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Abstract ; Microbial oils are an important direction for the development of renewable energy. In recent
years, the oils production of engineered Yarrowia lipolytica has been rapidly improved through synthetic
biology methods and metabolic engineering technology, showing an attractive application prospect. The
latest research advances in oils production by Y. lipolytica modified by metabolic engineering were
summarized as the follow eight aspects: regulation of key enzymes of metabolic pathways, relief of
negative feedback regulation, heterologous expression of key enzymes of metabolic pathways, construction
of acetyl — CoA and NADPH alternative pathways, protection against oxidative stress, enhancement of fatty
acid secretion, adaptive evolution and computer — assisted simulation. The existing research showed that
the toxic components in cheap substrates affecting cell growth and oil synthesis as well as the incomplete
clarity of the mechanism of oils regulatory network was the bottleneck restricting the improvement of oils
production in Y. lipolytica. Therefore, designing and introducing detoxification pathways, adding
antidotes, or screening strain tolerant to toxic compound, as well as further elucidating metabolic regulatory

mechanisms using multi — omics techniques and

computer — assisted can address this issues. In
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produce oils with carbon dioxide.
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gx1
N . . T A S e e
GRS it/ ] vk oL (R s %/ 4
ght/% (g/L) (¢/g) CHR
(7 (L+h))
NSI8  #i%EE  TAG 1 L REEREAMAVELREE  GPDI - RIDGAL, CpDGA2, ATGL3 73 84.5 0.73 0.20 [30]
Polg %M TAG 2 L REERE/MILER: TEFin - DGAL , hp4d - ACC1 61.7 17.55 0.143  0.195 [31]
it + e /A
Polg i TAG 2 L ZEEfE/-itsbEL ZBE  ACCL, DGAL 59.3 115 0.8 0.16 [32]
H
T + it g e APOX1~6, ATGIA, GPD1, DGA2, XDH,
Pold K TAG 2 L REERE/MHEAMEL K XR. XK. AnXPKA. AnACK 67 16.5 0.185  0.344 [33]
Polf WA TAG 3 L REHEMM K EE APEX10, AMFE1L, TEF - DGAl 71 25,3 - 0.21 [34]
Polg  #j&ME  TAG 3 L&MW LR TEFin - DGAL, TEFin -ACCL, TEFin-SCD 67 55  0.707  0.234 [35]
Polg  Hi&ME  TAG 3 L REEREAMLAMELERE ScZWF, yISODL, yIGSR, yIGPO, EcAldH ~ 81.4 72.7 0.97 0.252 [36]
B s
Polg  Hi%H H%H%Eﬂ 3 LOREEREMLAMEL & BE  ACCL, DGAL, McMCE2, CaGapC 66.8 98.9 1.2 0.269 [4]
H
Polf  Fi&f  TAG 3 L REEREMEAMELERE PEX10,DGA2, AMGA2 - 25.0 0.145  0.213 [37]
Polg % TAG 3 L GZEEREMLAVEL%EE DGAL, ACCL, perCAT2, AnPK, BsPia - 66.4 0.565  0.229 [38]
Polf %  TAG 3 L RHEMILER PEXIO, MFEL, DOAL, EMS Mutagenesis o6 o 36 9 0500 0,243 [39]
and adaptive evolution
W29 BERH TAG 5 L ATl o4t A e ?;%Léz’ APOXL~6, DGA2, GPDY, HXKL, 56 5 915 0.063 [40]
W29 HEWE TAG 5 L REEREMLAVELREE  GPDL, DGA2, APOX1 ~6, ATGIA 55 - - 0.14 [41]
Pold HEsE  TAG 5 L LEEREML A RS GAL1, GALT, GALIOE, GALIOM 16.6 3.2 - 0.056 [42]
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W29 Ly TAG 5 L &ZEEEMLANELERE GALL, GALT, GALIOE, GALIOM, ScSUC2, 43.0 23.82 0.158  0.16 [43]
KmINU1
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) HHM  TAG 5 LRREREMHEANEL A A, : A 3.0 24.2 0.43 0.1 [44]
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W29 WA NBIER 5 L AREREMI LR AFAAL, AMFEL, DGA2, TGIA, KITGL3 ~ 120.4 21 - 0.20 [45]
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hpdd 1 TEFin J& 8l 72 4l ACC1, #E ) £, Bk 4 iy A
(G B, B0 R R AT Al 7 e s 2 17 1%, 54
KW (8. 77% ) $& 1 T 0. 95 %, i oL 5 )5 8h
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A IR — ¥ P TR S Al 3 — Wi R H I i Sl 3
B GUT2 380 3 — BER HIm i k45 b g 7 i 5 0
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T itE— 2D R BR TR B — 48l 1h 1 B ok ity Pt S i il A
FALBEIL POX1 ~ POX6 , I B &5 i B A 750 1 b
BT 45

Dulermo %:47: Wik GUT2 Fit F#ik GPD1, il
G3P WK T 5. 6 £5, B rithi POX1 ~ 6, JiAg
FrEIR ) 70% B R R 1306 £%,

Bhutada 25" 94 i i (14 T FE A7 B HI FG 2 RF v i
B DA B 3 ] GSYL, fifi IR & b 16% T %
F 0 AR S IR E] 52.4% B R R R 17% .
2.2 fRTR R ORATR T

it B AR A A% 1) B R R ORI, BB AR KA
R AR e, IR SRR IR % 7] AR =90 0 B o
TEREFES U5 78 2 WIS 00T, A A HIS [ B f A=
KGNS B o P, 1 IR 3 A 28 7= A 1) i 4
BEBHAB RN , T B0 S P 18 N1, A5 i A
(G . SNF1 FI MIGT 27 % 4 BH I %508 1Y 5 4>
R T, Wang 47 R B, B MIGL
J& IR A SRR AH I 24~ 55 2 ik KR kA=
TR, i R W R R s A T A 3R ) MFEL 201 B0
TRE, A & Al 36% $E R 5 48. 7% , 8%
A TR T 35% o Seip % & B, BBk SNF1
J& ,ACL1 F Z BEAHEE A & AL ACS2 k7K
SR AT IR, DRI K T R £ B A A 41
o, ffIh R O A B A R R IE S T 2. 6 %
Abghari %5 7£ BF AE Y. lLipolytica H222 1 i %
SNF1 _FAAL 1 POX1 ~6 g iR =fkrh 0.34 o/L 42
3. 30g/L, Bt kK W AREE & T 8.7 £, Liu
SECT I ST L N MGA2 DI RE I & BL, MGA2 3 5
A9 - HHE 5L - ACP LA AIEGSE N OLED (33K, 1
PRI Y. lipolytica Polf HHZE7AF MGA2 ( G643R) , IF
1 F IR DGAL (g =ik 3] 25. 0 o/ L, B & 1H
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AR 1 60 A, P AGAH] 0. 213 g/ g, AR AR
ik 0.145 g/(L « h), AR FH %5 BoR,
MGA2 ()55 B T EMP & 4%, 554k T TCA &35,
H BRI ) TAG 542 G3P M L Ei G A 1Y
A B R R S

A -9 EAEIEREE A LR IE (SCD) i1k
T FIURG Ul 122 % A 18 R AS 10 LB 07 12, Qiao 2670 2%
IR, 70 B A A fige A HIS L B v S o 5K SCD JEAR
Rede mm G 7 i (HURTE LR35 ACCT F1 DGAL (15
fili 4R B2 3k Fe 3k SCD, A A RE M I 10 1 i 077 12 %o
ACCY [ A M, 6 R 1 KR 105 B2 G B i) e £ i
Tio FEIACTRES , ANALIM R 7™ i 55 4 Tk R i
P, A R A I BE RS AN

IR, A B IS CQ B S 5 BRS 42 ML o oA
NIRRT AE AR Bl A% i SO D T 4 5 PR 2 0
P00 58 LA S G A ) 2 T R 8 A 2 1 e il
NG o35 WAL 4 S B M, 2 — 2D R
IS TG Bk i 4 M T B 2 P T e
2.3 FiRAKE RIERN K G

SEIRFRIR MR A & AR Hh 0 B il 2 A B
HR PGB i 5 OB S5 ) B2 0 k. HAT, © A AR
ZWHEE I R IR R R O E = TR

Friedlander 25" 75 3 [N 21 - 5 26 1K 191 41 & 760
li#Ht ( Rhodosporidium toruloides ) J R ) DGA1 Fil 2B
2 Z MR ( Claviceps purpurea ) e F 1) DGA2 , FF wf B
=BEHm AR R 3 (TGL3 ) FHLAE TAG (RS, 75
1 L R TEREACT- M3 b A I, i i 7= ik 5] 84. 5
/L, BTG 2 B 73% | 7250 0. 20 /g, A
PR IK 0.73 ¢/ (L - h) B R AR EFAE AL Y.
lipolytica NS18 /3 l|#2 75 5.60.1.92 .1.86.5. 64 %,

Kamineni 252" % iz B B 53 Bk 8 ( Leuconostoc
mesenteroides ) 3 {5 1 B4 & R B il ( XPK) F1 C R 14
(Clostridium kluyveri) & IR 1Y B IR % £ Wk ( Pta) (19
FEPR % A AR IS B 5 B 2w B 0 R SR Vil
(PFK) 5 PR A i B HIS E e Bk B PR 2 | i 3k, ik
A B A% B - 5 — BEIREL ) S BEAE A (195
JG, TR 7 R A A 7 R AR A MY TR AR B A Y
lipolytica YB —3392 43 5|HE%55 T 19% #178%

Yan %[46] B 5 R R WK ( Linum
usitatissimum L. ) RURAY A — 15 g ML A A -
15D, i3 KNI SCD A - 12 LA FEGIEN A -
12D ACC1 Fi1 DGAL , @5 PEX10 il MFEL , ¥ 719
fife Jig B B R BE TR TR, PR K O AE  hEas E
56.34% , B kA bk B AR A Y
(7.2% ) #i5 1 6.8 4%, 7E 5 L & Tl vh & 8%, il i

lipolytica Polf

7Pk 50 g/ L AR E R 77.8%

ACL b Ay 68 2 24 7 A= Bk £ 18 il 2 Tk Bl
A 2 O TR A A R SCHERG , (E 7 g HIS G
Pz bf rh sl S 3k ACL, G 77 B 10 32 5 I 3 20 1+
AT RPY . Zhang 77 & B, X & BT N ACL
AR BGRB8 (Ky) B35 3.6 mmol/L, % i ¥ A7 152 1R
FIZERI S22, AL, 3l ad R TR R IR A ACL 2:45 5
Ve, e — Ky fiKZ 0.05 mmol/L {13 I T/INR,
(Mus musculus ) #) ACL F: K, ) FH £ 8 U1 5 ki
pINA1292sp i3 Rk, (B AT I & it N 7. 3% 4 5
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