
Table S1 The primers used in this study.
Primers Sequence (5’-3’) Function

XDH F cggttgagcatccgttgatttccgaaccatatgagagaccgggttggcggcgtatttgt ssXDH 
expression

XDH R aaatacgccgccaacccggtctctgtttaaacaaacccaaaagggccgaaggctgg cassette for 
pUC-X

XR F cagccttcggcccttttgggtttatttaaatagagaccgggttggcggcgtattt ssXR 
expression

XR R gcaggacatcctactgcgtcgcggccgcgcaaattaaagccttcgagcgtcc cassette for 
pUC-X

XK F ggacgctcgaaggctttaatttgcgcggccgcgtttaaacagagaccgggttggcggcg ylXK 
expression

XK R cgtggggacaggccatggaggtacccccaagcttttatttctccaggcaggcgttttcg cassette for 
pUC-X

TEF F tagcatacattatacgaagttatacgcgtagagaccgggttggcggcgtatttgt
ICL-TEF 

R cttggttgaggttagcagcacccatctgcggttagtactgcaaaaagtgctg ICL 
expressoin

ICL F cagcactttttgcagtactaaccgcagatgtccgaacagcagcgattcaaca cassette for 
pUC-I

ICL R ggcaacgtggggacaggccatggaggtaccttaaagcttggacttgaactggtcc
AMPD-
TEF R tgatatccattgcttgctgcggcatctgcggttagtactgcaaaaagtgctg AMPD 

expression

AMPD F cagcactttttgcagtactaaccgcagatgccgcagcaagcaatggatatca cassette for 
pUC-A

AMPD R ggcaacgtggggacaggccatggaggtaccttaaccatgcagccgctcaaactcc
YHMP-
TEF R cttggttgaggttagcagcacccatctgcggttagtactgcaaaaagtgctg YHMP 

expression

YHMP F tgagcgacctgttggtaagcactagcactggccggtcgataatttaacgt cassette for 
pUC-Y

YHMP R ccgtttacccgcgcgcttggttgaatttgaattcaaacccaaaagggccgaaggctggg
Cit1-TEF 

R cacgggcggttcgaagagggatcatctgcggttagtactgcaaaaagtgctg Cit1 
expression

Cit1 F cagcactttttgcagtactaaccgcagatgatccctcttcgaaccgcccgtg cassette for
CIT R gcaacgtggggacaggccatggaggtaccttatttggcgaccttaata pUC-C1

Cit2-TEF 
R acggcgggacgaatagcagaaatcattttgaatgattcttatactcagaaggaaatg Cit2 

expression
Cit2 F tgagtataagaatcattcaaaatgatttctgctattcgtcccgccgttcgatctt cassette for
Cit2 R agcgtgacataactaattacatgacctaggttagagcttgaggccaacgagctca pUC-C2

1-AMP F tgtagctctaacaacgagagtgagatgtgtatcgaatttaaatagcttggcgtaatcat
1-AMP R acgcctccatctatagattccccctgtggccctgtatttaaataattcactggccgtcg DGA1 gene
DGA1UP 

F acgttgtaaaacgacggccagtgaattatttaaatacagggccacagggggaatctata knockout 
cassette

DGA1UP 
R atgcaccactggaagatccgggaattcgtttaaacagcttttgttttgtgtgacttgtc for pUC-

ΔDGA1-
DGA1DN 

F gaacagcttaattaaggtaccaagcttgcggccgcggaaaactgcctgggttaggcaaa HUH

DGA1DN 
R cagctatgaccatgattacgccaagctatttaaattcgatacacatctcactctcgttg

2-AMP F actccgtttccaatcagcaccgaggccaactcgtaatttaaatagcttggcgtaatcat
2-AMP R tcgtagagcagtttcagctcgtactcgcacgatccatttaaataattcactggccgtcg DGA2 gene
DGA2UP 

F gacgttgtaaaacgacggccagtgaattatttaaatggatcgtgcgagtacgagctgaa knockout 
cassette

DGA2UP 
R atgcaccactggaagatccgggaattcgtttaaactttgcgggcggtacgggtacagcg for pUC-

ΔDGA2-
DGA2DN 

F gaacagcttaattaaggtaccaagcttgcggccgccataacactcatcagtagccttta HUH

DGA2DN cagctatgaccatgattacgccaagctatttaaattacgagttggcctcggtgctgatt
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R
A-AMP F agctccaggctctcgatagactccatttaaatagcttggcgtaatcatggtcatagct
A-AMP R agactctctggtgcataccatctgcaatttaaataattcactggccgtcgttttac ACL gene

ACLUP F cgttgtaaaacgacggccagtgaattatttaaattgcagatggtatgcaccagagagtc knockout 
cassette

ACLUP R caccactggaagatccgggaattcgtttaaacgtctgatgaggtgagttaaggggga for pUC-
ΔACL-

ACLDN F gaacagcttaattaaggtaccaagcttgcggccgcatctagggtgatagaatatatag HUH
ACLDN R ctatgaccatgattacgccaagctatttaaatggagtctatcgagagcctggagct
S-AMP F actccgtttccaatcagcaccgaggccaactcgtaatttaaatagcttggcgtaatcat

S-AMP R tcgtagagcagtttcagctcgtactcgcacgatccATTTAAATaattcactggccgt
cg

SCFUP F ttgtaaaacgacggccagtgaattatttaaatgacactggtgtccatgcagcatga ylSCF gene

SCFUP R cactggaagatccgggaattcgtttaaactttgagagtgtatgagttgtgag knockout 
cassette

SCFDN F gcttaattaaggtaccaagcttgcggccgctcggatcccatccgattttggc for pUC- 
ylSCF -

SCFDN R ctatgaccatgattacgccaagctatttaaatagatcgtcagcctcgtcctccc HUH
A2-TEF F cttaattaaggtaccaagcttgcagagaccgggttggcggcgt
Yht1-TEF 

R gttgatgatgttagcgagtcccatctgcggttagtactgcaaaa

Yht1 F gcagtactaaccgcagatgggactcgctaacatcatcaaccgtg Yht1 
expression

Yht1 R ggcaacgtggggacaggccatggactagacagactcaatgtaga cassette for
Yht-XPR 

F ttgagtctgtctagtccatggcctgtccccacgttgccggtctt pUC-Y1

A2-XPR 
R ttacgcagccggatcttaattaaggacacgggcatctcacttgcg

Yht2-TEF 
R aaatacagccacaataatggccatctgcggttagtactgcaaaa

Yht2 F tttgcagtactaaccgcagatggccattattgtggctgtatttgtggcttttgga Yht2 
expression

Yht2 R gcaagaccggcaacgtggggacaggccatggactaatccgaatcaaatccagaat cassette for
Yh2-XPR 

F ttgattcggattagtccatggcctgtccccacgttgccggtctt pUC-Y2

Yht3-TEF 
R gtcggtcatagcactagtggacatctgcggttagtactgcaaaa

Yht3 F gcagtactaaccgcagatgtccactagtgctatgaccgacgatt Yht3 
expression

Yht3 R caacgtggggacaggccatggactaagaggactcggagaagt cassette for
Yh3-XPR 

F ccgagtcctcttagtccatggcctgtccccacgttgccggtc pUC-Y3

Yht4-TEF 
R ttgagaaagacaaagcctcgccatctgcggttagtactgcaaaa

Yht4 F gcagtactaaccgcagatggcgaggctttgtctttctcaaacgg Yht4 
expression

Yht4 R ggggacaggccatggattaaacagtctcggtgtactgaggatg cassette for
Yh4-XPR 

F tcagtacaccgagactgtttaatccatggcctgtccccacgttg pUC-Y4

Yht5-TEF 
R ggtaggggttatggaccttgtacatctgcggttagtactgcaaaaa

Yht5 F gcagtactaaccgcagatgtacaaggtccataacccctacctca Yht5 
expression

Yht5 R tggggacaggccatggattagacatgctcagttccaggatactg cassette for
Yh5-XPR 

F tcctggaactgagcatgtctaatccatggcctgtccccacgttg pUC-Y5

Yht6-TEF ggttaatttgagcgtttccaatcatctgcggttagtactgcaaaaa



R

Yht6 F gcagtactaaccgcagatgattggaaacgctcaaattaaccagg Yht6 
expression

Yht6 R gtggggacaggccatggattacaattgagagggaggggcgtc cassette for
Yh6-XPR 

F cccctccctctcaattgtaatccatggcctgtccccacgttgcc pUC-Y6

Hxk1-TEF 
R ttttcggggaccaagatgaaccatctgcggttagtactgcaaaaa

Hxk1 F gcagtactaaccgcagatggttcatcttggtccccgaaaacccc Hxk1 
expression

Hxk1 R ggggacaggccatggactaaatatcgtacttgacaccgggctt cassette for
Hxk1-
XPR F cggtgtcaagtacgatatttagtccatggcctgtccccacgttg pUC-Y6

E3-FBA F caccactgcactaccactacacccatatggtacgtagcaacaacagtgtac
pfk-FBA 

R gaacaggtgcctgaggtggagccattgtgtgatgtgtagtttaga

pfk F agattcgaaatctaaactacacatcacacaatggctccacctcaggcacctgttc PFK1 
expression

pfk R aagcgtgacataactaattacatgagtcgtagtgtcggcacagacctgga cassette for
pfk-cyc F ctttccaggtctgtgccgacactacgactcatgtaattagttatgtca pUC-PFK

cyc R gttcatgcaccactggaagatccgggaattcgcaaattaaagccttcgagcgtccc



Table S2 Sugar and typical inhibitors contents in DLCA(sa) corn stover hydrolysates at different solid loading.
Sugar concentrations (g/L) Inhibitors concentrations (g/L)Solid 

loading Glucose Xylose Formic acid Levulinic acid Furfural HMF2 Acetic acid Phenols

25% 88.1±1.2 54.9±0.7 0.47±0.01 1.54±0.02 N.D1 0.72±0.03 2.83±0.06 0.92±0.01

30% 100.4±0.4 60.0±1.1 0.57±0.05 1.83±0.02 N.D1 0.91±0.05 3.40±0.02 1.15±0.06

35% 121.1±1.3 74.8±0.02 0.64±0.03 1.91±0.06 N.D1 1.10±0.08 3.86±0.07 1.38±0.04

1. N. D data not detected
2. Hydroxymethylfurfural



Fig. S1 Isocitric acid production of the engineered strain. 



Fig. S2 The effect of deleting DGA1, DGA2, ACL genes on the sugar consumption and 
OD600 of the strain BZ-IY.



Fig. S3 The effect of overexpression different glucose transporter genes to the sugar 

consumption rate and citric acid production and in strain BZ-Δ12S.

    


