytochrome P450s
in yeast[J]. Biotechnology and Bioengineering, 2021,
118(3): 1050-1065.

ZHENG XY, LI P, LU X. Research advances in



N FMERSARSRKEASHEERNAREERE 2357

[92]

[94]

[97]

(98]

cytochrome P450-catalysed pharmaceutical terpenoid
biosynthesis in plants[J]. Journal of Experimental
Botany, 2019, 70(18): 4619-4630.

RENAULT H, BASSARD JE, HAMBERGER B,
WERCK-REICHHART D. Cytochrome P450-mediated
metabolic engineering: current progress and future
challenges[J]. Current Opinion in Plant Biology, 2014,
19: 27-34.

WANG X, PEREIRA JH, TSUTAKAWA S, FANG XY,
ADAMS PD, MUKHOPADHYAY A, LEE TS.
Efficient
engineering fusion proteins of terpene synthase and
cytochrome P450[J]. Metabolic Engineering, 2021, 64:
41-51.

AJIKUMAR PK, XIAO WH, TYO KEJ, WANG Y,
SIMEON F, LEONARD E, MUCHA O, PHON TH,
PFEIFER B, STEPHANOPOULOS G.
pathway

production of oxidized terpenoids via

Isoprenoid

optimization for  taxol precursor
overproduction in Escherichia coli[J]. Science, 2010,
330(6000): 70-74.

BIGGS BW, LIM CG, SAGLIANI K, SHANKAR S,
STEPHANOPOULOS G, de MEY M, AJIKUMAR PK.
Overcoming heterologous protein interdependency to
optimize P450-mediated taxol precursor synthesis in
Escherichia colil]]. of the National
Academy of Sciences of the United States of America,
2016, 113(12): 3209-3214.

KIM JE, JANG IS, SUNG BH, KIM SC, LEE JY.

Rerouting of NADPH synthetic pathways for increased

Proceedings

protopanaxadiol  production in  Saccharomyces
cerevisiae[J]. Scientific Reports, 2018, 8: 15820.
ZHUANG X, CHAPPELL 1.
production platforms in yeast[J]. Biotechnology and
Bioengineering, 2015, 112(9): 1854-1864.
MALHOTRA JD, MIAO HZ, ZHANG KZ,
WOLFSON A, PENNATHUR S, PIPE SW,
KAUFMAN RIJ. Antioxidants reduce endoplasmic
reticulum stress and improve protein secretion[J].

Building terpene

Proceedings of the National Academy of Sciences of
the United States 2008, 105(47):
18525-18530.

SUDA Y, NAKANO A. The yeast golgi apparatus[J].
Traffic, 2012, 13(4): 505-510.

IYER P, BHAVE M, JAIN BK, RoyCHOWDHURY S,
BHATTACHARYYA D. Vps74p controls golgi size in
FEBS Letters, 2018,

of America,

an Arfl-dependent manner[J].
592(22): 3720-3735.
NODA Y, YODA K. Molecular mechanisms of the

: 010-64807509

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

localization of membrane proteins in the yeast golgi
compartments[J]. Bioscience, Biotechnology, and
Biochemistry, 2013, 77(3): 435-445.

SUDA Y, KUROKAWA K, NAKANO A. Regulation of
ER-golgi transport dynamics by GTPases in budding
yeast[J]. Frontiers in Cell and Developmental Biology,
2018, 5: 122.

MUNRO S. What is the golgi apparatus, and why are
we asking?[J]. BMC Biology, 2011, 9(1): 1-5.

BAO JC, HUANG MT, PETRANOVIC D, NIELSEN 1J.
Moderate expression of SECI6 increases protein
secretion by Saccharomyces cerevisiae[J]. Applied and
Environmental Microbiology, 2017, 83(14): e03400-16.
OLZMANN JA, CARVALHO P. Dynamics
functions of lipid droplets[J]. Nature
Molecular Cell Biology, 2019, 20(3): 137-155.
TEIXEIRA PG, DAVID F, SIEWERS V, NIELSEN 1J.
Engineering lipid droplet assembly mechanisms for

and

Reviews

improved triacylglycerol accumulation in
Saccharomyces cerevisiae[J]]. FEMS Yeast Research,
2018, 18(6): foy060.

IR, Ve, Wnvh, sk, ISR, BERE e
[ 47 fitt e i b PRAE SR AL BOR BT FE RE S (D). AR TR
2#4, 2021, 37(11): 3975-3987.

KE X, SHEN Y, CAO LS, ZHANG B, LIU ZQ.
Reinforcement of sterols production through directed
storage and transportation in yeast: a review[J].
Chinese Journal of Biotechnology, 2021, 37(11):
3975-3987 (in Chinese).

HENNE M, GOODMAN JM, HARIRI H. Spatial
compartmentalization of lipid droplet biogenesis[J].
Biochimica et Biophysica Acta (BBA)-Molecular and
Cell Biology of Lipids, 2020, 1865(1): 158499.

ZONI V, KHADDAJ R, CAMPOMANES P, THIAM
AR, SCHNEITER R, VANNI S. Pre-existing bilayer
stresses modulate triglyceride accumulation in the ER
versus lipid droplets[J]. eLife, 2021, 10: 62886.
NETTEBROCK NT, BOHNERT M. Born this
way-biogenesis of lipid droplets from specialized ER
subdomains[J]. Biochimica et Biophysica Acta
(BBA)-Molecular and Cell Biology of Lipids, 2020,
1865(1): 158448.
SCHEPERS J,

autophagy—Ilinks

BEHL C.
and

Lipid droplets and

regulations from yeast to
humans[J]. Journal of Cellular Biochemistry, 2021,
122(6): 602-611.

PALAGE AM, WARD VC. Strategies for production of
hydrophobic Current

compounds|[J]. Opinion in

B<: cjb@im.ac.cn



2358 ISSN 1000-3061 CN 11-1998/Q 4=# #2244k  Chin J Biotech

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

Biotechnology, 2022, 75: 102681.

THIAM AR, BELLER M. The why, when and how of
lipid droplet diversity[J]. Journal of Cell Science, 2017,
130(2): 315-324.

YOKOTA S, GOTOH T. Effects of rubber elongation
factor and small rubber

particle protein from

rubber-producing plants on lipid metabolism in
Saccharomyces cerevisiae[l]]. Journal of Bioscience
and Bioengineering, 2019, 128(5): 585-592.
WINKLER MBL, NEL L, FRAIN KM, DEDIC E,
OLESEN E, PEDERSEN BP. Sterol uptake by the NPC
system in eukaryotes: a Saccharomyces cerevisiae
perspective[J]. FEBS Letters, 2022, 596(2): 160-179.
LI SC, KANE PM. The yeast lysosome-like vacuole:
endpoint and crossroads[J]. Biochimica et Biophysica
Acta (BBA)-Molecular Cell Research, 2009, 1793(4):
650-663.

BANTA LM, ROBINSON JS, KLIONSKY DJ, EMR
SD. Organelle assembly in yeast: characterization of
yeast mutants defective in vacuolar biogenesis and
protein sorting[J]. 1988,
107(4): 1369-1383.

KLIONSKY DJ, HERMAN PK, EMR SD. The fungal
vacuole: composition, function, and biogenesis[J].
Microbiological Reviews, 1990, 54(3): 266-292.
KAWANO-KAWADA M, KAKINUMA Y, SEKITO T.
Transport

Journal of Cell Biology,

of amino acids across the vacuolar
membrane of yeast: its mechanism and physiological
role[J]. Biological and Pharmaceutical Bulletin, 2018,
41(10): 1496-1501.

ZHANG WP, DU GC, ZHOU JW, CHEN J. Regulation
of sensing, transportation, and catabolism of nitrogen
sources in Saccharomyces cerevisiae[J]. Microbiology
2018, 82(1):

and Molecular Biology Reviews,

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

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

¢00040-17.

ORLEAN P. Architecture and biosynthesis of the
Saccharomyces cerevisiae cell wall[J]. Genetics, 2012,
192(3): 775-818.

CABIB E, ARROYO J. How carbohydrates sculpt cells:
chemical control of morphogenesis in the yeast cell
wall[J]. Nature Reviews Microbiology, 2013, 11(9):
648-655.

AUESUKAREE C. Molecular mechanisms of the yeast
adaptive response and tolerance to stresses encountered
during ethanol fermentation[J]. Journal of Bioscience
and Bioengineering, 2017, 124(2): 133-142.
BOROVIKOVA D, TEPARIC R, MRSA V,
RAPOPORT A. Anhydrobiosis in yeast: cell wall
mannoproteins are important for yeast Saccharomyces
cerevisiae resistance to dehydration[J]. Yeast, 2016,
33(8): 347-353.

THAK EJ, YOO SJ, MOON HY, KANG HA. Yeast
synthetic biology for designed cell factories producing
secretory recombinant proteins[J]. FEMS Yeast
Research, 2020, 20(2): foaa009.

WILLIAMS EM, JUNG SM, COFFMAN JL, LUTZ S.
Pore engineering for enhanced mass transport in
encapsulin  nanocompartments[J]. ACS Synthetic
Biology, 2018, 7(11): 2514-2517.

ZHU K, KONG J, ZHAO BX, RONG LX, LIU SQ, LU
ZH, ZHANG CY, XIAO DG, PUSHPANATHAN K,
FOO JL, WONG A, YU AQ. Metabolic engineering of
microbes for monoterpenoid production[J].
Biotechnology Advances, 2021, 53: 107837.

JIN K, XIA HZ, LIU YF, L1 JH, DU GC, LV XQ, LIU
L. Compartmentalization and transporter engineering
strategies for terpenoid synthesis[J]. Microbial Cell
Factories, 2022, 21(1): 1-12.

(AR3CT% M TT)





