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Table S1. List of primers and restriction enzymes used to clone L-KdpDs and D-KdpDs in this study* 

Protein NCBI Accession 

number 

Restriction 

enzymes 

Primers (5´to 3´) 

CcD-KdpD1 WP_010918708.1 NdeI, XhoI Ordered as an optimized gene for E. coli expression  

(GenBank Accession number: MT550669) 

CcD-KdpD2 WP_012640070.1 NdeI, HindIII Fwd: CAGCAGCATATGGGCGTGAGTGAATTCCTGCCGGAAGATTG 

Rev: CAGCAGAAGCTTGAGGAGGCCGCGGCCGGC 

PxD-KdpD WP_011494434.1 NdeI, XhoI Ordered as an optimized gene for E. coli expression  

(GenBank Accession number: MT550670) 

PpD-KdpD WP_010953745.1 NdeI, XhoI Fwd: CAGCAGCATATGACTGATCGAACGAACGCCAATC 

Rev: CAGCAGCTCGAGAAGCGGGCGGGCGGTGG 

HsD-KdpD WP_013235815.1 NdeI, XhoI Fwd: CAGCAGCATATGGCACACACCTTTTCGCTCCAGGCGC 

Rev: CAGCAGCTCGAGAATGAGTTTGCGGTCGGCCAGATTTTTGAACAGCGC 

VpD-KdpD WP_013538688.1 NdeI, EcoRI Fwd: CAGCAGCATATGGCCCTGAACCTCTCGCCCGCGAC 

Rev: CAGCAGGAATTCCAACAGGCCGCGCGCGCCCAGGTTG 

CnD-KdpD WP_011616492.1 NdeI, XhoI Fwd: CAGCAGCATATGGCATTGCCGCTCACGCTCAGCG 

Rev: CAGCAGCTCGAGGAAAGTGGTGTGGCCACGTGCGGCC 

AbL-KdpD PDB: 3FKK NdeI, XhoI Ordered as an optimized gene for E. coli expression  

(GenBank Accession number: MT550671) 

CnL-KdpD WP_010809845.1 NdeI, XhoI Fwd: CAGCAGCATATGACCCGCACCCCATCCC 

Rev1: CAGCAGCTCGAGTTATCAGCGGGCCCAGCGCAG 

Rev2: CAGCAGCTCGAGGCGGGCCCAGCGCAG 

HsL-KdpD WP_013233389.1 NdeI, XhoI Fwd: CAGCAGCATATGAGCACCCCTCTCTACCGCGGCGTATTCCC 

Rev: CAGCAGCTCGAGTTACCTGCCCCAGCTCAGCACCAGCGGATC 

VpL-KdpD ADU35339.1 NdeI, XhoI Fwd: CAGCAGCATATGCCCAAGCCCATGAACCACAACCTCTCC 

Rev: CAGCAGCTCGAGTTACTTCCCCCAGCGCAGCACCAGCGGG 

* Restriction site in the primers is underlined. Stop codon is highlighted bold. 

 

 

Figure S1. SDS-PAGE of all L-KdpDs (left) and D-KdpDs (right) after purification and desalting. From left to 

right: Marker, AbL-KdpD, CnL-KdpD with N-terminal His-tag, Cn-L-KdpD with C-terminal His-tag, HsL-KdpD, 

VpL-KdpD, Marker, CcD-KdpD1, CcD-KdpD2, PxD-KdpD, PpD-KdpD, HsD-KdpD, CnD-KdpD.  

  



Table 2. Apparent (APP) kinetic characterization of L-Kdp and D-Kdp dehydratases toward their non-preferred 

stereoisomer. All measurements were performed in triplicate at 25 °C, in 50 mM HEPES pH 7.5.* 

Substrate Enzymes kcat
APP (s-1) KM

APP (mM) kcat/Km (mM-1s-1) 

D-KDP 

AbL-KdpD 6.65 ± 0.10 6.81 ± 0.35 0.98 ± 0.23 

CnL-KdpD (Nhis) 12.04 ± 0.16 4.08 ± 0.21 2.95 ± 0.23 

CnL-KdpD (Chis) 11.01 ± 0.08 6.40 ± 0.17 1.72 ± 0.16 

HsL-KdpD 11.38 ± 0.06 4.41 ± 0.09 2.58 ±  0.14 

VpL-KdpD 11.78 ± 0.19 4.99 ± 0.30 2.36 ± 0.25 

L-KDP 

CcD-KdpD1 7.99 ± 0.08 2.81 ± 0.12 2.84 ± 0.21 

CcD-KdpD2 9.67 ± 0.08 3.96 ± 0.13 2.44 ± 0.18 

PxD-KdpD 18.73 ± 0.15 5.08 ± 0.17 3.69 ± 0.18 

PpD-KdpD 19.64 ± 0.17 6.12 ± 0.21 3.21 ± 0.19 

HsD-KdpD 16.92 ± 0.21 3.18 ± 0.18 5.32 ± 0.23 

CnD-KdpD 4.24 ± 0.07 2.49 ± 0.20 1.70 ± 0.28 

* Error bars represent standard deviation from three replicates. Nonlinear regression of the enzyme activity as a function of substrate 

concentration is presented in Figure S2. 
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Figure S2. Michaelis-Menten kinetics of all dehydratases used in this study. Error bars represent standar deviation 

from three independent replicates. Activity was determined by a coupled-assay with PpKGSADH. One unit is 

defined as the amount of enzyme to convert 1 µmol of NAD+ per minute. The kcat-values presented in Table 1 were 

calculated based on the specific activity (U/mg) obtained from this graph divided by the enzyme used. All 

experiments were performed in HEPES 50 mM pH 7.5, 25 °C 
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Figure S3. Effect of pre-incubation with EDTA as well as absence, and presence of MgCl2 on the initial activity 

of PpD-KdpD (A) and HsD-KdpD (B). There is apparent delay in the initial activity of PpD-KdpD and HsD-KdpD 

after pretreatment with EDTA (no magensium presents in the assay) and when magnesium was absent during the 

assay. Thus, for the initial activity determination, the enzymatic activity (EDTA and No) was calculated from 

minute 8 to 12. Error bars represent standard deviation for three replicates.  

 

 

 

Table S3. Effect of the presence of EDTA, absence of Mg2+, and presence of Mg2+ on the kinetic (T50
1h) and 

thermodynamic (Tm) stabilities of respective L-KdpDs and D-KdpDs as presented in Figure 1 D-F 

Enzyme 
T50

1h (°C) Tm (°C) 

EDTA No Mg EDTA No Mg 

CnL-KdpD 53.2 ± 0.1 53.2 ± 0.0 53.1 ± 0.0 53.5 ± 0.0 54.5 ± 0.0 55.0 ± 0.0 

HsL-KdpD 48.0 ± 0.1 47.3 ± 0.1 47.1 ± 0.1 57.0 ± 0.0 54.5 ± 0.0 54.0 ± 0.0 

PpD-KdpD 45.5 ± 0.4 47.7 ± 0.0 48.0 ± 0.2 46.8 ± 0.3 48.8 ± 0.3 54.3 ± 0.6 
HsD-KdpD 40.1 ± 0.1 41.2 ± 0.0 42.5 ± 0.7 41.3 ± 0.3 43.7 ± 0.3 48.8 ± 0.3 
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Figure S4. Chromatogram of the conversion of D-KDP (non-preferred stereoisomer) to KGSA by CnL-KdpD (A) 

and L-KDP (non-preferred stereoisomer) to KGSA by PpD-KdpD (B). D-KDP and L-KDP showed the same 

retention time. The conversion of D-KDP to KGSA by CnL-KdpD appeared to be severely slow in comparison to 

the initial activity presented in Table 2. Similar results were observed for the conversion of L-KDP to KGSA by 

PpD-KdpD. Retention times of D- or L-KDP are the same at 6.28 min while retention time of KGSA is at 7.86 

min. 
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Figure S5. Phylogenetic tree of L-KdpDs (blue clades) in relation to other enzymes in dihydrodipicolinate synthase 

super family (DHDPS) (A) and D-KdpDs (red clades) in relation to enzymes in fumarylacetocatate hydrolase 

super family (FAH) (B). The sequences of other members of each family are retrieved from the Conserved Domain 

Database (Marchler-Bauer et al. 2016). Sequence alignment and phylogenetic tree construction were performed 

using MEGA-X software (Kumar et al. 2018). Sequence alignment was performed using the MUSCLE algorithm 

and the phylogenetic tree was developed using Maximum Likelihood algorithm embedded in MEGA-X using 

default parameters (Jones et al. 1992; Edgar 2004). The trees in Newick format were visualized using iTOL 

(Interactive Tree Of Life) (Letunic and Bork 2019). 
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Figure S6. Effect of titration of D-KDP to CnL-KdpD (A) and L-KDP to PpD-KdpD (B). After each addition of 

the substrates, both solutions were incubated for 1 h, prior to analysis of KGSA formation via HPLC. Higher 

formation of KGSA was observed when more substrate was added for both enzyme indicating the KGSA formed 

could be from the impurity, i.e. the other KDP isomer. 
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