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ARERET, TEREANEHZEY Itrl RHEHBE RS ERRABLFTRELBAH
Bga-3 # 5 7 26%; MIOX4-Udh @k &-%& @ 09 R A48 %) B4 — 84 /- 4 Bga-3 HHIREG T 40%;
FE AR L, BIRAT EHNE -BRMABAR ZWF] &, #EE G ZEL 5.5 gL, KAMF
RBEMT Bga3 BHRIRS T 60%. £ SLABEEY, ZAMKRT AE RO RS 2L 1085 g/L,
3 Bga-3 MR ZH T 80%. mbTIL, LR KRR f ERRAEZE LR T H HE R
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Engineering Saccharomyces cerevisiae for efficient production
of glucaric acid

LI Jie'?, ZHAO Yunying'?, DENG Yu'?

1 National Engineering Laboratory for Cereal Fermentation Technology, Jiangnan University, Wuxi 214122,
Jiangsu, China

2 School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: As an important dicarboxylic acids existing in nature, glucaric acid has been widely used in
medical, health, and polymer materials industry, therefore it is considered as one of the “top value-added
chemicals from biomass”. In this study, using Saccharomyces cerevisiae as a chassis microorganism, the
effects of overexpression of myo-inositol transporter Itrl, fusional expression of inositol oxygenase
MIOX4 and uronate dehydrogenase Udh, and down-expression of glucose-6-phosphate dehydrogenase
gene ZWFI on the glucaric acid production were investigated. The results showed that the yield of
glucaric acid was increased by 26% compared with the original strain Bga-3 under shake flask
fermentation after overexpressing myo-inositol transporter Itrl. The yield of glucaric acid was increased
by 40% compared with Bga-3 strain by expressing the MIOX4-Udh fusion protein. On these basis, the
production of glucaric acid reached 5.5 g/L, which was 60% higher than that of Bga-3 strain. Ina 5 L
fermenter, the highest yield of glucaric acid was 10.85 g/L, which was increased 80% compared with
that of Bga-3 strain. The application of the above metabolic engineering strategy improved the pathway
efficiency and the yield of glucaric acid, which may serve as a reference for engineering S. cerevisiae to

produce other chemicals.

Keywords: Saccharomyces cerevisiae; glucaric acid; inositol transporter; fusional expression; metabolic
engineering
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JE AR T ARSI S i A R R R
FENEEH KRR delta BRIFHIX—F55,
FLRE IF B LB i A B 26 X miox4 1T A B EA i
AT 114) 8] 260 0 78 1 M0 SIS TH) wdh - delta 3 4
FAERIR , R RBR T ULEE-1-B5 B2 5 B8 (Inol)
A5G SR [+ Opil, 53] T L Bga-3,

LR RTE 5 L &R REAE LR 6.0 g/L 194
AR RTMIATOE R B, TEIZE AR vh A
Wi R A s 72 v G B i MIOX 4 Fil Udh 1) 3R
I R PR A, T LR A0 A LR ) B
18 RCR AR H IR, b DR 2R R R T 2 b
TR A R BRI, e 5 A A R A AR
WA E B B 08, MR-
TR Bga-3 77 i 45 B R A8 ) T B MR UL
SRR IR R, ASBIF 5 1 e A o 2R R I R 40 A
BB E E T Tl iR TR RS
HU ML A1 L 2 B B8 0 ok A i A 2 B R 1 ]
o PRGN F M SEKGE R T (linker) K
MIOX4 FIl Udh #A7RlG Rk, THiiERCE RS

NN

B9 MIOX4-Udh @t &8 H, #F—2 35 w40

F1 FMRPHAERMEK

TRA R ROR . B Ja 59 10 3% 35 A b
6-BEFR i S ML ZWFI, RIGEEIR S T 4
Bl R A o, A TR R A A A o B A1
THLE A

WREERE

1.1 EHRERR

AR SIZ I BT FH B R AN B L 1
1.2 EFRE

KIGAFH R SRR LB B3R5k, Riw e i
YPD . SD-URA #I SD-HIS ¥ % 5 a0 il il W =%
SCHR[8]
1.3 A&
1.3.1 ITRI BREhFHIE R

H T E P g L ITRI B A
AL R 5 A B F, B SELL pHAC181
Jkr PR AR, i 514 LEU2-2F/LEU2-2R 4"
HEARAT LEU2 FBe, DL BY4741 FEIR 20 J s
LY Proys-F/Prpus-R ¥ HG3R1G 19 TDH3 K
N8 F Prous, mJailids|¥ LEU2-2F/

Table 1  Strains used in this study

Strains Relevant genotypes Sources

S. cerevisiae BY4741 MATa, his3A 1, leu2A0, met1 SA0, ura3A0 Lab store

S. cerevisiae CEN.PK2-1C  MATa leu2-3, 112, ura3-52, trp1-289, his3-41, MAL2-8c Lab store

BY4741 opilA MATa, his3A1, leu2A0, met15A0, ura3A0, opilA [8]

Bga-0 BY474 opilA contains the episome pY26-miox4-udh plasmid [8]

Bga-3 Integrating the exogenous genes miox4 and udh into the delta locus of BY474 [8]
opilA strain

Bga-3-Itrl Replace the promoter of the inositol transporter to Pypy; of Bga-3 strain This study

A3 Integrate the MIOX4-Udh fusion protein (linker 4) into the delta site of the This study
Bga3-Itrl strain

K3 Integrate the MIOX4-Udh fusion protein (linker 9) into the delta site of the This study
Bga3-Itrl strain

L3 Integrate the MIOX4-Udh fusion protein (linker 12) into the delta site of the This study
Bga3-Itrl strain

A3-Dyyr; Replace the promoter of the ZWF1 gene of the A3 strain with Ppgp, This study

K3-Dyyr; Replace the promoter of the ZWF1 gene of the K3 strain with Ppgp; This study

L3-Dyyr; Replace the promoter of the ZWF'1 gene of the L3 strain with Ppgp, This study
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PR ¥ ik 2 SR B#HITE G, K15
LEU2-Prpy; Fr Bt i3 ITR1-NF/ITRI-NR 5|4
PIGRGATH ITRI R TR LEU2-Prpys
A B, 403 Bga-3 WAk, $REUELT
w4, 3 514 PTDH3-CHECK-F2/
ITR1-CHECK-R2 347 PCR ¥, 1E#fAY4E: 1L
T 2 P AT — BN o K ITRT SEIR )
B s FR M TDH3 B8 oh 1 /Y 1 bk 24 0
Bga3-Itrl,

1.3.2  miox4-udh §i& F X RO FA 0% 1%

43 B LA Bga-3" Ay 36 R 41 S B AR, S LU
MIOX4-LF/MIOX4-LR K514 5§ Prpr-miox4,
43 %L UDH-FO. UDH-F1. UDH-F2 . UDH-F3 .,
UDH-F4 ,.UDH-F5 ,UDH-F6 .UDH-F7 .UDH-F8 .
UDH-F9 . UDH-F10, UDH-F11 , UDH-F12/UDH-R
RIS 13 AN A AR RGE T
udh-Toer F B o ¥ EiR Pree;-miox4 i A [A]
linker HY udh-Tcyc;, it 5]#) MIOX4-LF/UDH-R
WA B Ef TRl S PCR, K45 13 DAY
Prep-miox4-udh-Teyes-delta? B Bx , i o
MIOX4-LF/Teyer-(opil)R 51 41 97 3 38 45 47 A
OPI1 FEH G 8 F [ Prgr-miox4-udh-Teye;
R B UL Bga-3 BYFERATMENR, #ad HIS3-
(opil)F/HIS3-(opi)R 5194 3% HIS3 Fr Bt i
ST A 2.

¥ ki A [ R RS HIS3 F Prgr-miox4-

x2 AMRIBPEAERRGIY
Table 2 Primers used in this study

udh-Teyer W 2 DEEG F Bt AL BY47410pilATH
PR, B H A B ELHEEEEE BY47410pi INEBR R
OPI1 MG s+ b, ¥Aii SD-HIS ¥4k, LA
AR NARIC T o PRI AL T Rk A T
ST, Ak A O R A Ok R A Y
MIOX4-Udh @& 1 .

1.3.3 MIOX4-Udh Bt & E B/ delta L mE &

A Bga-3 K41 B , 38 3 514 deltal -F/
Tapu-R ¥ 184K 1T deltal F B ; 7L MIOX4-LF/
MIOX4-LR K59 4 Prer-mioxd FBr, LA
UDH-F4, UDH-F9, UDH-F12 il UDH-R 7]
W IR 3 A AR SEIGE g
udh-Teye-delta2 ¥4, RJ5 54 MIOX4-LF
1 UDH-R ¥ bk 2 B R, 3595 3 4>
WAANFEREE W Prep-miox4-udh-Teye)-
delta2 i B; LA pRS316 kil htiit, i id 5l
¥ URA3-MU-F/URA3-MU-R ¥ 143515 URA3
P9 wJat Bk 3 R BB deltal-F Fil
UDH-R3 #47fl4 PCR, #15 deltal-URA3-
Pgp;-miox4-linker(4,9,12)udh-Tcyci-delta2 . T
ST A 2.

B P deltal-URA3-Pygr-mioxd-linker(4,9,12)
udh-Tcyc,-delta? F B 54k Bga3-Itrl Bk . 5L
B BRI RE Bga3-Ttrl FAK delta {7 4,
WA SD-URA Pl . FRICH AL B R R4 T & T
Jei, 3 R I 7 e 0 3 i PG TR R o

Primer names Sequences (5'—3")

MIOX4-LF CGTTGTAAAACGACGGCCAGTGAATTCAGCTGGAGCTC

MIOX4-LR CCAACGCAGATTTTCAGGG

UDH-FO TCCCTGAAAATCTGCGTTGGATGGCCTCCGCTCATACTACGC

UDH-F1 TCCCTGAAAATCTGCGTTGGGGCTCTGGCATGGCCTCCGCTCATACTACGC

UDH-F2 TCCCTGAAAATCTGCGTTGGGGAAGTGGCGGTGGAGGTTCAATGGCCTCCGCTCATACTACGC
UDH-F3 TCCCTGAAAATCTGCGTTGGGGCAGTGGTGAGGCGGCAGCTAAAATGGCCTCCGCTCATACTA

CGC

http://journals.im.ac.cn/cjben
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%% 2)

Primer names

Sequences (5'—3")

UDH-F4

UDH-F5

UDH-F6
UDH-F7

UDH-F8

UDH-F9
UDH-F10

UDH-F11

UDH-F12

UDH-R
deltal-F
pHACI181-F
pHAC181-R
HIS3-(opil)F
HIS3-(opil)R

MD-Check-(opil)R2
MD-Check-(opil)F2
MD-Check-(opil)HisR
TCYCl1-(opil)R

LEU2-2F
LEU2-2R
PTDH3-F
PTDH3-R
ITR1-NF

ITRI-NR

PTDH3-CHECK-F2
ITR1-CHECK-R2
deltal-F
TADHI-R
URA3-MU-F
URA3-MU-R
UDH-R3
ZWF1-RT-F
ZWF1-RT-R
PGK1-RT-F
PGK1-RT-R

TCCCTGAAAATCTGCGTTGGGGTTCTGGAGAGGCGGCTGCTAAAGAAGCCGCAGCGAAGATG
GCCTCCGCTCATACTACGC
TCCCTGAAAATCTGCGTTGGGGCAGTGGGATGGGTTCATCAAGCAATATGGCCTCCGCTCATAC
TACGC

TCCCTGAAAATCTGCGTTGGCCGACGCCCACGCCCATGGCCTCCGCTCATACTACGC
TCCCTGAAAATCTGCGTTGGCCTACCCCTACCCCGACGCCCACTCCGATGGCCTCCGCTCATAC
TACGC
TCCCTGAAAATCTGCGTTGGCCCACGCCTACTCCCACACCCACGCCCACGCCAACACCGACAC
CTATGGCCTCCGCTCATACTACGC
TCCCTGAAAATCTGCGTTGGGAAGCTAAAAAGAAAATGGCCTCCGCTCATACTACGC
TCCCTGAAAATCTGCGTTGGGAGGCAAAAAAAAAAGAAGCCAAAAAGAAAATGGCCTCCGCT
CATACTACGC
TCCCTGAAAATCTGCGTTGGGAGGCCAAAAAAAAAGAAGCAAAAAAAAAGGAAGCCAAAAA
GAAAATGGCCTCCGCTCATACTACGC
TCCCTGAAAATCTGCGTTGGTCCTCATCCAATAACAACAATAATAACAACAACAACAATATGGC
CTCCGCTCATACTACGC
ACAGCTATGACCATGATTACGCCAAGCTTAAAAGGGAATCTGCAATTCTACAC
GGCTGGCAACTAATAGGGAC

AAGCTTGGCGTAATCATGGTCATAGC

GAATTCACTGGCCGTCGTTTTAC

AATATCAATGGGAGGTCATCG
CCCACGTTACTCCTCGAGATAAGTTGGTCAACATTGATTTCGAGATTCCGACGCATCTGTGCGG
TATTTC

ACGTTCTGGCCTGATATGC

TGATGATCTTACCCGTTTGC

ATCACACCACTGAAGACTGCG
GAGGTGGAAAAAAAAAAAATAAGAACGCCCGATTTTACCCGGTTGCATATTCCCAAAACCTTC
TCAAGCAAG

ACGTCTAAGAAACCATTATTATCATG

AAAGCGTTTCCGAAAACGAG
GCGCTCGTTTTCGGAAACGCTTTTGCCTCATCAGTAAGACCCG
TTTGTTTGTTTATGTGTGTTTATTCG
TAGTTGAGAAAAGACCTTTCACACTTGGGCTTTTCTTTGGCAGGTGTTTGACGTCTAAGAAAC
CATTATTATCATG
ACATTTGATTGCGATGTCTTTGACGTGAGATATGGTATGTGTATTCCCATTTTGTTTGTTTATGTG
TGTTTATTCG

AGCGCAACTACAGAGAACAGG

TTTGACGTGAGATATGGTATGTG

GGCTGGCAACTAATAGGGAC
GCTAAATGATGCTCAGGCGCCGAAATAATTTAATTAACAATTCTTCGCCAGAGG
GGCGCCTGAGCATCATTTAGCTACAGGCAAGCGATCCGTC
CACTGGCCGTCGTTTTACAACGTTTCGCCCTTTGACGTTG
AAAAGGGAATCTGCAATTCTACAC

CTACCAAGATCTTCGGTTATGCCC

GCAAGGCCAGATAGAAGAGACGG

TACGTTGTCTTGGCTTCTCACTTGG

TTGGAAGCCTTGACCTTTTGACC
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1.3.4 ZWFI £EMEEHLFRIE

R T 55 Ak 3 TR B R W 34 A v ) A 2 R
6-TE IR It S L R ZWF 1, 3@t LR ik s
SR BBPI LA ME ST IR
P CEN.PK2-1C WyFERA AN, LI MET-F/
MET-R N5 ¥4 #3174 MET Giikbrss, KRG
P BY4741 FERA MR, @it 519 Pgspi-F/
Pygp-R 7384545 BBP1 JEIN (IR BT Pgp,, i
519 MET-F/Pggp-R $ Eik 2 A Beilf A 7Rl
A, 3R1F MET-Pgpp; Bt i3 Ppgp-MET-F/
ZWF1-NR 5|4 3834570 ZWF1 )5 5hF [FIRE R
MET-Pgsp; B2, I L% A3 K4 FI L3 BERH,
PWULAL T BER 4, 519 Pggp-check-F/
ZWF1-check-R ¥E4T PCR #:ill , 1E A Al 554k 7
T W0 O iR T i — 2 AN
1.3.5 BESERFEARNAZE

(1) PREREEEEA AL+, $EF0T YPD 85
FRHEF, 30 CHiFE 2L

(2) Bt BRI RIS 1.5 mL &0
B, 10 000 r/min &0 1 min WEREK &
30-50 L),

(3) Jm A5 WA 1) 4t R A FEURE Y ) IR M B
3%k . 400 mL STES % (0.2 mol/L pH 7.6 [
Tris-Cl, 0.5 mol/L NaCl, 0.1% (M/V) SDS,
0.01 mol/L EDTA), 400 uL B /Z805/ 5 I .

(4) BRI 5x30 s, PIRHEELE B Tk
Ko A TE &M 200 pL, HEIESE,
80 000 r/min #.0> 5 min,

(5) B HIEH BRI 1.5 mL EO0E
L, A 1710 1AFH 3.0 mol/L Y NaAc IFH,
2ERBIIK O, RS, BET-20 CKZ 1h,
10 000 r/min 250> 10 min, #H FiH o

(6) A 1 000 pL 75%F) 2, I vk 4%,
10 000 r/min B.[> 5 min, #H Fio

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

(7) FI&TH: DNA 10 min, JlIA 50 pL f)
TE Z% wpi sk ddH,O (75 RNase, Z&XUKE K
20 pg/mL), 55 ‘CiH4k 30 min, HLIKAI, BT
20 ‘C4H .

1.3.6 RT-qPCR #&ll ZWF1 £EHRIEE

T o AT VA B R I BR 1 5 RNA TR
B B K5, 8 000 r/min E.0 1 min Hi
REIR, JFH DEPC K —i . [ IR INASE
WRRMERL YR, I A 400 uL TES ¥R
(200 mmol/L Tris-Cl (pH 7.6), 500 mmol/L NacCl,
10 mmol/L EDTA (pH 8.0)) #1400 uL 7K 1 Fl )
W, ARG LYY 1 min, 65 CHi#kL
Smin, SRR 30 s. I 5. ETEK L
5min, 12 000 r/min, 4 ‘CE5.0> 15 min WsE 2
IKARER 53 I TR L AL 2 — 1 FreY 1.5 mL EP &
Hr, B 400 pL B2 W, 12 000 r/min, 4 °C
B0 15 min W FJZ/KH, A 400 uL S A5
VW, LA 12 000 r/min, 4 ‘CES.C> 5 min, ¥ b
JERZK AT 3 5 RS 21— -8 ) 1.5 mL EP & Hpr,
JA 40 pL 9 3 mol/L NaAc I 1 mL i
JoK VW, 12 000 r/min., 4 ‘CE.L>» 10 min,
Fide RIEW, FH 70% OB IEVE—iR, TR
JnA 50 uL i DEPC /K% f# RNA,

4l CW Biotech $2i£fy HiFiScript gDNA
Removal cDNA Synthesis Kit H F P #4F F 1%
YR B EL K 4] DNA Jfii %% 5t 5 i cDNA 1)
## CW Biotech # £ 1) UltraSYBR Mixture
(lyophilized powder) ™ H 7 45 1 F M #F 17
qRT-PCR. 43#%t Bga-3 #1 K4-DZWF1 ¥k
ZWFI1 JER NS EE N PGKI #1417 PCR 471 .
BPiiE g 2k A A E
1.3.7 FRIEEEEHEMAN 5 L A BHEARIERTE

PRI BRI A 5 L 2 Ml 2 I b 35 07 vk
U225 SCHR[8]-
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1.4 SHFAZE

B B 2 e aod oAl (3% (HPLC)!
o ) 46 260 A TR R R, R vk LS S
BR8]

2 BEREAW

21 EHEERMTEREENTEER
PE_ERAR R

TR e B A i A 2 D WLBEERE B, Tird
T2 Terl X WURERAG @Ry, S E
MBS E B, T2 Je— N UUEER R A 1 d%is
FEEUY R TR TR R B A NULEE Y RE
ARG Terl 15 B35 AL B 3 F Prows
AT ERIL, LIRS NIBE R % . B
pHAC181 k™ E¥ 1K) LEU2 5L BY4741
NG G B Prows Bl A KIS LEU2-Prpus
2 951 bp (Bl 1A), JF¥e1k Bga-3 witk, 1E#HH)
54kF-8335 14 PTDH3-CHECK-F2/ITR1-CHECK -
R2 i J5 BRSP4 4 550 bp Fr B (& 1B), 3545
Bga3-lItrl Wik, PABA B 3I1 1 Bga-3 1N
XTRE, FEARRIE RO T A TR AR T . 45 R0
7N, K240 h Ji, 2b IR ITRI R B TR
BEFERRE SR 1 U B 4 Bga-3 FEIR T 10%
(#l 2A), #eEia BN HIEEE N T 0.63 g/L,
HIAHE R R R T 26%, WK F]3.79 g/L
(& 2B). BRI WEST (& 2C), XL

A 1 2 B bp

5000
3000

<2951 bp § 888

1 000 1 000

1 7£ Bga-3 TIEEMEEREMEIEZER Itrl
Overexpression of the inositol transporter Itrl in Bga-3 strain. (A) PCR amplification of

Figure 1

. B B M AL SR BB A 7 2 e A R T 2 R
B
2.2 MIOX4-Udh Bt & & H M E K& iFit
AR T 12 AR ZRE AR
LK FEHETH MIOX4 1 Udh 7RG Fik
(1-12), [RIBLAIICSE K& HE T, RRK MIOX4 F1
Udh B 42 317 Rl G 32 38 015 D0 S X (0)
(K 3A-3B). §" 1 HIS3 Fr Bt (1445 bp) Fl |3k
13 D ElA BB Prepi-miox4-udh-Teye, HUK S
R WK 3C3D frn. ¥ iR B A
BY47410pi INGRR ¥R ) OPIT 3 (W JH 8 F I,
EH AL P 514 MIOX-RT-R/UDH-RT-R
Ko 5 BEAE 9 48 1Y 525 bp Fr B (&1 3E). fifivk
BAHEBNME TS Bga-0 Wk (BY474
opi INTR PR & A I 25 B BL (pY26-miox4-udh))
FEAR A 35 5 2 0F S AT R R B (181 4), I
AT AR B BRI #5235 $2 1) MIOX4-Udh filt
G O B R R R . S5 R EOR,
W 3 K % B 7 GSG(EAAAK), . (PT)P .
(EA3K); (linker4 ., 9., 12) filt 531k MIOX4-Udh
(%) TR o 5 g 25 B B A A HL A A IR R
WES R, Hrb linker12(EA3K); iE#: 1 B

Rk, HEAM R wik3 1.46 g/L, &
&5 U B UK B AR Bga-0 1) 4.84 %, B&A %
BT MIOX4-Udh FOTE#E (linker0) %%
Wi R A 7 i B I — 1

<550 bp

LEU2-P7pys. (B) Detection of the integration of Pypy;. Lane 1 is DL5000 marker.
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A B 4o0r :
—+-Bga-3 P
= —— - &
= = 3.0k Bga3-Itrl %
E} =1
= = A
E= ; 20F A
=] 1= -
R= 5] i
$ 30f *Bga3 2 1.0F
§‘ ——Bga3-Itrl ©
0 24 48 72 96 120144 168 192 216 240 0 24 48 72 96 120 144 168 192216 240
t (h) t (h)
C 100r
—+-Bga-3 .
80f ~*~Bga3-Itrl L

0 24 48 72 96 120144 168 192 216 240
t(h)

2 HEREIrl HEEFE_RTSENTN
Figure 2 Effect of overexpression Itrl on the production of glucaric acid (A), cell growth rate (B), and
residual myo-inositol in the culture medium (C).

A B )
miox4 * Prgry  miox4

Linker (0-12)

C

bp 1 2 D 01 2 3 45 6 7 8 9 10 11 12 bp
5000 5000
3000 3 000
1 445 bp 1 000
1 000
E 0 1 2 3 4 5 6 7 8 9 10 11 12 bp

525 bp

3 MIOX4-Udh B & &R HIHE

Figure 3 Construction of MIOX4-Udh fusion protein. (A) Schematic diagram of miox4 and udh fusion
connection with different linkers. (B) Schematic diagram of integrating the MIOX4-Udh fusion protein to the
opil promoter of opilA. (C) PCR amplification of HIS3 from Bga-3. Lane 1 is DL5000 marker, lane 2 is
HIS3. (D) PCR amplification of Prgr;-miox4-udh-Tcyc; from Bga-3. Lane 0—12 is MIOX4-Udh fusion protein.
(E) Detection of the integration of MIOX4-Udh fusion protein with different linkers. The DNA molecular
weight standards is DL5000 marker.
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>
/L)
S = = N
N S - )
—
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Figure 4 Screening of MIOX4-Udh fusion protein. (A) Glucaric acid production. (B) Cell growth rate.
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AR ML R K 6B fil 6C Fiin . SLHG 25 5
7N, A3 K4 FI L3 TR PR A A AR Dl AT B TR Ak
Bga-3 WA BMZES . K4 Wk ARSI #H%
Wi Ry Rt , FERTE 240 h AT R
()= ik 4.3 g/L, BN BRI Bga-3 1173 450
TR RS T2 40%.
24 SBHEENE o- BRI ER ZWFI
SrEEE R

J T P R A R e, IRAT
B ERIEERN A3, K4, L3 B kKA S iR
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Ko fUELG BB MET-Pggp; (2 900 bp) (Bl 7A) #
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DL Bga-3 AXTRRGE MR, iR 3 ANEARETE
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ERE Ry e, A LLIBEIE 5.5 g/L
(Kl 8), & K4 Wtk$Em 1 27.9%, B0 BB
Bga-3 PR T4 60%. qRT-PCR #6545 5
W, K4-Dyye, WFETR ZWF1 JER )RR ER
K4 BERFEAR T 3 15 (K 9).
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Figure 5 Construction strategies for over-producing glucaric acid in S. cerevisiae.
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Figure 6 Screening and shake flask fermentation of the recombinant S. cerevisiae strains that express the

MIOX4-Udh fusion protein. (A) Screening result of the recombinant strains. (B) Glucaric acid production. (C)
Cell growth rate.
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Figure 7 Attenuated expression of ZWFI gene in
selected A3, K4 and L3 strains. (A) PCR
amplification result of MET-Pggp;. (B) Detection
results of the integration of Pppp;. Lane 1 is DL5000
marker. Lane 24 is the detection of A3-Dzyr,
K4-Dzpr;, and L3-Dzpr;, respectively.
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Figure 8 Shake flask fermentation of the
recombinant S. cerevisiae strains with weakened

expression of ZWFI gene. (A) Glucaric acid
production. (B) Cell growth rate.
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Figure 9 Relative transcription expression
levels of ZWF1.
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Figure 10 Fed-batch fermentation of the recombinant
S. cerevisiae strains in a 5 L fermenter. (A) Glucaric
acid production and cell growth rate. (B) Glucose
consumption and residudal myo-inositol.
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Table 3 Production of glucaric acid in different hosts

Hosts Pathways or genes Production (g/L) Carbon sources References

P. pastoris GS115 mMIOX, udh 6.61 glucose, myo-inositol [26]

E. coli MG1655 (DE3) INOI1, SUMO-mMIOX, udh 4.85 myo-inositol [6]

S. cerevisiae CEN.PK2-1 ~ mMIOX, udh 1.60 glucose, myo-inositol [18]

E. coli cell-free lysates mMIOX, udh 7.30 sucrose [27]

E. coli cell-free lysates udh 9.60 glucuronic acid [28]

S. cerevisiae BY4471 AtMIOX, udh 6.00 glucose, myo-inositol [8]

S. cerevisiae BY4471 AtMIOX, udh 10.85 glucose, myo-inositol This study

(2) TEABELFEA, BE 7R Ry 22 AR Chen N. Study on metabolic engineering of

. g1 A A U e oAy e e R Saccharomyces cerevisiae for production of glucaric

1Z[§B@§3f<$ﬂﬁ%7b%_ﬁgﬁ’\]fﬁi  JAET LA acid[D]. Wuxi: Jiangnan University, 2018 (in Chinese).

T WUBE MR B . AIFIR (] ve B2 A T Ak R 42 [9] Jiang L, Niu S, Clines KL, et al. Analyses of the

%%%:Eﬁ{ﬂ/ﬂﬁzfzﬁﬁﬁ R effects of Rck2p mutants on Pbs2pPP-induced toxicity
in Saccharomyces cerevisiae identify a MAP kinase
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