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Abstract: Glycolic acid is an important industrial compound. To improve glycolic acid yield, we knocked out IdhA (lactate
dehydrogenase) in Escherichia coli MG1655 (DE3) to get the strain Mgly1. Then, we regulated expression levels of isocitrate
lyase (aceA), glyoxylic acid reductase (ycdW) and isocitrate dehydrogenase kinase/phosphorylase (aceK) that are key enzymes
of glycolate synthesis pathway. The yield of glycolic acid increased to 0.326 g/g glucose (38.3% of the theoretical yield) by
overexpressing citrate synthase (gltA). Then we knocked out glcB and aceB (malate synthase) in Mglyl. The engineering strain
Mgly335 was obtained and the yield of glycolic acid reached 0.522 g/g glucose (61.4% of the theoretical yield).
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-80 C
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50 mL M9 37°C 200 r/min
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(L mmol/L IPTG 250 pg/L )
4-6 h HPLC
3
3
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37 'C 200 r/min
1% 60 mL LB
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2% 5L (
3L) 400 r/min

lvvm 2 mol/L NaOH pH 7.0
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Tablel Strainsand plasmidsused in this study

Name Relevant genotype Reference
Strains
MG1655(DE3)
Mglyl MG1655(DE3)AldhA This study
Mgly2 MG1655(DE3)AldhA AglcB This study
Mgly3 MG1655(DE3)AldhA AglcB AaceB This study
Mgly1l Mgly1 carrying pJNU-1 This study
Mgly12 Magly1 carrying pJNU-2 This study
Mgly134 Mgly1 carrying pJNU-3 and pJNU-4 This study
Mgly135 Mgly1 carrying pJNU-3 and pJNU-5 This study
Mgly335 Mgly3 carrying pJNU-3 and pJNU-5 This study
Plasmids
pCOLADuet-1 CloDF13 ori, lacl, T7lac, Kan® YouBio
PRSFDuet-1 RSF ori, lacl, T7lac, Kan® YouBio
pCDFDuet-1 CloDF13 ori, lacl, T7lac, Strep® YouBio
pHHDO1K p15 ori, tetR, Ptet, Kan® [11]
pINU-1 PCOL ADuet-1harboring ycdW and aceA-aceK from E. coli MG1655, Kan® This study
pGLY -2 pHHDO1K harboring the genes ycdW, aceA and aceK from E. coli MG1655 in
an artificial operon, similar in structure to the aceBAK operon, Kan® [11]
pINU-2 PRSFDuet-1 harboring ycdW and aceA-aceK from pINU-1, Kan® This study
pINU-3 PHHDO1K harboring aceA-aceK from pGLY-2, Amp® This study
pINU-4 PCDFDuet-1 harboring ycdW from E. coli MG1655, Strep® This study
pINU-5 PCDFDuet-1 harboring ycdW and gltA from E. coli MG1655, Strep® This study
pKD4 oriR6Ky, km®, rgnB (Ter) [12]
pK D46 araBp-gam-bet-exo, bla (ApF), repA101 (ts), oriR101 [12]
pCP20 ApR, CmR, FLP recombinance oriR6Ky, kmR, rgnB (Ter) [12]
1.3 EHRKNE pCOLDuet-1 2h PCR
pINU-1
MG1655 (DE3) T4 DNA
pINU-1-ycdW F  pINU-1-ycdW R 16 C 8-10 h
PCR yedw 19 37 ¢ 100 pL IM109
Nde I Xho I PCR 30min 42°C 90s 1mLLB
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37 C 1h
(50mg/L) 37 C veri-pJNU-1 F
veri-pJNU-1 R PCR
LB
12-16h Nde I
Xho | Nco |
EcoR | 37 C 2 h Nco [
EcoRI 37T PCR aceAK
2h Xho I
EcoR 1 ( )
pINU-2 Ncol Xhol
pINU-1 (4 356 bp)
ycdW aceAK Ncol Xhol
pRSFDuet-1
pINU-1
pINU-3 pGLY-2
pINU-3 F  pJNU-3 R PCR
aceAK (3319 bp)
aecAK EcoR I BamH I
pGLY-2!%% (3592 bp)
Gibson [13] pINU-3
pINU-1 2
pINU-4 NdelI Xhol
pINU-1 (941 bp)
ycdW Ndel Xhol pCDFDuet-1
pINU-4 pINU-1
2
pINU-5
PCR gltA BamH I
Hind III PCR
BamH I Hind III
pINU-4
pJNU-1

& 010-64807509

2

1.4 TEEEH MG1655(DE3) HIKiE
A-Red [12] IdhA (
) glcB aceB ( ) PCR
2
pKD4
ko-ldhA R
39bp 2
pK D46
(DE3) LB 30 C
1% 50mL LB
100 mg/L 10 mmol/L
30 C ODgp0=0.4-0.6 pKD46
3 30 min 5000 r/min
1 10%
2 500 uL
00uL -80°C
10 uL 100 pL
0.1cm
1mL LB

ko-ldhA F
FRT
MG1655

37°TC 1lh
35mg/L) 37 C PCR
( veri-ldhAF  veri-ldhA R)
pCP20 30 C
8h 37 C FRT

PCR

glcB  aceB

15 R~ ES8N
1mL 12 000 r/min
0.22 um HPLC (Rigol)
AminexHPX-87H
5 mmol/L
50 C
[10]

5min

(Bio-rad, USA)

0.6 mL/min 20 puL
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Table2 List of DNA oligo nucleotide primers used in the cloning of genes and for gPCR

Primer name

Sequence (5'-3")

pINU-1-ycdW F

TAAAAACATATGATGGATATCATCTTTTATCA

(Nde )
pINU-1-ycdW R TAAAAACTCGAGTTAGTAGCCGCGTGCG
(Xho )
pINU-1-aceAK F TAAAAACCATGGGCATGGAGCATCTGCAC
(Nco )
pINU-1-aceAK R TAAAAAGAATTCTCAAAAAAGCATCTCCCCATAC
(EcoR )
pINU-3 F AGGTTTCTCCATACCCGTTTTTTTGGGCTAGCGAATTCCAACGCTTTTCGGGAGTCAGT

ATGAAAACCCGTACACAACAAATTG

pINU-3 R AAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCTCAAAAAAGCATCTCCCCATACCG
pINU-5 F TTAGGATCCAAGGAGATATAATGGCTGATACAAAAGCAAA
(BamH )
pINU-5 R CGCAAGCTTTTAACGCTTGATATCGCTTTTA
(Hind )
veri-pJNU-1 F CAGCCAGGATCCGAATTCGA
veri-pJNU-1 R TTGACTACCGGAAGCAGTGTG
veri-pGLY-2 F TGATGTCGGCGATATAGGCG
veri-pGLY-2 R ATTTCCCGTAGCCACTCGAC
veri-pJNU-2 F TCCCTTATGCGACTCCTGCA
veri-pJNU-2 R GTGTGACCGTGTGCTTCTCA
veri-pJNU-3 F GTGGGCGAGTTTACGGGTTGTTA
veri-pJNU-3 R GCGTTCACCGACAAACAACAGATA
veri-pJNU-4 F AGCAGCCATCACCATCATCACCA
veri-pJNU-4 R CAAGGTAGTCGGCAAATAATGTCT
ko-ldhA F ATGAAACTCGCCGTTTATAGCACAAAACAGTACGACAAGGTGTAGGCTGGAGCTGCTTC
ko-ldhA R TTAAACCAGTTCGTTCGGGCAGGTTTCGCCTTTTTCCAGATGGGAATTAGCCATGGTCC
ko-glcB F ATGAGTCAAACCATAACCCAGAGCCGTTTACGCATTGACGTGTAGGCTGGAGCTGCTTC
ko-glcB R TTTTTCGCGTAAACGCCAGGCGTGTAATAACGGTTCGGTATGGGAATTAGCCATGGTCC
ko-aceB F TCGGAAACAGCTTCCATTCGCGATGCTGATTGGAAAATTGTGTAGGCTGGAGCTGCTTC
ko-aceB R CTGGCGGAACAAGGCTTTGGTCACCGGTTTGCCATTGCTATGGGAATTAGCCATGGTCC
veri-ldhA F CGTCATCAGCAGCGTCAACGGCACAA
veri-ldhA R CCATTAGACAGTTTGCCTTCACC
veri-glcB F GGGCGTCGTGAAACTAAGGGCTAT
veri-glcB R TGTAATAAGCAAAAGAGGACTGAACTG
veri-aceB F AAGCGATTCAGCACCTTACCTCA
veri-aceB R CCATCCCGACAGATAGACTGCTTC

“__ " indicates the cleavage site of restriction endonuclease, and “__" represents the homologous arm of gene.
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Fig. 1 Glycolate synthesis pathway in Escherichia coli. GLC: glucose; PYR: pyruvate; CIT: citric acid; AKG:
a-ketoglutaric acid; SUCC: succinyl-COA; SUC: succinate; FUM: fumaric acid; MAL: malate; OAA: oxaloacetate;

GLY X: glyoxylate.
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5% SDS-PAGE

Mglyll Mglyl2
( 2
¥ Martin 12 pTet
3 (ycdwW
aceA aceK) 14 g/lL
pTet
(aceh) /
(aceK) pINU-3 (pHHDO1K-aceAK)
pINU-4 (pCDFDuet-1-ycdW) Mglyl
Mgly134
(1.602+0.195) g/L (0.24+0.030) g/g
( 28.2%) Mglyll 20%
212 TCA
(9ltA)
A
A
[21-22] Mgly134
[(1.051+0.207) g/L]
TCA A
gltA
pINU-5 (pCDFDuet-1-ycdW-gltA)
pINU-3 (pHHDO1K-aceAK) Mglyl
Mgly135 3
(2.058+0.144) g/L
(0.326+0.023) g/g ( 38.3%)
Mgly134 35.8%
( 3
pTet
(aceh) /
(aceK) T7
(yedWw)
T7 3
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Fig. 2 Comparison of target proteins in different
recombinant strains by SDS-PAGE. M: marker; 1: Mgly1,;
2: Mglyll; 3: Mglyl12; 4: Mgly134; 5: Mgly135; 6:
Mgly335. Glyoxylate reductase reductase (ycdW):
35.4 kDag; Isocitrate lyase (aceA): 47.5 kDa
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Fig. 3 Fermentation results of Mgly335 in shaked flask.
Analysis of the cell growth and production of glycolate
and acetate of Mgly135 were shown in the figure. And
the abscissa means to time after induction.
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Fig. 4 Comparison of glycolic acid production in
various metabolite strains. Strains were cultivated in
shake flasks with fermentation medium. Final glycolate
yield and production of various metabolite strains was
displayed using histogram and line chart respectively.
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Fig. 5 Confirming correct knockout of genes by colony
PCR. Confirming correct knockout of IdhA was shown in
lane 1 and 2. 1: MG1655(DE3) (1 618 bp); 2: MG1655(DE3)
AldhA (809 bp). Confirming correct knockout of glcB was
shown in lane 3 and 4. 3: MG1655(DE3) AldhA (2 705 bp); 4:
MG1655(DE3) AldhAAgIcB (2 029 bp). Confirming correct
knockout of aceB was shown in lane 5 and 6. 5:
MG1655(DE3) AldhAAgIcB (2 156 bp); 6: MG1655(DE3)
AldhAAglcBAaceB (1 097 bp).
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Fig. 6 Fermentation results of Mgly335 in shaked flask.
Analysis of the cell growth and production of glycolate
of Mgly335 were shown in the figure. The yield of
glycolic acid of Mgly335 reached 0.522 g/g glucose,
which was up to 61.4% of the theoretical maximum yield
from glucose of 0.85 g/g glucose. And the abscissa means
to time after induction.
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400 r/min 1vvm 2 mol/L
NaOH pH 7.0
37°C ODgyo 0.8
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Fig. 7 The results of Mgly335 in batch fermentation.
Analysis of the cell growth and production of Mgly335in
a5 L bioreactor. The production of glycolic acid reached
3.888 g/L with 0.474 g/g glucose yield in batch
fermentation and 11.909 g/L with 0.496 g/g glucose in
fed-batch, which were shown in A and B respectively.
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