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ABSTRACT 21 

Inositols (cyclohexanehexols) comprise nine isomeric cyclic sugar alcohols, several of which 22 

occur in all domains of life with various functions. Many bacteria can utilize inositols as carbon 23 

and energy source via a specific pathway involving inositol dehydrogenases (IDHs) as the first 24 

step of catabolism. The microbial cell factory Corynebacterium glutamicum can grow with 25 

myo-inositol as sole carbon source. Interestingly, this species encodes seven potential IDHs, 26 

raising the question for this multiplicity. We therefore investigated the seven IDHs to determine 27 

their function, activity, and selectivity towards the biologically most important isomers myo-, 28 

scyllo-, and D-chiro-inositol. We created an ΔIDH strain lacking all seven IDH genes, which 29 

could not grow on the three inositols. Scyllo- and D-chiro-inositol were identified as novel 30 

growth substrates of C. glutamicum. Complementation experiments showed that only four of 31 

the seven IDHs (IolG, OxiB, OxiD, OxiE) enabled growth of the ΔIDH strain on two of the 32 

three inositols. The kinetics of the four purified enzymes agreed with the complementation 33 

results. IolG and OxiD are NAD+-dependent IDHs accepting myo- and D-chiro-inositol, but not 34 

scyllo-inositol. OxiB is an NAD+-dependent myo-IDH with a weak activity also for scyllo-35 

inositol, but not for D-chiro-inositol. OxiE on the other hand is an NAD+-dependent scyllo-IDH 36 

showing also good activity for myo-inositol and a very weak activity for D-chiro-inositol. 37 

Structural models, molecular docking experiments, and sequence alignments enabled the 38 

identification of the substrate binding sites of the active IDHs and of residues allowing 39 

predictions on the substrate specificity. 40 

 41 

IMPORTANCE 42 

Myo-, scyllo- and D-chiro-inositol are C6 cyclic sugar alcohols with various biological 43 

functions, which also serve as carbon sources for microbes. Inositol catabolism starts with an 44 

oxidation to keto-inositols catalyzed by inositol dehydrogenases (IDHs). The soil bacterium 45 
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Corynebacterium glutamicum encodes seven potential IDHs. Using a combination of 46 

microbiological, biochemical, and modeling approaches we analyzed the function of these 47 

enzymes and identified four IDHs involved in the catabolism of inositols. They possess distinct 48 

substrate preferences for the three isomers and modeling and sequence alignments allowed the 49 

identification of residues important for substrate specificity. Our results expand the knowledge 50 

of bacterial inositol metabolism and provide an important basis for the rational development of 51 

producer strains for these valuable inositols, which show pharmacological activities against 52 

e.g., Alzheimer's disease, polycystic ovarian syndrome, or type II diabetes. 53 

 54 
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INTRODUCTION  59 

Inositols (cyclohexanehexols) comprise a group of nine isomeric forms of C6-sugar 60 

alcohols having a cyclic structure formed by the six carbons atoms, each linked to a hydroxyl 61 

group. Depending on the orientation of the hydroxyl groups, nine isomers are possible, termed 62 

myo-, scyllo-, epi-, allo-, muco-, neo-, D-chiro, L-chiro-, and cis-inositol, all of which except 63 

the latter occur in nature (1, 2). Myo-inositol (MI) is the predominant isomer used in biology 64 

and occurs in all kingdoms of life (3). It is synthesized from glucose 6-phosphate, which is 65 

converted by inositol 1-phosphate synthase (Ino1) to myo-inositol 1-phosphate followed by 66 

dephosphorylation to myo-inositol (MI) by an inositol monophosphatase (4-6). The other 67 

naturally occurring isomers are known or assumed to be derived from MI via epimerization (7, 68 

8).  69 

Numerous biological functions have been identified for inositols. For example, MI-70 

containing phospholipids are constituents of the membranes of many archaea and all eukaryotes 71 

(3). Also, scyllo-inositol (SI) and D-chiro-inositol (DCI) were identified in lipids in some plant 72 

species (9, 10). Polyphosphorylated inositols (IP1-3) are key components of eukaryotic signaling 73 

pathways (3, 11), and MI hexakisphosphate (IP6), also known as phytic acid, is an abundant 74 

plant constituent serving as the main storage form of phosphate in seeds (12). In the bacterial 75 

kingdom, inositols play a prominent role, particularly in Actinobacteria. In this large phylum, 76 

MI is one of the precursors for the synthesis of mycothiol, a metabolite substituting glutathione 77 

(13), and a precursor of phosphatidylinositol, an abundant phospholipid in the cytoplasmic 78 

membrane and the precursor of more complex lipids of the cell envelope such as 79 

phosphatidylinositol mannosides, lipomannan, and lipoarabinomannan (14).  80 

Many bacteria are able to utilize MI as carbon and energy source, such as 81 

Klebsiella aerogenes (15), Rhizobium leguminosarum (16), Bacillus subtilis (17, 18), 82 

Sinorhizobium meliloti (19, 20), Paracoccus laeviglucosivorans (21, 22), Legionella 83 

pneumophila (23), or Thermotoga maritima (24). After uptake via specific inositol transporters, 84 
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MI is first oxidized by an inositol dehydrogenase (IDH) to yield the intermediate 2-keto-myo-85 

inositol (2KMI), which is dehydrated to 3D-(3,5/4)-trihydroxycyclohexane-1,2-dione 86 

(THcHDO) by 2KMI dehydratase (25, 26). This intermediate is converted in subsequent steps 87 

to dihydroxyacetone phosphate, acetyl-CoA, and CO2 (15). The genes encoding the responsible 88 

enzymes are organized in large operons (27-29), which are usually regulated by a repressor 89 

called IolR that dissociates from its operator and enables gene expression when it forms a 90 

complex with intermediates of MI catabolism (30, 31).  91 

Corynebacterium glutamicum is a soil-dwelling Gram-positive actinobacterium that is used 92 

as industrial cell factory, in particular for large-scale production of L-glutamate and L-lysine 93 

(32-34). It can grow with MI as the sole carbon source (35). During growth on MI, more than 94 

20 genes showed increased expression, most of which were located in two clusters on the 95 

genome. Cluster iol1 (Fig. 1) contains 16 genes, which include a putative operon comprising 96 

10 genes (cg0197-cg0207), including those for the seven enzymes assumed to be responsible 97 

for MI conversion to dihydroxyacetone, acetyl-CoA, and CO2. Whereas many genes of cluster 98 

iol1 such as iolD are essential for growth on MI, the genes of cluster iol2 are dispensable (35). 99 

Two secondary transporters for MI uptake were identified in C. glutamicum, called IolT1 and 100 

IolT2 (35). In the absence of MI, expression of the genes involved in MI transport and 101 

degradation was shown to be repressed by the GntR-type transcriptional regulator IolR (36). C. 102 

glutamicum is not only able to degrade MI but also has the intrinsic capability to synthesize MI 103 

via MI phosphate synthase (Ino1, Cg3323) and MI phosphate monophosphatase (ImpA, 104 

Cg2298) (37). Expression of the ino1 gene is activated by the LacI-type transcriptional regulator 105 

IpsA in response to the cytoplasmic MI concentration. When sufficient MI is present, it binds 106 

to IpsA and abolishes activation of ino1 expression (38).  107 

In many inositol-degrading bacteria, multiple paralogous genes annotated or shown to 108 

encode IDHs were identified (39-41), which, in the case of B. subtilis, for example, enable 109 

growth not only on MI, but also on SI and DCI (42, 43). In C. glutamicum, seven potential 110 
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inositol oxidoreductases were annotated, three in cluster iol1 (IolG, IolW, OxiB), three in 111 

cluster iol2 (OxiC, OxiD, OxiE), and another one elsewhere in the genome (IdhA3) (Fig. 1). 112 

This work aimed at a detailed characterization of the IDHs of C. glutamicum. Using a ΔIDH 113 

strain lacking the genes for all seven potential IDHs as a host for overexpression of the seven 114 

genes individually, we could show that four of the seven IDHs enable growth with MI, SI, or 115 

DCI (Fig. S1) as sole carbon and energy source. Biochemical characterization of the four 116 

purified enzymes revealed different activity profiles for the tested inositol isomers. We used 117 

structural modeling and molecular docking to elucidate the molecular basis responsible for the 118 

varying substrate specificity of the four enzymes that may be helpful in predicting the substrate 119 

specificity of yet uncharacterized inositol dehydrogenases in other organisms.  120 

 121 

RESULTS 122 

Growth on different inositols. C. glutamicum can grow in minimal medium with MI as 123 

the sole carbon and energy source (35). The IDH IolG was shown to be important for growth 124 

on MI, as inactivation of iolG led to a reduced growth rate. Additional deletion of the gene 125 

cluster comprising oxiC-cg3390-oxiD-oxiE abolished the growth on MI, suggesting redundant 126 

MI dehydrogenase activities in C. glutamicum (35). To determine the potential of C. 127 

glutamicum to utilize further inositols besides MI for growth, we cultivated C. glutamicum 128 

MB001(DE3) in CGXII media with either glucose, MI, SI, or DCI as the sole carbon and energy 129 

source using a BioLector microcultivation system. Growth was monitored by measuring 130 

backscatter at 620 nm over a time period of 48 h. This experiment showed that C. glutamicum 131 

is not only able to grow with MI, but also with DCI and SI (Fig. 2A). The growth rate (µ) on 132 

MI (~0.42 h-1) and DCI (~0.42 h-1) was comparable to that on glucose (~0.46 h-1), while the 133 

growth rate on SI was slower (~0.26 h-1).  134 

C. glutamicum possesses the two inositol transporters IolT1 and IolT2, both contributing 135 

to the uptake of MI (35). To test if DCI and SI enter the cells the same way, we analyzed the 136 
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growth of the transporter deletion mutant strains ∆iolT1, ∆iolT2 and ∆iolT1∆iolT2 on glucose, 137 

MI, SI, and DCI. Indeed, both transporters contributed to the uptake of all tested inositols (Fig. 138 

2B, C, D). With MI as carbon source, the strains ∆iolT1 and ∆iolT2 showed a comparable 139 

growth rate (~0.42 h-1). In case of DCI and SI, strain ∆iolT1 grew slightly slower (DCI: ~0.38 140 

h-1; SI: ~0.24 h-1) than strain ∆iolT2 (DCI: ~0.41 h-1; SI: ~0.26 h-1), suggesting that IolT1 has a 141 

higher activity for DCI and SI uptake than IolT2 (Fig. 2B, C). Deletion of both iolT1 and iolT2 142 

abolished growth on each of the three inositols completely (Fig. 2D), indicating that C. 143 

glutamicum does not possess an additional transporter for the uptake of inositols. 144 

As an efficient approach for investigating the role of the seven annotated IDHs of 145 

C. glutamcium for growth on MI, SI, and DCI, we constructed the C. glutamicum strain ΔIDH, 146 

in which all seven IDH genes and the putative sugar phosphate isomerase gene cg3390, which 147 

is part of the oxiC-cg3390-oxiD-oxiE operon, were deleted (Table 1). C. glutamicum ∆IDH was 148 

transformed with pMKEx2-based expression plasmids encoding one of the seven IDHs and 149 

tested for growth on the different inositols. The successful synthesis of the individual IDH 150 

proteins was confirmed by SDS-PAGE (Fig. S2). As controls, the parent strain C. glutamicum 151 

MB001(DE3) and the ∆IDH strain were transformed with pMKEx2-eyfp. Target gene 152 

expression was induced by adding 20 µM IPTG to the second, overnight preculture and the 153 

main culture to enable an immediate start of growth.  154 

In contrast to strain MB001(DE3) (pMKEx2-eyfp), strain ΔIDH (pMKEx2-eyfp) was 155 

unable to grow on MI, SI, and DCI, confirming that this mutant is suitable to test the 156 

functionality of the different IDHs. Growth of strain ΔIDH on MI comparable to that of the 157 

positive control was obtained by expressing either iolG or oxiD (Fig. 3). Expression of oxiB 158 

and oxiE also enabled growth on MI, but at slower growth rates of 0.24 h-1 and 0.11 h-1, 159 

respectively. Expression of iolW, oxiC, and idhA did not restore growth on MI and showed the 160 

same profile as the negative control expressing eyfp.  161 
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Similar to the growth with MI, the growth of strain ΔIDH with DCI was made possible by 162 

the expression of either iolG or oxiD (Fig. 3) and enabled the same growth rate (0.45 h 1) as the 163 

positive control strain. In contrast to to growth with MI, no growth on DCI was observed for 164 

strain ΔIDH expressing oxiB or oxiE. Growth of strain ΔIDH on SI was only enabled by 165 

expressing oxiE or oxiB (Fig. 3). Plasmid-based expression of oxiE, even at low induction 166 

levels, enabled faster growth (0.40 h-1) than the positive control strain (0.26 h-1), indicating that 167 

native oxiE expression limited growth on SI. The expression of oxiB led to slower growth on 168 

SI (0.09 h-1) and a lower final backscatter after 48 h of cultivation.  169 

The results of the growth experiments suggest that IolG and OxiD function as efficient MI 170 

and DCI dehydrogenases. OxiB and OxiE also possess MI dehydrogenase activity, but 171 

apparently not DCI dehydrogenase activity. OxiE probably has a high SI dehydrogenase 172 

activity, whereas OxiB has a weak activity for SI.  173 

 174 

Kinetic properties of the enzymes IolG, OxiD, OxiE and OxiB. To confirm the 175 

conclusions derived from the growth experiments, we biochemically characterized those IDHs 176 

that enabled growth on the tested inositols, i.e., IolG, OxiD, OxiB, and OxiE. The enzymes 177 

were overproduced with a C-terminal Strep-tag II in C. glutamicum MB001(DE3) using the 178 

newly constructed pPREx6 vector. It enables the direct fusion of the target protein to a C-179 

terminal Strep-tag II and strong inducible overexpression under the control of the T7 promoter. 180 

Enzymes were purified via StrepTactin sepharose affinity chromatography followed by size 181 

exclusion chromatography. The purity of the proteins was confirmed by SDS-PAGE and 182 

Coomassie blue staining (Fig. S3).  183 

The purified proteins were used for enzyme activity measurements via spectrophotometric 184 

assays measuring the decrease in absorbance of NADH at 340 nm with MI, SI, and DCI as 185 

substrates. The results of these experiments agreed with the conclusions derived from the 186 

growth experiments and revealed clear differences in substrate preferences and activities (Table 187 
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1 and Fig. S4). IolG and OxiD both accept MI and DCI as substrates with a preference for MI. 188 

OxiD showed a 2.5 times higher turnover number for MI than IolG. Also, the Km of OxiD for 189 

MI was 3 times lower than the one of IolG. OxiB showed activity for MI and SI, but not for 190 

DCI. The specific activity of OxiB for MI was 4 times lower than the one of IolG and 10 times 191 

lower than the one of OxiD, corresponding to the slower growth of strain ΔIDH (pMKEx2-192 

oxiB) on MI (Fig. 3). The Km values of OxiB for MI and SI were similar and comparable to the 193 

Km values of IolG for MI. OxiE was the only IDH that showed activity for all three tested 194 

inositols with the highest activity and lowest Km for SI. The activity for DCI was more than 195 

1000-fold lower than for MI and SI. This low activity was apparently not sufficient to enable 196 

the growth of strain ΔIDH (pMKEx2-OxiE) on DCI.  197 

 198 

Analysis of the C. glutamicum IDHs by sequence alignments. Explanations for the 199 

substrate specificity of different IDHs are scarce. Previous studies dealt with the structure 200 

elucidation of IDHs in complex with inositols to understand the interactions between enzyme, 201 

substrate, and cofactor. For OxiD of C. glutamicum, a crystal structure (3EUW) with a 202 

resolution of 2.3 Å has been deposited in the Protein Data Bank (PDB) (44, 45) but without a 203 

bound cofactor or substrate. The structure of IolG of B. subtilis complexed with NAD+ and MI 204 

enabled the identification of important residues for cofactor and substrate binding. Structure-205 

based sequence alignments led to the definition of six conserved sequence motifs (46). Motifs 206 

I and II contain amino acid residues that are important for cofactor binding, whereas motifs III-207 

VI contain residues responsible for substrate binding and the catalytic triade consisting of 208 

Lys97, Asp172, and His176 (BsIolG numbering).  209 

We compared the amino acid sequences of all seven annotated IDHs of C. glutamicum with 210 

the sequences of the biochemically characterized inositol dehydrogenases reported in literature 211 

(Table S1) and sorted them into four groups (Fig. S5): (i) NAD+-dependent IDHs known to 212 

have activity for MI and DCI; (ii) NAD+-dependent IDHs known to have activity for MI and 213 



10 
 

SI; (iii) NADP+-dependent IDHs catalyzing the reduction of 2KMI to SI; (iv) IDHs with no 214 

activity for any tested inositol. In our comparison we focused on the previously reported motifs 215 

to identify differences in functionally important residues within motifs I-VI. In group (i), which 216 

includes CgIolG and CgOxiD, the sequence G124FM/NRRY/FD130 in motif III and Y233GY235 217 

in motif V (BsIolG numbering) seem to be more conserved in comparison to the other groups. 218 

F125M/N126R127 and Y235 were reported as substrate binding sites for BsIolG. In group (ii) 219 

IDHs, the sequence G124FM/NRRY/FD130 can also be found in some cases, however, the 220 

Y233GY235 sequence does not occur in any representative. In most cases, the second Tyr residue 221 

is replaced by a positively charged amino acid (H>R>K). As shown below, this residue is 222 

involved in substrate binding and, therefore, can serve as a marker to discriminate between 223 

IDHs specific for SI and DCI, although exceptions are possible (Fig. 4).  224 

We previously identified IolW as an NADP+-dependent scyllo-IDH that catalyzes the 225 

reduction of 2KMI to SI (47) and therefore assigned it to the group (iii). At position 35, IolW 226 

contains an Ala residue, while most other IDHs contain an Asp or Glu residue. Asp- or Glu 227 

residues at this position are conserved in NAD+-dependent IDHs, in which they form hydrogen 228 

bonds with the ribose moiety of NAD+. NADP+-dependent enzymes typically replace Asp or 229 

Glu with a small, neutral residue, as the negatively charged carboxylate of Asp or Glu would 230 

effectively repel the phosphate group in this position. Often, a basic residue follows the small 231 

neutral residue, like Arg36 in IolW, that can interact with the 2’-phosphate group of NADPH 232 

(48-50). Also BsIolW and BsIolU, both of which have been characterized as NADPH-233 

dependent KMI reductases, possess a Ser or Thr residue rather than Asp or Glu at position 35 234 

(BsIolG numbering) (51). This difference between NAD+- and NADP+-dependent IDHs 235 

suggests that IolW is the only IDH of C. glutamicum favoring NADPH as cofactor.  236 

Among all analyzed IDHs, the motifs of CgOxiC differ the most from the published ones 237 

(Fig. S5). It is the only protein within the annotated IDHs of C. gutamicum that does not contain 238 

a complete GxGxxG consensus sequence in motif I. Additionally, instead of Asp179, a residue 239 
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of the catalytic triad, OxiC contains an Ile residue. The lack of Asp179 suggests that OxiC is 240 

not active as IDH, which is supported by the fact that expression of oxiC did not enable the 241 

growth of the ΔIDH strain on MI, DCI, or SI (Fig. 3). IdhA3 also differs at the corresponding 242 

position 172, as it contains a Glu residue instead of Asp, similar to the myo-IDH Gk1899, for 243 

which activity towards MI was reported (40). Despite being a conservative exchange, the 244 

difference in size might prevent IDH activity of IdhA3. Like in the case of OxiC, the expression 245 

of idhA3 did not allow growth of the ΔIDH strain on MI, DCI, or SI (Fig. 3). We constructed 246 

an IdhA3 variant in which we exchanged Glu172 by Asp. However, the expression of idhA3-247 

E172D also did not allow growth of C. glutamicum ∆IDH on MI, DCI, or SI (data not shown). 248 

 249 

Structural models of C. glutamicum IDHs and inositol docking. Amino acid sequence 250 

comparisons of IDHs allow the prediction of cofactors and potential substrates when looking at 251 

highly conserved motifs. However, structural models and docking experiments are required to 252 

further understand inositol preference and binding mechanisms. To this end, we generated 253 

structural models with their corresponding cofactor of the IDHs IolG, OxiB, OxiC, OxiD, OxiE, 254 

and IdhA3 (Table S2). All structures show an intermediate to good global model quality (Table 255 

S2) and good local model quality near the inositol binding sites (Fig. S6), with regions of lower 256 

quality located mainly in the loops and the central tetrameric interface.  257 

The models served as input for docking experiments using AutoDock3 (52) in combination 258 

with DrugScore2018 (53) to probe the potential interaction between MI, SI, or DCI and the 259 

catalytic site of each IDH. To test if a docked solution likely adopts a favorable position in the 260 

catalytic site, we measured the distance d between the C2 atom in MI, the C1 or C6 atom in 261 

DCI, or any C atom in SI and the C4 atom of the nicotinamide group from the NAD+ cofactor. 262 

As the orientation of the reactive carbon atoms towards the cofactor and the distance between 263 

these atoms is crucial for the reaction to take place, we only considered a binding pose valid if 264 

d < 5 Å. For validation of the docking approach, we performed redocking experiments using 265 
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the X-ray structures of L. casei IDH1 (PDB id 4MIO) and L. casei IDH2 (PDB id 4N54) in 266 

complex with MI and SI, respectively. All dockings converged perfectly, and the poses show 267 

RMSD values < 2.0 Å to the respective bound MI and SI in the X-ray structures (Fig. S7A, B). 268 

Furthermore, the docked solutions of the inositols showed d < 5 Å for both IDHs (Fig. S7C, D), 269 

even if the docked MI poses are slightly rotated in a counter-clockwise manner.  270 

Of the systems investigated here, the two dehydrogenases, OxiC and IdhA3, served as 271 

negative controls as both show no activity for either MI or SI (47). The two IDHs differ 272 

markedly in the structure of the entrance region to the catalytic site. In OxiC, the presence of 273 

the α-helixV159-Q169 narrows the catalytic site's accessibility, thus, hampering the interaction of 274 

the inositols and the enzyme (Fig. 5A). This helical element is missing in IolG, OxiD, OxiE, 275 

and IdhA3. The latter shows an open catalytic site (Fig. 5B). In OxiB, an extended loop region 276 

is located at the same position as the helix in OxiC. However, the loop does not narrow the 277 

entrance to the catalytic site.  278 

We obtained converged docking results for all combinations of these IDHs and the 279 

investigated inositols, indicating that the docking method finds a single most favorable binding 280 

pose for each inositol, except for the combinations of IdhA3 with MI and of OxiE with DCI, 281 

where two binding poses were found (Table S3). All docked solutions of the inositols in OxiC 282 

showed distances of d > 5 Å (Fig. 5C), since helixV159-Q169 blocks the catalytic site. Despite 283 

the accessible catalytic site in IdhA3, we also observed no valid docking pose (d > 5 Å). This 284 

finding is remarkable as both IDHs showed no activity for MI or SI in previous experiments 285 

(47) and also could not recover growth of C. glutamicum ∆IDH on any tested inositol  286 

In the case of OxiE, valid docking poses were found for MI (d = 4.4 Å) and SI (d = 5.0 Å), 287 

which agrees with the activity data from experiments (Fig. 5C). Furthermore, the hydroxyl 288 

groups of docked inositol poses of MI and SI form interactions with the charged amino acids 289 

R13, K101, R130, D160, D178, H182, and H243 (Fig. 5D, E). Interestingly, we observed a 290 

slight incline of the docked MI compared to the SI orientation, which, though less pronounced, 291 
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agrees with results reported previously for L. casei IDH1 (39). The docking with OxiE failed 292 

to generate valid docking poses for DCI, although purified OxiE showed very weak activity for 293 

DCI (Table 1), which was insufficient to enable growth on DCI.  294 

For OxiD, we observed valid docking poses for MI (d = 3.9 Å), but not for SI (d = 9.7 Å), 295 

which agrees with the enzymatic activity data (Fig. 5C and Fig. S8). Here, the computed pose 296 

of MI interacts with the charged amino acids K94, D153, and H175 and the hydroxyl groups 297 

Y235 and Y280 (Fig. 5F,G). Compared to the orientation of the docked MI in OxiE, the incline 298 

is more pronounced in OxiD and like the orientation reported before for L. casei IDH1 (39). 299 

Surprisingly, for OxiD no valid docking pose was found for DCI (Fig. 5C), even though purified 300 

OxiD shows high activity for DCI as substrate (Table 1).  301 

For IolG, our docking results agree with the enzyme activity data (Fig. 5C). Here, MI and 302 

DCI produced valid docking poses (d = 4.5 Å for both inositols), whereas for SI no valid 303 

docking pose was found (d = 5.7 Å) (Fig. S8). Nevertheless, MI, SI, and DCI show the same 304 

interactions in our docking experiments with the amino acids H155, H176, S173, and Y235 305 

(Fig. S9). The larger distance between SI and the cofactor is due to a wrong orientation of the 306 

inositol that shows a similar incline as observed for MI. Finally, SI is located further away from 307 

the cofactor than MI and DCI. 308 

In the case of OxiB, the predicted binding poses agree only for SI with the enzyme activity 309 

data (Fig. 5C). For SI, we observed a valid docking pose with a distance d = 3.8Å (Fig. S8). 310 

The position of all docked inositols is strongly overlapping, thus, interacting with the same 311 

amino acids Y138, Y166, D193, H197, and N278 (Fig. S9). The larger distance between MI 312 

and the cofactor results from the misplaced C2 atom of the inositol. Here, the C2 atom points 313 

away from the cofactor and reveals a parallel orientation of the carbocyclic ring and the 314 

nicotinamide group of the cofactor. In the case of DCI, the C1/C6 atoms are oriented toward 315 

the cofactor and show a slight incline, suggesting an optimal interaction between DCI and the 316 

cofactor. Here, the docking result deviates from the enzyme activity data, as OxiB showed no 317 
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activity with DCI as substrate (Table 1). Overall, we were able to identify valid binding poses 318 

for MI, SI, and DCI in six IDHs in 15 out of 18 docking experiments. 319 

 320 

DISCUSSION 321 

The genome of C. glutamicum harbors seven genes that potentially encode IDHs. In this 322 

study, we characterized the physiological functions and biochemical properties of these IDHs 323 

and employed bioinformatics and molecular modeling to obtain more detailed information on 324 

their structural differences and substrate preferences. Our initial growth experiments with the 325 

strain MB001(DE3) derived from C. glutamicum ATCC13032 revealed that it can grow not 326 

only with MI, but also with SI and DCI as sole carbon and energy source. In Fig. 6, we present 327 

an overview of our current knowledge of the inositol metabolism in C. glutamicum. We showed 328 

that both inositol transporters, IolT1 and IolT2, catalyze not only the uptake of MI, but also of 329 

DCI and SI, which further underlines the fact that these transporters have a broad substrate 330 

specificity including not only inositols, but also glucose, fructose, and xylose (54-57). 331 

According to the observed growth rates, IolT1 seems to have a higher activity for DCI and SI 332 

uptake than IolT2, while both transporters are comparably effective with respect to MI uptake 333 

(35). Studies on the three inositol transporters of B. subtilis showed that they exhibit different 334 

preferences for different inositols (58). 335 

By creating the ΔIDH strain of C. glutamicum, which lacks all seven known or putative 336 

IDH genes, we were able to test the role of each of the IDHs individually for their ability to 337 

enable growth on MI, SI, and DCI. The experiments showed that, besides IolG, also OxiD 338 

allows for fast growth on MI. OxiB and OxiE also enabled growth on MI, but at a much slower 339 

rate. These results agree with the kinetic properties of the purified enzymes with MI as 340 

substrate: IolG and OxiD showed about 5- to 10-fold higher Vmax values than OxiB and OxiE 341 

(Table 1). Growth on DCI was only possible with IolG and OxiD and the kinetic properties 342 

confirmed a high activity of these enzymes with DCI as substrate. OxiE showed superior growth 343 
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and faster kinetics for SI compared to MI, suggesting that this enzyme primarily functions as 344 

scyllo-IDH. OxiB also allowed growth on SI, but at a much lower rate. The kinetic properties 345 

of OxiE and OxiB for SI were in agreement with the growth data (Table 1). The observation 346 

that the IDHs possess activity for more than one inositol isomer has also been reported for IDHs 347 

of other bacteria. They are often classified either as myo-IDH with the highest activity for MI 348 

and lower activity for DCI or as scyllo-IDH with a preference for SI and lower activity for MI 349 

(21, 22, 39). OxiB is unusual in that it shows activity for SI and MI, but has a strong preference 350 

for MI. 351 

Expression of iolW, oxiC, and idhA3 did not allow growth of the ΔIDH strain on MI, DCI, 352 

or SI, indicating that these proteins do no possess the required enzymatic activities. For IolW, 353 

this result was expected as our previous studies showed that this enzyme catalyzes the NADPH-354 

dependent reduction of 2KMI to SI (47). In the case of OxiC, several reasons for the lack of 355 

enzymatic activity were identified. OxiC lacks the Asp-179 residue, which is part of the 356 

catalytic triad, and contains an incomplete GxGxxG motif. Furthermore, the structural model 357 

shows that the substrate binding site of OxiC is blocked by an α-helix (Fig. 5A). Also the 358 

docking experiments revealed no valid binding poses for the tested inositols. Therefore, all 359 

evidence argues against an enzymatic activity of OxiC as IDH and the function of this protein 360 

remains unknown. In the case of IdhA3, the Asp-172 residue of the catalytic triad is replaced 361 

by a Glu residue and the exchange of the Glu residue by Asp did not enable growth on MI, SI 362 

or DCI (data not shown). The structural model of IdhA3 shows that the catalytic site is more 363 

exposed than the binding pockets of active IDHs (Figure 5B) and the docking experiments 364 

revealed no valid binding poses. As in the case of OxiC, the function of IdhA3 is currently 365 

unclear. 366 

The structural models generated for the C. glutamicum IDHs in this study were used in 367 

blind docking experiments, which in 15 out of 18 cases were in good agreement with the 368 

experimental growth and kinetic data when the distance between the reactive carbon atom from 369 
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each inositol and the C4 atom of the cofactor's nicotinamide group was evaluated as a criterion 370 

for activity. Only for the pairs OxiD/DCI and OxiB/MI, we obtained false-negative and for 371 

OxiB/DCI false-positive docking solutions, which might be due to treating the protein and the 372 

cofactor as rigid. Using computationally more demanding investigations with molecular 373 

dynamics simulations may overcome these limitations.  374 

Amino acid sequence alignments and the predicted interactions of the inositols with the 375 

residues of the binding pocket suggested that motif V plays a role in the selectivity of IDHs. In 376 

group (i) IDHs using MI and DCI as substrates, a YGY245 motif (BsIolG numbering) with Y245 377 

serving as substrate binding site is highly conserved, whereas this motif is absent in group (ii) 378 

IDHs using MI or SI as substrates and in group (iii) IDHs serving as 2KMI reductases. In group 379 

(ii) Y245 is exchanged mainly for a positively charged residue (H>R>K) and the model 380 

proposes H243 as a substrate interaction site in OxiE (Fig. 5D, E). Therefore, this position can 381 

be used to estimate the substrate preferences of IDHs (Fig. 4).  382 

As several inositols were reported to show pharmacological activities against e.g., 383 

Alzheimer's disease, polycystic ovarian syndrome, or type II diabetes (2), the biotechnological 384 

production of these sugar alcohols is of high interest and was shown e.g., for SI production with 385 

B. subtilis (59) and C. glutamicum (47). These processes require the activity of IDHs for 386 

epimerization of MI to the desired inositol and the knowledge of biochemical properties of the 387 

IDHs is a prerequisite for the design of appropriate synthesis pathways and chassis strains 388 

preventing for example the reoxidation of the target inositol. The structural models enable 389 

rational engineering of the IDHs to change the substrate or cofactor selectivity, which can 390 

provide new synthetic routes for the interconversion of inositol isomers. Besides MI, DCI, and 391 

SI, also other inositols were reported to have pharmacological activities (2) and our strategy for 392 

analyzing the properties of IDHs can be employed to identify novel IDHs suitable for 393 

production of rare inositols.  394 
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Our study revealed the functions of four of the seven putative IDHs present in C. 395 

glutamicum (IolG, OxiD, OxiB, and OxiE), not including the 2KMI reductase IolW reported 396 

previously (47). The functions of OxiC and IdhA3 remain unknown and especially OxiC is 397 

unlikely to be an active IDH. The overlapping substrate specificities of several of the four active 398 

NAD+-dependent IDHs might provide an advantage for scavenging inositols in the natural 399 

habitat. The oxidation product of MI and SI is 2KMI (or scyllo-inosose), which is subsequently 400 

converted by 2KMI dehydratase (IolE) to 3D-(3,5/4)-trihydroxy-cyclohexane-1,2-dione (Fig. 401 

6). The oxidation product of DCI, however, is 1-keto-D-chiro-inositol, which in B. subtilis is 402 

converted by the isomerase IolI to 2KMI (43). Current studies aim at identifying the C. 403 

glutamicum isomerase involved in growth on DCI. 404 

 405 

MATERIAL AND METHODS 406 

Bacterial strains, plasmids, and growth conditions. All bacterial strains and plasmids 407 

used in this work are listed in Table 2. All cloning steps were performed with Escherichia coli 408 

DH5α as host. E. coli strains were cultivated at 37 °C on LB agar plates or in lysogeny broth 409 

(LB) (60) with 50 µg/mL kanamycin. For growth characterization, C. glutamicum was 410 

cultivated in a BioLector microcultivation system (m2p-labs, Baesweiler, Germany). Single 411 

colonies were transferred in BHI medium and cultivated for 8 h at 30°C as a first preculture. 412 

The second preculture containing defined CGXII medium (61) with 0.03 g/L protocatechuic 413 

acid and 2% (wt/vol) glucose was inoculated with 10% (vol/vol) of the first preculture and 414 

cultivated for 16 h at 30°C. Before inoculation of the main cultures, cells were washed once 415 

with CGXII medium without a carbon source. BioLector microcultivation was performed in 416 

800 µL CGXII medium, which was supplemented with 1% (wt/vol) of the indicated carbon 417 

source in 48-well FlowerPlates (m2p-labs, Baesweiler, Germany) at 1200 rpm at 30 °C. Growth 418 

in this system was measured online as scattered light at 620 nm (62). For protein production, 419 

C. glutamicum was cultivated in 200 mL BHI medium supplemented with 2% (wt/vol) glucose 420 
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in 2 L baffled shake flasks at 100 rpm and 30°C. When appropriate, 25 µg/mL kanamycin was 421 

added to the medium. Gene expression was induced via the addition of isopropyl-β-D-422 

thiogalactoside (IPTG) at the indicated concentrations. Bacterial growth was followed by 423 

measuring the optical density at 600 nm (OD600).  424 

 425 

Recombinant DNA work and construction of deletion mutants. Plasmids and 426 

oligonucleotides used in this study are listed in Table 2 and Table S4, respectively. PCRs, DNA 427 

restrictions, and plasmid constructions were performed according to established protocols (63, 428 

64). DNA sequencing and oligonucleotide synthesis were performed by Eurofins Genomics 429 

(Ebersberg, Germany). Chemically competent E. coli cells were transformed according to an 430 

established protocol (65). C. glutamicum was transformed via electroporation as described 431 

previously (66). The deletion mutant C. glutamicum MB001(DE3)ΔIDH was constructed via 432 

consecutive double homologous recombination as described previously (67) using the plasmids 433 

pK19mobsacBΔiol2, pK19mobsacBΔiolG, pK19mobsacBΔiolW, pK19mobsacBΔidhA3, and 434 

pK19mobsacBΔoxiB. The chromosomal deletions were confirmed via colony-PCR using 435 

oligonucleotides annealing outside the deleted region.  436 

For the construction of the pMKEx2-based expression plasmids, the corresponding target 437 

genes were cloned downstream of the C. glutamicum consensus ribosome binding site (RBS) 438 

via Gibson assembly. For protein overproduction and purification, the inositol dehydrogenase 439 

genes were cloned into the newly constructed pPREx6 plasmid, which is a derivative of 440 

pPREx2 (68) in which the promoter Ptac was replaced by the T7 promoter. For promoter 441 

exchange, the plasmid backbone was amplified using oligonucleotides P027 and P028, and the 442 

T7 promoter was amplified from pMKEx2 with oligonucleotides P029 and P030. DNA 443 

fragments were joined via Gibson assembly yielding pPREx6.  444 

 445 
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Protein overproduction and purification. C. glutamicum MB001(DE3) was transformed 446 

with pPREx6-based expression plasmids for inositol dehydrogenase production and cultivated 447 

in 200 mL BHI medium supplemented with 20 g/L glucose. Gene overexpression was induced 448 

with 250 µM IPTG after 3 h, and cells were harvested after 24 h of cultivation via centrifugation 449 

at 5,000 g for 20 min at 4 °C. Cell pellets were washed and resuspended in 4 mL lysis buffer 450 

(100 mM KPO4 pH 7.5, 150 mM NaCl, 1 mM MgSO4) per g cell wet weight and lysed by five 451 

passages through a French Press at 124 MPa. The resulting cell extract was first centrifuged at 452 

5,000 g and 4°C for 20 min, and the supernatant was then subjected to ultracentrifugation at 453 

45,000 g and 4°C for 1 h. The resulting supernatant was incubated with avidin (25 μg/mg 454 

protein) for 30 min on ice before performing purification on an Äkta pure protein purification 455 

system (Cytiva) via StrepTactin Sepharose affinity chromatography and subsequent size 456 

exclusion chromatography.  457 

A StrepTrap HP 1 mL column was equilibrated with binding buffer (100 mM KPO4 pH 7.5, 458 

150 mM NaCl, 1 mM MgSO4) before loading the protein extract. The column was washed with 459 

10 column volumes (CV) of binding buffer and the remaining proteins were then eluted in six 460 

0.5 ml fractions with elution buffer I (100 mM KPO4 pH 7.5, 150mM NaCl, 1 mM MgSO4, 2.5 461 

mM desthiobiotin). The protein-containing elution fractions were combined and concentrated 462 

by using a 10 kDa AMICON filter and centrifuging at 3,500 g and 4°C to a final volume of 500 463 

µL. The concentrated protein was then applied to a Superdex 200 Increase size exclusion 464 

chromatography column that had been equilibrated with 2 CV of elution buffer II (100 mM 465 

KPO4 pH 7.5, 1 mM MgSO4). Protein was eluted with 1.5 CV of elution buffer II and collected 466 

in 2 mL fractions. The purity and apparent molecular mass of the proteins after both purification 467 

steps were determined by 12% (wt/vol) SDS-PAGE according to standard procedures (64). 468 

Protein concentrations were determined using the Bradford assay (69). 469 

 470 
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Inositol dehydrogenase activity assays. Inositol dehydrogenase activity was determined 471 

as described before with some adjustments (68). Measurements were performed in 600 µL 472 

reaction volume using 1 mL cuvettes containing 0.25-600 μg purified enzyme in elution buffer 473 

II at 30°C. A reaction mixture without substrate was used as a blank, and the reaction was 474 

initiated by the addition of substrate. Kinetic assays were performed with varying 475 

concentrations of MI, DCI, and SI (0.5-50 mM) at a constant concentration of 5 mM NAD+. 476 

Kinetic constants were determined via a non-linear regression fit based on the Michaelis-477 

Menten equation with the GraphPad Prism software. 478 

 479 

Structural bioinformatics methods. Homology models of the IDHs were generated with 480 

the protein structure homology modeling server of SWISS-MODEL (70, 71). The template 481 

search against the SWISS-MODEL template library (SMTL, last update: 2021-02-10, last 482 

included PDB release: 2021-02-05) was performed with BLAST (72) and HHblits (73): 483 

Initially, the target sequence was searched with BLAST against the primary amino acid 484 

sequences contained in the SMTL. A total of 23 (OxiC), 79 (IdhA3), 42 (OxiE), 61 (OxiD), 28 485 

(IolG), and 19 (OxiB) templates were found. An initial HHblits profile was built using the 486 

procedure outlined in ref. (73), followed by one iteration of HHblits against Uniclust30 (74). 487 

Next, the obtained profile was searched against all profiles of the SMTL. A total of 1846 488 

(OxiC), 3608 (IdhA3), 2552 (OxiE), 3393 (OxiD), 3946 (IolG), and 2505 (OxiB) templates 489 

were found. Based on the found template structures, we chose the ones that included a bound 490 

cofactor and showed the highest sequence identity (Table S2). Models are built based on the 491 

target-template alignment using ProMod3 (75). Coordinates conserved between the target and 492 

the template are copied from the template to the model. Insertions and deletions are remodeled 493 

using a fragment library. Side chains are then rebuilt. Finally, the resulting model's geometry is 494 

regularized using a force field. The global and per-residue model quality was assessed using 495 

the QMEANDisCo scoring function (76) (Fig. S6). The cofactors' position was determined 496 
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from the template structures and carried over to the structural models using PyMOL Molecular 497 

Graphics System, version 2.3.0 Schrödinger, LLC, New York (77).  498 

For the molecular docking, the 3D structure of the substrates MI, SI, and DCI were 499 

generated based on their corresponding SMILES codes using RDKit: Open-source 500 

chemoinformatics (DOI: 10.5281/zenodo.3732262). The substrates were subsequently docked 501 

into the catalytic sites of the respective IDH utilizing a combination of AutoDock3 (52) as a 502 

docking engine and DrugScore2018 (53) as an objective function. Docking grids were generated 503 

with DrugScore2018 using converged pair-potentials for all atom pairs. The position and 504 

dimension of the grids were calculated using the positions of inositols in crystal structures as 505 

reference point. Accounting for a margin of 8 Å in every direction, the final docking grid shows 506 

box dimensions of approximately 23 Å x 23 Å x 20 Å and is centered in the pocket of the IDHs 507 

(Fig. S7A, B). Following an established procedure (53), the docking protocol considered 100 508 

independent runs for each ligand using an initial population size of 100 individuals, a maximum 509 

number of 27.0 × 103 generations, a maximum number of 5.0 × 106 energy evaluations, a 510 

mutation rate of 0.02, a crossover rate of 0.8, and an elitism value of 1. The Lamarckian genetic 511 

algorithm was chosen for sampling in all approaches. The distance between the reactive carbon 512 

of the docked substrates and the cofactor was measured using the PyMOL Molecular Graphics 513 

System. 514 

 515 

Data availability. The strains and plasmids used in this work will made available by the 516 

corresponding author (MB) upon request. 517 
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Table 1. Role of the indicated IDHs for growth on MI, DCI, and SI, and kinetic constants for 752 

oxidation of MI, DCI, and SI by purified IolG, OxiB, OxiD, and OxiE.  753 

Enzyme Substrate Growth1 Vmax 
(µmol min-1 mg-1) 

Km 
(mM) 

kcat 
(s-1) 

kcat/Km 
(M-1 s-1) 

IolG myo-Inositol +++ 23.1 ± 3.2 60.9 ± 13.7 14.0 ± 1.9 235.1 ± 23.4 

 D-chiro-Inositol +++ 14.3 ± 0. 9 61.93 ± 5.61 8.66 ± 0.54 140.39 ± 7.4 

 scyllo-Inositol - n.d.2    

       

OxiD myo-Inositol +++ 59.0 ± 2.3 19.6 ± 1.8 35.6 ± 1.4 1831.8 ± 107.4 

 D-chiro-Inositol +++ 25.5 ± 2.7 50.6 ± 8.7 15.4 ± 1.7 307.6 ± 20.0 

 scyllo-Inositol - n.d.    

       

OxiB myo-Inositol ++ 5.8 ± 0.5 62.1 ± 12.5 4.2 ± 0.4 69.1 ± 7.3 

 D-chiro-Inositol - n.d.    

 scyllo-Inositol + 0.05 ± 0.01 28.8 ± 7.1 0.03 ± 0.00 1.03 ± 0.11  

       

OxiE myo-Inositol + 3.1 ± 0.2 51.6 ± 3.6 3.9 ± 0.3 76.7 ± 5.2 

 D-chiro-Inositol - 0.005 ± 0.001 54.1 ± 8.0 0.003 ± 0.00 0.06 ± 0.00 

 scyllo-Inositol +++ 13.4 ± 0.1 12.4 ± 0.8 8.5 ± 0.1 688.6 ± 41.5 

1Growth of ΔIDH strain expressing the genes encoding the indicated IDHs, with "+++" 754 

indicating very good growth and "–"indicating no growth 755 

2n.d. = no detectable activity 756 
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Table 2. Bacterial strains and plasmids used in this study 758 

Strain or plasmid Relevant characteristics Source or reference 
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 

(65) 

   
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.  
 

(78) 

MB001(DE3)ΔIDH MB001(DE3) derivative with deletion of the genes oxiC-
cg3390-oxiD-oxiE (cg3389-cg3392), iolG (cg0204), iolW 
(cg0207), idhA3 (cg2313) and oxiB (cg0211) 

This work 

ATCC13032 ∆iolT1 Derivative of the wild type ATCC13032 in which the 
inositol transporter iolT1 was deleted 

(35) 

ATCC13032 ∆iolT2 Derivative of the wild type ATCC13032 in which the 
inositol transporter iolT2 was deleted 

(35)  

ATCC13032 
∆iolT1∆iolT2 

Derivative of the wild type ATCC13032 in which the 
inositol transporters iolT1 and iolT2 were deleted 

(35)  

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

(pK18 oriVE.c., sacB, lacZα) 
(79) 
 

pK19mobsacBΔiol2 KanR; plasmid for deletion of the genes cg3389-cg3392 
containing two 1-kb PCR products which cover the 
upstream flanking region of oxiC (cg3389) and the 
downstream flanking region of oxiE (cg3392) 

(47) 

pK19mobsacBΔiolG KanR; plasmid for deletion of iolG (cg0204) (80) 
pK19mobsacBΔiolW KanR; plasmid for deletion of iolW (cg0207) (57) 
pK19mobsacBΔoxiB KanR; plasmid for deletion of oxiB (cg0211) This work 
pK19mobsacBΔidhA3 KanR; plasmid for deletion of idhA3 (cg2313) 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 

(78) 

pMKEx2-eyfp KanR; pMKEx2 derivative containing the eyfp gene under 
control of PT7 

(78) 

pMKEx2-IolG KanR; pMKEx2 derivative containing the iolG gene under 
control of PT7 

This work 

pMKEx2-IolW KanR; pMKEx2 derivative containing the iolW gene under 
control of PT7 

This work 

pMKEx2-OxiB KanR; pMKEx2 derivative containing the oxiB gene under 
control of PT7 

This work 
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pMKEx2-IdhA3 KanR; pMKEx2 derivative containing the idhA3 gene 
under control of PT7 

(47) 

pMKEx2-OxiC KanR; pMKEx2 derivative containing the oxiC gene under 
control of PT7 

(47) 

pMKEx2-OxiD KanR; pMKEx2 derivative containing the oxiD gene 
under control of PT7 

(47) 

pMKEx2-OxiE KanR; pMKEx2 derivative containing the oxiE gene under 
control of PT7 

(47) 

pPREx2 KanR; E. coli-C. glutamicum shuttle vector (Ptac, lacIq, 
pBL1 oriCg; ColE1 oriEc with a Strep-tag II encoding 
sequence 

(68) 

pPREx6 KanR; pPREx2 derivative with with Ptac exchanged for PT7 
promoter  

This work 

pPREx6-IolG KanR; pPREx6 derivative containing the iolG gene under 
control of PT7

 and fused to Strep-tag II sequence 
This work 

pPREx6-OxiB KanR; pPREx6 derivative containing the oxiB gene under 
control of PT7

 and fused to Strep-tag II sequence 
This work 

pPREx6-OxiD KanR; pPREx6 derivative containing the oxiD gene under 
control of PT7

 and fused to Strep-tag II sequence 
This work 

pPREx6-OxiE KanR; pPREx6 derivative containing the oxiE gene under 
control of PT7 and fused to Strep-tag II sequence 

This work 
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 762 

 763 

Fig. 1. Organization of C. glutamicum genes involved inositol transport and metabolism with 764 

the seven different IDH genes highlighted in color. The gene clusters iol1 and iol2 comprising 765 

genes involved in inositol metabolism are indicated. 766 
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 768 

 769 

Fig. 2. Growth of the C. glutamicum strain MB001(DE3) (A), ATCC13032 ΔiolT1 (B), 770 

ATCC13032 ΔiolT2, and ATCC13032 ΔiolT1ΔiolT2 on different inositols compared to 771 

glucose. The strains were cultivated in a BioLector system using CGXII minimal medium 772 

supplemented with glucose, MI, SI, or DCI at 10 g/L. The cultures were incubated for 48 h at 773 

30°C, 1200 rpm, and 85% humidity. Mean values and standard deviations of three biological 774 

replicates are shown. 775 

 776 

 777 
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 779 

Fig. 3. Growth on MI, SI, and DCI of C. glutamicum ∆IDH expressing one of the seven IDH 780 

genes or as negative control eyfp using the corresponding pMKEx2-based plasmids. C. 781 

glutamicum MB001(DE3) transformed with pMKEx2-eyfp was used as a positive control. The 782 

strains were cultivated in a BioLector cultivation system for 48 h at 30°C, 1200 rpm, and 85% 783 

humidity in CGXII minimal medium supplemented with 10 g/L of MI, DCI, SI, or glucose. 784 

Mean values and standard deviations of three biological replicates are shown.  785 
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 787 

 788 

 789 

Fig. 4. Consensus sequences for motif V of the four IDH subgroups with the substrate binding 790 

site highlighted. Letter height is proportional to the relative abundance of that residue at each 791 

position and letter width is proportional to the fraction of valid symbols at that position. Letter 792 

color corresponds to the chemical properties of the amino acid (black, hydrophobic; red, acidic; 793 

blue, basic; green, polar; pink, carboxamides). The figure was generated using WebLogo 3 794 

(WebLogo 3 - About (threeplusone.com)).  795 
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 796 

 797 

Fig 5. Docking results for myo-, scyllo-, and D-chiro-inositol into structural models of C. 798 

glutamicum IDHs. Structural comparison between IdhA3 (A) and OxiC (B) shows an α-helix 799 

(magenta) blocking the entrance to the catalytic site of OxiC. Compared to active IDHs, the 800 

catalytic site in IdhA3 is more exposed. (C) Distances were measured for the docked inositol 801 

poses between the reactive carbon atom from each inositol and the C4 atom of the cofactors 802 
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nicotinamide group; black diamonds depict those inositols that result in growth. The horizontal 803 

dashed line indicates the threshold for considering a valid docking pose. The bar color depicts 804 

if the distance is within the threshold (green) or outside (red). (D-G) Comparison of the docked 805 

solutions for MI and SI into OxiE and OxiD. 806 
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 810 

Fig. 6. Schematic overview of myo-, scyllo-, and D-chiro-inositol catabolism in C. glutamicum. 811 

Reactions leading to cell constituents requiring L-myo-inositol-1-phosphate or myo-inositol for 812 

synthesis are indicated with dashed arrows. 813 


