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ABSTRACT  10 

D-chiro-Inositol (DCI) is a promising drug candidate for treating insulin resistance and 11 

associated diseases such as type 2 diabetes or polycystic ovary syndrome. In this study, we 12 

developed two production processes for DCI using Corynebacterium glutamicum as host. In 13 

the first process, myo-inositol (MI) is oxidized to 2-keto-myo-inositol (2KMI) by the inositol 14 

dehydrogenase (IDH) IolG and then isomerized to 1-keto-D-chiro-inositol (1KDCI) by the 15 

isomerases Cg0212 or Cg2312, both of which were identified in this work. 1KDCI is then 16 

reduced to DCI by IolG. Overproduction of IolG and Cg0212 in a chassis strain unable to 17 

degrade inositols allowed the production of 1.1 g/L DCI from 10 g/L MI. As both reactions 18 

involved are reversible, only a partial conversion of MI to DCI can be achieved. To enable 19 

higher conversion ratios, a novel route towards DCI was established by utilizing the 20 

promiscuous activity of two plant-derived enzymes, the NAD+-dependent D-ononitol 21 

dehydrogenase MtOEPa and the NADPH-dependent D-pinitol dehydrogenase MtOEPb from 22 

Medicago truncatula (barrelclover). Heterologous production of these enzymes in the chassis 23 

strain led to the production of 1.6 g/L DCI from 10 g/L MI. For replacing the substrate MI by 24 

glucose, the two plant genes were co-expressed with the endogenous myo-inositol-1-phosphate 25 

synthase gene ino1 either as a synthetic operon or using a novel, bicistronic T7-based 26 

expression vector. With the single operon construct, 0.75 g/L DCI was formed from 20 g/L 27 

glucose, whereas with the bicistronic construct 1.2 g/L DCI was obtained, disclosing 28 

C. glutamicum as an attractive host for of D-chiro-inositol production.  29 
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1. Introduction 30 

D-chiro-Inositol (DCI) is a cyclitol (C6H12O6) and one of nine different isomers of inositols 31 

besides myo-, scyllo-, allo-, muco-, epi-, neo-, L-chiro-, and cis-inositol (López-Gambero et al., 32 

2020; Thomas et al., 2016). Together with myo-inositol (MI), DCI regulates several metabolic 33 

pathways and hormonal signaling in the human body and is involved in cell growth, survival, 34 

and reproduction (Chiofalo et al., 2017; Dinicola et al., 2014; Kachhawa et al., 2021; Vitale et 35 

al., 2021). As inositol phosphoglycans (IPGs), both MI and DCI (MI-IPG and DCI-IPG) 36 

function as second messengers involved in insulin signaling, with DCI-IPG being mainly 37 

involved in the regulation of glycogen synthesis and maintaining insulin sensitivity (Larner, 38 

2002; Ortmeyer et al., 1993). 39 

DCI is regarded as a drug candidate for the treatment of metabolic diseases linked to insulin 40 

resistance. Insulin-resistant individuals, such as those with type 2 diabetes or women with 41 

polycystic ovary syndrome (PCOS), exhibit impaired synthesis of DCI-IPG (Homburg, 2008; 42 

Larner et al., 2010). PCOS is a diverse, multifaceted disorder characterized by ovarian 43 

dysfunction, infertility, hyperandrogenism, and name-giving polycystic ovaries. Oral 44 

administration of DCI, both alone and in combination with MI, increased general insulin 45 

sensitivity in tissues of type 2 diabetes patients (Gambioli et al., 2021; Pintaudi et al., 2016) and 46 

induced ovulation in PCOS patients (Monastra et al., 2017; Ortmeyer et al., 1993).  47 

The industrial preparation of DCI is currently achieved by removing the 3-O-methyl group 48 

of soybean-derived D-pinitol (DPIN) via chemical hydrolysis with a high concentration of 49 

hydrochloric or hydrobromic acid (Sanchez-Hidalgo et al., 2021). In recent years, an alternative 50 

microbial process for DCI synthesis was described. It is based on the fact that DCI was found 51 

in some bacteria, which can utilize inositols as sole carbon and energy sources, such as Bacillus 52 

subtilis. In this species, MI and DCI are first taken up via specific transporters and then oxidized 53 

to 2-keto-myo-inositol (2KMI) and 1-keto-D-chiro-inositol (1KDCI), respectively, by the 54 

inositol dehydrogenase (IDH) IolG in a reversible NAD+-dependent reaction (Yoshida et al., 55 
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2006). The inosose isomerase IolI is then responsible for the reversible interconversion of 56 

1KDCI to 2KMI, which is metabolized in an inositol-specific catabolic pathway forming acetyl-57 

CoA and dihydroxyacetone phosphate (Yoshida et al., 2006; Yoshida et al., 2008). IolI has a 58 

TIM barrel fold and structural similarity to both endonuclease IV and xylose isomerase 59 

(Yoshida et al., 2006). Enzymatic assays with purified IolI showed a reaction equilibrium with 60 

a molar ratio of 77:23 in favor of 2KMI. With an engineered B. subtilis strain unable to degrade 61 

inositols and overexpressing iolG and iolI, the production of DCI from MI with a yield of 6% 62 

was achieved (Yoshida et al., 2006).  63 

Corynebacterium glutamicum is a soil-dwelling actinobacterium that is used as an industrial 64 

cell factory, in particular for large-scale production of L-glutamate and L-lysine (Becker et al., 65 

2018; Eggeling and Bott, 2015; Hermann, 2003; Wendisch, 2020; Wolf et al., 2021). It can use 66 

MI as sole carbon source (Klaffl et al., 2013; Krings et al., 2006). In a recent study, we reported 67 

that C. glutamicum can grow not only with MI, but also with scyllo-inositol (SI) and DCI as 68 

sole carbon and energy source, similar to B. subtilis (Ramp et al., 2022). The two IDHs IolG 69 

and OxiD were shown to catalyze the NAD+-dependent oxidation of DCI, however, no IolI-70 

type inosose isomerase that interconverts 1KDCI to 2KMI has been identified in C. glutamicum 71 

so far. In contrast to B. subtilis, C. glutamicum is not only able to degrade inositols, but also 72 

has the intrinsic capability to synthesize MI in two steps from glucose 6-phosphate, which 73 

makes it an attractive host for the production of inositols from cheap carbon sources (Baumgart 74 

et al., 2013) . We recently demonstrated this potential by developing C. glutamicum strains that 75 

efficiently produce SI from glucose and sucrose (Ramp et al. 2021). 76 

This study aimed at the engineering of C. glutamicum strains for the production of DCI. In 77 

that context, we searched for endogenous isomerases catalyzing the conversion of 1KDCI to 78 

2KMI to utilize them for DCI synthesis and identified three enzymes displaying this activity, 79 

Cg0212, Cg2312, and Cg3390. Overproduction of IolG together with Cg0212 in the chassis 80 

strain C. glutamicum MB001(DE3)∆IOL, which is unable to catabolize inositols, allowed the 81 
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production of DCI from MI with a yield of up to 18% (with respect to consumed MI). Beyond 82 

this endogenous pathway, we identified and implemented a novel alternative route for 83 

production of DCI from MI, which is based on the substrate promiscuity of two plant enzymes, 84 

the NAD+-dependent D-ononitol dehydrogenase MtOEPa and the NADP+-dependent D-pinitol 85 

dehydrogenase MtOEPb from Medicago truncatula (barrelclover). Using this pathway, also 86 

DCI production from glucose was achieved. 87 

 88 

2. Materials and methods 89 

2.1 Bacterial strains, plasmids and growth conditions 90 

All bacterial strains and plasmids used in this work are listed in Table 1. All cloning steps 91 

were performed with Escherichia coli DH5α as host. E. coli strains were cultivated at 37 °C on 92 

LB agar plates or in lysogeny broth (LB) (Bertani, 1951) with 50 µg/mL kanamycin when 93 

appropriate. For growth studies, C. glutamicum was cultivated in a BioLector microcultivation 94 

system (m2p-labs, Baesweiler, Germany). Single colonies were transferred in BHI medium and 95 

cultivated for 8 h at 30 °C as a first preculture. The second preculture in defined CGXII medium 96 

(Keilhauer et al., 1993) with 0.03 g/L protocatechuic acid as iron chelator and 20 g/L glucose 97 

was inoculated with 10% of the first preculture and cultivated for 16 h at 30 °C. Before 98 

inoculation of the main cultures, cells were washed once with CGXII medium without a carbon 99 

source. BioLector cultivations were performed in 800 µL CGXII medium containing 1% 100 

(wt/vol) of the desired carbon source in 48-well FlowerPlates (m2p-labs, Baesweiler, Germany) 101 

at 1200 rpm and 30 °C. Growth was measured online as scattered light at 620 nm (Kensy et al., 102 

2009). For protein production, C. glutamicum was cultivated in 200 mL BHI medium 103 

supplemented with 2% (wt/vol) glucose in 2 L baffled shake flasks at 100 rpm and 30°C. For 104 

inositol production experiments, C. glutamicum was cultivated in 50 mL CGXII medium 105 

supplemented with 20 g/L glucose and for DCI production with 10 g/L MI in 500 mL baffled 106 

shake flasks at 30 °C and 130 rpm for 72 h. When appropriate, 25 µg/mL kanamycin was added 107 
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to the medium. Gene expression was induced by addition of isopropyl-β-D-thiogalactoside 108 

(IPTG) at the indicated concentrations. Bacterial growth in shake flasks was followed by 109 

measuring the optical density at 600 nm (OD600) using an Ultrospec 2100 pro photometer 110 

(Biochrom). 111 

 112 

2.2 Recombinant DNA work and construction of deletion mutants 113 

All plasmids and oligonucleotides used in this study are listed in Table 1 and Table S1, 114 

respectively. PCRs, DNA restrictions, and plasmid constructions were performed according to 115 

established protocols (Gibson et al., 2009; Green et al., 2012). DNA sequencing and 116 

oligonucleotide synthesis were performed by Eurofins Genomics (Ebersberg, Germany). 117 

Chemically competent E. coli cells were transformed according to an established protocol 118 

(Hanahan, 1983). C. glutamicum was transformed via electroporation as described previously 119 

(van der Rest et al., 1999). C. glutamicum MB001(DE3) deletion mutants were constructed via 120 

double homologous recombination as described previously (Niebisch and Bott, 2001) using 121 

pK19mobsacB-derived plasmids. The chromosomal deletions were confirmed via colony-PCR 122 

using oligonucleotides annealing outside of the deleted region. For protein overproduction and 123 

purification, genes were cloned into the recently described pPREx6 plasmid (Ramp et al., 2022) 124 

downstream of the T7 promoter and upstream of a Strep-Tag II encoding sequence. For the 125 

construction of the pMKEx2-based expression plasmids, the corresponding target genes were 126 

cloned downstream of the C. glutamicum consensus ribosome binding site (RBS) via Gibson 127 

assembly. For construction of the bicistronic expression plasmid pMKEx2BiT7, we amplified 128 

the T7 promoter, the second multiple cloning site (MCS), and the corresponding terminator 129 

from plasmid pETDuet-1 using the oligonucleotides P72 and P73 and joined them with the 130 

pMKEx2 backbone amplified with the oligonucleotides P74xP75 and P76x77 (Table S1) via 131 

Gibson assembly. The DNA sequences of the MtOEPa and MtOEPb genes were codon-132 

optimized for C. glutamicum and ordered as DNA strings from ThermoFisher Scientific. 133 
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 134 

2.3 Protein overproduction and purification  135 

C. glutamicum MB001(DE3) was transformed with pPREx6-based expression plasmids for 136 

inositol dehydrogenase production and cultivated in 200 mL BHI medium supplemented with 137 

20 g/L glucose. Overexpression of the target genes was induced with 250 µM IPTG after 3 h 138 

and cells were harvested after 24 h of cultivation via centrifugation at 5,000 g for 20 min at 4 139 

°C. Cell pellets were washed and resuspended in 4 mL lysis buffer (100 mM KPO4 pH 7.5, 150 140 

mM NaCl, 1 mM MgSO4) per g cell wet weight and lysed by five passages through a French 141 

Press at 124 MPa. The resulting cell extract was first centrifuged at 5,000 g and 4 °C for 20 min 142 

and the supernatant was then subjected to ultracentrifugation at 45,000 g and 4 °C for 1 h. The 143 

resulting supernatant was incubated with avidin (25 μg/mg protein) for 30 min on ice before 144 

performing purification on an Äkta pure protein purification system (Cytiva) via StrepTactin 145 

Sepharose affinity chromatography and subsequent size exclusion chromatography.  146 

A StrepTrap HP 1 mL column (GE Healthcare) was equilibrated with binding buffer 147 

(100 mM KPO4 pH 7.5, 150 mM NaCl, 1 mM MgSO4) before loading the avidin-treated protein 148 

extract. The column was washed with 10 column volumes (CV) of binding buffer and bound 149 

proteins were then eluted in six 0.5 ml fractions with elution buffer I (100 mM KPO4 pH 7.5, 150 

150 mM NaCl, 1 mM MgSO4, 2.5 mM desthiobiotin). The protein-containing elution fractions 151 

were combined and concentrated by using a 10 kDa AMICON filter and centrifuging at 3,500 152 

g and 4 °C to a final volume of 500 µL. The concentrated protein was then applied to a Superdex 153 

200 Increase size exclusion chromatography column (GE Healthcare) that had been equilibrated 154 

with 2 CV of elution buffer II (100 mM KPO4 pH 7.5, 1 mM MgSO4). Protein was eluted with 155 

1.5 CV of elution buffer II and collected in 2 mL fractions. The purity and the apparent 156 

molecular mass of the proteins after both purification steps were determined by SDS-PAGE 157 

with 12% (wt/vol) separating gels followed by Coomassie staining according to standard 158 

procedures (Green et al., 2012). Protein concentrations were determined using the Bradford 159 
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assay (Coomassie blue G-250) and measuring concentration-dependent blue coloration at 595 160 

nm (Thermofisher Scientific). 161 

 162 

2.4 In vitro MI-DCI interconversion studies 163 

To analyze inosose isomerase activity in vitro, 50 µg of purified inosose isomerase was 164 

combined with 50 µg of purified IolG in 200 µL reaction buffer containing 50 mM potassium 165 

phosphate buffer pH 7.5, 1 mM MgSO4, 0.1 mM MnSO4, 5 mM NAD+, and either 10 g/L MI 166 

(55.51 mM) or 10 g/L DCI (55.51 mM). The reaction was incubated at 30 °C for 16 h and 167 

stopped via heating at 85 °C for 15 min. For inositol analysis, the samples were subjected to 168 

HPLC analysis. 169 

 170 

2.5 Inositol analysis by HPLC 171 

1 mL culture was centrifuged at 17,000 g for 20 min, the supernatant was filtered (0.2 μm 172 

syringe filter, Whatman™, GE Healthcare, Freiburg, Germany) and frozen at -20 °C until 173 

further analysis. Thawed samples were diluted 1:1 with deionized water and used for HPLC 174 

analysis. A 5 µL sample was measured using an Agilent LC-1100 system (Agilent, Santa Clara, 175 

CA, USA) equipped with a Carbo-Pb Guard Catridge (Phenomenex, Aschaffenburg, Germany) 176 

and a Rezex RPM-Monosaccharide 300 × 7.8 mm column (Phenomenex, Aschaffenburg, 177 

Germany). Separation was performed at 85 °C with water as eluent at a flow rate of 0.6 mL/min. 178 

Sugar and sugar alcohols were detected with a refraction index detector operated at 35 °C. The 179 

linear range lies between 0.1 g/L and 20 g/L. The retention times were 21 min for DCI and 24 180 

min for MI. 181 

 182 



9 
 

3. Results and discussion 183 

3.1 Identification of enzymes with inosose isomerase activity in C. glutamicum 184 

The two inositol clusters iol1 and iol2 contain three genes encoding putative sugar phosphate 185 

isomerases, i.e. iolH (cg0205), cg0212, and cg3390 (Fig. 1A). All three proteins showed a 186 

sequence identity of 27-29% over a query cover of 20-54% to IolI of B. subtilis. Cg3390 was 187 

previously identified to be active on 2KMI, converting it to yet unknown, brown-colored 188 

compounds (Ramp et al. 2021). In order to analyze if any of these three putative isomerases 189 

enable the interconversion of MI and DCI, we fused IolH, Cg0212, Cg3390 and the IDH IolG 190 

to a C-terminal Strep-Tag II and purified each protein after overproduction in C. glutamicum 191 

MB001(DE3) by StrepTactin Sepharose affinity chromatography followed by size-exclusion 192 

chromatography (Fig. S1). Each isomerase was tested in vitro for production of DCI or MI in 193 

the presence or absence of IolG with either MI or DCI as substrate, as described in Materials 194 

and Methods.  195 

No inositol interconversion was detected in all reaction mixtures containing only one 196 

enzyme and in the reaction mixtures containing IolG and IolH, showing that IolH does not 197 

catalyze the conversion of 2KMI to 1KDCI. In contrast, when using 10 g/L MI as substrate, 198 

IolG in combination with Cg0212 led to the formation of 0.55 g/L DCI after 16 h (Fig. 1B). 199 

When starting from 10 g/L DCI, this enzyme combination produced up to 3 g/L MI, indicating 200 

that this is the favored direction (Fig. 1C). In these reactions, the reduction of the keto-201 

intermediate by IolG recovers NAD+, which results in a cyclic reaction until equilibrium is 202 

reached. Also the combination of IolG with Cg3390 enabled the conversion of MI to DCI, but 203 

in this case, only 0.2 g/L DCI were formed from 10 g/L MI after 16 h. In the opposite direction, 204 

nearly 1.0 g/L MI were synthesized from 10 g/L DCI, confirming this direction to be the favored 205 

one (Fig. 1C). In both reaction mixtures containing IolG and Cg3390, much more substrate 206 

(7 – 8 g/L) disappeared than product was formed and the samples showed a brown coloration 207 

(Fig. S2A), suggesting that the keto intermediates were converted to other, yet unknown 208 
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products with concomitant oxidation of NADH. In our previous studies, brown coloration was 209 

also observed in vivo, when IolG and Cg3390 were overproduced in C. glutamicum in the 210 

presence of MI (Ramp et al., 2021).  211 

 212 

3.2 Establishment of a DCI production process from MI based on endogenous enzymes 213 

With Cg0212 identified as a functional isomerase enabling the conversion from MI to DCI, 214 

we aimed for a microbial DCI production process with an engineered C. glutamicum strain that 215 

is unable to degrade inositols. We previously constructed C. glutamicum 216 

MB001(DE3)∆iol1∆iol2, in which the gene clusters cg0196-cg0212 (iol1) and cg3389-cg3392 217 

(iol2) were deleted (Fig. 1A) (Ramp et al., 2021). We now additionally deleted the idhA3 gene 218 

(cg2313) encoding another putative inositol dehydrogenase, yielding the chassis strain C. 219 

glutamicum MB001(DE3)∆IOL. For production of DCI, iolG and cg0212 were cloned as 220 

synthetic operon into the expression plasmid pMKEx2, which allows strong, inducible gene 221 

expression under the control of the T7 promoter. As controls, iolG and cg0212 were cloned 222 

separately into pMKEx2. The resulting plasmids pIolG-Cg0212, pIolG, and pCg0212 were 223 

introduced into C. glutamicum MB001(DE3)∆IOL. A strain harboring pMKEx2 without insert 224 

served as an additional negative control.  225 

All strains were cultivated for 72 h at 30 °C in CGXII medium with 20 g/L glucose for 226 

biomass formation and 10 g/L MI as substrate for DCI synthesis. Overexpression of iolG and 227 

cg0212 led to the consumption of 6 g/L MI with formation of 1.1 g/L DCI in 48 h, 228 

corresponding to a yield of 18% with respect to the consumed MI (Fig. 2). We speculate that 229 

an altered availability of NAD+ and NADH due to metabolization of glucose contributes to the 230 

higher DCI yield obtained with the in vivo system compared to the in vitro system described 231 

above. Additionally, import and export of MI, DCI, and the keto intermediates could also 232 

contribute to the higher yield. Expression of iolG alone resulted in the consumption of 5 g/L 233 

MI, which was probably converted to keto intermediates, as indicated by the yellow media 234 
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coloration (Fig. S2B) that had also been observed previously for strains accumulating 2KMI 235 

(Ramp et al., 2021). To our surprise, also 0.5 g/L DCI was formed by overexpression of iolG 236 

alone. As cg0212 and cg3390 as well as iolH are deleted in C. glutamicum MB001(DE3)∆IOL, 237 

this result hinted towards the presence of yet another enzyme with inosose isomerase activity 238 

encoded in the genome of C. glutamicum.  239 

When performing a PSI-BLAST search (Altschul et al., 1997) with IolI of B. subtilis as 240 

template the best hit was the 3-dehydroshikimate dehydratase QsuB (Cg0502) of C. 241 

glutamicum. IolI (278 amino acids) had 26 % sequence identity to the N-terminal half of QsuB 242 

(618 amino acids). QsuB catalyzes the dehydration of 3-dehydroshikimate to protocatechuate 243 

(3,4-dihydroxybenzoate) (Kallscheuer et al., 2016; Kubota et al., 2014). To investigate if QsuB 244 

is involved in DCI formation by catalyzing the conversion of 2KMI to 1KDCI, we deleted the 245 

corresponding gene in C. glutamicum MB001(DE3)∆IOL and analyzed DCI formation from 246 

MI after plasmid-based overexpression of iolG. As negative control, we transformed C. 247 

glutamicum MB001(DE3)∆IOL with the pMKEx2 empty vector. All strains were again 248 

cultivated in CGXII medium with 20 g/L glucose and 10 g/L MI at 30°C for 72 h. MI and DCI 249 

titers were measured at the end of the cultivation. The deletion of qsuB had no effect on DCI 250 

formation in comparison to the parental strain MB001(DE3)∆IOL (Fig. 3A), both strains 251 

produced up to 0.65 g/L DCI, indicating that QsuB is not the remaining inosose isomerase. 252 

As a next step to search for inosose isomerases in C. glutamicum, we used the InterPro 253 

database (Blum et al., 2021) to identify proteins belonging to the xylose isomerase-like 254 

superfamily, to which IolI of B. subtilis belongs. For C. glutamicum ATCC13032, nine proteins 255 

(Table 2) are classified into this superfamily. Among the identified proteins are the isomerases 256 

IolH, Cg0212, Cg3390, and QsuB described above and the inositol dehydratase IolE, which 257 

catalyzes the dehydration of 2KMI to D-2,3-diketo-4-deoxy-epi-inositol (Yoshida et al., 2004). 258 

The other identified proteins include the conserved hypothetical protein Cg2917, the putative 259 

sugar phosphate isomerase Cg2822, and the two putative hydroxypyruvate isomerases Hyi 260 
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(Cg2716) and Cg2312. It is noteworthy that the cg2312 gene seems to be organized in an operon 261 

with cg2313 encoding the putative inositol dehydrogenase IdhA3 (Ramp et al., 2022). We 262 

further focused on Cg2312, Cg2716, Cg2822, and Cg2917 since iolE, iolH, cg0212, and cg3390 263 

are already deleted in C. glutamicum MB001(DE3)∆IOL and QsuB had been excluded. 264 

Individual deletion strains of MB001(DE3)∆IOL lacking either cg2312, cg2716, cg2822, or 265 

cg2917 were constructed, transformed with pIolG, and analyzed for DCI production after 72 h 266 

(Fig. 3A). All strains reached the same final OD of about 30. Only the deletion of cg2312 led 267 

to a significantly decreased DCI titer of 0.37 g/L, while all other strains accumulated 0.65 g/L 268 

DCI.  269 

To rule out that the combined activity of the identified putative isomerases Cg2312, Cg2716, 270 

Cg2822, Cg2917, and QsuB is responsible for the residual DCI formation, we deleted all  271 

corresponding genes in C. glutamicum MB001(DE3)∆IOL. The resulting strain 272 

MB001(DE3)∆IOL∆ISO was transformed with pMKEx2, pIolG, and pMKEx2 plasmids 273 

containing iolG and an isomerase gene in a synthetic operon. All strains were cultivated in 274 

CGXII with 2% (w/v) glucose and 1% (w/v) MI to analyze DCI production. Consistent with 275 

the previous experiments, only MB001(DE3)∆IOL∆ISO expressing iolG with either cg0212 or 276 

cg2312 showed elevated DCI production (~0.6 g/L) (Fig. 3B). Strain MB001(DE3)∆IOL∆ISO 277 

pIolG-cg0212 reached only 50% of the DCI titer of strain MB001(DE3)∆IOL pIolG-cg0212 278 

(Fig. 2), suggesting that the expression of both cg2312 and cg0212 contributes to the production 279 

of 1.1 g/L DCI from 10 g/L MI in the latter strain. Strain MB001(DE3)∆IOL∆ISO expressing 280 

only iolG or iolG plus any other tested putative inosose isomerase gene showed a DCI 281 

production of only about 0.3 g/L. As DCI formation was still observed in strain 282 

MB001(DE3)∆IOL∆ISO pIolG, at least one other inosose isomerase seems to be present in 283 

C. glutamicum. 284 

To further test this hypothesis, we analyzed the growth on DCI of a C. glutamicum strain in 285 

which we deleted all identified inosose isomerase genes in the recently constructed mutant C. 286 
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glutamicum MB001(DE3)∆IDH, which lacks all seven IDH genes and is unable to grow on 287 

DCI (Ramp et al., 2022). The resulting deletion strain was named C. glutamicum 288 

MB001(DE3)∆IDH∆ISO and transformed with pMKEx2, pIolG, and pIolG-cg0212 to analyze 289 

if only IolG or an additional inosose isomerase is necessary to enable growth on DCI. As 290 

positive control, C. glutamicum MB001(DE3) transformed with pMKEx2-eyfp was used. The 291 

strains were cultivated in CGXII medium with 10 g/L DCI as sole carbon source in a BioLector 292 

cultivation system at 30 °C for 72 h. Gene expression was induced by addition of 20 µM IPTG 293 

at the start of the cultivation and IPTG had also been added to the overnight preculture, for 294 

which CGXII medium with 20 g/L glucose was used. The expression of iolG alone was 295 

sufficient to restore growth of strain MB001(DE3)∆IDH∆ISO to the wild-type level (Fig. 3C). 296 

Expression of cg0212 together with iolG did not result in any difference compared to the strain 297 

expressing iolG alone. This suggests the presence of another inosose isomerase, which 298 

interconverts 1KDCI to 2KMI. An alternative possibility is that for growth on DCI no additional 299 

inosose isomerase is necessary. The inositol dehydratase IolE, which catalyzes the dehydration 300 

of 2KMI to yield 3D-(3,5/4)-trihydroxy-cyclohexane-1,2-dione (THcHDO) (Yoshida et al., 301 

2004), the second intermediate in the inositol catabolic pathway, was never analyzed for activity 302 

for other keto-inositol intermediates. If IolE also accepts 1KDCI as substrate, an inosose 303 

isomerase is not required for growth on DCI.  Further studies are required to test this possibility. 304 

 305 

3.3 Establishment of a novel DCI production route in C. glutamicum based on the substrate 306 

promiscuity of two plant enzymes 307 

The DCI production process described above with a yield of 18% from MI is based on the 308 

unfavorable reduction of 1KDCI to DCI with NADH (Fig. 1B). To achieve high DCI production 309 

titers high concentrations of MI would be required and process regimes with in situ product 310 

removal, which, however, might be difficult for the isomers MI and DCI. We therefore searched 311 

for an alternative DCI production route that shifts the equilibrium in favor of DCI production.  312 
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In plants, DCI is mainly found as the 3-O-methylated derivative D-pinitol (DPI) (3-O-313 

methyl-D-chiro-inositol), which is synthesized from MI. MI is first methylated by an inositol 314 

methyl transferase (IMT) resulting in D-ononitol (ONO, 4-O-methyl-myo-inositol), which then 315 

is converted to D-pinitol (Loewus and Murthy, 2000). Recently, a two‐step D‐ononitol 316 

epimerization pathway was identified in Medicago truncatula (Pupel et al., 2019). In the first 317 

step, ONO is oxidized by the NAD+-dependent dehydrogenase MtOEPa to 4-O-methyl-D-myo-318 

1-inosose. In the second step, the keto intermediate is reduced to DPI by the NADPH-dependent 319 

dehydrogenase MtOEPb (Fig. 4 A). As the only difference between ONO and MI and between 320 

DPI and DCI is a single methyl group, we wondered whether the two dehydrogenases MtOEPa 321 

and MtOEPb might also accept MI and 1KDCI as substrates, respectively (Fig. 4B). Such a 322 

conversion would enable to drive the reaction towards DCI, as the cellular ratios of 323 

NAD+/NADH and NADP+/NADPH are usually in favor of NAD+ and NADPH with absolute 324 

concentrations depending on the organism and growth conditions (Amador-Noguez et al., 2011; 325 

Andersen and von Meyenburg, 1977; Bennett et al., 2009; Spaans et al., 2015).  326 

To test this possibility, we cloned the codon-optimized MtOEPa and MtOEPb genes as 327 

synthetic operons with different gene orders (MtOEPa-b and MtOEPb-a) and each gene 328 

individually in pMKEx2. The resulting plasmids were introduced into C. glutamicum 329 

MB001(DE3)∆IOL∆ISO and production of DCI from MI was analyzed as described above. 330 

Production was compared to strain MB001(DE3)∆IOL pIolG-cg0212. The expression of both 331 

plant-derived dehydrogenases indeed enabled the formation of DCI (Fig. 4C). Strain 332 

MB001(DE3)∆IOL∆ISO pOEPa-b accumulated up to 1.6 g/L DCI from 2 g/L consumed MI 333 

(80% yield), whereas strain MB001(DE3)∆IOL∆ISO pOEPb-a formed only 0.5 g/L DCI from 334 

0.7 g/L consumed MI (71% conversion), showing that the gene order was relevant. 335 

C. glutamicum MB001(DE3)∆IOL pIolG-cg0212 again reached ~1.1 g/L DCI from 6 g/L 336 

consumed MI (18% yield), indicating that the novel pathway based on MtOEPa and MtOEPb 337 

is more efficient than the one based on endogenous enzymes.  338 
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 339 

3.4 Production of DCI from glucose with C. glutamicum 340 

Using the new DCI production route based on MtOEPa and MtOEPb, we also aimed for 341 

production of DCI from glucose, which is a cheaper carbon source than MI. In a recent study, 342 

we established production of SI from glucose and sucrose utilizing the innate ability of 343 

C. glutamicum to synthesize MI from glucose 6-phosphate via the myo-inositol-1-phosphate 344 

synthase Ino1 followed by dephosphorylation via an inositol monophosphatase (Ramp et al., 345 

2021). By overexpressing the ino1 gene together with the inositol dehydrogenase genes iolG 346 

and iolW production of SI from sucrose and glucose was achieved (Ramp et al., 2021).  347 

We cloned the MtOEPa and MtOEPb genes in a synthetic operon with ino1 into pMKEx2 348 

and introduced the resulting plasmid pInoDCI (Fig. 5A) into C. glutamicum 349 

MB001(DE3)∆IOL∆ISO. The resulting strain was cultivated in CGXII medium with 20 g/L 350 

glucose for 72 h at 30 °C in comparison to strains expressing only ino1 (pIno) or containing an 351 

empty vector. Gene expression was induced by 500 µM IPTG added three hours after start of 352 

the cultivation. Strain MB001(DE3)∆IOL∆ISO pIno produced up to 1.8 g/L MI, confirming 353 

that overexpression of ino1 leads to MI overproduction and secretion. Strain 354 

MB001(DE3)∆IOL∆ISO pInoDCI accumulated up to 0.75 g/L DCI and 0.65 g/L MI after 72 h 355 

(Fig. 5B), summing up to 1.40 g/L inositols. The accumulation of MI hinted towards a limitation 356 

in the conversion of MI to DCI by MtOEPa and MtOEPb.  357 

The gene order in synthetic operons resulting in polycistronic mRNAs encoding biochemical 358 

pathways is of relevance for optimally tuned gene expression. Translation initiation levels 359 

decrease with increasing distance to the transcriptional start (Lim et al., 2011). We assumed 360 

that expression especially of the MtOEPb gene in plasmid pInoDCI is insufficient for optimal 361 

DCI formation. To improve expression of the genes for MtOEPa and MtOEPb, but also retain 362 

a high expression level of ino1, we constructed a new pMKEx2 expression plasmid allowing 363 

for bicistronic, inducible gene expression under the control of two T7 promoters. There are 364 
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already several examples of bicistronic expression vectors developed for C. glutamicum 365 

(Gauttam et al., 2019; Goldbeck and Seibold, 2018; Liu et al., 2017), yet there is no plasmid 366 

available containing two T7 promoters that would allow strong expression in C. glutamicum 367 

MB001(DE3). We amplified an expression cassette encoding the T7 promoter, a multiple 368 

cloning site including a ribosome binding site plus a NdeI restriction site, and a terminator from 369 

the bicistronic expression plasmid pETDuet-1 and cloned this cassette in opposite direction to 370 

the original T7 promoter of pMKEx2, yielding the bicistronic expression plasmid pMKEx2-371 

BiT7 (Fig. 5A). We then cloned ino1 under the control of the first and MtOEPa-b under the 372 

control of the second T7 promoter yielding the bicistronic plasmid pBiT7-InoDCI (Fig. 5A). 373 

When cultivated in CGXII medium with 20 g/L glucose, C. glutamicum 374 

MB001(DE3)∆IOL∆ISO transformed with pBiT7-InoDCI formed 1.2 g/L DCI and 0.23 g/L 375 

MI after 72 h (Fig. 5B), showing that bicistronic expression increased DCI production by 60 % 376 

and simultaneously decreased MI accumulation by 38 %.  377 

 378 

4. Conclusions  379 

We previously established C. glutamicum as a suitable host for the biotechnological 380 

production of SI, a drug candidate against Alzheimer’s disease. In this study, we constructed 381 

C. glutamicum strains that enable the biotechnological production of another pharmacologically 382 

highly interesting inositol isomer, D-chiro-inositol. We identified the three inositol isomerases 383 

Cg0212, Cg2312, and Cg3390 in C. glutamicum that enable the interconversion of 2KMI to 384 

1KDCI. We therefore suggest to name the corresponding genes iolI1 (cg0212), iolI2 (cg2312), 385 

and iolI3 (cg3390) following the nomenclature in B. subtilis. Overexpression of cg0212 386 

together with iolG led to DCI production from MI with yields of up to 18%. The yield of this 387 

process is limited by the reversibility of the involved reactions and the use of NADH for 388 

reducing 1KDCI to DCI by IolG. Utilizing the promiscuous activity of the NAD+-dependent 389 

D-ononitol dehydrogenase MtOEPa and the NADP+-dependent D-pinitol dehydrogenase 390 
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MtOEPb of the plant M. trunculata, we established an alternative production route for DCI 391 

from MI enabling yield of up to 80%. This pathway was additionally used to produce DCI from 392 

the cheaper substrate glucose by simultaneous overproduction of the Ino1 enzyme. As 393 

conversion of the intermediate MI to DCI was limiting and led to accumulation of MI, a novel 394 

bicistronic expression plasmid was used for expression of ino1 and MtOEPa-b from separate 395 

T7 promoters. This enabled a significant increase of DCI production with simultaneous 396 

reduction of MI accumulation, enabling a yield of 6% DCI from glucose. As there is an 397 

increasing interest in the use of inositols for pharmacological applications, cheap and efficient 398 

biotechnological production processes are highly desirable. Our studies showed that 399 

C. glutamicum has the potential to serve as a suitable host for the industrial production of DCI, 400 

SI, and MI. Future studies should be directed to further strain and enzyme optimization and 401 

bioprocess development including downstream processing.  402 
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Table 1 569 

Bacterial strains and plasmids used in this study 570 

Strain or plasmid Relevant characteristics Source or 

reference 

Strains   

E. coli    

DH5α F- Φ80dlac∆(lacZ)M15 ∆(lacZYA-argF) U169 endA1 

recA1 hsdR17 (rK
- , mK

+) deoR thi-1 phoA supE44 λ- 

gyrA96 relA1; strain used for cloning procedures 

(Hanahan, 1983) 

   

C. glutamicum   

MB001(DE3) Derivative of the prophage-free strain MB001 with a 

chromosomally encoded E. coli lacI gene under 

control of its native promoter followed by the T7 

RNA polymerase gene under control of the lacUV5 

promoter  

(Kortmann et al., 

2015) 

MB001(DE3)∆iol1∆iol2  

(referred to as ∆iol1∆iol2) 

Derivative of MB001(DE3) with deletion of the gene 

clusters cg0196-cg0212 (iol1) and cg3389-cg3392 

(iol2) involved in inositol metabolism  

(Ramp et al. 2021) 

∆IOL Derivative of MB001(DE3)∆iol1∆iol2 with the 

additional deletion of the putative inositol 

dehydrogenase gene idhA3 (cg2313)  

This work 

∆IOL∆qsuB Derivative of ∆IOL with deletion of qsuB (cg0502)  This work 

∆IOL∆cg2312 Derivative of ∆IOL with deletion of cg2312  This work 

∆IOL∆cg2716 Derivative of ∆IOL with deletion of cg2716  This work 

∆IOL∆cg2822 Derivative of ∆IOL with deletion of cg2822  This work 

∆IOL∆cg2917 Derivative of ∆IOL with deletion of cg2917  This work 

∆IOL∆ISO Derivative of ∆IOL with deletion of qsuB (cg0502), 

cg2312, cg2716, cg2822, and cg2917  

This work 

∆IDH MB001(DE3) derivative with deletion of the genes 

oxiC-cg3390-oxiD-oxiE (cg3389-cg3392), iolG 

(cg0204), iolW (cg0207), idhA3 (cg2313), and oxiB 

(cg0211) 

(Ramp et al., 2022) 

∆IDH∆ISO ∆IDH derivative with deletion of iolH (cg0205), 

cg0212, qsuB (cg0502), cg2312, cg2716, cg2822, and 

cg2917  

This work 

   

Plasmids   

pK19mobsacB KanR; plasmid for allelic exchange in C. glutamicum; 

(pK18 oriVE.c., sacB, lacZα) 

(Schäfer et al., 

1994) 
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pK19mobsacB-∆qsuB pK19mobsacB derivative with 1000 bp homologous 

flanks upstream and downstream of cg0502 

(Kallscheuer et al., 

2016) 

pK19mobsacB-∆cg2313 pK19mobsacB derivative with 1000 bp homologous 

flanks upstream and downstream of cg2313 

This work 

pK19mobsacB-∆cg0212 pK19mobsacB derivative with 1000 bp homologous 

flanks upstream and downstream of cg0212 

This work 

pK19mobsacB-∆cg2312-13 pK19mobsacB derivative with 1000 bp homologous 

flanks upstream and downstream of cg2312-2313 

This work 

pK19mobsacB-∆cg2716 pK19mobsacB derivative with 1000 bp homologous 

flanks upstream and downstream of cg2716 

This work 

pK19mobsacB-∆cg2822 pK19mobsacB derivative with 1000 bp homologous 

flanks upstream and downstream of cg2822 

This work 

pK19mobsacB-∆cg2917 pK19mobsacB derivative with 1000 bp homologous 

flanks upstream and downstream of cg2917 

This work 

pPREx6 KanR; pPREx2 derivative with Ptac exchanged for PT7-

lac promoter  

(Ramp et al., 2022) 

pPREx6-IolH KanR; pPREx6 derivative containing the iolH gene 

under control of PT7 and fused to a Strep-tag II 

sequence  

This work 

pPREx6-Cg0212 KanR; pPREx6 derivative containing the cg0212 gene 

under control of PT7 and fused to Strep-tag II 

sequence 

This work 

pPREx6-Cg3390 KanR; pPREx6 derivative containing the cg3390 gene 

under control of PT7 and fused to Strep-tag II 

sequence 

This work 

pMKEx2 KanR; E. coli-C. glutamicum shuttle vector (lacI, PT7, 

lacO1, pHM1519 ori Cg ; pACYC177 ori Ec ) for 

expression of target genes under control of the T7 

promoter 

(Kortmann et al., 

2015) 

pIolG pMKEx2 derivative for overexpression of iolG 

(cg0204) 

(Ramp et al., 2022) 

pCg0212 pMKEx2 derivative for overexpression of cg0212 This work 

pIolG-cg0212 pMKEx2 derivative for overexpression of iolG 

(cg0204) and cg0212 in a synthetic operon 

This work 

pIolG-iolH pMKEx2 derivative for overexpression of iolG 

(cg0204) and iolH (cg0205) in a synthetic operon 

This work 

pIolG-cg2312 pMKEx2 derivative for overexpression of iolG 

(cg0204) and cg2312 in a synthetic operon 

This work 

pIolG-cg2716 pMKEx2 derivative for overexpression of iolG 

(cg0204) and cg2716 in a synthetic operon 

This work 

pIolG-cg2822 pMKEx2 derivative for overexpression of iolG 

(cg0204) and cg2822 in a synthetic operon 

This work 

pIolG-cg2917 pMKEx2 derivative for overexpression of iolG 

(cg0204) and cg2917 in a synthetic operon 

This work 
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pIolG-qsuB pMKEx2 derivative for overexpression of iolG 

(cg0204) and qsuB (cg0502) in a synthetic operon 

This work 

pOEPa pMKEx2 derivative for overexpression of the 

MtOEPa gene from Medicago truncatula codon-

optimized for C. glutamicum 

This work 

pOEPb pMKEx2 derivative for overexpression of the 

MtOEPb gene from Medicago truncatula codon-

optimized for C. glutamicum 

This work 

pOEPa-b pMKEx2 derivative for overexpression of MtOEPa 

and MtOEPb in a synthetic operon 

This work 

pOEPb-a pMKEx2 derivative for overexpression of MtOEPb 

and MtOEPa in a synthetic operon 

This work 

pIno pMKEx2 derivative for overexpression of ino1 This work 

pInoDCI pMKEx2 derivative for overexpression of ino1, 

MtOEPa and MtOEPb in a synthetic operon 

This work 

pETDuet-1 AmpR; pBR322 ori; pET vector with two divergent 

T7 promoters  

Novagen 

pMKEx2-BiT7 pMKEx2 derivative containing two T7 promoters, 

lacO sites, MCSs and T7 terminators in opposite 

direction 

This work 

pBiT7-InoDCI pMKEx2-BiT7 containing ino1 under control of T7-1 

and MtOEPa and MtOEPb in a synthetic operon 

under control of T7-2 

This work 

 571 

  572 
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Table 2 573 

C. glutamicum ATCC 13032 proteins belonging to the xylose isomerase-like superfamily in the InterPro 574 

database. 575 

Protein name  Locus tag Accession number Annotation 

IolE cg0203 Q8NTY8 2-keto-myo-inositol dehydratase 

IolH cg0205 Q8NTY6 sugar phosphate isomerases/epimerases 

- cg0212 Q8NTX9 putative phosphate isomerase/epimerase 

QsuB cg0502 Q8NT86 3-dehydroshikimate dehydratase 

- cg2312 Q8NNS8 putative hydroxypyruvate isomerase 

Hyi cg2716 Q8NMU3 hydroxypyruvate isomerase 

- cg2822 Q8NML9 putative sugar phosphate isomerase 

- cg2917 Q8NME4 conserved hypothetical protein 

- cg3390 Q8NL87 putative sugar phosphate isomerase 

 576 

  577 
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 578 
 579 

 580 
 581 
Fig. 1. Genes related to inositol metabolism in C. glutamicum and in vitro enzymatic 582 

interconversion of DCI and MI with purified enzymes. (A) Genes shown in black encode 583 

transcriptional regulators, genes in grey have a known or predicted function, and genes in white 584 

have putative or unknown functions. The genes iolG and oxiD encoding IDHs with activity for 585 

MI and DCI are shown in blue. Genes annotated as putative sugar phosphate isomerases (iolH, 586 

cg0212, cg3390) and tested for inosose isomerase activity are highlighted in red. (B) Scheme 587 

of the reversible NAD+/NADH-dependent interconversion of MI and DCI catalyzed by IolG 588 

and an inosose isomerase. (C) In vitro enzymatic interconversion of DCI and MI with purified 589 

enzymes IolG, IolH, Cg0212, and Cg3390 starting from MI. (D) Same in vitro reaction starting 590 

from DCI. 50 µg of the indicated proteins were applied in a 200 µL buffered reaction mixture 591 
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containing 5 mM NAD+ that was incubated at 30 °C for 24 h. Enzymatic activity was stopped 592 

by heating at 80°C for 15 min and the inositol content was measured afterwards. Mean values 593 

from technical triplicates and standard deviations are shown. 594 

  595 
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 596 

Fig. 2. Production of DCI from MI with C. glutamicum MB001(DE3)∆IOL expressing iolG 597 

and cg0212 in CGXII medium containing 20 g/L glucose and 10 g/L MI. Gene expression was 598 

induced by addition of 500 µM IPTG at the cultivation start. Mean values of biological 599 

triplicates and standard deviations are shown. 600 

  601 
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 602 

Fig. 3. Impact of putative inosose isomerases on DCI production from MI and on growth with 603 

DCI as sole carbon source. (A) Final DCI titer of C. glutamicum MB001(DE3)∆IOL expressing 604 

iolG with pIolG and derivatives with either qsuB, cg2312, cg2716, cg2822, or cg2917 deleted. 605 

(B) Final DCI titer of C. glutamicum MB001(DE3)∆IOL∆ISO expressing iolG alone or 606 

together with a putative inosose isomerase gene as a synthetic operon in pMKEx2. The strains 607 

were cultivated in CGXII medium containing 20 g/L glucose and 10 g/L MI for 72 h at 30°C. 608 

Gene expression was induced by the addition of 500 µM IPTG at the start of the cultivation. 609 

Mean values of biological triplicates and standard deviations are shown. (C) Growth on DCI of 610 

C. glutamicum ∆IDH∆ISO expressing iolG alone or in combination with the inosose isomerase 611 

gene cg0212 or as negative control eyfp using the corresponding pMKEx2-based plasmids. C. 612 

glutamicum MB001(DE3) transformed with pMKEx2-eyfp was used as a positive control. The 613 

strains were cultivated in a BioLector system using CGXII minimal medium containing 10 g/L 614 

DCI as sole carbon and energy source. The cultures were incubated for 48 h at 30 °C, 1200 rpm, 615 

and 85% humidity. Mean values and standard deviations of three biological replicates are 616 

shown.  617 
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 618 

 619 

Fig. 4. (A) Scheme of natural D-pinitol (4-O-methyl-D-chiro-inositol) biosynthesis from D-620 

ononitol (4-O-methyl-myo-inositol) in barrelclover (Medicaco truncatula) catalyzed by the 621 

NAD+-dependent D-ononitol dehydrogenase MtOEPa and the NADP+-dependent D-pinitol 622 

dehydrogenase MtOEPb. (B) Scheme of the predicted DCI production from MI by the 623 

promiscuous activity of MtOEPa and MtOEPb expressed in C. glutamicum 624 

MB001(DE3)∆IOL∆ISO. (C) Growth, MI consumption, and DCI production of C. glutamicum 625 

MB001(DE3)∆IOL∆ISO containing pMKEx2-derived plasmids for expression of the MtOEPa 626 

and MtOEPb genes either together in different order (pOEPa-b, pOEPb-a) or alone (pOEPa, 627 

pOEPb). For comparison, strain MB001(DE3)∆IOL pIolG-Cg0212 was analyzed. Gene 628 

expression was induced by addition of 500 µM IPTG at the start of the cultivation. Mean values 629 

of biological triplicates and standard deviations are shown. 630 

  631 
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 632 

   633 

Fig. 5. Synthetic operons for DCI production from glucose. (A) Scheme of the expression 634 

cassette of pInoDCI (one operon), the cloning sites in the newly constructed expression vector 635 

pMKEx2-BiT7, and the bicistronic expression cassette of pBiT7-InoDCI. (B) Production of 636 

DCI and MI from glucose by expressing the dehydrogenase genes MtOEPa and MtOEPb 637 

together with ino1 in two different expression cassettes or ino1 alone in C. glutamicum 638 

MB001(DE3)∆IOL∆ISO. Strains were cultivated in CGXII medium containing 20 g/L glucose 639 

for 72 h at 30 °C. Gene expression was induced by addition of 500 µM IPTG 3 h after the start 640 

of the cultivation. Mean values of biological triplicates and standard deviations are shown. 641 

 642 
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Table S1 

Oligonucleotides used in this study 

Oligonucleotide name Oligonucleotide sequence (5' 3') 

pK19mobsacB plasmids  

P01_pK19∆cg2313_FW1 GAGGATCCCCGGGTACCGAGCTCGCCTCAAGCGGAACCTGAAG 

P02_pK19∆cg2313_RV1 CTTGCTGAAAGCATCGAGG 

P03_pK19∆cg2313_FW2 GTTAAACCTCGATGCTTTCAGCAAGGAGGGCAAGTTTGACTGAC 

P04_pK19∆cg2313_RV2 CGTTGTAAAACGACGGCCAGTGAATTATGGTGGTCAAGCCGATG 

P05_pK19∆cg0212_FW1 GCATGCCTGCAGGTCGACTCTAGAGTCGTGGTGGCTAACTTCCTG 

P06_pK19∆cg0212_RV1 TTTAAGAAACCAGGGACTCTTCGAGGTTGTAGAGACCGAGTTTCATG 

P07_pK19∆cg0212_FW2 CACCATGAAACTCGGTCTCTACAACCTCGAAGAGTCCCTGGTTTC 

P08_pK19∆cg0212_RV2 GTTGTAAAACGACGGCCAGTGAATTAGATCCTTGGTCACCAGATC 

P09_pK19∆cg2312-13_FW1 GAGGATCCCCGGGTACCGAGCTCGGAATCTGACTCCGAGCAG 

P10_pK19∆cg2312-13_RV1 AAGTCAGCGTTCACGGTC 

P11_pK19∆cg2312-1313_FW2 ATTTAGACCGTGAACGCTGACTTGAGGGCAAGTTTGACTGAC 

P12_pK19∆cg2312-1313_RV2 CGTTGTAAAACGACGGCCAGTGAATTATGGTGGTCAAGCCGATG 

P13_pK19∆cg2716_FW1 ATGCCTGCAGGTCGACTCTAGAGAGTCAGCCATGCATCTAC 

P14_pK19∆cg2716_RV1 GGCAGCAAATCGAGACAAG 

P15_pK19∆cg2716_FW2 TCTTATCTTGTCTCGATTTGCTGCCGGCTGGTTGGAGCTCTAG 

P16_pK19∆cg2716_RV2 GTAAAACGACGGCCAGTGAATTACGATCACGTGGCGCTTC 

P17_pK19∆cg2822_FW1 ATGCCTGCAGGTCGACTCTAGAGATAGATTGTTTAGGCCGTGAAAAGC 

P18_pK19∆cg2822_RV1 AATTCCTGCGGCATCCAATTTGGC 

P19_pK19∆cg2822_FW2 GCCAAATTGGATGCCGCAGGAATTAACGCCGAGTACAACTAAG 

P20_pK19∆cg2822_RV2 GTAAAACGACGGCCAGTGAATTGTGTGAATTACTTTGCAACGC 

P21_pK19∆cg2917_FW1 ATGCCTGCAGGTCGACTCTAGAGGAGGGTCCAGTGTTCTTG 

P22_pK19∆cg2917_RV1 AACGATGGGGAAGTAGCC 

P23_pK19∆cg2917_FW2 GAGAGGCTACTTCCCCATCGTTTGCGAGGCGCACTAGTTGATC 

P24_pK19∆cg2917_RV2 GTAAAACGACGGCCAGTGAATTAAAGCATCGGAAACCGCAG 

  

Recombination analysis  

P25_∆Cg2313_FW GTTCCATCAAAGTCAATGC 

P26_∆Cg2313_RV GTGCGCCGTGTGATCAATG 

P27_∆QsuB_FW CACTGGCGATGACCTTG 

P28_∆QsuB_RV GAGACGTCGGTGTTGTG 

P29_∆cg2312_FW GGAATGGGCTGCGTTG 

P30_∆cg2312_RV GCAGAAGTTTCGGTGTG 

P31_∆cg2716_FW ATCCACCAATGCTGACAC 

P32_∆cg2716_RV AGGTTAGCGTCAGTGAC 

P33_∆cg2822_FW CAAGCTCCGGTTTCAGCG 

P34_∆cg2822_RV GTGTGAATTACTTTGCAACGC 

P35_∆cg2917_FW ATTTGCGCACGAAGGTGG 

P36_∆cg2917_RV CGCAATCGCACTGTCTG 

  

pPREx6 plasmids  

P37_px6-IolH_FW AGAAGGAGATATACATATGAACGTGGTTCGTATTG 

P38_px6-IolH_FW TGGGTGGGACCAGCTAGCTGCGTTTTCGATGAGTG 
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P39_px6-Cg0212_FW TTAACTTTAAGAAGGAGATATACATATGAAACTCGGTCTCTAC 

P40_px6-Cg0212_FW CGAACTGTGGGTGGGACCAGCTAGCAGAAACCAGGGACTCTTC 

P41_px6-Cg3390_FW AGAAGGAGATATACATATGAAACCACAACTTATTG 

P42_px6-Cg3390_FW GGTGGGACCAGCTAGCGTTAGTGGAGGGGGCG 

  

pMKEx2 plasmids  
P43_pCg0212_FW CTTTAAGAAGGAGATATACCATGAAACTCGGTCTCTAC 

P44_pCg0212_RV GCACCAGAGCGAGCTCTGCGGCCGCTTAAGAAACCAGGGACTC 

P45_pIolG-Cg0212_FW1 CTTTAAGAAGGAGATATACCATGAGCAAGAGCCTTCGCGTTGG 

P46_pIolG-Cg0212_RV1 TGTCGCTCAGAGACCTGAGGTTAAGCGTAGAAATCTGGGCGAG 

P47_pIolG-Cg0212_FW2 CCTCAGGTCTCTGAGCGACAGAAGGAGATATACCATGAAACTCGGTCTCTAC 

P48_pIolG-Cg0212_RV2 GCACCAGAGCGAGCTCTGCGGCCGCTTAAGAAACCAGGGACTC 

P49_pIolG-Cg2312_FW CCTCAGGTCTCTGAGCGACAGAAGGAGATATACCATGACTTTTAAACTCGCAGC 

P50_pIolG-Cg2312_RV CCAGAGCGAGCTCTGCGGCCTTAGACCGTGAACGCTGAC 

P51_pIolG-IolH_FW CCTCAGGTCTCTGAGCGACAGAAGGAGATATACCATGAACGTGGTTCGTATTGC 

P52_pIolG-IolH_RV CCAGAGCGAGCTCTGCGGCCCTATGCGTTTTCGATGAGTG 

P53_pIolG-Cg2716_FW CCTCAGGTCTCTGAGCGACAGAAGGAGATATACCATGTCTCGATTTGCTGCCAAC 

P54_pIolG-Cg2716_RV CCAGAGCGAGCTCTGCGGCCCTAGAGCTCCAACCAGCC 

P55_pIolG-Cg2822_FW CCTCAGGTCTCTGAGCGACAGAAGGAGATATACCATGGATGCCGCAGGAATTTC 

P56_pIolG-Cg2822_RV CCAGAGCGAGCTCTGCGGCCTTAGTTGTACTCGGCGTTG 

P57_pIolG-Cg2917_FW CCTCAGGTCTCTGAGCGACAGAAGGAGATATACCATGCGCCTCGCAGCTGCCAC 

P58_pIolG-Cg2917_RV CCAGAGCGAGCTCTGCGGCCCATTTAGACTGCTTCCTCAATTTTTTC 

P59_pIolG-QsuB_FW CCTCAGGTCTCTGAGCGACAGAAGGAGATATACCATGATGCGTACATCCATTGCCAC 

P60_pIolG-QsuB_RV CCAGAGCGAGCTCTGCGGCCCTAGTTTGGGATTCCCCGC 

P61_pOEPa_FW CCTCAGGTCTCTGAGCGACAGAAGGAGATATACCATGTCCAAGACCGTGTGC 

P62_pOEPa_RV TGGCACCAGAGCGAGCTCTGCGGCCTTACACCAGGCCACGGGACTTC 

P63_pOEPb_FW TTTAACTTTAAGAAGGAGATATACCATGGCAGGCAACAAGATCCC 

P64_pOEPb_RV TGGCACCAGAGCGAGCTCTGCGGCCTTACACGTCGCCATCCCAC 

P65_pOEPa-b_FW GCAGGTGCACAATGATACGATTACACCAGGCCACGGGAC 

P66_pOEPa-b_RV TCGTATCATTGTGCACCTGCGAAGGAGATATACCATGGCAGGCAACAAGATCCC 

P67_pOEPb-a_FW GCAGGTGCACAATGATACGATTACACGTCGCCATCCCACAGTTC 

P68_pOEPb-a_RV TCGTATCATTGTGCACCTGCGAAGGAGATATACCATGTCCAAGACCGTGTGCG 

P69_pInoDCI_FW1 CTTTAAGAAGGAGATATACCATGAGCACGTCCACCATCAG 

P70_pInoDCI_RV ACATCGTTGAGTGGTCACCGTTACGCCTCGATGATGAATG 

P71_pInoDCI_FW2 CGGTGACCACTCAACGATGTGAAGGAGATATACCATGTCCAAGACCGTG 

P72_pMKEx2-BiT7_FW1 TCGGGCTCATGAGCGCTTGTTTCGGTAATCGTATTGTACACGGCCG 

P73_pMKEx2-BiT7_RV1 CGGCCACGGGGCCTGCCACCATACATCCGGATATAGTTCCTCC 

P74_pMKEx2-BiT7_RV2 CCGAAACAAGCGCTCATG 

P75_pMKEx2-BiT7_FW2 TCGCAGACCGATACCAGGATCTTG 

P76_pMKEx2-BiT7_RV3 TCACCGAGGCAGTTCCATAGGATGG 

P77_pMKEx2-BiT7_FW3 GTATGGTGGCAGGCCCCGTG 

P78_pBiT7-InoDCI_FW1 GCACCAGAGCGAGCTCTGCGGCCTTACGCCTCGATGATGAATG 

P79_pBiT7-InoDCI_RV1 GTTAAGTATAAGAAGGAGATATACAATGTCCAAGACCGTGTGC 

P80_pBiT7-InoDCI_RV2 CGATATCCAATTGAGATCTGCCATATTACACGTCGCCATCCCAC 
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Fig. S1. Coomassie-stained SDS-polyacrylamide gels of purified IolG, Cg0212, Cg3390 and 

IolH. Shown are supernatant fractions of lysed C. glutamicum cells overexpressing the 

mentioned proteins (S) and final elution fractions (E) after purification by StrepTactin-

Sepharose affinity chromatography and size-exclusion chromatography. 
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Fig. S2. Coloration caused by inositol metabolization by IolG and Cg3390. (A) Samples of an  

in vitro reaction mixture (200 µl) containing MI (10 g/L), NAD+ (5 mM) and purified IolG or 

IolG combined with purified Cg3390 (50 µg each) that was incubated for 24 h at 30 °C. The 

UV-VIS spectrum (230 – 800 nm) of the sample containing Cg3390 is shown at the left and 

was corrected for absorption of the buffer used. (B) Culture supernatant of C. glutamicum 

MB001(DE3)∆IOL transformed with pMKEx2 or pIolG and cultivated in CGXII medium with 

20 g/L glucose and 10 g/L MI at 30 °C for 48 h. The UV-VIS spectrum (230 – 800 nm) of the 

colored supernatant is shown at the left and was corrected for absorption of CGXII medium. 

 


