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EcPDH E1 native aceE gene sequence 
Derived from Escherichia coli K-12, substrain MG1655, gene accession number: P0AFG9
ATGTCAGAACGTTTCCCAAATGACGTGGATCCGATCGAAACTCGCGACTGGCTCCAGGCGATCGAATCGGTCATCCGTGAAGAAGGTGTTGAGCGTGCTCAGTATCTGATCGACCAACTGCTTGCTGAAGCCCGCAAAGGCGGTGTAAACGTAGCCGCAGGCACAGGTATCAGCAACTACATCAACACCATCCCCGTTGAAGAACAACCGGAGTATCCGGGTAATCTGGAACTGGAACGCCGTATTCGTTCAGCTATCCGCTGGAACGCCATCATGACGGTGCTGCGTGCGTCGAAAAAAGACCTCGAACTGGGCGGCCATATGGCGTCCTTCCAGTCTTCCGCAACCATTTATGATGTGTGCTTTAACCACTTCTTCCGTGCACGCAACGAGCAGGATGGCGGCGACCTGGTTTACTTCCAGGGCCACATCTCCCCGGGCGTGTACGCTCGTGCTTTCCTGGAAGGTCGTCTGACTCAGGAGCAGCTGGATAACTTCCGTCAGGAAGTTCACGGCAATGGCCTCTCTTCCTATCCGCACCCGAAACTGATGCCGGAATTCTGGCAGTTCCCGACCGTATCTATGGGTCTGGGTCCGATTGGTGCTATTTACCAGGCTAAATTCCTGAAATATCTGGAACACCGTGGCCTGAAAGATACCTCTAAACAAACCGTTTACGCGTTCCTCGGTGACGGTGAAATGGACGAACCGGAATCCAAAGGTGCGATCACCATCGCTACCCGTGAAAAACTGGATAACCTGGTCTTCGTTATCAACTGTAACCTGCAGCGTCTTGACGGCCCGGTCACCGGTAACGGCAAGATCATCAACGAACTGGAAGGCATCTTCGAAGGTGCTGGCTGGAACGTGATCAAAGTGATGTGGGGTAGCCGTTGGGATGAACTGCTGCGTAAGGATACCAGCGGTAAACTGATCCAGCTGATGAACGAAACCGTTGACGGCGACTACCAGACCTTCAAATCGAAAGATGGTGCGTACGTTCGTGAACACTTCTTCGGTAAATATCCTGAAACCGCAGCACTGGTTGCAGACTGGACTGACGAGCAGATCTGGGCACTGAACCGTGGTGGTCACGATCCGAAGAAAATCTACGCTGCATTCAAGAAAGCGCAGGAAACCAAAGGCAAAGCGACAGTAATCCTTGCTCATACCATTAAAGGTTACGGCATGGGCGACGCGGCTGAAGGTAAAAACATCGCGCACCAGGTTAAGAAAATGAACATGGACGGTGTGCGTCATATCCGCGACCGTTTCAATGTGCCGGTGTCTGATGCAGATATCGAAAAACTGCCGTACATCACCTTCCCGGAAGGTTCTGAAGAGCATACCTATCTGCACGCTCAGCGTCAGAAACTGCACGGTTATCTGCCAAGCCGTCAGCCGAACTTCACCGAGAAGCTTGAGCTGCCGAGCCTGCAAGACTTCGGCGCGCTGTTGGAAGAGCAGAGCAAAGAGATCTCTACCACTATCGCTTTCGTTCGTGCTCTGAACGTGATGCTGAAGAACAAGTCGATCAAAGATCGTCTGGTACCGATCATCGCCGACGAAGCGCGTACTTTCGGTATGGAAGGTCTGTTCCGTCAGATTGGTATTTACAGCCCGAACGGTCAGCAGTACACCCCGCAGGACCGCGAGCAGGTTGCTTACTATAAAGAAGACGAGAAAGGTCAGATTCTGCAGGAAGGGATCAACGAGCTGGGCGCAGGTTGTTCCTGGCTGGCAGCGGCGACCTCTTACAGCACCAACAATCTGCCGATGATCCCGTTCTACATCTATTACTCGATGTTCGGCTTCCAGCGTATTGGCGATCTGTGCTGGGCGGCTGGCGACCAGCAAGCGCGTGGCTTCCTGATCGGCGGTACTTCCGGTCGTACCACCCTGAACGGCGAAGGTCTGCAGCACGAAGATGGTCACAGCCACATTCAGTCGCTGACTATCCCGAACTGTATCTCTTACGACCCGGCTTACGCTTACGAAGTTGCTGTCATCATGCATGACGGTCTGGAGCGTATGTACGGTGAAAAACAAGAGAACGTTTACTACTACATCACTACGCTGAACGAAAACTACCACATGCCGGCAATGCCGGAAGGTGCTGAGGAAGGTATCCGTAAAGGTATCTACAAACTCGAAACTATTGAAGGTAGCAAAGGTAAAGTTCAGCTGCTCGGCTCCGGTTCTATCCTGCGTCACGTCCGTGAAGCAGCTGAGATCCTGGCGAAAGATTACGGCGTAGGTTCTGACGTTTATAGCGTGACCTCCTTCACCGAGCTGGCGCGTGATGGTCAGGATTGTGAACGCTGGAACATGCTGCACCCGCTGGAAACTCCGCGCGTTCCGTATATCGCTCAGGTGATGAACGACGCTCCGGCAGTGGCATCTACCGACTATATGAAACTGTTCGCTGAGCAGGTCCGTACTTACGTACCGGCTGACGACTACCGCGTACTGGGTACTGATGGCTTCGGTCGTTCCGACAGCCGTGAGAACCTGCGTCACCACTTCGAAGTTGATGCTTCTTATGTCGTGGTTGCGGCGCTGGGCGAACTGGCTAAACGTGGCGAAATCGATAAGAAAGTGGTTGCTGACGCAATCGCCAAATTCAACATCGATGCAGATAAAGTTAACCCGCGTCTGGCGTAA
Native Protein sequence:
MSERFPNDVDPIETRDWLQAIESVIREEGVERAQYLIDQLLAEARKGGVNVAAGTGISNYINTIPVEEQPEYPGNLELERRIRSAIRWNAIMTVLRASKKDLELGGHMASFQSSATIYDVCFNHFFRARNEQDGGDLVYFQGHISPGVYARAFLEGRLTQEQLDNFRQEVHGNGLSSYPHPKLMPEFWQFPTVSMGLGPIGAIYQAKFLKYLEHRGLKDTSKQTVYAFLGDGEMDEPESKGAITIATREKLDNLVFVINCNLQRLDGPVTGNGKIINELEGIFEGAGWNVIKVMWGSRWDELLRKDTSGKLIQLMNETVDGDYQTFKSKDGAYVREHFFGKYPETAALVADWTDEQIWALNRGGHDPKKIYAAFKKAQETKGKATVILAHTIKGYGMGDAAEGKNIAHQVKKMNMDGVRHIRDRFNVPVSDADIEKLPYITFPEGSEEHTYLHAQRQKLHGYLPSRQPNFTEKLELPSLQDFGALLEEQSKEISTTIAFVRALNVMLKNKSIKDRLVPIIADEARTFGMEGLFRQIGIYSPNGQQYTPQDREQVAYYKEDEKGQILQEGINELGAGCSWLAAATSYSTNNLPMIPFYIYYSMFGFQRIGDLCWAAGDQQARGFLIGGTSGRTTLNGEGLQHEDGHSHIQSLTIPNCISYDPAYAYEVAVIMHDGLERMYGEKQENVYYYITTLNENYHMPAMPEGAEEGIRKGIYKLETIEGSKGKVQLLGSGSILRHVREAAEILAKDYGVGSDVYSVTSFTELARDGQDCERWNMLHPLETPRVPYIAQVMNDAPAVASTDYMKLFAEQVRTYVPADDYRVLGTDGFGRSDSRENLRHHFEVDASYVVVAALGELAKRGEIDKKVVADAIAKFNIDADKVNPRLA
N-His6-EcPDH E1 codon optimised gene sequence:
ATGGGGGGTTCTCATCATCATCATCATCATGGTATGGCTAGCATGACTGGTGGACAGCAAATGGGTCGGGATCTGTACGACGATGACGATAAGGATCGATGGGGATCCGAGCTCGAGCCCATGGGCATGTCAGAACGTTTCCCAAATGACGTGGATCCGATCGAAACTCGCGACTGGCTCCAGGCGATCGAATCGGTCATCCGTGAAGAAGGTGTTGAGCGTGCTCAGTATCTGATCGACCAACTGCTTGCTGAAGCCCGCAAAGGCGGTGTAAACGTAGCCGCAGGCACAGGTATCAGCAACTACATCAACACCATCCCCGTTGAAGAACAACCGGAGTATCCGGGTAATCTGGAACTGGAACGCCGTATTCGTTCAGCTATCCGCTGGAACGCCATCATGACGGTGCTGCGTGCGTCGAAAAAAGACCTCGAACTGGGCGGCCATATGGCGTCCTTCCAGTCTTCCGCAACCATTTATGATGTGTGCTTTAACCACTTCTTCCGTGCACGCAACGAGCAGGATGGCGGCGACCTGGTTTACTTCCAGGGCCACATCTCCCCGGGCGTGTACGCTCGTGCTTTCCTGGAAGGTCGTCTGACTCAGGAGCAGCTGGATAACTTCCGTCAGGAAGTTCACGGCAATGGCCTCTCTTCCTATCCGCACCCGAAACTGATGCCGGAATTCTGGCAGTTCCCGACCGTATCTATGGGTCTGGGTCCGATTGGTGCTATTTACCAGGCTAAATTCCTGAAATATCTGGAACACCGTGGCCTGAAAGATACCTCTAAACAAACCGTTTACGCGTTCCTCGGTGACGGTGAAATGGACGAACCGGAATCCAAAGGTGCGATCACCATCGCTACCCGTGAAAAACTGGATAACCTGGTCTTCGTTATCAACTGTAACCTGCAGCGTCTTGACGGCCCGGTCACCGGTAACGGCAAGATCATCAACGAACTGGAAGGCATCTTCGAAGGTGCTGGCTGGAACGTGATCAAAGTGATGTGGGGTAGCCGTTGGGATGAACTGCTGCGTAAGGATACCAGCGGTAAACTGATCCAGCTGATGAACGAAACCGTTGACGGCGACTACCAGACCTTCAAATCGAAAGATGGTGCGTACGTTCGTGAACACTTCTTCGGTAAATATCCTGAAACCGCAGCACTGGTTGCAGACTGGACTGACGAGCAGATCTGGGCACTGAACCGTGGTGGTCACGATCCGAAGAAAATCTACGCTGCATTCAAGAAAGCGCAGGAAACCAAAGGCAAAGCGACAGTAATCCTTGCTCATACCATTAAAGGTTACGGCATGGGCGACGCGGCTGAAGGTAAAAACATCGCGCACCAGGTTAAGAAAATGAACATGGACGGTGTGCGTCATATCCGCGACCGTTTCAATGTGCCGGTGTCTGATGCAGATATCGAAAAACTGCCGTACATCACCTTCCCGGAAGGTTCTGAAGAGCATACCTATCTGCACGCTCAGCGTCAGAAACTGCACGGTTATCTGCCAAGCCGTCAGCCGAACTTCACCGAGAAGCTTGAGCTGCCGAGCCTGCAAGACTTCGGCGCGCTGTTGGAAGAGCAGAGCAAAGAGATCTCTACCACTATCGCTTTCGTTCGTGCTCTGAACGTGATGCTGAAGAACAAGTCGATCAAAGATCGTCTGGCACCGATCATCGCCGACGAAGCGCGTACTTTCGGTATGGAAGGTCTGTTCCGTCAGATTGGTATTTACAGCCCGAACGGTCAGCAGTACACCCCGCAGGACCGCGAGCAGGTTGCTTACTATAAAGAAGACGAGAAAGGTCAGATTCTGCAGGAAGGGATCAACGAGCTGGGCGCAGGTTGTTCCTGGCTGGCAGCGGCGACCTCTTACAGCACCAACAATCTGCCGATGATCCCGTTCTACATCTATTACTCGATGTTCGGCTTCCAGCGTATTGGCGATCTGTGCTGGGCGGCTGGCGACCAGCAAGCGCGTGGCTTCCTGATCGGCGGTACTTCCGGTCGTACCACCCTGAACGGCGAAGGTCTGCAGCACGAAGATGGTCACAGCCACATTCAGTCGCTGACTATCCCGAACTGTATCTCTTACGACCCGGCTTACGCTTACGAAGTTGCTGTCATCATGCATGACGGTCTGGAGCGTATGTACGGTGAAAAACAAGAGAACGTTTACTACTACATCACTACGCTGAACGAAAACTACCACATGCCGGCAATGCCGGAAGGTGCTGAGGAAGGTATCCGTAAAGGTATCTACAAACTCGAAACTATTGAAGGTAGCAAAGGTAAAGTTCAGCTGCTCGGCTCCGGTTCTATCCTGCGTCACGTCCGTGAAGCAGCTGAGATCCTGGCGAAAGATTACGGCGTAGGTTCTGACGTTTATAGCGTGACCTCCTTCACCGAGCTGGCGCGTGATGGTCAGGATTGTGAACGCTGGAACATGCTGCACCCGCTGGAAACTCCGCGCGTTCCGTATATCGCTCAGGTGATGAACGACGCTCCGGCAGTGGCATCTACCGACTATATGAAACTGTTCGCTGAGCAGGTCCGTACTTACGTACCGGCTGACGACTACCGCGTACTGGGTACTGATGGCTTCGGTCGTTCCGACAGCCGTGAGAACCTGCGTCACCACTTCGAAGTTGATGCTTCTTATGTCGTGGTTGCGGCGCTGGGCGAACTGGCTAAACGTGGCGAAATCGATAAGAAAGTGGTTGCTGACGCAATCGCCAAATTCAACATCGATGCAGATAAAGTTAACCCGCGTCTGGCGTAA
N-His6 Protein sequence: A linker was introduced between the N-His6-tag and the target protein by the cloning strategy of the aceE gene into the pBAD/HisA plasmid. 
MW = 104.3 kDa (Monomer)
MGGSHHHHHHGMASMTGGQQMGRDLYDDDDKDRWGSELEPMGMSERFPNDVDPIETRDWLQAIESVIREEGVERAQYLIDQLLAEARKGGVNVAAGTGISNYINTIPVEEQPEYPGNLELERRIRSAIRWNAIMTVLRASKKDLELGGHMASFQSSATIYDVCFNHFFRARNEQDGGDLVYFQGHISPGVYARAFLEGRLTQEQLDNFRQEVHGNGLSSYPHPKLMPEFWQFPTVSMGLGPIGAIYQAKFLKYLEHRGLKDTSKQTVYAFLGDGEMDEPESKGAITIATREKLDNLVFVINCNLQRLDGPVTGNGKIINELEGIFEGAGWNVIKVMWGSRWDELLRKDTSGKLIQLMNETVDGDYQTFKSKDGAYVREHFFGKYPETAALVADWTDEQIWALNRGGHDPKKIYAAFKKAQETKGKATVILAHTIKGYGMGDAAEGKNIAHQVKKMNMDGVRHIRDRFNVPVSDADIEKLPYITFPEGSEEHTYLHAQRQKLHGYLPSRQPNFTEKLELPSLQDFGALLEEQSKEISTTIAFVRALNVMLKNKSIKDRLAPIIADEARTFGMEGLFRQIGIYSPNGQQYTPQDREQVAYYKEDEKGQILQEGINELGAGCSWLAAATSYSTNNLPMIPFYIYYSMFGFQRIGDLCWAAGDQQARGFLIGGTSGRTTLNGEGLQHEDGHSHIQSLTIPNCISYDPAYAYEVAVIMHDGLERMYGEKQENVYYYITTLNENYHMPAMPEGAEEGIRKGIYKLETIEGSKGKVQLLGSGSILRHVREAAEILAKDYGVGSDVYSVTSFTELARDGQDCERWNMLHPLETPRVPYIAQVMNDAPAVASTDYMKLFAEQVRTYVPADDYRVLGTDGFGRSDSRENLRHHFEVDASYVVVAALGELAKRGEIDKKVVADAIAKFNIDADKVNPRLA
Chemicals: chemicals were generally bought in the highest purity commercially available and microbiological work was carried out under sterile conditions using autoclaved materials. Lithium β-hydroxypyruvate (Sigma Aldrich, >97%), sodium pyruvate (Sigma Aldrich, >99%), sodium 2-oxobutyrate (Sigma Aldrich, >98%), glycolaldehyde (Sigma Aldrich, dimer, crystalline), DL-glyceraldehyde (Sigma Aldrich, crystalline, ≥90%), propionaldehyde (Sigma Aldrich, freshly distilled), butyraldehyde (Sigma Aldrich, freshly distilled), isobutyraldehyde (Sigma Aldrich, freshly distilled), L-erythrulose (Sigma Aldrich, 85%), 2,6-dichloroindophenol sodium salt hydrate (Fluka, 97%), thiamine diphosphate (Sigma Aldrich, >95%), magnesium chloride hexahydrate (J.T. Baker), potassium dihydrogen phosphate (Sigma Aldrich, 99.5%), dipotassium hydrogen phosphate (Sigma Aldrich, ≥98%), potassium hydroxide (Acros Organics, 85%), sodium chloride (Sigma Aldrich, ≥99.5%), yeast extract (BD Becton Dickinson), tryptone (BD Bacto Peptone, BD Biosciences), L(+)-arabinose (Sigma Aldrich, ≥99%), ampicillin sodium salt (Sigma Aldrich), imidazole (Sigma Aldrich, ≥99%), lysozyme (Sigma Aldrich, from chicken egg white, lyophilized powder, ≥90%, ≥40000 U/mg, EC 3.2.1.17) deoxyribonuclease I (Sigma Aldrich, from bovine pancreas, lyophilized powder, ≥85%, ≥400 Kunitz U/mg, EC 3.1.21.1), cOmplete EDTA-free protease inhibitor cocktail (Sigma Aldrich), Ni-Sepharose 6 Fast Flow resin (GE Healthcare, 6% cross-linked agarose), Pierce BCA protein assay kit (Thermo Fisher Scientific). WT EcPDH E1 and H640S/Y177S EcPDH E1 were synthesised by BaseClear B.V. (The Netherlands).


Restriction digestion: Plasmid DNA (2 µg) was digested with KpnI and XhoI (1 µL/50 µL) in CutSmart buffer (New England Biolabs, 37°C, 1 h). Purple loading dye was added (10 µL) and the samples were analysed by gel electrophoresis (1% agarose in TAE buffer, 1x SYBR safe stain, 100 V, 400 mA, 50 min.). DNA fragments were extracted from the corresponding gel slabs using the Qiagen gel extraction kit and were subsequently used for ligations.
Ligation: The restricted DNA fragments were mixed at a 1:1.9 ratio of insert:vector (pBAD/His A) in T4 Ligase buffer (19 µL) and T4 DNA ligase was added (1 µL). The mixtures were incubated at room temperature (30 min) and subsequently used for transformations.
Transformation: 50 µL of CaCl2 competent cells were thawed on ice (30 min.) before the addition of plasmid DNA (5 µL), followed by further incubation on ice (30 min.). The cells were subjected to a heat shock (42°C, 60 sec.) and subsequently incubated on ice (2 min.). LB medium was added (500 µL) and the cells were incubated (37°C, 1 h) after which they were plated on selective, solid medium (LB agar containing 100 µg/mL ampicillin). 
PCR mutagenesis: Q5 hot start high-fidelity master mix was mixed with the plasmid template (10 ng), forward and reverse primers (10 µM each) and filled up to a total volume of 25 µL. PCR protocol: 98°C (30 s) initial denaturation. Recycle sequence (35x): 98°C (10 s), 69°C (30 s), 72°C (7 min). The template plasmid was subsequently digested with DpnI (37°C, 2h), after which the enzyme was inactivated (80°C, 20 min). Competent cells were subsequently transformed with the crude PCR product using the above protocol.
Table S1: Primer sequences used for the PCR mutagenesis (5’ to 3’). Mutant H640S was created by reversing the mutation S177Y in the synthetic double mutant H640S/Y177S. 
	[bookmark: _Hlk52183018]Primer
	Sequence
	Template

	Y177S_FW
	CCTCTCTTCCTCTCCGCACCC
	WT

	Y177S_REV
	GGGTGCGGAGAGGAAGAGAGG
	WT

	S177Y_FW
	CCTCTCTTCCTATCCGCACCC
	H640S/Y177S

	S177Y_REV
	GGGTGCGGATAGGAAGAGAGG
	H640S/Y177S



Batch fermentation expressing EcPDH E1: The fermenter was charged with medium (2 L terrific broth, 12 g/L tryptone, 24 g/L yeast extract, 4 mL/L glycerol, 2.2 g/L KH2PO4, 9.4 g/L K2HPO4, pH = 7.0), autoclaved at 121°C and sterilised anti-foam, acid (3M H3PO4) and base (28% NH4OH) were subsequently attached to the system. Filter sterilised (0.2 µm) ampicillin was added at a final concentration of 100 µg/mL. A pre-culture of E. coli top 10 containing the aceE gene in the pBAD/HisA plasmid was grown overnight (50 mL LB in a 500 mL flat bottom Erlenmeyer flask, 100 µg/mL ampicillin, 37°C, 180 rpm) of which 25 mL were used as inoculum (1:80 dilution). The fermenter was operated at constant conditions with a stirring speed of 500 rpm (0-6h, then 750 rpm until the end), aeration of 0.5 L/min (corresponding to 0.25 v/v/min), 0.2 bar head pressure, 37°C, and the pH was kept constant at 7.0. Gene expression was induced at OD600 = 0.6 with filter sterilised L-arabinose (0.02% w/v final concentration) after which the fermenter was operated under the aforementioned conditions until substrate depletion was observed by an increase in dO2. The cells were harvested by centrifugation (10’000 rpm, 15 min, 4°C), washed with buffer (30 mL 20 mM KH2PO4, pH = 7.0) to afford 31 g of wet cell pellet which was stored at -80°C.

Figure S1: Dissolved oxygen (dO2) profile during the batch fermentation of EcPDH E1. After 6 hours, the stirring was increased from 600 rpm to 750 rpm, leading to a spike in dissolved oxygen. After 9 hours, readily accessible carbon sources presumably became depleted and adjustment of metabolism lead to a temporary phase of low metabolic activity. After 16 hours, all nutrients were consumed, and the fermentation was stopped.

Affinity purification: The cell pellet was thawed on ice and suspended in lysis buffer at 5 mL per gram of wet cell weight (20 mM KPi, 0.5 M NaCl, 20 mM imidazole, 1 tablet cOmplete EDTA-free protease inhibitor cocktail, 1 mg/mL lysozyme, 5 mg deoxy ribonuclease I). The cells were disrupted with a Constant Systems cell disrupter during three successive rounds (1.8 kbar) and the cell debris was removed by centrifugation (18’000 rcf, 30 min. 4°C). The supernatant was filtered (0.45 µm pore size) and the obtained cell-free extract was purified by immobilised metal affinity chromatography using a custom packed Ni-sepharose 6 fast flow column. The collected fractions were analysed by SDS-PAGE and the combined fractions were concentrated using Amicon ultrafiltration tubes (30 kDa molecular weight cut off, 5’000 rcf, 4°C). The combined fractions (~50 mL) were dialysed two times (20 mM KH2PO4 buffer, pH = 7.0, 1:40 dilution, 8h – overnight, 3’500 Da molecular weight cut off). The protein concentration was determined with the BCA assay and aliquots of 1 mL at 5 mg/mL were flash frozen in liquid nitrogen. Aliquots were stored at -20°C until use.

[image: H:\My Documents\Publications\9_EcPDH E1 chapter\RAW DATA\SM019 2L aceE fermentation\5 mL aceE.png]
Figure S2: Purification of the EcPDH E1 enzyme by immobilized metal affinity chromatography. Elution was carried out with an imidazole gradient (100% = 500 mM). Separate elution of the monomeric (one His6-tag) and dimeric forms (two His6-tags) were observed, due to the different binding strengths. 


[image: H:\My Documents\Publications\9_EcPDH E1 chapter\Figures\SDS.png]
Figure S3: SDS-PAGE analysis of purified EcPDH E1. The cell-free extract (CFE) shows good overexpression of the target protein (104.3 kDa). Combination of the two peaks from the elution profile shown in Figure S2 leads to a single band during SDS-PAGE analysis, corresponding to the molecular weight of the monomer. This suggests that the enzyme elutes in its monomeric and dimeric form during metal affinity purification, similar to the elution profile of transketolase from Saccharomyces cerevisiae [5].


[image: ]
Figure S4: Absorbance spectra of 2,6-dichloroindophenol at pH 3.8, 6.2 and 8.3. The isosbestic point was determined at 517 nm and was subsequently used for the pH optimisation by the DCPIP assay.




Scheme S1: 2,6-Dichloroindophenol (DCPIP) assay to measure EcPDH E1 activity [52]. DCPIP reacts with the carbanion intermediate, that is formed between pyruvate and the ThDP cofactor (the pyrimidine ring and the pyrophosphate groups are abbreviated as R’ and R’’). During this reaction, DCPIP is reduced and a permanent acetyl adduct is formed with the ThDP cofactor. 

Preparative scale reactions:
4-deoxy-erythrulose 3a: 
[image: ]EcPDH E1 (20 mg) was incubated with ThDP (0.2 mM) and MgCl2 (2 mM) in potassium phosphate buffer (100 mL, 20 mM, pH 7.0) for 5 min, after which sodium pyruvate (1.1 g, 100 mM, 1.05 eq.) and glycolaldehyde (570 mg, 9.5 mmol, 1.0 eq.) were added. The reaction was carried out overnight at room temperature, after which the product was extracted with MTBE (3x 150 mL). The organic phase was dried over MgSO4 and the solvent was removed in vacuo to afford the product as a pale oil (46 mg, 4.5% yield). A low extraction efficiency was responsible for the low yield, which could be improved by first removing the water in vacuo. 
1H-NMR (400 MHz, CDCl3, 298K, δ/ppm), Figure S24: 4.23 (t, 3JHH = 3.2 Hz, 1H, H2), 3.97-3.93 (dd, 2JHH = 12.4 Hz, 3JHH = 3.2 Hz, 1H, H1a), 3.91-3.87 (dd, 2JHH = 12.4 Hz, 3JHH = 3.2 Hz, 1H, H1b), 3.26 (s, broad, 2H, OH1, OH2), 2.26 (s, 3H, H4). 13C-NMR (100 MHz, CDCl3, 298K, δ/ppm), Figure S25: 208.6 (C3), 78.1 (C2), 63.3 (C1), 25.6 (C4), in agreement with literature [40]. GC: 11.7 min (R), 12.0 min (S), 92.7% ee, S-selective, Figure S7. HPLC: 10.2 min, Figure S6.
(S)-1,2-dihydroxypentan-3-one 3b:
[image: ] EcPDH E1 (25 mg) was incubated with ThDP (0.2 mM) and MgCl2 (2 mM) in potassium phosphate buffer (50 mL, 20 mM, pH 7.0) for 5 min, after which sodium 2-oxobutyrate (620 mg, 100 mM, 1.0 eq.) and glycolaldehyde (360 mg, 120 mM, 1.2 eq.) were added. The reaction was carried out overnight at room temperature, after which the water was evaporated. The solid residue was dissolved in MTBE, dried over MgSO4 and the solvent was removed in vacuo to afford the product as a colourless oil (254 mg, 43% yield). 
1H-NMR (400 MHz, CDCl3, 298K, δ/ppm), Figure S26: 4.23 (t, 3JHH = 3.3 Hz, 1H, H2), 3.96 – 3.92 (dd, 2JHH = 12.1 Hz, 3JHH = 3.3 Hz, 1H, H1a), 3.89 – 3.85 (dd, 2JHH = 12.1 Hz, 3JHH = 3.3 Hz, 1H, H1b), 2.56 (m, 2H, H4), 1.12 (t, 3JHH = 7.3 Hz, 3H, H5). 13C-NMR (100 MHz, CDCl3, 298K, δ/ppm), Figure S27: 211.4 (C3), 77.7 (C2), 63.5 (C1), 31.5 (C4), 7.1 (C5), in agreement with literature [40]. GC: 10.8 min (R), 11.1 min (S), 93.0% ee, S-selective, Figure S9. HPLC: 13.8 min, Figure S8. 
4-hydroxyhexan-3-one 5b: 
[image: ]EcPDH E1 (25 mg) was incubated with ThDP (0.2 mM) and MgCl2 (2 mM) in potassium phosphate buffer (50 mL, 20 mM, pH 7.0) for 5 min, after which sodium 2-oxobutyrate (150 mg, 120 mM, 1.2 eq.) and propionaldehyde (72 µL, 100 mM, 1.0 eq.) were added. The reaction was carried out overnight at room temperature, after which the product was extracted with MTBE (3x 150 mL). The organic phase was dried over MgSO4 and the solvent was removed in vacuo to afford the product as a colourless oil (79 mg, 68% yield).
1H-NMR (400 MHz, CDCl3, 298K, δ/ppm), Figure S28: 4.17 (dd, 3JHH = 6.8 Hz, 3JHH = 4.1 Hz, 1H, H4), 3.48 (s, broad, 1H, OH4), 2.66 – 2.36 (m, 2H, H2), 1.90 (dqd, 2JHH = 14.0 Hz, 3JHH = 7.5 Hz, 3JHH = 4.0 Hz, 1H, H5a), 1.62 (dq, 2JHH = 14.1 Hz, 3JHH = 7.1 Hz, 1H, H5b), 1.12 (t, 3JHH = 7.3 Hz, 3H, H1), 0.94 (t, 3JHH = 7.4 Hz, 3H, H6). 13C-NMR (100 MHz, CDCl3, 298K, δ/ppm), Figure S29: 214.3 (C3), 77.2 (C4), 30.4 (C2), 26.4 (C5), 9.5 (C6), 7.3 (C1), in agreement with literature [58]. GC: 9.1 min. (R), 9.4 min. (S), 94.7% ee, S-selective, Figure S11. HPLC: 21.3 min, Figure S10.
Thermodynamically controlled self-reaction of propionaldehyde to afford 5b:
[image: ]EcPDH E1 (20 mg) was incubated with ThDP (0.2 mM) and MgCl2 (2 mM) in potassium phosphate buffer (10 mL, 20 mM, pH 7.5) for 5 min, after which propionaldehyde (36 µL, 50 mM) was added. Progress of the reaction was followed quantitatively by HPLC. Equilibrium conditions were demonstrated by the addition of extra enzyme, no change was observed. The product was extracted with MTBE, dried over MgSO4 and the enantiomeric excess was determined to be 67% by GC, Figure S12. Analytical scale reactions were carried out at 0.5 mg/mL enzyme loading.
3-hydroxyhexan-2-one 7a: 
[image: ]EcPDH E1 (2 mg) was incubated with ThDP (0.2 mM) and MgCl2 (2 mM) in potassium phosphate buffer (4 mL, 20 mM, pH 7.0) for 5 min, after which sodium pyruvate (66 mg, 150 mM, 1.5 eq.) and butyraldehyde (36 µL, 100 mM, 1.0 eq.) were added. The reaction was carried out overnight at room temperature, after which it was extracted with MTBE (3x 15 mL). The organic phase was dried over MgSO4, and the solvent was removed in vacuo to afford the product as a colourless oil (26.4 mg, 57% yield). 
1H-NMR (400 MHz, CDCl3, 298K, δ/ppm), Figure S30: 4.19 (m, 1H, H3), 3.44 (s, 1H, OH), 2.20 (s, 3H, H1), 1.82 (m, 1H, H4a), 1.55 (m, 1H, H4b), 1.51-1.36 (m, 2H, H5), 0.96 (t, 3JHH = 7.1 Hz, 3H, H6). 13C-NMR (100 MHz, CDCl3, 298K, δ/ppm), Figure S31: 210.2 (C2), 76.8 (C3), 35.8 (C4), 25.3 (C1), 18.2 (C5), 14.0 (C6), in agreement with literature [58]. GC: 7.4 min (R), 7.8 min (S), 95.1% ee, S-selective, Figure S14. HPLC: 20.0 min, Figure S13.
[bookmark: _Hlk55219119]Absolute configurations were determined for compounds 5b and 7a by comparison of GC traces with published literature references. [58] The absolute configuration of compounds 3ab and 9a were deduced from the notion, that the (S)-configured enantiomers interact more strongly with the column material.

3-hydroxy-4-methylpentan-2-one 9a:
[image: \\tudelft.net\staff-homes\M\srmarsden\My Documents\Publications\9_EcPDH E1 chapter\Figures\3-hydroxy-4-methylpentan-2-one.tif]EcPDH E1 (5 mg) was incubated with ThDP (0.2 mM) and MgCl2 (2 mM) in potassium phosphate buffer (10 mL, 20 mM, pH 7.5) for 5 min, after which isobutyraldehyde (91 µL, 100 mM, 1.0 eq.) and sodium pyruvate (132 mg, 120 mM, 1.2 eq.) were added. The reaction was carried out overnight at room temperature, after which the product was extracted with MTBE (3x 50 mL). The solvent was dried over MgSO4 and removed in vacuo to afford the product as a colourless oil (25 mg, 22% yield).
1H-NMR (400 MHz, CDCl3, 298K, δ/ppm), Figure S32: 4.07 (d, 3JHH = 2.2 Hz, 1H, H3), 3.83 (s, 1H, OH), 2.18 (s, 3H, H1), 2.15 (m, 1H, H4), 1.11 (d, 3JHH = 6.9 Hz, 3H, H5a), 0.71 (d, 3JHH = 6.8 Hz, 3H, H5b). 13C-NMR (100 MHz, CDCl3, 298K, δ/ppm), Figure S33: 210.0 (C2), 81.3 (C3), 31.2 (C4), 25.6 (C1), 20.1 (C5a), 14.8 (C5b). GC: 9.1 min. (R), 9.6 min. (S), 92.5% ee, S-selective, Figure S16. HPLC: 19.4 min, Figure S15.
[image: ]
Figure S5: Time course of the EcPDH E1 catalysed conversion of racemic DL-glyceraldehyde and sodium pyruvate (0.1 mg/mL EcPDH E1, 0.2 mM ThDP, 2 mM MgCl2, 50 mM sodium pyruvate, 50 mM DL-glyceraldehyde, 20 mM KPi, pH 7.5, n = 3). Complete conversion indicated no stereopreference regarding the configuration α-hydroxyaldehyde substrates.
GC and HPLC chromatograms
Table S2: GC temperature programs used for the chiral separation of α-hydroxyketones and retention times on HPLC and chiral GC.
	Program
	Compound
	GC
(R) (min)
	GC 
(S) (min)
	HPLC
(min)

	70/4/15/140/5/15/225/2
	4-deoxyerythrulose 3a
	11.7
	12.0
	10.2

	70/2/15/150/5/15/225/2
	1,2-dihydroxypentan-3-one 3b
	10.8
	11.1
	13.8

	70/4/15/130/5/15/225/2
	4-hydroxyhexan-3-one 5b
	9.1
	9.4
	21.3

	70/2/15/130/5/15/225/2
	3-hydroxyhexan-2-one 7a
	7.4
	7.9
	20.0

	70/2/15/150/5/15/225/2
	3-hydroxy-4-methylpentan-2-one 9a
	9.1
	9.6
	19.4


[image: ]
Figure S6: RP-HPLC chromatogram of 4-deoxy-L-erythrulose 3a (10.2 min) containing residual sodium pyruvate (7.9 min).
[image: ]
Figure S7: Chiral separation of enantiomers of 4-deoxy-L-erythrulose 3a by GC. 11.7 min (R), 12.0 min (S), 92.7% ee.
[image: ]
Figure S8: RP-HPLC chromatogram of (S)-1,2-dihydroxypentan-3-one 3b. Retention time: 13.8 min.
[image: ]
Figure S9: Chiral separation of enantiomers of 1,2-dihydroxypentan-3-one 3b by GC. 10.8 min (R), 11.1 min (S), 93% ee.
[image: ]
Figure S10: RP-HPLC chromatogram of 4-hydroxyhexan-3-one 5b. Retention time: 21.3 min.

[image: ]
Figure S11: Chiral separation of enantiomers of 4-hydroxyhexan-3-one 5b by GC. 9.1 min (R), 9.4 min (S), 94.7% ee. The product was obtained by the decarboxylative coupling of 2-oxobutyrate and propionaldehyde under kinetically controlled conditions.

[image: ]
Figure S12: Chiral separation of enantiomers of 4-hydroxyhexan-3-one 5b by GC. 9.1 min (R), 9.4 min (S), 67.2% ee. The product was obtained via the self-reaction of propionaldehyde under thermodynamically controlled conditions.

[image: ]
Figure S13: RP-HPLC chromatogram of (3S)-hydroxyhexan-2-one 7a. Retention time: 20.0 min.

[image: ]
Figure S14: Chiral separation of enantiomers of 3-dihydroxyhexan-2-one 7a by GC. 7.4 min (R), 7.8 min (S), 95.1% ee.

[image: ]
Figure S15: RP-HPLC chromatogram of (3S)-hydroxy-4-methylpentan-2-one 9a. Retention time: 19.4 min.

[image: ]
Figure S16: Chiral separation of enantiomers of 3-hydroxy-4-methylpentan-2-one 9a by GC. 9.1 min (R), 9.6 min (S), 92.5% ee.

[image: ]
Figure S17: Structural comparison of WT ScTK (1gpu.pdb) and WT EcPDH E1 (2iea.pdb) (a) Surface view of dimeric holo-ScTK and (b) view of its narrow active site channel. (c) Surface view of dimeric holo-EcPDH E1 and (d) view of its broad active site cleft. While both active sites are largely comprised of the same conserved residues (Figure 1, Figure 2, Figure 5, main manuscript), their overall structure differs considerably. This allows the active site of EcPDH E1 to be overall more spacious.


Michaelis-Menten curves
[image: ]
Figure S18: Kinetic analysis of sodium pyruvate, containing 0.1 mg/mL EcPDH E1, 0.2 mM ThDP, 2 mM MgCl2, 50 mM glycolaldehyde, 20 mM KPi, pH 7.5, 37°C, n = 2.

[image: ]
Figure S19: Kinetic analysis of lithium hydroxypyruvate, containing 0.1 mg/mL EcPDH E1, 0.2 mM ThDP, 2 mM MgCl2, 50 mM glycolaldehyde, 20 mM KPi, pH 7.5, 37°C, n = 2.

[image: ]
Figure S20: Kinetic analysis of sodium 2-oxobutyrate, containing 0.1 mg/mL EcPDH E1, 0.2 mM ThDP, 2 mM MgCl2, 50 mM glycolaldehyde, 20 mM KPi, pH 7.5, 37°C, n = 2.


[image: ]
Figure S21: Kinetic analysis of glycolaldehyde, containing 0.1 mg/mL EcPDH E1, 0.2 mM ThDP, 2 mM MgCl2, 50 mM sodium pyruvate, 20 mM KPi, pH 7.5, 37°C, n = 2.
[image: ]
Figure S22: Kinetic analysis of propionaldehyde, containing 0.1 mg/mL EcPDH E1, 0.2 mM ThDP, 2 mM MgCl2, 50 mM 2-oxobutyrate, 20 mM KPi, pH 7.5, 37°C, n = 2.


[image: ]
Figure S23: Kinetic analysis of isobutyraldehyde, containing 0.1 mg/mL EcPDH E1, 0.2 mM ThDP, 2 mM MgCl2, 50 mM sodium pyruvate, 20 mM KPi, pH 7.5, 37°C, n = 2.




NMR spectrums
[image: ]
Figure S24: 1H-NMR of 4-deoxy-L-erythrulose 3a in CDCl3.
[image: ]
Figure S25: 13C-NMR of 4-deoxy-L-erythrulose 3a in CDCl3.
[image: ]
Figure S26: 1H-NMR of (S)-1,2-dihydroxypentan-3-one 3b in CDCl3. 

[image: ]
Figure S27: 13C-NMR of (S)-1,2-dihydroxypentan-3-one 3b in CDCl3. 
[image: ]
Figure S28: 1H-NMR of (4S)-hydroxyhexan-3-one 5b in CDCl3.
[image: ]
Figure S29: 13C-NMR of (4S)-hydroxyhexan-3-one 5b in DMSO-D6.
[image: ]
Figure S30: 1H-NMR of (3S)-hydroxyhexan-2-one 7a in CDCl3.
[image: ]
Figure S31: 13C-NMR of (3S)-hydroxyhexan-2-one 7a in CDCl3.
[image: ]
Figure S32: 1H-NMR of (3S)-hydroxy-4-methylpentan-2-one 9a in CDCl3.
[image: ]
Figure S33: 13C-NMR of (3S)-hydroxy-4-methylpentan-2-one 9a in CDCl3.

Figure S34: Spectrophotometric calibration line for DCPIP, isosbestic point (517 nm, ε = 3.74 mM-1cm-1, n = 3).

Figure S35: Calibration line of 1-deoxy-erythrulose 3a (RP-HPLC, 210 nm, retention time = 10.2 min). 

Figure S36: Calibration line of (S)-1,2-dihydroxypentan-3-one 3b (RP-HPLC, 210 nm, retention time =13.8 min).

Figure S37: Calibration line of L-erythrulose (RP-HPLC, 210 nm, retention time = 7.8 min).

Figure S38: Calibration of (4S)-hydroxyhexan-3-one 5b (RP-HPLC, 210 nm, retention time = 22.8 min). 

Figure S39: Calibration line of (3S)-hydroxy-4-methylpentan-2-one 9a (RP-HPLC, 210 nm, rt = 19.4 min).


Figure S40: Calibration line of sodium pyruvate (RP-HPLC, 210 nm, retention time = 7.8 min).

Figure S41: Calibration line of sodium 2-oxobutyrate (RP-HPLC, 210 nm, retention time = 10.6 min).


Figure S42: Calibration line of DL-glyceraldehyde (RP-HPLC, 210 nm, retention time = 8.4 min). 
0	9.3926685357369004E-4	1.5121728296285E-3	2.9329545209945199E-3	2.1171259344267301E-3	4.1667999978667498E-3	0	9.3926685357369004E-4	1.5121728296285E-3	2.9329545209945199E-3	2.1171259344267301E-3	4.1667999978667498E-3	0	20	40	60	80	100	0	7.3566666666666697E-2	0.14680000000000001	0.221033333333333	0.29696666666666699	0.37486666666666701	DCPIP (µM)
Absorbance (AU)
9150.5	15717.5	3268	13102	13770.5	7624	9150.5	15717.5	3268	13102	13770.5	7624	0	5	10	20	30	40	50	0	532297.5	1057613.5	2090499	3039418	4009957.5	4951699	1-deoxy-erythrulose (mM)
Abs 210 nm (AU)

0	2630.5	1290	10568	34186.5	23325.5	13330	0	2630.5	1290	10568	34186.5	23325.5	13330	0	5.2850000000000001	10.57	26.42499999999999	52.85	79.275000000000006	105.7	0	424206.5	845370	2049573	4051007.5	5851553.5	7696354	(S)-1,2-dihydroxypentan-3-one (mM)


Abs 210 nm (AU)



0	2643.67374857203	4638.9020971202508	1104.3581343426999	2607.583300043676	4296.0932123138218	0	2643.67374857203	4638.9020971202508	1104.3581343426999	2607.583300043676	4296.0932123138218	0	2	4	6	8	10	0	137885.33333333331	285512	431962.66666666669	592605	735917.3333333336	L-erythrulose (mM)
Abs 210 nm (AU)

33159.308409890313	24378.245671089629	7055.2185098848804	8402.5840073158488	23687.4700539242	33159.308409890313	24378.245671089629	7055.2185098848804	8402.5840073158488	23687.4700539242	10.829889807162539	21.65977961432506	32.489669421487591	43.319559228650142	54.149449035812651	348571.66666666669	755793	1145363.33333333	1528453	1890684.66666667	(4S)-hydroxyhexan-3-one (mM)


Abs 210 nm (AU)




0	4.3965517241379306	8.7931034482758594	13.18965517241379	17.586206896551719	21.982758620689651	0	244899.5	475802	716620.5	962006	1191765.5	4-methyl-(3S)-hydroxypentan-2-one (mM)


Abs 210 nm (AU)




0	5585.6395833920014	405449.64959988138	18758.14804884059	14759.28211894693	0	5585.6395833920014	405449.64959988138	18758.14804884059	14759.28211894693	0	20	40	60	0	7573062.3333333302	12785143	16952491.333333299	sodium pyruvate (mM)


Abs 210 nm (AU)




0	81833.970779594689	145176.59159106881	26362.76829166467	0	81833.970779594689	145176.59159106881	26362.76829166467	0	20	40	60	0	8102754.6666666698	15180549	21190754	sodium 2-oxobutyrate (mM)

Abs 210 nm (AU)

3441	2604.5	1307.5	579.5	2891	731.5	0	3441	2604.5	1307.5	579.5	2891	731.5	0	50	40	30	20	10	5	0	634637	509027.5	385128.5	251465.5	125935	59536.5	0	DL-glyceraldehyde (mM)
Abs 210 nm (AU)
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