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Metabolic engineering of Saccharomyces cerevisiae for

production of glucaric acid
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Abstract:  Glucaric acid, a high value-added organic acid, is widely used in food, pharmaceutical and chemical industries.

For microbial production of glucaric acid in Saccharomyces cerevisiae, we constructed a synthetic glucaric acid

biosynthetic pathway by coexpressing the genes encoding myo-inositol oxygenase from mice and uronate dehydrogenase

from Pseudomonas putida. Moreover, myo-inositol-1-phosphate synthase was identified as a rate-limiting enzyme in

glucaric acid pathway and was upregulated, resulting in the production of glucaric acid of (107.51+10.87) mg/L, a 2.8-fold

increase compared to the parent strain. Then, by repressing the activity of phosphofructokinase, the concentration of

glucaric acid further increased to (230.224+10.75) mg/L. The strategy could be further used to construct cell factories for

glucaric acid production.

Keywords: glucaric acid, myo-inositol-1-phosphate synthase, phosphofructokinase, Saccharomyces cerevisiae, metabolic

engineering
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Table 1 Plasmids and strains used in this study

Name Description Source
Plasmids

pUC57-mM pUC57 carrying codon-optimized MIOX from mouse, Ap" [11]
pY26-GPD-TEF E. coli/S. cerevisiae shuttle vector, ScCURA3, 2 pm, Ap" This study
pY26 -MIOX-Udh Pepp-MIOX-Tcyc; and Prgp-Udh-Tpy; in pY26-GPD-TEF This study
pFA6a-HIS3MX6 Gene deletion vector, HIS3, Ap' [13]
pFA6a-INM1 Prpe-INMI1-Trzr in pFA6a-HIS3MX6 This study
pFA6a-INM2 Prpe-INM2-Trzp in pFA6a-HIS3MX6 This study
pFA6a-INO1 P1pr-INOI-Trzr in pFA6a-HIS3MX6 This study
YEp351 E. coli/S. cerevisiae shuttle vector, SCLEU2, 2 um, Ap" [14]
YEp351-INM1 Prpe-INMI-Trer in YEp351 This study
YEp351-INM2 Prep-INM2-Trpr in YEp351 This study
YEp351-INO1 Prgr-INOI-Trpr in YEp351 This study
YEp351-INM1-INO1 Prer-INMI-Trgr and Prgp-INOI-Trzr in YEp351 This study
Strains
S. cerevisiae CEN.PK2-1C  MATa; ura3-52; trp1-289; leu2-3,112; his3A 1; MAL2-8C; SUC2 Lab stock
S-UM S. cerevisiae CEN.PK2-1C/pY26-MIOX-Udh This study
S S. cerevisiae CEN.PK2-1C/YEp351 This study
S-INM1 S. cerevisiae CEN.PK2-1C/YEp351-INM1 This study
S-INM2 S. cerevisiae CEN.PK2-1C/YEp351-INM2 This study
S-INO1 S. cerevisiae CEN.PK2-1C/YEp351-INO1 This study
S-INM1+INO1 S. cerevisiae CEN.PK2-1C/YEp351-INM1-INO1 This study
SO S. cerevisiae CEN.PK2-1C/YEp351, pY26-MIOX-Udh This study
S-INM1-UM S. cerevisiae CEN.PK2-1C/YEp351-INMI1, pY26-MIOX-Udh This study
S-INM2-UM S. cerevisiae CEN.PK2-1C/YEp351-INM2, pY26-MIOX-Udh This study
S-INO1-UM S. cerevisiae CEN.PK2-1C/YEp351-INO1, pY26-MIOX-Udh This study
S-INM1+INO1-UM S. cerevisiae CEN.PK2-1C/YEp351-INM1-INO1, pY26-MIOX-Udh This study
S1 S-INO1-UM derivate, APFKI This study
S2 S-INO1-UM derivate, APFK2 This study
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T4 DNA
TaKaRa ( )
Thermo PCR ( 2

( )
DNA (

«C )
Sigma-Aldrich

1.2 EFE
1.2.1 LB (g/L)
10 10 5 pH
2%
1.2.2 YPD (g/L)
40 20 10 pH
1.23 SD (g/L)
Yeast Nitrigon Base 6.7 20

50 pg/mL pH
2%
1.3 BFAE
1.3.1
25 mL
YPD 250 mL 30 C
220 r/min 24 h
1.3.2
1% 50 mL
( 500 mL) YPD
96 h
1.4 733%
14.1
S. cerevisiae CEN.PK2-1C
DNA INM1-6a-F/R

® 010-64807509

INM2-6a-F/R

INM2 INOI

Pseudomonas putida KT2440

DNA TEF-Udh-F/R Udh
pUCS57-mmol/L

INO1-6a-F/R INM1

GPD-MIOX-F/R MIOX
pFA6a-His-F/R pFA6a
MIOX EcoR1 Hind IlI
pY26-GPD-
TEF Not1  Bglll
Udh

pY26-MIOX-Udh
INM1 INM2  INOI
Nhel  Xhol
pFA6a
pFA6a-INM1 pFA6a-INM2 pFA6a-INO1
pFA6a-INM1 pFA6a-INM2

pFA6a-INO1 TEF-INM1 (BamH 1 )
F/R TEF-INM2 (Hind IIT) /R TEF-INOI1 (Sam 1)
F INM1 INM2 INOI
BamH 1 Hind 1II
Sam 1
YEp351

YEp351-INM1 YEp351-INM2 YEp351-INO1
INM1 BamH 1
YEp351-INO1
YEp351-INMI1-INO1

pFA6a-HIS3MX6 Pfk1-
disrup-F/R  Pfk2-disrup-F/R PFKI
PFK2
2
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Table 2 Primers used in this study

Primers Sequences (5'-3")
GPD-MIOX-F CCGGAATTCATGAAGGTCGACGTAGGTCCAGATC
GPD-MIOX-R CCCAAGCTTTTACCAGGACAGAGTGCCAGGG
TEF-Udh-F ATAAGAATGCGGCCGCATGACCACTACCCCCTTCAATCG
TEF-Udh-R GGAAGATCTTTAGTTGAACGGGCCGGCCACG
pFA6a-His-F GCATGCTAGCGAGTACTGACAATAAAAAGATTCTTG
pFA6a-His-R GTACCTCGAGGGTTGTTTATGTTCGGATGTG
INM1-6a-F CCGCTCGAGATGACCATTGATCTAGCTTCTATCG
INM1-6a-R GCATGCTAGCTCAGTCATATTTCAAATGGCC
INM2-6a-F CCGCTCGAGATGGTATTAACGAGGCAAGTAC
INM2-6a-R GCATGCTAGCTTAGTATTCTAACTCACCCGC
INO1-6a-F CCGCTCGAGATGACAGAAGATAATATTGCTCCA
INO1-6a-R GCATGCTAGCTTACAACAATCTCTCTTCGAATCT

TEF-INM1(BamH | )F
TEF-INM1(BamH [ )R
TEF-INM2(Hind III)F
TEF-INM2(Hind TII)R
TEF-INO1(Sam 1 )F
TEF-INO1(Sam I )R
Pfk1-disrup-F

Pfk1-disrup-R
Pfk2-disrup-F

Pfk2-disrup-R

CGGGATCCCGCCAGATCTGTTTAGCTTG
TCGGATCCCTGGATGGCGGCGTTAGTATC
CGCAAGCTTCGCCAGATCTGTTTAGCTTG
CCCAAGCTTCTGGATGGCGGCGTTAGTATC
TCCCCCGGGCGCCAGATCTGTTTAGCTTG
GTACCCGGGCTGGATGGCGGCGTTAGTATC
ATGCAATCTCAAGATTCATGCTACGGTGTTGCATTCAGATCTATCATCACGACATG
GAGGCCCAGAATACCCTC
TCATTTGTTTTCAGCGGCTAAAGCGGCTACCTCAGCTCTCAACTTTAATCTGGATG
GCGGCGTTAGTATCG
ATGACTGTTACTACTCCTTTTGTGAATGGTACTTCTTATTGTACCGTCACGACATGG
AGGCCCAGAATACCCTC
TTAATCAACTCTCTTTCTTCCAACCAAATGGTCAGCAATGAGTCTGGTAGTGGATG
GCGGCGTTAGTATCG

Underlined letters are restriction enzyme cut sites.

142 2 BREMI
LiAc/SSDNA/PEG 1
D 2.1 EREEBESHEEE_BRSNRENHE
PCR
1.4.3 I
HPLC 1
[10] HPLC 5 mmol/L 3
Aminex HPX-87H (Bio-Rad INOl INMI  INM2
USA) 0.5 mL/min 55 C 10 uL (MIOX) (Udh)
210 nm pY26-MIOX-Udh MIOX
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Udh S. cerevisiae HPLC
CEN.PK2-1C S-UM ( 2A) 9.154 min
S. cerevisiae C=1.761 65+7.954 9 (C
96 h GA mg/L S )
HPLC HPLC R=0.995 S-UM
2B (28.2843.15) mg/L
Glucose

!

INOI .
Glucose-6-phosphate D-myo-inositol-3P
N INMI/INM2
Fructose-6-phosphate Pentose phosphate pathway D-myo-inositol
S
l ) Remainder of inositol # Miox
Fructose-1,6-bisphosphate phosphate metabolism  D-glucuronate
|
Udh
Remainder of glycolysis D-glucaric acid

!

D-glucaric acid

1 REERGHATERSMERE
Fig. 1 The biosynthetic pathway of GA in S. cerevisiae. The native pathways are in black while the heterologous GA
biosynthetic pathway is in red.
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2 FER_BRRERMELEEXERE HPLC
Fig. 2 HPLC chromatogram of the standard sample and the product from recombinant S. cerevisiae. (A) GA. (B)
The product from S-UM.
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HE_BRAS M

MIOX [16]

[17-18]

1 INO1
6- 3- INM1
INM2  3-
INOI INMI1  INM2
INOI
INM1 INM2 S-INO1-UM

S-INM1-UM S-INM2-UM SO

3 S0

S-INO1-UM 96 h

(107.51+10.87) mg/L S0
3.8 INOI

S-INM1-UM  S-INM2-UM

INOI

INMI  INM2
(INM1/INM2) 3-

INM1
INOI S-INO1+INM1-UM
S-INO1-UM
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Fig. 3 Effect of overexpression of inositol biosynthetic
pathway genes on GA production.
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6-
PFKI  PFK2
o p

6- [20-21]
PFKI  PFK2 PFK1
PFK2 S-INO1-UM
S1 S2 4 SlI

S2 PCR
SI S2 96 h
5 PFKI  PFK2

(230.22+10.75) mg/L  (178.99+9.21) mg/L

S1 S2 PFK1
a B
[20] S1
S2
kb
4
2

4 PFKI1/PFK2 £ERMREKNEE
Fig. 4 Identification of PFK1/PFK2 mutant S. cerevisiae.
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Fig. 5 Effect of PFKI/PFK2 deletion on the GA
production.
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