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B OE: BRI A SWAMAAIE, S2ATFRS. LI RRBAK, MASEEE Yarrowia lipolytica 7 4
ARG, LFRBHAI THRANEE, WHBTAARRFEARMEABARAMET —H K
4B 69 F L0 MR N B4 PGC01003. o1 T 48 fig A= TCA AIRAE R~ ¥, PGCO1003 it K & & 4 Tk, MBhl T
KB Tt —FREG. ARG E R, FIARIKpH LB A F KA, HATRFERS, FRE
Rk RVITRKE N OB A S8, LBROTETHRE 469/, AT BEIKT 24.6%. @ik B sk CBLAHEE A
KRB R 13509 £ 40 PGCL1505, X B 96 h LB & RA 0.4 g/lL, EHE TR 55 7.0 g/L, FEIEEY
B 03009/g. Ad—FMEZFRMBG ML T LA K,
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Control of acetic acid metabolism of recombinant Yarrowia
lipolytica for efficient succinic acid production

Cuijuan Gao, and Yagin Zheng

School of Life Sciences, Linyi University, Linyi 276000, Shandong, China

Abstract: Succinic acid is a high value-added organic acid widely used in food, chemical and pesticide industries. As a new
robust non-conventional yeast, Yarrowia lipolytica attracts more and more attention due to its potential for industrial
applications. Previously, we obtained a succinic acid-producing strain through gene deletion of succinic acid dehydrogenase
subunit encoding gene Ylsdh5, resulting in the strain of PGC01003. However, the recombinant strain produced large amount of
acetic acid due to imbalance between glycolysis and TCA cycle which hindered the efficient production of succinic acid. PDH
bypass was interfered to decrease the overflow of acetic acid and produce succinic acid under natural pH. Acetic acid was
reduced to 4.6 g/L through heterologous expression of acetyl coenzyme A synthase from Salmonella enteric, which was 75.4%
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of the control strain. Deletion of CoA-transferase gene Ylachl eliminated acetate formation and improved succinic acid
production, and the resulting strain produced as high as 7.0 g/L succinic acid. Our study provides foundation for further

construction of efficient cell factory of succinic acid production.

Keywords: Yarrowia lipolytica, fermentation, succinic acid, acetic acid
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T35 &AL (Pyruvate dehydrogenase bypass,
PDH bypass), [l o i iR i 2 - (Pyruvate
decarboxylase, PDC)JE [H 5 # 1 i 3K £ Wk i
A 5T (Acetyl coenzyme A synthetase, ACS), %)
PrE i QR f A8k, BE S 5L DN R SR 2 Ik
fiti A K fi#W (Acetyl-CoA hydrolase, ACH1), #k
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Glycerol
v
PEP

Pyruvate ﬂ/\cetaldehyde — Acetate

ACS
Pyruvate
CO; l Ac-CoA
Ac-CoMlAcetate
DAA Citrate
Malate  _ __ Ac-CoA
/ v Isocitrate Glyoxylate Malate
F t o\ TCA, § -
mars
g Succinate
SDH o-ketoglutarate
Succinate
Succinyl-CoA

1 fEAEE£EL Y. lipolytica B EE .0 R igH&Z
Fig. 1 Central pathways related to succinic acid
production of Y. lipolytica.
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1 MRE5FE

11 E#F0EAL

f# iR EE Y. lipolytica Polf (URA3™, Leuy)i
5 E INRA 5255 % (1) Madzak Catherine (#5215t .
77 R AR (1% 0 2H T B TR AR 1 S VR e SE g == A
A, PERE 1

12 HEFHE

WERER 5 R MR RS R B YPG o8 24
Fikk, & 209/l Huh, 209/l AW, 10 g/l BERE
¥y, BR pHo A AR SRR A I 290 B5ihE .
13 EFAE
1.3.1 FFIEFR

PoEA: & RAF I A IR 2R % 50 mL 1Y
YPG WA FR IR 250 mL =i, 28 C.
220 r/min $53% 24 h,
1.3.2 ZRi 25

W R F B R 198 Pl it i 4 B AN RV
BEZHR (1. 2. 5 g/L) M YPG WRIAR: S,
28 °C. 220 r/min 3% 24-48 h,
133 EMAKEEER

WA B IR 1% A i Hz 2 50 mL 1Y
R FREL YPG R, 28 'C. 220 r/min #5355, E
Ef IBORE I 5 PRI 4C ODeoo  H M AT MLER 14 55 12 .
14 s

PR AV B SR F 43606 BE 1 600 nm T
R . SR FH HPLC S A & I Hh i H i A

F1 AXFAMFRAKREAREET

Table 1 Strains of recombinant Y. lipolytica for
succinic acid production
Strain name Description
PGC01003 Y. lipolytica Polf derivate, sdh5
PGC11201 Y. lipolytica Polf derivate, sdh5, pdc
PGC11301 Y. lipolytica Polf derivate, sdh5, Ylacs
PGC11401 Y. lipolytica Polf derivate, sdh5, oSeacs
PGC11505 Y. lipolytica Polf derivate, sdh5, achl

&: 010-64807509

BLBR 1) & 5t o HPLC 43 B 45 - i 8404 5 mmol/L
FRmiiR, 3%t Aminex HPX-87H (Bio-Rad,
USA), 7 0.6 mL/min, #:i 65 °C, #EFE&E 10 uL,
A 0 4% 2 7R 2 4 A 2%

2 HER5AM

2.1 FEHE PGCO01003 BYIEIAEL 4 B2

A, BEDREER TR EELE Polf Wbk 25
TCA TEARIBEHIRR I M (Succinate dehydrogenase,
SDH) 4 Sdh5 W 34w i 3 [ Yisdhs, ey 1
IR ARG TS (A bR, ARAS v R R IR HAR
14 A% B T B} 1 4H B PGC01003™, &1 2 4351151
T H A PGC01003 FIxt M E Polf 7€ YPG i
KR HIMA R | Hk OD fH. BRHIER . L.
FERERR I i, FTLUE S|, H41E PGC01003 M
24 h PR ARA K ZE, 30 h s EIFER, OD
B KN 14.0, KEELS R H A5 4 3.8 g/lL.
I Polf AT LAFFLEA K 2 72 h, HEH M2
JrfEIkER, OD fHik#| 33.5, Polf HYAEE ™Y
FERITERR (5.09/L), HAWMRNIFHRAZ
iR ;= , PGCO1003 JL - A ilbFriEiz (0.4 g/L),
774 5.0 g/l BEHARR - TG S AP , PGC01003
KRG L, PPAEKENEY R, £ 24 h
A% 2.8 g/l R, 30 h I 4kEetin = 4.8 g/L,
A8 h i LR FE ik 6.1 g/L, AL

MR IME R RS A TR EEARN
PGC01003 A K BRI AL Y., AR 45
PR BRI LA RO [ R v A T B (8] 3).
Kl 3A ATLIE M, HTHARIG I, A R
BRI AT DL i X BE T Polf (R AR K, oD
fHrh 34.0 % 710, WK T 165, SR, Rt
7 30 mL F1 50 mL B2 5 Ptk PGCO1003 (1)
A AL D e i S 2 80 mL LA BT,
PGC01003 7riii Ptk i A K4ty , ml k4%
R R AR AL, TR AT R A A R
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Fig. 2 Fermentation profiles of PGC01003 (A) and Polf (B) in YPG flasks. Squares stand for ODgq, Circles stand for
glycerol concentrations, diomands stand for succinic acid concentrations, upright triangles stand for acetic acid
concentrations and inverted triangles stand for citric acid concentrations.
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Fig. 3 OD (A) and succinic acid fermentation (B) of PGC01003 in flasks without/with baffles and with varied volumes

of fermentation broth.
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OD &4 TR, Yipde 3 Y B AN H B A FRAK 2.
2 1) s T LS 5 T AR 11 26 K RN B AR % T
75— L 7/E PGC01003 Hhid i ik ACS,
W 40 L I v 24 1) L R Al v RE AL A W L Tk
fitt Ao 3 BIFRIKT Y. lipolytica H &1 ACS ik
A YT Salmonella enterica i ACS, JFth g
FR38 TR AR 43 31 PGC11301 (Ylacs) 5 PGC11401
(0SEacs-*"P), SCHkHIE , ACS HYIE M2 B Bid)S
LS R Ok RGBT . K S enterica (1
ACS 15 55 641 3 1 il =0 iR Be e Ry s & iR ]
TS L (T S BT U N
Y. lipolytica (% 5 T 471k T SEacs™**%, 34
B4 T R L R 471 oSeacs F T-7E Y. lipolytica i %
ik, HERAER ML 2 i, PGCL1301 (1) 4
15 JE 5 PGCO1003 414 , K B H %KX Y. lipolytica
FBH ACS KREA BN SR . HHILZ
T, SHEE oSEacs P iy 4 I PGC11401 i
& ODegoo BN 14.4, BRI 74 6.3 g/L (12
m T 145%), LWy E 46 gL, FHET
24.6%. X} PDH S22 P shikims b, (L 3Rik
SR K 0SEacs P AR T £ Wt L P T 4
AR, WmsEmmAe . &3 SRKEN
oSEacs-*" BEA RRFHE TEIRAS, fitfk Z /R A ik
L THAHTE Ao

2.3 HRABRE Ylachl X35 IAEL & B2 B 22
SV F Ik 0SEacs P AR T 2R, (B2
A PGC11401 b ML M 418, & s IR

®2 AEMERIREHAFMIRABRLELILE (72h)

FITR SR, e mdn iy e AR . Rk, FRATHE
Y. lipolytica i f7 7 A Y 2 B2 i H A2 . &
b A I AR AZ R R0 SCER S B A B TR T T B
Saccharomyces cerevisiae it ZBEAEE A 7K fiF i
(Acetyl-CoA hydrolase, ACH1) fEfit:fk Z Mk A
N RFVEEE APA, B, BEEE R BUEEELT
Rk, B R A BRREE, A S
HHG A 1 LS RS B SR FARR LE I 4 TR ISR FA T
g AP, S RS o S A, TR
Y. lipolytica it Z Tk 4t A 7K fif i 2 i 35 4 Yiachl
(YALIOE309650), & M @iB% Yiachl #4341 14
PGC11505. [ 4A 75, &5 96 h B0 i PGC11505
FBE IR = ik F) 7.0 g/L, o PGC01003 4275 T
27.3%, ZIRHA 048 g/L, WM K20 %t IR
B Polf (ODego ik 29.4), Hi#k e 4 M AEHL,

BEIAMR (5 AL 21k 5] 0.30 g/g. ACHL By 2k 175 BH Ik
TR BTG A FAb o 2R, R B ARG
T BEIR M BE IR AEE A 9L . 2R %S HOKIE

MWD, BT IR K, B TSR
P

ik —EIE X Y. lipolytica ZJif Ak K fY)
S, [ S R AL R AN VR N 2 R, A I 2 B
PGC11505 (A 1< . Bl 4B Bon LRk h 1 g/l
Rt PGC11505 AE I fE ] , 4y OD {E7E 24 h
1 48 h 43 BIFFAK T 64.9%71 66.0%. BlEE 2 IRHE
N, AR A AN AU 2 . SAMNERS I iR
W R 5o/l B, AR A= K o8 A

Table 2 Fermentation profiles of different engineered strains including ODggo, glycerol consumption, succinic
acid production and acetic acid accumulation (72 h), data are mean values of three parallels

Strains Glycerol (g/L) ODgoo Acetic acid titer (g/L)  Succinic aicd titer (g/L) Succinic aicd yield (g/g)
PGC01003 22.0 13.95 6.1 5.5 0.25
PGC11203 20.4 12.25 5.9 4.7 0.23
PGC11301 20.9 12.30 5.7 4.8 0.23
PGC11401 23.9 14.44 4.6 6.9 0.28

&: 010-64807509

B<: cjb@im.ac.cn

393




394

ISSN 1000-3061 CN 11-1998/Q A T. #2244k  Chin JBiotech

A 3op 05 -8
\ i
24| ]
. 20 |
2
g 181 1152
S c 4
Sl 1103
=
]
61 15
0 "\ BSEETTE i St Q"“:""A

12 24 36 48 60 72 84 96
1 (h)

1
r2

Succinic acid, acitic acid (g/L)

L
<

B 270, 0 g/L. acetic acid  [—
1 g/L acetic acid
22.5r w2 g/l acetic acid

4 PGC11505 JRFE A BE 4T (A) 5 CEEMSZ LI (B)
Fig. 4 Succinic acid fermentation profiles of PGC11505 (A) and effect of exogenous acetic acid on cell growth of
PGC11505 (B). (A) Squares stand for ODgqy; circles stand for glycerol concentrations; diamonds stand for succinic acid
concentrations and upright triangles stand for acetic acid concentrations.
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