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1 Primers were amplified from the genomic DNA of C.glutamicum ATCC13032 about EMP
and HMP pathway related enzyme genes.

Table S1. Primers used for E.coli BL21 expression plasmid construction.

Name Sequence(5′-3′) Gene

E1-glk-F GCCATCATCATCATCATCACATGCCACAAAAACCGGC
Cgl2185

E1-glk-R TTAGCAGCCGGATCTCACTAGTTGGCTTCCACTACAG

E2-gpi-F GCCATCATCATCATCATCACATGGCGGACATTTCGACCAC
Cgl0851

E2-gpi-R TTAGCAGCCGGATCTCACTACCTATTTGCGCGGTACCA

E3-pfk-F GCCATCATCATCATCATCACATGCGAATTGCTACTCTCACG
Cgl1250

E3-pfk-R TTAGCAGCCGGATCTCACTATCCAAACATTGCCTGGGC

E4-fba-F GCCATCATCATCATCATCACATGCCTATCGCAACTCCCG
Cgl2770

E4-fba-R TTAGCAGCCGGATCTCATTACTTAGAGGTGGTCTTTCCAAC

E5-tpi-F GCCATCATCATCATCATCACATGGCACGTAAGCCACTTATC
Cgl1586

E5-tpi-R TTAGCAGCCGGATCTCATTAAGCAACGCTCGCAGCG

E6-gapdh-F GCCATCATCATCATCATCACGATACCATTCGTGTTGGTAT
Cgl0937

E6-gapdh-R TTGTTAGCAGCCGGATCTCATTAGAGCTTGGAAGCTACGA

E7-pgk-F GCCATCATCATCATCATCACATGGCTGTTAAGACCCTCAAGG
Cgl1587

E7-pgk-R TTAGCAGCCGGATCTCATTACTGAGCGAGAATTGCAACG

E8-pgma-F GCCATCATCATCATCATCACATGACTAACGGAAAATTGATTCTTCTTCG Cgl0402
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E8-pgma-R TTAGCAGCCGGATCTCACTACTTATTACCCTGGTTTGCTACTGC

E9-eno-F GCCATCATCATCATCATCACGTGGCTGAAATCATGCACGT
Cgl0974

E9-eno-R TTGTTAGCAGCCGGATCTCATTAGCCCTGAAAGCGTGGGA

E10-pyk-F GCCATCATCATCATCATCACATGGGCTGGGATAGACGAAC
Cgl2089

E10-pyk-R TTGTTAGCAGCCGGATCTCATTAGAGCTTGCAATCCTTG

H1-zwf-F GCCATCATCATCATCATCACGTGAGCACAAACACGACCCC
Cgl1576

H1-zwf-R TTGTTAGCAGCCGGATCTCATTATGGCCTGCGCCAGGTGT

H2-devB-F GCCATCATCATCATCATCACATGGTTGATGTAGTACGCGC
Cgl1578

H2-devB-R TTGTTAGCAGCCGGATCTCATTAGAGATTTCCTGCAGCAT

H3-gnd-F GCCATCATCATCATCATCACATGCCGTCAAGTACGATCAA
Cgl1452

H3-gnd-R TTGTTAGCAGCCGGATCTCATTAAGCTTCAACCTCGGAGC

H4-rpi-F GCCATCATCATCATCATCACATGCGCGTATACCTTGGAGC
Cgl2423

H4-rpi-R TTGTTAGCAGCCGGATCTCATTATTCGTTAGGAACGACAG

H5-rpe-F GCCATCATCATCATCATCACATGGCACAACGTACTCCACT
Cgl1598

H5-rpe-R TTGTTAGCAGCCGGATCTCATTACTGCGCGAGTGCTCGCA

H6-tkt-F GCCATCATCATCATCATCACTTGACCACCTTGACGCTGTC
Cgl1574

H6-tkt-R TTGTTAGCAGCCGGATCTCATTAACCGTTAATGGAGTCCT

H7-tal-F GCCATCATCATCATCATCACATGTCTCACATTGATGATCT
Cgl1575

H7-tal-R TTGTTAGCAGCCGGATCTCACTACTTCAGGCGAGCTTCCA

Table S2. Primers used for P.pastoris X33 expression plasmid construction.

Name Sequence(5′-3′) Gene

E3-pfk-F′ AGAAAAGAGAGGCTGAAGCTGAATTCCGAATTGCTACTCTCACGTC
Cgl1250

E3-pfk-R′ GTTTTTGTTCTAGAAAGCTGGCGGCCGCTCCAAACATTGCCTGGGCAG

E4-fba-F′ AGAAAAGAGAGGCTGAAGCTGAATTCCCTATCGCAACTCCCGAGGT
Cgl2770

E4-fba-R′ GAGTTTTTGTTCTAGAAAGCTGGCGGCCGCCTTAGAGGTGGTCTTTCC

E7-pgk-F′ GCCATCATCATCATCATCACATGGCTGTTAAGACCCTCAAGG Cgl1587
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E7-pgk-R′ TTAGCAGCCGGATCTCATTACTGAGCGAGAATTGCAACG

E9-eno-F′ AGAAAAGAGAGGCTGAAGCTGAATTCGTGGCTGAAATCATGCACGT
Cgl0974

E9-eno-R′ GAGTTTTTGTTCTAGAAAGCTGGCGGCCGCGCCCTGAAAGCGTGGGAATG

H3-gnd-F′ AGAAAAGAGAGGCTGAAGCTGAATTCCCGTCAAGTACGATCAATAAC
Cgl1452

H3-gnd-R′ GAGTTTTTGTTCTAGAAAGCTGGCGGCCGCAGCTTCAACCTCGGAGCGGTC

2 Enzyme activity assays

Unless otherwise stated, PBS (NaCl 137mM, KCl 2.7mM, Na2HPO4 10mM, KH2PO4 2mM, pH 7.4)
was used as the buffer solution, the reaction temperature was 37℃, the reaction volume was 100µl,
and fit to the Michaelis-Menten equation in Origin 9.0 software.

Glucokinase (GLK, EC: 2.7.1.2): The activity of GLK was determined in triplicate using a coupled
reaction. The reaction mixture contains 100 mM PBS buffer, MgCl2 0.5 mM, NAD(P)+ 0.4 mM,
glucose-6-phosphate dehydrogenase 2 U/mL, ATP 0.02-2.5 mM, or glucose 0.2-50 mM, reaction 10
min at 37℃, the production of ADP at 340 nm was measures (Milanes et al.,2019).

Glucose-6-phosphate isomerase (GPI, EC:5.3.1.9): The activity of GPI was measured with the
spectrophotomer in a coupled assay, with NAD(P)H formation measured at OD340 nm . The reaction
mixture contained 100 mM PBS buffer, 1.25 mM NAD(P)+, 0.2-12 mM fructose 6-phosphate, and 25
U glucose 6-phosphate dehydrogenase(Mathur et al.,2005;Rudolph et al.,2004).

6-phosphofructokinase (PFK, EC:2.7.1.11): The activity of PFK was measured
spectrophotometrically by coupling with the auxiliary enzymes pyruvate kinase (PK) and lactate
dehydrogenase (LDH). PFK catalyzes fructose-6-phosphate and ATP to generate fructose-
diphosphate and ADP. Pyruvate kinase and lactate dehydrogenase also catalyze NAD(P)H oxidation
to in turn generate NAD(P)+, and PFK activity can be reflected by measuring the rate of NAD(P)H
removal at 340 nm. The assay mixture consisted of 100 mM PBS buffer, 2.0 mM MgSO4, 5.0 mM
KCl, 0.728 mM PEP, 10 mM F-6-P, 1.0 mM ATP, 0.25 mM NAD(P)H, 0.35 U PK, 0.5 U LDH, and
appropriate amounts of PFK (Le SB et al.,2017).

Fructose-bisphosphate aldolase(FBA, EC:4.1.2.13): Conditions of measurement aldolase activity:
100 mM PBS buffer, 1 mM FBP, 10 mM EDTA, 2 mg/ml α-glycerophosphate dehydrogenase, 2
mg/ml triose phosphate isomerase, 100 µg/ml BSA, 0.15 mM NAD(P)H and 10 µl purified enzyme
extract; the change in NAD(P)H at 340 nm was determined using a spectrophotometer (Dawson et
al.,2013).

Triosephosphate isomerase(TPI, EC:5.3.1.1): The activity of TPI was measured in the direction of
conversion of Dihydroxyacetone phosphate (DHAP) conversion to glyceraldehyde 3-phosphate
(GAP). The reaction was coupled with 100 mM dibasic sodium phosphate, 100 mM sodium
dihydrogen phosphate, 0.2-20 mM dihydroxyacetone phosphate, 5mM NAD(P)+, TPI 10 U/ml,
monitored the change in NAD(P)H concentration at 340 nm(Mathur et al.,2006).

Glyceraldehyde 3-phosphate dehydrogenase(GAPDH, EC:1.2.1.12): GAPDH catalyzes the
conversion of glyceraldehyde-3-phosphate to 1,3-bisphosphoglycerate in conjunction with the

https://www.kegg.jp/entry/2.7.1.11
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reduction of NAD(P)+. The reaction mixture contains 100 mM PBS buffer, MgCl2 0.5 mM, NAD(P)+
5 mM, GAPDH 7.59 μg/ml, glyceraldehyde 3-phosphate 0.05-5 mM, and monitors the change in
NAD(P)H concentration at 340 nm (Sangolgi et al.,2016).

Phosphoglycerate kinase (PGK, EC:2.7.2.3): The activity of PGK was determined using a coupled
reaction. The reaction mixture contains 100 mM PBS buffer, MgCl2 4 mM, MgSO4 5 mM, EDTA 1
mM, DTT 1 mM, NAD(P)H 0.2 mM, ATP 1 mM, GAPDH 4 U/mL, D-3-phosphoglyceric acid
disodium salt 0.05-5 mM, and monitor the change in NAD(P)H concentration at 340 nm (Shang et
al.,2021).

Phosphoglycerate mutase (PGMA, EC:5.4.2.11): The activity PGMA was determined using a
coupled reaction. The reaction mixture consisted of 100 mM PBS buffer, MgCl2 4 mM, enolase 5
U/mL, 3-phospho-D-glycerate 0.5-10 mM, and the change of NAD(P)H concentration was measured
at 340 nm (Guo,2010).

Enolase (ENO, EC:4.2.1.11): The of activity ENO was measured from the formation of PEP from
2-PGA by observing the increase in absorbance PEP at 240 nm. The reaction mixture contained 100
mM PBS buffer, 1.5 mM MgCl2, 0.01-2 mM 2-PGA (Cayir et al.,2014).

Pyruvate kinase (PYK,EC:2.7.1.40): The activity of PYK was measured by an LDH coupled
enzyme assay, The reaction mixture contained 100 mM PBS buffer, 100 mM KCl, 5 mM MgCl2, 1
mM ADP, 0.5 mM PEP, 0.2 mM NADH, 8 U of LDH, and the change of NAD(P)H concentration
was measured at 340 nm (Wiese et al.,2021).

Glucose-6-phosphate dehydrogenase (ZWF， EC:1.1.1.49/1.1.1.363): Glucose-6-phosphate and
NAD(P)+ are formed by the action of glucose-6-phosphate dehydrogenase to produce gluconic acid
6-phosphate and NAD(P)H, the latter having an absorption maximum at 340 nm. The reaction
mixture contained 100 mM PBS buffer, 10 mM MgCl2, 0.01-1 mM NAD(P)+, 200 mM potassium
glutamate or 0.1-4 mM glucose 6-phosphate. One unit of enzyme activity was defined as 1 µmol
NAD(P)H elevated/min mg/protein (Hou et al.,2006).

6-phosphogluconolactonase (DEVB, EC:3.1.1.31): The activity of DEVB was measured at 340 nm:
100 mM PBS buffer; NAD(P)+ 0.6 mM; 6-phosphogluconolactone 1.0 mM; 6-phosphate
dehydrogenase 5 U/ml. After adding the appropriate amounts of 6-phosphogluconolactonase enzyme
to the cuvette, measure the absorbance change at 340 nm.

Gluconate 6-phosphate dehydrogenase (GND, EC:1.1.1.44): The activity of GND was assayed by
monitoring the change of NAD(P)+ at 340 nm. the reaction mixture contained 100 mM PBS buffer,
100 μMNAD(P)+ and varying concentrations of GND, 10 mMMgCl2, and 0.5 mM EDTA (Haeussler
et al.,2018).

Ribose-5-phosphate isomerase and ribulose-5-phosphate 3-epimerase (RPI and RPE,
EC:5.3.1.6/EC:5.1.3.1): RPI and RPE enzyme activity was determined using a coupled reaction. The
reaction mixture contained 100 mM PBS buffer, 0.24 mM MgCl2, 0.01 mM thiamine pyrophosphate
(TPP), 1 mM NAD(P)H, 3 U 3-phosphate-glycerol dehydrogenase, 10 U triose phosphate isomerase,
1 U transketolase, 0.05-1 mM D-ribulose-5-phosphate (Ru-5-P) and the appropriate amount of
enzymes. One unit of enzyme activity was defined as 1 µmol NAD(P)H decreased/min mg/protein.

https://www.kegg.jp/entry/3.1.1.31
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Ru-5-P →(RPI/RPE)→R-5-P

R-5-P →(TKT)→GAP+S-7-P

GAP⇌ (TPI)⇋ DHAP

DHAP + NAD(P)H→(GAPDH)→G-3-P+NAD(P)+

Transketolase (TKT, EC:2.2.1.1): The activity of TKT was determined using a coupled reaction.
The reaction mixture contained 100 mM PBS buffer, 0.24 mM MgCl2, 0.01 mM TPP, 1 mM
NAD(P)H, 3 U 3-phosphate-glycerol dehydrogenase, 10 U triose phosphate isomerase, 0.05-1 mM
D-ribose-5-phosphate (R-5-P), or 0.05-1 mM D-xylulose-5-phosphate (Xu-5-P). One unit of enzyme
activity was defined as 1 µmol NAD(P)H decreased/min mg/protein.

Xu-5-P /R-5-P →(TKT)→GAP+S-7-P

GAP⇌(TPI)⇋DHAP

DHAP+ NADH→(GAPDH)→G-3-P+NAD(P)+

Transaldolase (TAL, EC:2.2.1.2): The activity of TAL was determined using coupled reaction.
The reaction mixture contained 100 mM PBS buffer, 10 U 6-phosphate-glucose isomerase, 3U 6-
phosphate-glucose dehydrogenase, 0.4 mM NAD(P)+, 0.05-1 mM D-sedoheptulose-7-phosphate (S-
7-P), 0.1-1 mM glyceraldehyde-3-phosphate (G-3-P). One unit of enzyme activity was defined as 1
µmol NAD(P)H elevated/min mg/protein (Tan et al.,2016).

S-7-P/G-3-P→(TAL) →F-6-P

F-6-P →(GPI)→G-6-P

G-6-P + NAD(P)+→(ZWF)→6-PGA + NAD(P)H
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