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Table S1 Result of screening for microorganisms reducing PGE2 to PGF2α 10 

 Number of screened strains PGF2α producing activitya 11 

Yeasts 109 22 12 

Molds 261 23 13 

Basidiomycetes 83 8 14 

Bacteria 78 0 15 

 Actinomycetes 84 0 16 

Lactic acid bacteria 70 0 17 

Total 685 53 18 

a The number of strains producing PGF2α more than 5.6×10−2 mM (2% of substrate) 19 

 20 

  21 
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Effects of coenzymes on PGF2α production by R. kratochvilovae NBRC 0389 CFE 22 

Rhodotorula kratochvilovae NBRC 0389 (AKU 4826) was inoculated into 3 mL medium 23 

[5 % (w/v) malt extract and 0.3 % yeast extract, pH 5.5] and cultivated at 28 °C with shaking at 24 

300 rpm overnight. The culture broth was all added into 100 mL of the same medium, and it was 25 

cultured at 28 °C with shaking at 120 rpm overnight. After cultivation, the cells were harvested 26 

by centrifugation at 3,000 rpm for 10 min and washed once with 100 mM Tris-HCl buffer (pH 27 

8.0) or appropriate buffer for following reaction. 28 

Cells were suspended in 100 mM Tris-HCl (pH8.0) at 33% (w/v) and disrupted by 29 

sonication with Ultrasonic Disruptor UD-211 (TOMY SEIKO, Tokyo, Japan) at Output 3 and 30 

Duty 50 for 20 min in iced water. After disruption, the lysate was centrifuged at 15,000 g for 10 31 

min at 4 °C to remove cell debris. The supernatant was used as cell-free extracts (CFE).  32 

Effects of NADH and NADPH on the PGF2α production catalyzed by R. kratochvilovae 33 

NBRC 0389 were evaluated with using its CFE. Reaction mixtures (500 μL) contained 100 mM 34 

Tris-HCl (pH 8.0), 2.8 mM PGE2, 20 % (v/v) R. kratochvilovae NBRC 0389 CFE, and appropriate 35 

concentrations of NADH, NADPH, glucose, and GDH. The reaction and lipids extraction were 36 

performed in the same way as the screening. Yields of PGs were quantified by HPLC. 37 

 38 

Fig. S1 R. kratochvilovae NBRC 0389 CFE produced PGF2α only when there was NADPH in 39 

reaction mixture. NADH and NADPH were added at 3 mM, glucose was at 160 mM, and GDH 40 

was at 14 U/ml. n=1  41 
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Analysis of recombinant PDH activities by resting cell and cell-free extracts reactions 42 

E. coli harboring pET-21b/His-tag-PDH was cultured in 5 mL LB medium at 28 °C with 43 

shaking at 300 rpm overnight, and the culture broth was all added into 100 mL of the same 44 

medium. The cells were cultured until OD600 was 0.4, and 1 mM IPTG was added to the culture. 45 

The culture medium was incubated at 28 °C with 120 rpm shaking overnight. The cells were 46 

harvested by centrifugation and washed twice with 0.75 % NaCl solution. The enzyme expression 47 

was checked by SDS-PAGE. The evaluation of the resting cell and cell-free extracts activity were 48 

performed in the same way as evaluation of PGE2-reducing activity. The reaction time was 49 

changed to 24 hours, and the PGE2 concentration was changed to 2.8 mM. The expression of the 50 

PDH gene was confirmed by SDS-PAGE (Fig. S2). The PDH-expressing strain was reacted with 51 

PGE2. As a result, PGF2α was produced about 1.5 mM in the resting cells and about 2.1 mM in 52 

cell-free extracts (Fig. S2). 53 

 54 

Fig. S2 SDS-PAGE analysis of cell-free extracts of the recombinant E. coli BL21 (DE3) 55 

expressing PDH gene and MDH gene. M: PageRuler Unstained Ptotein Ladder (thermo scientific, 56 

MA, USA). The uncropped SDS-PAGE gels are shown in Fig. S6. 57 
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 58 

 59 

Fig. S3 HPLC chromatograms of enzymatic reaction of PDH. The chromatograms showed PGE2 60 

standard (a), PGF2α standard (b), reaction solution without PDH (c), and reaction solution 61 

containing PDH (d). The reaction solution consisted of 20 mM KPB (pH 8), 5 mM PGE2, 2 mM 62 

NADPH, 100 mM glucose, and 15 U/mL GDH, and the reaction was performed at 28 °C for 2 h 63 

with shaking at 200 rpm. 64 

 65 

Fig. S4 The degradability of PGE2. Blue circles and orange triangles represent KPB (pH 8) and 66 

Tris-HCl buffer (pH 9.5), respectively. Each value represents the mean ± standard deviation of 67 

three independent experiments.  68 
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k) PGF3α 105 

 106 

Fig. S5 HPLC chromatograms and LC-MS chromatograms of reduction products of a) PGE2, b) 107 

PGD2, c) 11β-PGE2, d) PGE1, and e) PGE3 with PDH and dehydrogenation products of f) PGF2β, 108 

g) PGF2α, h) 9α,11β-PGF2α, i) PGF1β, j) PGF1α, and k) PGF3α with PDH. 109 

The substrate specificity of PDH was evaluated using enzyme reaction solutions. The reaction 110 

solution consisted of 7.2 µM (186 mg/L;26 U/L) PDH, 20 mM KPB (pH 8.0), 5 mM substrate, 111 

100 mM glucose, 15 U/mL GDH, and 2 mM NADPH in the reduction reaction. The oxidation 112 

reaction consisted of 4.8 µM (= 124 mg/L (= 17 U/L) PDH, 20 mM KPB (pH 8.0), 5 mM substrate, 113 

and 5 mM NADP+.  114 

 115 
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c) 125 
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d) 128 

 129 

Fig. S6 The uncropped SDS-PAGE gels of the figures. a) Fig.2a), b) Fig. 2b), c) Fig. S2 PDH, d) Fig. 130 

S2 MDH 131 
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pET-21b-SDR-His_C1 1 ----MAPFTYLITGATRSLGLGYTRALLATKPDVRVVACARNPSSASDLQALAAEESN-K 55

XP_018271667.1.gp 1 ----MSTFTYLITGASRSLGLGYARALLAARPEARVVAAARNPSAATDLQALANEDAN-K 55

GAA5922623.1.gp 1 ----MSTFTYLITGASRSLGLGYTRALLAARPEARVVAAARNPSAATDLQALANEDAN-K 55

TNY21589.1.gp 1 ----MSTFTYLITGASRSLGLGYTRALLAARPEARVVAAARNPSSAPDLQALAKEDAN-K 55

XP_018271668.1.gp 1 -----MPFTYLITGASRSLGLGYAKELLASSPDVRVVAAARNPSSAEGLQALANDAAN-K 54

TNY21588.1.gp 1 ----MSTFTYLITGASRGLGLGYSKALLASDPRIRVVAAARNPSAASDLQALANEEAN-K 55

sp|Q96LJ7.1|DHRS1_HUMAN 1 MAAPMNGQVCVVTGASRGIGRGIA--LQLCKAGATVYITGRH---LDTLRVVAQEAQSLG 55

sp|P16152|CBR1_HUMAN 1 --MSSGIHVALVTGGNKGIGLAIVRDLCRLFSGDVVLTARDVTRGQAAVQQLQAEGLS-- 56

pET-21b-SDR-His_C1 56 GRVHVLQLDVEDAEQVQRAAGELEKSGFLGEAGALDAIVNN--AGVA--LAHEVQPSQLT 111

XP_018271667.1.gp 56 GRVHVLQLDVEDKAQIAKAAKDLEACGFLGEAGGIDALIHN--AGVA--LNHQTKPSQLE 111

GAA5922623.1.gp 56 GRVHVLQLDVEDKAQIAKAAKDLEACGFLGEAGGIDALIHN--AGVA--LNHQTKPSQLE 111

TNY21589.1.gp 56 DRVYLLQLDVEDKEQVAKAAKELEASGFLQ--NGLDALIHN--AGVA--LNHQVKPSQLE 109

XP_018271668.1.gp 55 GRVYLLQLDVENKEQVANAAKELEDSGFLGE-SGLDALVNN--AGVA--ADAKFKPSELE 109

TNY21588.1.gp 56 GRIHLLQLDVEDKDKVAQAVKELEASGFVE--NGIDALVLN--AGVA--AESKYKPSEIE 109

sp|Q96LJ7.1|DHRS1_HUMAN 56 GQCVPVVCDSSQESEVRSLFEQVDRE----QQGRLDVLVNNAYAGVQTILNTRNKAFWET 111

sp|P16152|CBR1_HUMAN 57 PRFH--QLDIDDLQSI-RALRDFLRKEY----GGLDVLVNN--AGIA------FKVADPT 101

pET-21b-SDR-His_C1 112 AEDV---LANLRINV--FGVLNVTKAFLPFLR-KGQGKQIFSVSSM-------------- 151

XP_018271667.1.gp 112 PEDV---LDNLKINV--FGVLNVNKAFLPFLE-KGKGKQIFALSSV-------------- 151

GAA5922623.1.gp 112 PEDV---LDNLKINV--FGVLNVNKAFLPFLE-KGKGKQIFALSSV-------------- 151

TNY21589.1.gp 110 PEHV---LDNLNVNV--FGVLNVNKAFLPLLG-KGKGKQVFSLSSV-------------- 149

XP_018271668.1.gp 110 PEHV---LSNIGVNV--FGVLNVTKQFVPLLK-KGQGKQIFVLSSV-------------- 149

TNY21588.1.gp 110 PEHV---LANLGVNL--FGVLNVTKAFLPLVR-QGKGKQIFTVSSV-------------- 149

sp|Q96LJ7.1|DHRS1_HUMAN 112 PASMWDDINNVGLRGHYFCSVYGARLMVP----AGQG-LIVVISSP-------------- 152

sp|P16152|CBR1_HUMAN 102 PFHI---QAEVTMKTNFFGTRDVCTELLPLIKPQGRVVNVSSIMSVRALKSCSPELQQKF 158

pET-21b-SDR-His_C1 152 ----------CGSIEVWGGNTS----------TAAYSLSKVALNMYSKKLATELG--PDG 189

XP_018271667.1.gp 152 ----------CASIEQWGNNVM----------TPAYSVSKTALNMWMSKLAAELG--PKG 189

GAA5922623.1.gp 152 ----------CASIEQWGNNVM----------TPAYSVSKTALNMWMSKLAAELG--PKG 189

TNY21589.1.gp 150 ----------CASLEQWGNNVM----------TPAYSVSKAALNMWMSKLAAELG--PKG 187

XP_018271668.1.gp 150 ----------CGSIEEFGKNTM----------VTGYCISKAAVNMYTAKLASELG--PEG 187

TNY21588.1.gp 150 ----------CGSVEEFGKNTV----------ATGYCISKSAVTMWTAKLAAELG--PEG 187

sp|Q96LJ7.1|DHRS1_HUMAN 153 -----------GSLQYMFN-------------VP-YGVGKAACDKLAADCAHELR--RHG 185

sp|P16152|CBR1_HUMAN 159 RSETITEEELVGLMNKFVEDTKKGVHQKEGWPSSAYGVTKIGVTVLSRIHARKLSEQRKG 218

pET-21b-SDR-His_C1 190 FTVVVFH--PGYVKTDM--NKGNGEITVQEAADAALKNVFLKVT-PKENG---------- 234

XP_018271667.1.gp 190 FTAIMFH--PGYVKSDM--NSGAGEITIEEAADFAVKNVFLAAK-PELNG---------- 234

GAA5922623.1.gp 190 FTAIMFH--PGYVKSDM--NSGAGEITIEEAADFAVKNVFLAAK-PELNG---------- 234

TNY21589.1.gp 188 YTVIMFH--PGYVQTDM--NQSKGDITTEEAADLAVKNVFLAAK-PELNG---------- 232

XP_018271668.1.gp 188 FTVIMFH--PGYVSTDI--NNKSGEIEVEEATALALKNVFQAAK-PELNG---------- 232

TNY21588.1.gp 188 FTVIPFH--PGYVSTGI--NGHSGTLTVEEAAAEALKNVFQAAK-PELNG---------- 232

sp|Q96LJ7.1|DHRS1_HUMAN 186 VSCVSLW--PGIVQTELLKEHMAKEEVLQDPVLKQFKSAFSSAETTELSGKCVVALATDP 243

sp|P16152|CBR1_HUMAN 219 DKILLNACCPGWVRTDM-----AGPKATKSPEEGAETPVYLALLPPDAEG---------- 263

pET-21b-SDR-His_C1 235 AFLRYSGETMP------------------------------------------------- 245

XP_018271667.1.gp 235 AFLRYSGEKMP------------------------------------------------- 245

GAA5922623.1.gp 235 AFLRYSGEKMP------------------------------------------------- 245

TNY21589.1.gp 233 AFLRYSGEKMP------------------------------------------------- 243

XP_018271668.1.gp 233 SFLRYTGEKMP------------------------------------------------- 243

TNY21588.1.gp 233 SFLRYSGGTVP------------------------------------------------- 243

sp|Q96LJ7.1|DHRS1_HUMAN 244 NILSLSGKVLPSCDLARRYGLRDVDGRPVQDYLSLSSVLSHVSGLGWLASYLPSFLRVPK 303

sp|P16152|CBR1_HUMAN 264 PHGQFVSEKRVE-----------------------------------------------Q 276

pET-21b-SDR-His_C1 246 W--------- 246

XP_018271667.1.gp 246 W--------- 246

GAA5922623.1.gp 246 W--------- 246

TNY21589.1.gp 244 W--------- 244

XP_018271668.1.gp 244 W--------- 244

TNY21588.1.gp 244 W--------- 244

sp|Q96LJ7.1|DHRS1_HUMAN 304 WIIALYTSKF 313

sp|P16152|CBR1_HUMAN 277 W--------- 277
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 137 

Fig. S7 Sequence analysis of PDH. a) Sequence alignment of PDH, selected sequences of similar proteins, 138 

human carbonyl reductase 1, and human dehydrogenase/reductase SDR family member 1. typical 139 

cofactor-binding motif TGXXX[AG]XG and an active-site motif YXXXK are shown by asterisks. 140 

Multiple sequence alignment was performed using the MUSCLE algorithm implemented in MEGA. The 141 

phosphate group of NADPH was predicted to bind to T12, R13, and R37 of PDH by AlphaFold 3 142 

(Abramson 2024). b) Phylogenetic tree analysis by the maximum likelihood method. 143 

 144 
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 157 

Fig. S8 Phylogenetic tree analysis of PDH and human 48 SDRs. PDH was compared with 48 kinds of 158 

SDR (Persson 2009). Multiple sequence alignment was performed using the MUSCLE algorithm 159 

implemented in MEGA. Phylogenetic analysis was performed using the maximum likelihood method. 160 
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