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Advances in efficient biosynthesis of erythritol by metabolic
engineering of Yarrowia lipolytica
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Abstract: Erythritol is a novel 4-carbon sugar alcohol produced by microbes in the presence of
hyper-osmotic stress. It has excellent potential to serve as an alternative sugar for people with
diabetes and also a platform compound for synthesizing various C4 compounds, such as
1,3-butadiene, 1,4-butanediol, 2,5-dihydrofuran and so on. Compared with other polyols, the
fermentative production of erythritol is more challenging. Yarrowia lipolytica is the preferred
chassis of erythritol biosynthesis for its high-titer and high-productivity. At present, there are
still some bottlenecks in the production of erythritol by Y. lipolytica, such as weak metabolic
activity, abundant by-products, and low industrial attributes. Progress has been made in
tailoring high version strains according to industrial needs. For example, the highest titer of
erythritol produced by the metabolically engineered Y. lipolytica reached 196 g/L and 150 g/L,
respectively, by using glucose or glycerol as the carbon sources. However, further improving its
production performance becomes challenging. This review summarizes the research progress in
the synthesis of erythritol by Y. lipolytica from the perspectives of erythritol producing strains,
metabolic pathways, modular modifications, and auxiliary strategies to enhance the industrial
properties of the engineered strain. Key nodes in the metabolic pathway and their combination
strategies are discussed to guide the research on promoting the production of erythritol by
Y. lipolytica.

Keywords: Yarrowia lipolytica; erythritol; metabolic engineering; genome editing; improvement
of industrial attributes
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Figure 1 The biosynthesis, degradation pathway of erythritol and its regulation. P: Phosphate; BP:
Bisphosphate; DHAP: Dihydroxyacetone phosphate; CA: Citric acid; TCA: Tricarboxylic acid cycle; YHT:
Encoding hexose transporter; HK: Encoding hexokinase; GUT!: Encoding glycerol kinase; GUT2: Encoding
glycerol-3-phosphate dehydrogenase; TP/I: Encoding triosephosphate isomerase; FBAI: Encoding fructose-
bisphosphate aldolase; PFKI: Encoding phosphofructokinase; FBPI: Encoding fructose-1,6-bisphosphatase;
PGII: Encoding glucose-6-phosphate isomerase; ZWFI: Encoding glucose-6-phosphate dehydrogenase;
SOL3: Encoding 6-phosphogluconolactonase; GNDI: Encoding phosphogluconate dehydrogenase; RPEI:
Encoding ribulose-5-phosphate 3-epimerase; RKI/I: Encoding ribulose-5-phosphate isomerase; TKLI:
Encoding transketolase; TALI: Encoding transaldolase; E4PP: Encoding erythrose-4-phosphate phosphatase;
ER: Encoding erythrose reductase; PYP: Encoding sugar alcohol phosphatase; EYDI: Encoding erythritol
dehydrogenase; EYKI: Encoding erythrulose kinase; EY//: Encoding erythrulose-1-phosphate isomerase;
EYI2: Encoding erythrulose-4-phosphate isomerase; FUFI: Encoding erythritol utilization factor; ArDH:
Encoding arabitol dehydrogenase; HK: Encoding hexokinase; MDH: Encoding mannitol dehydrogenase.
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TR EOCHEHEAIE., X YHT3 5
YIHXK 1 F:3R0T, HbE 0 I8 A8 H kA 78 45 4 b
FERZJG, JFH, BiaRhh BOmk B ik B
1.5 g/L B{EARELMIR SN FE; W YHT3 5
SpHXK1 ik fim Ak 1T — 58 A [ 1) BE FE
JEEST, AV AR AR B L7
FIF . 7 SpHXK1 Witk , YHT3 ERZCRH
i, 1 YIHXK @tk A B H A 3 2 44K m] L
NS I FEAME , (EAN AR A AT AT IE AR
YHT3 5 A [R] O il e 32 3k 1 B 1) 8 26 0 A
RHILR HBR A R EER, KU THZEN
YHT3 Fl1C BB B AFFE A B AR, XA AE
S B TR OB SR R RAR A YIHXK D 422 5k ]
B YHT3 YR 2™, — ., &k
WESE RN TR SpHXK 7] PR 3 6 Ak A0 e J3 51
Wi %—J71, SpHXKI1 A5 NJESE M HAE,
FEVFAS TR TR ST BEER A  BR T 5 AR AR A
{RSFEE RN, YIHXK] — SR EEMIEE— X
51 A AR (U SpHXK 1) ) 457 1 235 A4y 45
BI—ANARBLHY () 37 AN G LRI, 1% X IR 5 7E
HIEWEFN ATP 25 54532 0], ZEMHIF4s &
AN N Rk % v R R AR RN s T
LY YHT3 MHEAER, AR A, )
37 240 B G 32 v S B AR A Bl g R/ G in
ML NBE R . 78 TR R AR P A g R 1 3 A
Hh i IR B Aok 3 8 A ] — A W I S T i
XA R, Tk s SpHXK1 FE s 8 1
) TR TR B AR I B R 1 ) 2 R L R
ROR, AR AR TR, R T KE
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M ZIelE, W EERE . FREEim, HEN AT ge R
F T T i 3 A TS g R 2 B0 it T o)
ZHAEAR, MBI IR, WAFTRERS
BN A I B B R T, AT T A
DB I R 0P B AL, e =2k 2 e
FER AR R I AR A IR T, f# A ER I
B RE A PR H I, B BR T LA 25
FRER ORI RS, SRR K1)
T A HARE ST o bR S AR T T AR
BRI, R E A Mg IREE, BA
oL FH RV RE o Erian ARG T Hihik iz
10X i IS D P A AP VA 2 TVl 25 R T
ORI RE ™Y, X 2 A PR R R IR Y T
M558 1 ScFPS1 Ml ScSTLI TR G K &
JF 5 AH AL B X A A i B TG % B i 3 2
10 M ATRES S HhiZ s Er . b
X Y R P 58 I %) PG e B R AT TR 4B, B
EZFIVBOE i EATA 6 M REHS [ FR I
BE Astl] BRETEH I BA K, IF FLakBRiZ 6 %
12 55 11 1) ik i BIS PG e Bk 70 AR MR B2 H vl v AN g
K, Bph[Elkh YALIOB17138g. YALIOC04730g .
YALIOC16522g. YALIOE05665g 5, YALIOF00462g
REME IR A A ohae. A EEMNE, &
o VA T v v fe T IS D I B H i A ds e B AR AR
KIFARZ BN, X R WITE m HOe T g i
NS PR B H I % d A7 76 0 15 AT B L
TETT 4 1 i S EG e BEF- & DASE B H i A=
77 B A e S A R P, Miroaczuk S 7E
Y. lipolytica A101 i ik GUTI Ml GUT2 K5
e mEAL, TRBERTE 5 LAY RV 4 6e
5 7E 44—48 h WA 150 g/L @9 Hh, 5% BE
FRAH L, GUTI Ml GUT2 #3835 % ol B M i
A 7= AR T 35%%, AMA KR BE, GUT2 By
B Ik e TR B R A HE T I T RE LA A R AR )
i, EARERRE IS LR TR T 26%, 1R
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FHRRTT 115, £ GUT2 i Rk LISk
ft G-3-P & i DHAP i 72 , &+ 1Y ik i 1 &)
U TCA ¥, it AR 8, e
B GUT2 W BH.I¥r G-3-P & DHAP 14 ik 12,
AT AR B BTG B HT A G-3-P R G
R, REHEW T GUT2 18 G-3-P &M
DHAP 33 2 Hh (s ZE . M Carly ™7 B ik
Y. lipolytica IMY2900 "1t ik GUTI. GUT2 Hl
TPII FE—s AL, B2t ik AR e M A 15
A, BASEH IR GUTI. GUT2 i TPII %
TR BT 22% . 22%F1 17%, 1%45 8 5 Zhang
ZE M, HY5 Mironczuk % UHAE
Y. lipolytica A101 B Ak Hp 47 TR %) S 36 25 AR o
WAk, Carly Z™5E Y. lipolytica IMY2900 3 2
ik GUTI Fl GUT2 R Gn s 3t N 3 %358
GUTI, 3 H GUTI Ml TPII 333K 555
ik GUTI $&THHFRV- o 3-B IR H il i 54 i
(3-phosphoglyceraldehyde isomerase, TPI1)A]
1k, 3-# R H Il (3-phosphoglyceraldehyde, GAP)
B R — ¥4 KL Bl (dihydroxyacetone phosphate,
DHAP)WAH B 554k, ARl ey . Bphil ik
TPII FEPUINSR T o B8 I 0 5 08 %, #E5h
DHAP [i1] GAP %54k , DT 42 TH 2R oM e 11 7™ o
AJE TPII 5HAMSEL R A A L 2B =T ROR
WA RIS B R R TR R B, XA
T 150 7 7 B B A QI R A A R R 2
B, — AR S AR AR A PR RE AR G
73— J5 T8 AT RE 5 5 DR 2 3k i A Y 62 50 R O
Yang %5 055 LR B GUTT JE P4 s st e ik it
HFEXKFREESTYS GUT? Mt F£km £ L
KL, Jagtap ZEERST T B A R AR IE R
ik, AW GUT2 7Efk . W3 &I TRk
JTZER, GUTI TEmB &M T B TGS 5T
T TR 32 510 X — g R s A
HES T GUTI 3Rk, B &R k8¢
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PRI SE7E 5 . A pH &5 T4k M3
PRI A i 1 B0 2 S AR AT e AN ) BT A G 3l 3k 1)
P g 1 s B 24 RS AN R TR AR AN TR AR
WA e, (5 GUTT FE H S S b Y
REEVEAE B —Bsie iy, Ktk, 7Efyge
AR EE R EAIE T R R GUTT 2
SR A0 T I ) A A0 TR
3.2 EIFEMIRRAAE TIENE

TEEB ST, e 3R R BE BB 8 G 150
WEFZI0RE, WAREERERE . HEERE . BFTHi{A
WERE A ERE S, LU S & SR R T e
WAL, iR HB EG B A HAG 38 K AT IR A 1K
RETT, Z&PRANZREEAER AR T PR POLE FI MK
g IR T 2 25%—40% 45 X TF Tl
AT, Al iR AR B AN AR T
WA, W TR B A A A . WS
W, AN B AR R Y A B R SE
IR EEREEE F AR R, (HHAS 5y
20 A iy 2, DRI BEL T 2 P R B A b P
LA AR Tl Y L R 1) 2 R M I L B AR
ARGS9 E RS . TERZ TR HE
SR S 1 RN R e R4 A Y o
61 1R SR B (F-6-P) Bk NAD(H) & #6122 Wit
Sl (mannitol dehydrogenase, MPD)#% 1L}y &%
fi%-1-f% & (mannitol-1-phosphate, M-1-P), Bf/57E
HEEE-1-P #5RN(mannitol-1-P phosphatase, MPP)
YER R B AR AL 55 1 O T 85 s IR ARIL: F-6-P
I8 5 B2 )i B — > AT 3 ) NADP(H) (K8 14 1 5%
st 58 S i (MDH) S P A= 8 T 5 . e Jig I G
L) MDH 288 48 fIRAE, B R &3 MPD
L MPP 1 ) 542127251 B A B R A A R EG
MEE b iy PPP R AP (R BB -5- WA R 25 IR 1
15 BUAZ AW , P 220 BT 7 A b T ot Il A b T
A R0 Wang 2538 1 7 41 X O 0k T A BE B
FRIERE 5 A TRPEN 2 AraDHI, AraDH2
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MDHI1, MDH2 Fl XDH, M H % 5 3| H & i
BT 7 AP B 5 G A2 v i DG SHE I S TR, 4
B W R S 0 S e T G 0 B T T S )
KERIE MDH2, %K R e B A T 7% o Ak
(HCY 113 A A W H & , EA T =W,
Jagtap 25UV YR FAUH 3% 5 % 55 (gas
chromatograph-mass spectrometer, GC-MS) b4 T
B AHRB AT HA Z o R RGN, &
MR AT I ALEE . UL LA R A b I R X
WL ARTE T 1.07, 3.2 71 7.7 %, db—HH0F
B B AR BT 2 on X Al B B PRI VE T,
T 2 T L A 248 6T % i 1 e o i AR, AT
REAE R S K, e A AR Qe Bk rh A i
TRGEMI . R RWTEREFRE P I A NaCl
AT LI T 46%H1 30% ™ 9 H 28 B A BT 41
RS, R ROR AR N NaCl 8 57 38 5%
FETbw, shE Y R e . T 8 B By
PO B4 20 43 0 A8 4k, ARV A 45 SR AE Bilal 51
g8t A iR E

T R A TR AT R L RE A AN B 1R IR s
O T LR R K ST G AR A 5 i A
A R R B % . Zhang ZFHIFSE R iod £ 3k
TR EEEIEG LB AR A DGl AT AR FH i A PPP
AR IR T, DA 2 AW A ik A% 0 £ QG
TR AR D P2 R, SRR A A 2 AR A
UL VB 55 0 BB N AR AR I A S R AR, BRI
A1 BAGE 3 1 Fe ik AMP [l 2 1l 4 B 3[Rl (AMPD,
YALIOE11495g)RF&A% AMP AR 1) 5547158 TR It
[BFAIEYE , BN RRAE TCA TE¥ i) 2
AKF-, RSN E AR R E A TCA 1 FR OB IR
WA FIF PPP i 42 M AR & IR & il 13
ik AMPD fOTERRANME T B T R T 18%, sRaEh
B 3T 12.5%), GF W3 - i i g A=
SR I N0 R SRR R R ATYE, (HED Y
FrEEmR I & P ARG RIS P T IR
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BCRIIR BB RE A R R — e, ek
IR 32 A A S 4 TCA R a2 —A~
RAFIERE, AT LIS R A K, mT LARE
AR R I & i
3.3 PPP S {LERBKIM T BUE

Wi T2 i 3 A% 0 A0 M AR 2 it ATP AN
NADH, i & A & 12 (PPP) AN Z G i
Y& ARt g B R4, (R EER A 5
NADPH (1) F2 B YR , A4 I FET R4 7 v]
B H A A EAL AR R BY B . PPP iR 1R 4
1B BE#S K B i & B ZWF 1 (YALIOE22649p)Fil
GND1 (YALIOB15598p)43 i tE At AL 6- R 75 2
B RN 6- Bl 2 1 2 B N B AR Ay I AR R,
NADP'if J5i 5 NADPH, A H U T 7% o 3% i
& HIS R T A i DR (07 0 A 3 R PO 2
WFoE B, AR B HOm A A A,
AT RRAEE S B E R, AR FBE &
P3P 50 SR EE R I Y £ 2224 Mlironczuk %5 A BIF
TN - R T T2 fERe, B H
LR BB B R S8 ZWF =A% T AW 3%
AN SRR, FEINR PPP iRAR 1 [R] i IR
BEREEE AR WG L R T 2 MR Iy, T
GND1 £ W B i I 55 57 5 A T 19 5 S5 7K - A
U, X5 B R AR A v e s Y Rk,
Mironczuk 25 #& e 78 fift Ag HI FC £ i fk ZwF1
M GNDI Wik, 131k ZWF1 1 GNDI 1) T #%
PRI AT 1) TR ENE RS BT 588, (2 ik IR
MR BRI E Y A R R, FERR K4
Y. lipolytica MK1 B7= et 25.30 g/L 7 A 2T+ 2
40.16 g/L F1 42.53 g/L. BRILZ A, BF5EEEK
IR o 130 Sl T A R A e 1 R b AR R
YRR, %45 RAE Wang 2571 Cheng 4517
B TAEP ISR — 000 . Wang S5 78 F4 2 i #4
T 1 7 R A R TR R A TAE R, ik ek
ZWF1 # GNDI A s iime & i # v IHAERY
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NADPH PMETHBE#RA = 1EREY . Cheng % 7E 1L
ik 3 MR EERE 5 (ER) Y TR AR vh I &
1 Fik ZWF1 Ml GNDI DIME i % #% NADPH %
HFEER, i TREER R T T 6%, %45
YLk ZWF1 F GNDI FE SRS EG R R
VEFRBE T4 1 342 Bt A7 76 A s 2538 B
i, U Zhang PGP KA I I PEER 3 3
ER. ZWF1 1 GND1 43 iR H) e B0 T R2 1
PR 1 A 0y Sk IR R 1 o R A b B
T, —J AT REE RN R AR TERER G, )
—J7 11 AT R RN 22 0k R B o 3Rk 5 | ARl ot O
AR AT E A OEY, BT, it &
ik ZWF1 F1 GNDI 584K E I 07 A1 h e 17 e 36 i
I B8 G e o % S 0 A A R A 7 42 R 1 R B
R IZ AT
3.4 PPPIFFHERMRBTENE

f NG B FC I £ PPP R SE AL B B i 57 A i
RPE1, RKII, %%t TKL1 FI%%EEEE TALL 55
4 A RHENES 5 (K 1), H TKL1 ] DAL
W % i /9 S 2E R )R GA-3-P 1 F-6-P 45 i, PPP
WA TR A& X-5-P #1 E-4-P, H7E PPP &4 1
S ) A B DR v LG sl M e ey, R O iX —
AR SR PPP 3R AR M I I R £ T Y
AT RRE T R AR, AR R IR KA 1Y
TR LIS BRI sk, [RIREE T A
WHi T PPP 45 i H An s Wy oy At AR ek
PP Yang SSFERFE R polg Hat ik
TKLI A5 AR eI B | e AL 3 RN 25 7 2 4
JNZ 40 g/L. 0.45 g/g F1 0.333 g/(L-h), 5%}
PERRA EL A3 0380 T 48.1% . 50%F1 48%, iiF
W17 TKLI AR 0E aR s R B B 2R,
TEARAE ST, UL Y. lipolytica MK1 N JiE 543
S5 3k TKLT A1 TALT ] LATE R K SP-1 ff fig
HIS PG BE A FH T i 26 7 oA SRR B Y 7™ et AH 6 T
BF AR ARAT NARTE 2 5 1.8 %5 iR ik TKLI )
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TARWAE 5 L rhARaepie ™ w32 THE 70%,
H3R{L T PPP if&HfEsh T M smiE A, o
A T H R A, (75 TR ARUSAE 94 h
WEEFER 100 /L Hil, Tt B B AR U #E
72 g/L HhPY . e R HB G EETE IMY2900 Hid
Fik TKLI RAEREACEITR P PPP 4%,
KRS 0.46 g/g 32THE 0.59 g/g, H
AR A AL, RSB A
P Zhang SEFERFST 3 R4 G i F ki TAE
h % BLFE Y. lipolytica polf W FR LA of &1k
TKL1 85 TALI WDKK LS IR TR PR 7 B AR e 4 =
60%LA -2, pbAh, A RIEUER TKLI 251/
MR AR . i RIE TKLI W TR R RTE
RT3 AR oA A IR B T R, IR
T, — O E AR R R s TRy,
T XA s 5 — TR T R
AR, i T aife T 2P, s gh R
W] TKL1 1 TALI 7€ 7 80 B A ) 6 B i ¢
SR, U T RS, A
Jagtap LA Y. lipolytica Polf g Jis 45 A B KL [N
T FAR M TKLT BIRCR , SORA(11.1£2.7) g/L
ARGEREEE, AT H R B PE(10.7040.20) g/L 1Y
FRuR, TKL1 X T AR B AR TR AR,
SR AT B 5 JHR P %) 35 TR 44 4 SR S 5% « Zhang
ZEPARIF CRISPR HiAK: TKLI FENE S A
% XPR2 fiij5., 0 Jagtap ZE1N% TKL1 14
HUIG ARG E R AL, 4l A7 A5 DA B R 95 DL
BB EATEYE, HARABIOL S AT RERE IR T
AR R 2 5 B AR PSS SR, AT
P R B B R R BE 22 5

JE A LB (1 A RKI1 X 2T IR 6
BERE A A B AR, 40 Zhang 45258 18
F PR 3k e 5 o ssk 9 At DA R AR A O
PUINSE 74Ny X-5-P f1 B-4-P AOfEN, KoK
PEUE T AR EEERE A Ao 7L TRR I LA E

B<: cjb@im.ac.cn

675




676

ISSN 1000-3061 CN 11-1998/Q =4 T #2%44t  Chin J Biotech

t—B il ik TALT X AREEHEBE A AN LT
WA, 5B RIRROR 22 IR K,
AL RE A IR A 2 A PPP A W B 3k 1 AN S
i, W 5-BERRAZBE(R-5-PYMXT AL . Kk, wF
— AN R-5-P I Ay i i 10 2 T AR 2 T IS
PRALE AT IR AL G, SR EERE I
U BRI R IR R 2 30%°, B AR
RKI1 ZRIKIKV- V-7 52 5 kA o T2 1 5|
AL A Al (] &, oA FL A A 4 A 3R I8 0R
W AT e B 0 R BRI TR T RS %
3.5 FREREEE S RREAIAKE TiZE

PPP iR 12 56 HL T JREE W BEOCHE TR 4-05 12
IREENE(E-4-P)H G L, Pl S 15 BB Bk DG B i
AT TR 77 # W 5 IR il (erythrose-4P phosphatase,
E4PP)Fll R &% M 14 5 Jiff (erythrose reductase, ER)
3% ZEE AR TR G B W) ol e I . Hi it
1, EXRFE, e BN b it 24 K S i e oK
T — A B HAD13 7R 7 B Y B-4-P L7
i AL 16 M (Kea/ K T H 106), H Yidd 3£ [N
(EG11195)%t%, MNIEYE E4PP & A TEfE AR
HR PGB Fp A3 B R AERY . Kuznetsova E7E MR AR
HE LGBk rh S I8 T3S ALY Yidd 2
R, TRERERAY R TR, Repi” Ed D
FARTH AR, ZEE RS YidA JER )oK
fit DHAP [ 147 %, DHAP #i/K it S8R ik
AR 8/, S2m T AR AR KR B g
%%&[45,54]0

NADPH A i (1 7 &% B i )5t i (erythrose
reductase, ER)JE THEMIL KRG, AL
HIS QB BE A= 7 R B R B G IR AR W B Je — 1 6
HOPYR, HRIR KO O R B IR aE I &
WA FENTEME ER $ERAELIFT, Carly 255k
ELTE Y. lipolytica IMY2900 H 3 ik T %%
ARG HISIE T C. magnolia CBS2800 K7
BEHIA I EE I ALR, FF A WSS BN R sp i
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AR TR Y, Janek 2555 2017 AE T YRR
Iy 54 7 — TP T 14 £ A B EC % B D 15 2R B R
JREEIE N YALIOF18590g., EidAE Y. lipolytica
MK H ok 3 3K 56 UF H: X B A i s 9 0 1 1)
SO, EA G R R AR S AR Y
68.2 g/L. (0.45+0.02) g/g F1(0.87+0.05) g/(L-h)$Z
THZE 78.1 g/L. (0.52+0.06) g/g F1(1.00+0.12) g/(L+h),
H Zno® Xt WS A I A2 R Y EE R R
YALIOF18590g X3 B S i BE ™ i (AL, IF
K HP T O SRR Y 5 B, O DU A i S
B s (e o ER [6] TR, Cheng 251U
Megachiliensis Fll Moniliella sp.H ER [F] T A~
BEAR , AR 4 L A% K NADPH 1) 45 2 78
Y. lipolytica CGMCC7326 [3& [F 4] i 45 @ ik
I T i B BB EC A oAt 2 A4 P I s AR A D
ER10 (YALIOD07634p)#il ER25 (YALIOC13508p),
#k— ¥ ERIO . ER25 M ER27 4y B 1E
Y. lipolytica CGMCC7326 Hil ik, REEHEEET
e 154 g/L $2TFE 174, 177, 182 g/L (£ 1),
W% ER25 F1 ER27 5 BN S HEIE ™ 2 43 0 1 B
T 111%M 17.1%. AFRERE, ER10 A A6k
J P ECE A WA R EEREEE ) L R
T T 10%H1 9%, H. 3 4~ ER JEH [F B i F ik
B EHFEALS N 178 g/l MIFREEREEL, A K
ER27 FRG7ERR . T 3 A~ ER JER A 58 AR MRAT)
REG N 96 g/L AREENHEE, UG B M i 1)
BRAERSHAMARI R ER FEPNA %
P AR MRS E T ER27 —FRIRY
YALIOBO7117g, F 785 BEORAT DX I 1 il 0 it g 1X.
¥ %) 5 B I 38 )5 i (aldehyde ketone reductase,
AKR)ZEAE S8 51 i B ARAL, 76 N o 28 D 3 )3 i
X ZHiA 28 NIRRT A o wbRiz I N 5 H 4
T B R A MR A e R v I 7 ) R R BT
TEBERSE 23 F5A9EETt, 2o 2k ) 248 vy BE i
FEFE R, DA B2 T AR B A = 0
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Table 1 Summary of production of erythritol by modularized metabolic engineering in Yarrowia lipolytica

Module Initial Initial Strain Carbon Strategy Scale Titer Yield  Qery References
titer  yield source (g/L) (g/g) (g/(L-h))
L) (go)
Substrate 35.00 0.46 Y. lipolytica Gly OEGUTI 35/250 mL  / 0.56 / [44]
metabolism IMY2900 OEGUT? / 0.56 /
OETPII / 0.54 /
OEGUTI-GUT2 / 0.54 /
OEGUTI-TPII / 0.56 /
57.70 / Y. lipolytica Gly OEGUT! (GK) 2/5L 7130 048 0.990  [42]
A101 OEGUT2 (GDH) 41.60  0.28 /
OEGUTI-GUT?2 78.00  0.52 1.080
10.70 0.11 Y. lipolytica Gly OEGUT! (GK) 50/250 mL 21.09  0.21 0.176  [46]
Polf
Reducing 25.30 0.25 Y. lipolytica Gly OEGND! 30/300 mL  40.16  0.40 0.430 [21]
power MK1 OEZWF1 4253 043 0.450
supply 154.00 0.51 Y. lipolytica Glu OEGNDI-ZWF1 0.52L Improve Improve / [52]
GMCC7326 6.70% 14.30%
Precursor 35.00 0.46 Y. lipolytica Gly OETKLI 35250 mL  / 0.59 / [44]
supply IMY2900 OEE4PP 30.00 044 /
OEER / 0.57 /
25.30 0.25 Y. lipolytica Gly OETKLI 30/300mL  51.09  0.51 0.540  [21]
MKl OETALI 46.69  0.47 0.500
37.10 0.37 Y. lipolytica Gly OEER 30/300 mL  44.44  0.44 0.770  [55]
MK1
68.20 0.45 Y. lipolytica Gly OEER 2/5L 78.10  0.52 1.000  [55]
MK1
154.00 0.51 Y. lipolytica Glu OEERI0 0.52L 174.00 0.58 2.100  [52]
GMCC7326 OEER25 177.00 0.59 2.100
OEER27 182.00 0.61 2.200
OEERI0-ER25-ER27 178.00 0.59 2.100
10.70 0.11 Y. lipolytica Gly OEPYP 50250 mL  18.60 0.186 0.155 [46]
Polf OETKLI 11.10 0.111 0.092
OEPYP-TKLI 15.26 0.153 0.127
27.00 0.30 Y. lipolytica Gly OETKLI 50250 mL  40.00 0.45 0.333 [45]
YO0l
Erythritol 30.70 0.39 Y. lipolytica Gly AEYKI 12L 3570 049 0.590  [29]
metabolism W29
27.00 0.30 Y. lipolytica Gly AEYDI 50/250 mL  9.40%  3.60% / [45]
Y01
Multi- 55.80 0.44 Y. lipolytica Gly OEGUTI-TKLI 12L 79.40 0.48 0.740 [44]
module IMY2900  Gly AEYKI::GUTI-TKLI  12L 80.60  0.53 1.030
combination 3500 0.46 Y. lipolytica Gly OEGUTI-ER 35/250 / 061 / [44]
JMY2900

(F550)
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Ez3))
Module Initial Initial Strain Carbon Strategy Scale Titer Yield  Qery References
titer  yield source (g/L) (g/g) (g/(L-h))
gL) (gg)
154.00 0.51 Y. lipolytica Glu OEERI0-ER25-ER27- 0.5/2L 190.00 0.63 2400  [52]
GMCC7326 ZWFI1-GNDI
145.00 0.48 Y. lipolytica Glu AMDH2AEYDI:: 0.5/2L 190.00 0.63 1.970  [47]
(33 °C) GMCC7326 RSP5::ZWF1::GNDI
156.00 0.52 Y. lipolytica Glu AMDH2AEYDI:: 100/150 L 188.00 0.627 2210  [47]
(33 °C) GMCC7326 RSP5::ZWF1::GNDI
165.00 0.55 Y. lipolytica Glu AMDH2AEYDI:: 22.5/30m®  196.00 0.653 2510  [47]
(33 °C) GMCC7326 RSP5::ZWF1::GNDI
10.70  0.11 Y. lipolytica Gly OEPYP-GUTI 50/250 mL  23.98  0.24 0.200  [46]
Polf OEPYP-GUTI-TKLI 2748  0.28 0.286
OEPYP-GUTI-TKLI 58.80 / /
/ / Y. lipolytica Gly AEYDI::GUTI-TPII- 30250 mL 40.00  0.40 / [22]
Polf TKLI-TALI1
AEYDI::GUTI-TPII- 52.00 0.52 /
TKL1-TALI-RKII
27.00 0.30 Y. lipolytica Gly OEGUTI-GUT2-TKL1 50/250mL 65.00  0.56 0.541  [45]
Y01 AEYDI::GUTI-GUT2- 2/SL 150.00 0.62 1.250

TKLI

/: Data not shown.

I, BF9TE TE R DR IR IS e B B Al T
E-4-P B JREEWHEE A5 B0 8%, FH— > TR I e B
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Figure 2 Overview of auxiliary strategies to enhance the production of erythritol in Yarrowia lipolytica. A:
Development of erythritol biosensor for high throughput screening of high-yielding strains using eGFP as a
reporter gene. B: Enhancing the production performance of engineered strains by knocking-out the snf7 gene

under rich nitrogen condition. C: Mining heat-response proteins and application of these proteins to modify
the thermotolerance of strains. D: Resolution and control of dimorphism mechanism to enhance the oxygen

uptake capacity of strains during production.
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