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Reinforcement of sterols production through directed storage
and transportation in yeast: a review
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Abstract:  Sterols, a class of cyclopentane poly-hydrophenanthrene derivatives, are the predominant membrane constituent
of eukaryotes. These substances have a variety of biological activities and have been widely used in food and pharmaceutical
industries. The presence of endogenous ergosterol biosynthetic pathway in Saccharomyces cerevisiae cells make it an ideal
chassis for the de novo synthesis of sterol and its derivatives. Most recently, the rational modification of organelles provides a
novel strategy for the directed transportation and storage of target products and the ultimate enhanced product synthesis. This
review summarizes the phenotypic responses of S. cerevisiae cells upon different physiological stimulations and the
underlying molecular mechanisms. Reinforcement of sterol production through directed storage, transportation, and excretion
of sterols offers a novel strategy for breaking the limitation of de novo biosynthesis of sterols in yeast.
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Fig. 1 Chemical structures of typical sterols!'l.
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Fig. 2 Metabolic engineering of the ergosterol pathway in S. cerevisiae for biosynthesis of cholesterol precursors.

FEAC RSB, RN RTHELARSE
Jr i EA EmEAE U Ah, kA b B S
BRI s . BRAL . KR SE R AR A ) N
RGEW SSRGS, FF A 5 AL 2 65
PR SRR PO R I P S A R A
1A FR, B 5 A5 i A ) S o R T 15 7 4TS
Tk G A ML £ W A AR R, SRR 5 e v 1]
A B HSE R A TG, L7 A P i i 25
oY BT . 5 R ) L7 240 L P e 27 %

LA, A B s B R S ki AL H
bR AR I B 2 ARG IS — Rl R S AL SR, T
O 2 figp g K P TR S 15 W A9 JE A 3 RO 4R T
57 400 A AR LA B U AR T
@m@ﬂ%%$MEﬁ%%%L%%%¢%“

o A G IR AW RE 1) 45 P 2 A A
ﬁ%ﬁﬁ#% PRV T T B 200 o 55 P E 1)
Pt | s S A 73 i A 1) 2 D B A3 A
o AR L SRR T £ A W 55 - FR0 AR BIR i 1 19
WFFE R

1 EENFREESL

SRR N A AR A I R sy, 2
WREBEEIE L. EAFUIE . AT Hiﬁ

. 010-64807509

A BEBEE N (M) AREME. ERRAERZ

i) g 0 1) SR AR POV b A My R . (S PR AE AT
R B S A 52 B PR oS T R D

% (Free sterol, FS) 5{§[#ME (Sterol ester, SE)
PIRIE e, B REmRN SBE A e, i
TR b 5 S BEE A 7K A AT DL S2 ol 6 A o
Sz, MHkERasN, meah, 2 e ik
W= E RS AT AR AL e i, I T AR
AR A T oK, AR AT A T G R b S 22
6 Y WERE P AELE DR LA A S AL
H:F5HE (Acyl-CoA sterol acyl transferase, ACAT),
Ak Arelp Y5 Are2p, VYERBEE M EN T HNE
RIREE B, DA TGmE A 3Ry, fEfe ey
3L AL R P20 Arelp 5 Are2p 1)F 1 R JA
Pl 49%, H 5 AR ACATs HAT 24%[R1 I, J5
BAEYERFAS [F] 2 2 JIH 55 1 1) o - A T
R EART, K E I, Arelp FEAER
FORES T A R EERE TP U ERAE, ERP 0] T 4%
LA EEATA, UHEFE B, Are2p B
I TR R = 42 £ 5 B IR T

B BE WAt A T4 M AR J5 7 (Lipid droplets,
LDs) "o R LA PENR BN AZ L, A2 BRI 6L
2, VPR E R & T A AR A

P: cjb@im.ac.cn



3978 ISSN 1000-3061 CN 11-1998/Q =¥ #2434 Chin J Biotech

AR AR AR 2 5 40 B A K PR SR A B 2, PR
VB A I, EBREFNRE AR PR B 1
OYER . IR RIE RO A TN BTN, H a5 7E 9t
e RN, TR =l SRR
YT, TEIERWEEIRAAIET , BRI LR NG v S
f B L2l 44%5Y, (B EAT IR AR IR B /MR
TN 9T PR S i D PR A B I Y B 3R A,
BRI RETE A S AR 232 B
200 36 Ao 5 2 e 7 4 R AR SR, A H A
FERI IR o> F——H Il =5 . JIH 5 B g A2 5 48
A PN B 3 R T R R R R A A
W R 2T AT 5 T 91) B I 45 4 580 O B
B, xR RS R & S E Y, Hikdn
T (1) BEAR I H whBEELEL Bl (Phospholipid :
diacylglycerol acyltransferase, PDAT), E&H:AY[H

A

Cytosol
Lumen

D Budding E

B3 HRiEEE SRR BRI R A AR i A g A

Q}Wﬁﬁw

JREE 1N Lrolp, 76 2257 240 ) 3 B4 37 — Ik
il (TAG) WIE M (2) —BEH il eI % 75 g
(Diacylglycerol acyltransferase, Dgalp), fifk —
fEH 3 (DAG) IMAZE 3 ANEESE 5+, @ 5
i CERE) MA BN (KW, {3 Dgalp 78
PSR _E B8 PR T S5 5 (3) Seipin dEH, B
A YEFFARTRIE A, 98755 i 105 240 e F0pf 28 50 03 A 55
hie, TERELEh AR A SELLp, A4 3N
J5T o0 i R 1 4 fl AR 2 2 10 R JBE 1R A PR 5 )
BEEE R AR D, I A AR R/ N DI RE ;
4) e Wit A7 S HE 11 (Fat storage inducing
proteins, FIT), ¥55 N BT [ B @5 AE 5L)2 0hE
IS F &I BT ; (5) Arelp 5 Are2p It
S T 1) B AL P B HS B TR S TAG 3 [W] 20 B A T 1Y
JE BT N A% o

TAG synthesis C Symmetry break

009
FIT ~$W1¢ FIT

SE synthesis F

Symmetry break?

Vor WP Y oY
»Q“ﬂﬂ
FIT w FIT (A

P? P?
I

Fig. 3 Lipid droplets formation from endoplasmic reticulum of S. cerevisiae™”. A schematic diagram of endoplasmic
reticulum (ER) structure related to lipid droplet formation. (A) Key factors involved in lipid droplet biogenesis located
in ER bilayer. (B) Both Dgalp and Lrolp can convert DAG to TAG, but Dgalp uses free acyl-CoA whereas Lrolp
cleaves acyl-CoA from phospholipids. (C) A lens of neutral lipids forms on the cytosolic side of the ER bilayer. FITps
may sequester neutral lipids in puncta so that the lens can form. SEIlp limits the formation of normal size droplets in
yeast. (D) Once the lens grows in size, the neutral lipids assume a spherical structure surrounded by the outer leaflet of
the ER bilayer. (E) The coupling mechanism between SE and TAG synthesis is unclear. (F) It is unclear if the same
factors that aid in TAG droplet formation also promote SE droplet formation. The phosphorylation states of the above

factors (indicated by “P”) are largely unknown®"..
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Fig. 4 The key functional molecules and pathways for ergosterol transport in yeas
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FIRIAE R, ASERE T TAG fis N ZFU% Qian
S5 1) Y Mo P S DT B 22 A1 5 T LA AR i 2 7
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BT 837 mg/L S i BER) RN, B R R

3.7 457, Fei %k BRI REEEh SEIT SEIR Y Bl

Rational modification strategies for enhanced production of hydrophobic lipids

Compounds Strains Genes Yield Improvement References
Lipids S. cerevisiae AtDGATI, Atgl3, Atclol, 307.0 mg/L 3.60 folds [65]
Ald6-SEACS"™"",
ACC 1ser659a1a, serll57ala mutation
TAG S. cerevisiae ACC[ser63%la, serllSTala iy g | 201.0 mg/g DCW  2.38 folds [66]
PAHI, Atgl3/4/5, AarelAerdl,
PLIN3
Campesterol S. cerevisiae PO1f-Amfel, ERG5", DHCR7", 837.0 mg/L 3.70 folds [67]
DHCR7"
Lycopene S. cerevisiae Aseil:: HohMX Ppgy;-, OLE1 70.5 mg/g DCW  25% [23]
Squalene S. cerevisiae Aecm33 50.0 mg/g DCW  12% [68]
B-carotene S. cerevisiae ATCC 8739, dxs::M1-37, 44.8 mg/g DCW  61% [22]
idi::M1-46, Crt:: M1-93,
SucAB::M1-46, sdh:: M1-46,
talB::M1-46, ispG-mRSL-4,
ispH-mRSL-14,
crtEYIB::Ptrc-crtEYIB, Anipl,
AtolR
Carotenoids Rhodosporidiumtoruloides  Pdrl0 1.8.0 pg/mg 5.00 folds [69]
Monoterpenoid  S. cerevisiae VmTPT2/VmABCGI —/— Extracellular [70]
indole alkaloid secretion
Hydrocortisone  S. cerevisiae CLCDR4 268.0 mg/(L-d) 20% [71]
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