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Supplement data

Table S1 Result of screening for microorganisms reducing PGE; to PGF,

Number of screened strains

PGF», producing activity®

Yeasts 109 22
Molds 261 23
Basidiomycetes 83 8
Bacteria 78 0

Actinomycetes 84 0
Lactic acid bacteria 70 0
Total 685 53

 The number of strains producing PGF,, more than 5.6x1072 mM (2% of substrate)



22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

Effects of coenzymes on PGF,, production by R. kratochvilovae NBRC 0389 CFE

Rhodotorula kratochvilovae NBRC 0389 (AKU 4826) was inoculated into 3 mL medium
[5 % (w/v) malt extract and 0.3 % yeast extract, pH 5.5] and cultivated at 28 °C with shaking at
300 rpm overnight. The culture broth was all added into 100 mL of the same medium, and it was
cultured at 28 °C with shaking at 120 rpm overnight. After cultivation, the cells were harvested
by centrifugation at 3,000 rpm for 10 min and washed once with 100 mM Tris-HCI buffer (pH
8.0) or appropriate buffer for following reaction.

Cells were suspended in 100 mM Tris-HC1 (pH8.0) at 33% (w/v) and disrupted by
sonication with Ultrasonic Disruptor UD-211 (TOMY SEIKO, Tokyo, Japan) at Output 3 and
Duty 50 for 20 min in iced water. After disruption, the lysate was centrifuged at 15,000 g for 10
min at 4 °C to remove cell debris. The supernatant was used as cell-free extracts (CFE).

Effects of NADH and NADPH on the PGF», production catalyzed by R. kratochvilovae
NBRC 0389 were evaluated with using its CFE. Reaction mixtures (500 pL) contained 100 mM
Tris-HCI (pH 8.0), 2.8 mM PGE,, 20 % (v/v) R. kratochvilovae NBRC 0389 CFE, and appropriate
concentrations of NADH, NADPH, glucose, and GDH. The reaction and lipids extraction were

performed in the same way as the screening. Yields of PGs were quantified by HPLC.
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Fig. S1 R. kratochvilovae NBRC 0389 CFE produced PGF,, only when there was NADPH in
reaction mixture. NADH and NADPH were added at 3 mM, glucose was at 160 mM, and GDH

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

E. coli harboring pET-21b/His-tag-PDH was cultured in 5 mL LB medium at 28 °C with
shaking at 300 rpm overnight, and the culture broth was all added into 100 mL of the same
medium. The cells were cultured until ODgo was 0.4, and 1 mM IPTG was added to the culture.
The culture medium was incubated at 28 °C with 120 rpm shaking overnight. The cells were
harvested by centrifugation and washed twice with 0.75 % NaCl solution. The enzyme expression
was checked by SDS-PAGE. The evaluation of the resting cell and cell-free extracts activity were
performed in the same way as evaluation of PGE,-reducing activity. The reaction time was
changed to 24 hours, and the PGE, concentration was changed to 2.8 mM. The expression of the
PDH gene was confirmed by SDS-PAGE (Fig. S2). The PDH-expressing strain was reacted with
PGEo,. As a result, PGF», was produced about 1.5 mM in the resting cells and about 2.1 mM in

cell-free extracts (Fig. S2).

[SDS-PAGE] [ PGE,-reducing activity ]
PDH SDR/E.coli  Empty/E.coli
. CFE | CFE N 30 ¢
I | l -
200,000 >
100,000
’ ! < 20 PGE, 2.8 mM
£
50,000 g !
10 PGF,, 2.1 mM
30,000
0.5
0.0
Empty vector resting cells CFE
@ PGF,, 0O PGE,
MDH 3.0 o
25 ]
200,000 20
100,000 =
L\%"S r No PGE,
50,000 ol reducing activity
30,000 03
0.0

resting cells CFE
@ PGF,, O PGE,

Fig. S2 SDS-PAGE analysis of cell-free extracts of the recombinant E. coli BL21 (DE3)
expressing PDH gene and MDH gene. M: PageRuler Unstained Ptotein Ladder (thermo scientific,

MA, USA). The uncropped SDS-PAGE gels are shown in Fig. S6.
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(b) PGF,, Standard

(c) Blank
(d) PDH + PGE,
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55

H
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Fig. S3 HPLC chromatograms of enzymatic reaction of PDH. The chromatograms showed PGE,
standard (a), PGF», standard (b), reaction solution without PDH (c), and reaction solution
containing PDH (d). The reaction solution consisted of 20 mM KPB (pH 8), 5 mM PGE,, 2 mM
NADPH, 100 mM glucose, and 15 U/mL GDH, and the reaction was performed at 28 °C for 2 h

with shaking at 200 rpm.
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Fig. S4 The degradability of PGE.. Blue circles and orange triangles represent KPB (pH 8) and
Tris-HCI buffer (pH 9.5), respectively. Each value represents the mean + standard deviation of

three independent experiments.
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Fig. S5 HPLC chromatograms and LC-MS chromatograms of reduction products of a) PGE,, b)

PGDy, ¢) 11B-PGE, d) PGE,, and e) PGE; with PDH and dehydrogenation products of f) PGFa,

g) PGFay, h) 9a,11B-PGFq, i) PGF1p, j) PGF 14, and k) PGF3, with PDH.

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

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

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

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

and 5 mM NADP".
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PDH (LC877254)
Uncharacterized protein RHOBADRAFT_43041 (Rhodotorula graminis WP1) (XP_018271667)
Hypothetical protein JCM3775_005796 (Rhodotorula graminis) (GAAS5922623)
Dehydrogenase (Rhodotorula diobovata) (TNY21589)
Uncharacterized protein RHOBADRAFT_43042 (Rhodotorula graminis WP1) (XP_018271668)

Dehydrogenase (Rhodotorula diobovata) (TNY21588)

Dehydro reductase SDR family member 1 (Homo sapiens) (Q96LJ7)

Carbonyl reductase [NADPH] 1 (Homo sapiens) (P16152)

Fig. S7 Sequence analysis of PDH. a) Sequence alignment of PDH, selected sequences of similar proteins,
human carbonyl reductase 1, and human dehydrogenase/reductase SDR family member 1. typical
cofactor-binding motif TGXXX[AG]XG and an active-site motif YXXXK are shown by asterisks.
Multiple sequence alignment was performed using the MUSCLE algorithm implemented in MEGA. The
phosphate group of NADPH was predicted to bind to T12, R13, and R37 of PDH by AlphaFold 3
(Abramson 2024). b) Phylogenetic tree analysis by the maximum likelihood method.
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NmrA-like family domain-containing protein, SDR48A1 (Q9HBLSY)
Carbonyl reductase, SDR21C1 (P16152)
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WW domain-containing oxidoreductase, SDR41C1 (QINZC7)
L:Retinol dehydrogenase, SDR7C1 (Q8TC12)
Dehydrogenase/reductase SDR family, SDR46C1 (Q8NS514)
I Hydroxysteroid dehydrogenase-like protein, SDR13C1 (Q6YN16)
Peroxisomal trans-2-enoyl-CoA reductase, SDR29C1 (Q9BY49)
LD 2,4-dienoyl-CoA reductase, SDR18C1 (Q16698)
L Peroxisomal 2,4-dienoyl-CoA reductase, SDR17C1 (QINUI1)
J Fatty acid synthase, SDR27X1 (P49327)

Biliverdin reductase B, SDR43U1 (P30043)
\ GDP-L-fucose synthetase, SDR4E1 (Q13630)
Dihydropteridine reductase, SDR33C1 (P09417)
| Oxidoreductase HTATIP2, SDR44U1 (Q9BUP3)

Cl14orf124 protein, SDR39U1 (QINRG7)
3-beta-HSD family protein HSPC105, SDR42E1 (Q8WUSS)
Methionine adenosyltransferase, SDR23E1 (QINZL9)
Sterol-4-alpha-carboxylate 3-dehydrogenase, SDR31E1 (Q15738)
i UDP-glucuronic acid decarboxylase, SDR6E1 (Q8NBZ7)
3 beta-hydroxysteroid dehydrogenase, SDR11E1 (P14060)
Fatty acyl-CoA reductase, SDR10E1 (Q8WVX9)
NADH dehydrogenase, SDR22E1 (Q16795)
L-threonine dehydrogenase, SDRI14E1P (Q96KT1)
GDP-mannose 4,6 dehydratase, SDR3E1 (060547)
dTDP-D-glucose 4,6-dehydratase, SDR2E1 (095455)

\ UDP-glucose 4-epimerase, SDR1E1 (Q14376)

0.50

157
158  Fig. S8 Phylogenetic tree analysis of PDH and human 48 SDRs. PDH was compared with 48 kinds of

159 SDR (Persson 2009). Multiple sequence alignment was performed using the MUSCLE algorithm
160 implemented in MEGA. Phylogenetic analysis was performed using the maximum likelihood method.
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