Table S1. Sequence identities and similarities. Pairwise identity [%]/pairwise positive [%].

CorA HapAl HapA2 PpaAl PpaA2
CorA 100/100 64/76 59/73 48/65 49/66
HapAl 100/100 68/79 49/66 50/66
HapA2 100/100 47/64 47/63
PpaAl 100/100 80/91
PpaA2 100/100




Table S2. Protein sequences used for phylogenetic analysis of quinone synthetases. Substrates are: IP, indole-3-pyruvate; PP, phenylpyruvate; 4-HPP, 4-hydroxyphenylpyruvate.

Organism Enzyme Amino acids Substrate Direct or pathway product Accession Reference

Basidiomycota

Psilocybe cubensis PpaAl 1333 PP polyporic acid 0Q821699 This work

Psilocybe cubensis PpaA2 1326 PP none detected OR105898 This work

Terana caerulea CorA 994 PP polyporic acid UVVv38562.1 [1]

Hapalopilus rutilans HapAl 964 PP polyporic acid 0Q784619 This work

Hapalopilus rutilans HapA2 925 PP polyporic acid 0Q784620 This work

Tapinella panuoides AtrA 957 4-HPP atromentin ACH90386.1 [2]

Serpula lacrymans Nps3 962 4-HPP atromentin EG023141.1 [3]

Paxillus involutus InvAl 959 4-HPP atromentin AOA0S2E771 [4]

Paxillus involutus InvA2 953 4-HPP atromentin AOAOS1RUN4 [4]

Paxillus involutus InvA5 953 4-HPP atromentin AOAOQOS2E7W7 [4]

Suillus grevillei GreA 958 4-HPP atromentin AFB76152 [5]

Ascomycota

Aspergillus nidulans MicA 938 PP microperfuranone Q5B7T4 [6]

Ascocoryne sarcoides AcyN 930 PP polyporic acid POWES4.1 [7]

Aspergillus terreus PngA 946 PP phenguignardic acid QOCBN5 [8]

Aspergillus terreus AtrA 920 4-HPP atromentin Q0CT94 [9}

Aspergillus terreus MelA 925 4-HPP aspulvinone E AOA336U965 [10]

Aspergillus terreus ApvA 925 4-HPP aspulvinone E QOCWDO [11]

Aspergillus terreus BtyA 930 4-HPP butyrolactone Il Qocu19 [11]

Aspergillus terreus AtgA 962 IP didemethylasterriquinone D Qo0D034 [11]

Aspergillus nidulans TdiA 949 P didemethylasterriquinone D CBF80711.1 [12]

Bacteria

Streptomyces sp. EchA 967 PP echoside AHN91924 [13]

Ralstonia solanacearum RalA 937 PP ralfuranone B AEC03968.1 [14]
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Table S3. HR-MS and MS/MS data of polyporic acid and phlebiopsins A and B.

Compound Formula Neutral mass Parental ion MS/MS specific ions
[M] m/z [M-H]

lon mass Formula*
m/z [M-H]

Polyporic acid C18H1204 292.0736 291.066
263.017 C17H1103
191.086 CisHu1
117.033 CsHsO

Phlebiopsin A C18H1405 310.0841 309.077
291.066 Ci8H1104
281.081 C17H1304
265.087 C17H1303
251.071 C16H1103
235.076 C16H1102
191.086 CisHu1
187.039 C11H703
147.044 CoH702
119.049 CsH70
117.033 CsHsO

Phlebiopsin B C17H1204 280.0736 279.066
251.071 C16H1103
235.076 Ci16H1102
191.086 CisHu1
179.086 CuaH11
121.028 C7Hs02
117.033 CsHsO
105.033 C7HsO

77.038 CeHs

Atromentin C18H1206 324.0634 323.056
295.061 C17H110s
251.071 C16H1103
223.076 CisH1102
133.028 CsHsO2
117.033 CsHsO
105.033 C7Hs0

*Predicted with ChemCalc [1] and CFM-ID (version 4.0) [2-6]
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Table S4. Plasmids.

Plasmid Vector T Position of Reference
name backbone Hise-tag
pSMX2-URA  pUC19 - (vector) - [1]
pMG49 pMDO03 LpaA - [2]
pPS13 pSMX2-URA PpaA2 N-terminus  this study
pPS14 pSMX2-URA PpaAl N-terminus  this study
pPS29 pMG49 - (vector) - this study
pPS35 pPS29 PpaA2 C-terminus  this study
pPS36 pPS29 PpaAl C-terminus  this study
pPS37 pSMX2-URA PpaA15628A N-terminus  this study
pPS39 pSMX2-URA PpaA1P1188A N-terminus  this study
pPS40 pSMX2-URA PpaA11243A N-terminus  this study
pPS41 pSMX2-URA PpaA1H1186A/D1188A/H1243A N-terminus  this study
pPS42 pSMX2-URA PpaAlAD-domain N-terminus  this study
pPS50 pPS29 PpaAlAD-domain C-terminus  this study
pPS51 pPS29 PpaAl(A-T)::CorA(TE) C-terminus  this study
pPS52 pPS29 CorA(A-T)::PpaAl(TE) C-terminus  this study
pPS53 pPS29 CorA(A-T-TE)::PpaAl(D) C-terminus  this study
pPS54 pPS29 CorA(A-T)::PpaAl1(TE-D) C-terminus  this study
pPS57 pPS29 CorA!?seN C-terminus this study
pPS58 pPS29 PpaA1v3oN C-terminus  this study
pPS59 pPS29 Nps3N323! C-terminus  this study
pPS60 pPS29 Nps3N323V C-terminus  this study
pPS61 pPS29 Nps3 C-terminus  this study
pSS06 pMG49 CorA - [3]
pSS10 pMG49 HapAl - this study
pSS11 pMG49 HapA2 - this study
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Table S5. NMR spectroscopy data. 'H and 3C NMR spectroscopy data for phlebiopsin B (600 MHz for H, 150
MHz for 13C, CDs0D, 300 K).

Position 5 &u, mult. 'H-H HMBC
(J [Hz]) COSY (*H—3C)
1 199.6 - - 6'
2 130.1 - - -
3 167.9 - - 2'
4 199.1 - - 2"
2", 3",
5 77.7 - - 5" 6
1 130.8 - - 3,5
2 130.3  8.14,d (7.6) 3' 4,6
3 129.3 7.41,d(7.9) 2,4 -
& 130.3 7.36,t(7.4) 3,5 2',6'
5’ 129.3 7.41,d(7.9) 4,6 -
6’ 130.3  8.14,d (7.6) 5' 2',4'
1” 139.0 - - 3", 5"
2" 127.0 7.42, m 3" 4", 6"
3” 129.6  7.32,t(7.5) 2", 4" 5"
4" 129.4  7.27,t(7.2) 3", 5" -
5" 129.6  7.32,t(7.5) 4", 6" 3"
6” 127.0 7.42, m 5" 2", 4"
5-OH - n.d.* - -

*Not detected



Table S6. Fungal strains and genotypes. JMRC = Jena Microbial Resource Collection; FGSC = Fungal Genetics
Stock Center.

Strain Genotype Reference/
Source
Hapalopilus rutilans CBS wild type Westerdijk
490.95 Institute
Psilocybe cubensis FSU12407  dikaryon JMRC
Terana caerulea CBS 452.86  wild type Westerdijk
Institute
Serpula lacrymans S7 wild type [1]
Aspergillus nidulans FGSC A4 wild type FGSC
Aspergillus niger TetOn:terR_ble; ApyrG::ptrA [2]
ATNT16ApyrGx24
Aspergillus niger tNALOOO TetOn:terR_ble; ApyrG::ptrA; PterA:Hiss_pyrG [3]
Aspergillus niger tPS10 TetOn:terR_ble; ApyrG::ptrA; PterA:ppaA2 pyrG This study
Aspergillus niger tPS11 TetOn:terR_ble; ApyrG::ptrA; PterA:ppaAl_pyrG This study
Aspergillus nidulans tPS15 PalcA:Hiss_ptrA This study
Aspergillus nidulans tPS18 PalcA:ppaA2:Hise_ptrA This study
Aspergillus nidulans tPS19 PalcA:ppaA1l:Hiss_ptrA This study
Aspergillus niger tPS20 TetOn:terR_ble; ApyrG::ptrA,; This study
PterA:Hiss:ppaA1(S628A) pyrG
Aspergillus niger tPS21 TetOn:terR_ble; ApyrG::ptrA; PterA: This study
Hiss:ppaA1(D1188A)_pyrG
Aspergillus niger tPS22 TetOn:terR_ble; ApyrG::ptrA; PterA: This study
Hiss:ppaA1(H1243A) _pyrG
Aspergillus niger tPS23 TetOn:terR_ble; ApyrG::ptrA; PterA: This study
Hiss:ppaA1(H1186A _D1188A_H1243A) pyrG
Aspergillus niger tPS24 TetOn:terR_ble; ApyrG::ptrA; PterA: This study
Hisg:ppaA1AD_pyrG
Aspergillus nidulans tPS28 PalcA:ppaAl1AD:Hiss_ptrA This study
Aspergillus nidulans tPS29 PalcA:ppaA1(A-T).corA(TE):Hiss_ptrA This study
Aspergillus nidulans tPS30 PalcA:corA(A-T):ppaA1(TE):Hiss_ptrA This study
Aspergillus nidulans tPS31 PalcA:corA(A-T-TE).ppaA1(D):Hiss_ptrA This study
Aspergillus nidulans tPS32 PalcA:corA(A-T):ppaA1(TE-D):Hiss_ptrA This study
Aspergillus nidulans tPS35 PalcA:corA(1298N):Hiss_ptrA This study
Aspergillus nidulans tPS36 PalcA:ppaA1(V302N):Hiss_ptrA This study
Aspergillus nidulans tPS37 PalcA:nps3(N323l):Hiss_ptrA This study
Aspergillus nidulans tPS38 PalcA:nps3(N323V):Hiss_ptrA This study
Aspergillus nidulans tPS39 PalcA:nps3:Hiss_ptrA This study
Aspergillus nidulans tStL0O4 PalcA:corA_ptrA [4]
Aspergillus nidulans tStLO7 PalcA:hapAl_ptrA This study
Aspergillus nidulans tStLO8 PalcA:hapA2 ptrA This study
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Table S7. Oligonucleotides used for expression analysis by qRT-PCR.

Oligonucleotide 5’-3"sequence Target gene Fragment size (gDNA) ARG L) Primer efficiency
[bp] [bp]
oMG390 TCGGAATCGCTGAAAATGGC
enoA 186 120 1.00

oMG391 GGAGACGTTGGGAGCAAAGC
oPS447 TGAAAGACCTGCTCACATCG

ppaA2 202 153 0.99
oPS448 TTCAGCTCCAAGTTCAGGATAC
oPS453 TAATTCTCCTTCTCTGCGCG

ppaAl 178 125 1.03
oPS545 AGAAAGGCACATCTGGACTG




Table S8. PCR methods.

Method Reaction Mix Thermal cycling

Component Volume [pL] Temperature [°C] Time Cycles

5 x PrimeSTAR GXL Buffer 10 98 10s

2.5 mm dNTP Mix 4 60 15s 35-40

Primer forward 10 pmol pL* 1.5 68 1 min kb
A Primer reverse 10 pmol pL*? 15 10 L 1

DNA template* 1

PrimeSTAR GXL DNA Polymerase (1.25 U pL?) 1

dH20 to 50

5 x Phusion GC Buffer 4 98 2 min 1

10 mm dNTP Mix 0.4 98 30s

Primer forward 10 pmol pL? 1 60 30s 35-40
B Primer reverse 10 pmol pL*? 1 72 30 s kb?

DNA template* 1 72 5-10 min 1

Phusion DNA Polymerase (2 U pL?) 0.1 10 0

DMSO (optional) 1.5

dH,0 to 20

2 x Xtreme Buffer 25 94 2 min 1

2 mm dNTP Mix 10 98 10s

Primer forward 10 pmol pL* 15 60 30s 35-40
C Primer reverse 10 pmol pL*? 1.5 68 1 min kb!

DNA template* 1 68 5-10 min 1

KOD Xtreme Hot Start DNA Polymerase (1 U uL?) 1 10 0

dH,0 to 50 94

10 x DreamTaq Buffer 2 95 2 min 1

10 mm dNTP Mix 0.4 95 30s

Primer forward 10 pmol pL? 0.4 60 30s 31
D Primer reverse 10 pmol pL*? 0.4 72 1 min kb!

DNA template* X** 72 5-10 min 1

DreamTaq Polymerase (5 U uL?) 0.1 10 0

dH.0 to 20 95

5 x Phusion HF Buffer 4 98 2 min 1

10 mm dNTP Mix 0.4 98 30s

Primer forward 10 pmol pL? 1 60 30s 35-40
E Primer reverse 10 pmol pL* 1 72 30skb?

DNA template* 1 72 5-10 min 1

Phusion DNA Polymerase (2 U uL?) 0.2 10 0

dH.0 to 20

*DNA template: 1 pL of 100 ng uL* gDNA, 10 ng uL* plasmid DNA, reverse transcription reaction (1:5 diluted with dH.0), **or 10 uL water with resuspended E. coli cells (for colony PCR).



Table S9. Oligonucleotides used for cloning, colony PCRs, and DNA sequencing.

Oligonucleotide

5°-3’sequence

Target

Purpose

oMG116 GAGATGTGGTAGACGATTGATCC pSMX2-URA (TtrpC from A. niger)  sequencing/colony PCR
oMG169 GCGCTTACACAGTACACGAGG pPMGA49 (TtrpC from A. oryzae) sequencing/colony PCR
oMG172 ATGGTCATGCGCCGTCCCGC pPS29 (ptrA) sequencing

oMG234 TTACGCCGGCGCGCCGTAGATATTTTCGAAGGGATTC pMG49 (PalcA) sequencing/colony PCR
oMG360 CCTCCAAGAGAGATCCAGAC pSMX2-URA (PterA) sequencing/colony PCR
oMG361 GAATTTTACCAGTGGCCTAGG pSMX2-URA (TtrpC from A. niger)  sequencing/colony PCR
oMG370 GATCCTCTCTCTGATATTGTCG pSMX2-URA (PterA) sequencing/colony PCR
oMG468 ACTTAACGTTACTGAAATCATCAAACAG pPMG49 (TtrpC from A. oryzae) vector amplicfication
oMG469 TTTGAGGCGAGGTGATAGGATTG pPMG49 (PalcA) vector amplicfication
oMG474 CATCCCCGCATAGCTGAACATC pPS29 (PalcA) sequencing/ colony PCR
oPS355 TTGAAATCACTGCTGTTATCCATGTTAGACGATACCTAGCTGCCTTGC ppaA2 cloning of pPS13
oPS356 CACCATGCATCATCATCACCATCACCATACCACTGAACCGACGACAA ppaA2 cloning of pPS13
oPS357 CACCATGCATCATCATCACCATCACGAATCAACAGGGCCCACAAC ppaAl cloning of pPS14
oPS358 GAAATCACTGCTGTTATCCATGTTAAACAATTCCCAACTTCTTTGCC ppaAl cloning of pPS14
oPS362 ATCAAAACTCTAAGCGCCGA ppaA2 colony PCR ppaA2
oPS363 ATAACCCTGAGCGCTGATAG ppaAl colony PCR ppaA1
oPS429 GGTGATGGTGATGATGTCGCGATCGGACGATACCTAGCTGCCTTG ppaA2 cloning of pPS35
oPS430 TCCAATCCTATCACCTCGCCTCAAAATGCATACCACTGAACCGAC ppaA2 cloning of pPS35
oPS431 TCCAATCCTATCACCTCGCCTCAAAATGGAATCAACAGGGCCCAC ppaAl cloning of pPS36 and pPS50
oPS432 GGTGATGGTGATGATGTCGCGATCGAACAATTCCCAACTTCTTTGCCTC ppaAl cloning of pPS36
oPS438 CTTAACTATGCGGCATCAGAGC pMG49 cloning of pPS29
oPS439 GCTCTGATGCCGCATAGTTAAG pMG49 cloning of pPS29
oPS441 TCGCGACATCATCACCATCACCATTAGACTTAACGTTACTGAAATCATCAAACAG pMG49 cloning of pPS29
oPS442 AATGGTGATGGTGATGATGTCGCGATCGCATTTTGAGGCGAGGTGATAGGA pMG49 cloning of pPS29
oPS459 ACCAGGATAGAGAGCATTGTCTG pSMX2-URA (PpyrG) sequencing

oPS460 CAGACAATGCTCTCTATCCTGGT pSMX2-URA (PpyrG) sequencing



Table S9 (continued). Oligonucleotides used for cloning, colony PCRs, and DNA sequencing.

Oligonucleotide 5°-3’sequence Target Purpose

oPS461 GCTTCTGCCATGCATCTCATAC ppaAl cloning of pPS37 (ppaA1_S628A)

0PS462 GTATGAGATGCATGGCAGAAGC ppaAl cloning of pPS37 (ppaA1_S628A)

oPS465 CATCGCGCTCCTTCCACATT ppaAl cloning of pPS39 (ppaA1_D1188A)

oPS466 AATGTGGAAGGAGCGCGATG ppaAl cloning of pPS39 (ppaA1_D1188A)

oPS467 CCACCACTGCTCGAGTAAATAC ppaAl cloning of pPS40 (ppaA1_H1243A)

oPS468 GTATTTACTCGAGCAGTGGTGG ppaAl cloning of pPS40 (ppaA1_H1243A)

oPS469 AATGCACGAGGCTCGCGCTC ppaAl cloning of pPS41 (ppaA1_H1186A_D1188A_H1243A)
oPS470 GAGCGCGAGCCTCGTGCATT ppaAl cloning of pPS41 (ppaA1_H1186A_D1188A_H1243A)
oPS471 ATTGAAATCACTGCTGTTATCCATGTTAAGAGTCAAAATTCTGTCGGGAA ppaAl cloning of pPS42 (ppaA1 D domain deletion)

oPS472 ATCACACTAGCCAAGGCGTA ppaAl sequencing

oPS473 AAGATGAGAACTTCGCCGAC ppaAl sequencing

oPS474 CAAATCAATGGCCCAAGGAC ppaAl sequencing

oPS490 GGTGATGGTGATGATGTCGCGATCGAGAGTCAAAATTCTGTCGGGAA ppaAl cloning of pPS50 (ppaA1 D-domain deletion)

oPS491 CGAGGAAGACAGGCGGCTTCGATCCCTGAGGGTTCAGGCAAAGAAG ppaAl cloning of pPS51 (ppaA1l/corA domain swap)

0PS492 GGATCGAAGCCGCCTGTCTT corA cloning of pPS51 (ppaA1/corA domain swap)

oPS493 GGTGATGGTGATGATGTCGCGATCGCAGCGCAGCACTCGCGC corA cloning of pPS51 (ppaA1/corA domain swap)

oPS494 TCCAATCCTATCACCTCGCCTCAAAATGCTATATAATCTCTCCTCGCCCG corA cloning of pPS52, pPS53 and pPS54 (ppaAl/corA domain swap)
oPS495 CAAGGTAAATGGGTGGCTTTGAGCCGTGCGGGTTCATGCAGACCA corA cloning of pPS52 and pPS54 (ppaA1/corA domain swap)
oPS496 CCCGCTGGTCTGCATGAACCCGCACGGCTCAAAGCCACCCATTTA ppaAl cloning of pPS52 and pPS54 (ppaA1l/corA domain swap)
oPS497 GGTGATGGTGATGATGTCGCGATCGAGAGTCAAAATTCTGTCGGGAA ppaAl cloning of pPS52 (ppaAl/corA domain swap)

oPS498 CGTCCCTCATCTTAGCGGCGAAGGACACGACGTGCTCCTCGGAGA corA cloning of pPS53 (ppaA1/corA domain swap)

oPS499 GATGCTCTCCGAGGAGCACGTCGTGTCCTTCGCCGCTAAGATGAG ppaAl cloning of pPS53 (ppaAl/corA domain swap)

oPS500 GGTGATGGTGATGATGTCGCGATCGAACAATTCCCAACTTCTTTGCCT ppaAl cloning of pPS53 and pPS54 (ppaA1/corA domain swap)
oPS501 CTTCCATGCATCTCATACGTCTC ppaAl sequencing

oPS502 CGTCTGCAGGTGCTTGAAGA corA colony PCR

oPS503 ATCACGAAGCTCACGCGGAT corA sequencing

oPS504 TGGCTCGAGGTGCTCATCAA corA sequencing



Table S9 (continued). Oligonucleotides used for cloning, colony PCRs, and DNA sequencing.

Oligonucleotide 5°-3’sequence Target Purpose

oPS574 GCTTGGACGCGTTCAACTC corA cloning of pPS57 (corA_I298N)
oPS575 GAGTTGAACGCGTCCAAGC corA cloning of pPS57 (corA_I298N)
oPS576 AATCCTATCACCTCGCCTCAAAATGGCCCCAGCCCCGACATC nps3 cloning of pPS59, pPS60 and pPS61
oPS577 GGTGATGGTGATGATGTCGCGATCGAACTCCACGGGCTTCAAGAC nps3 cloning of pPS59, pPS60 and pPS61
oPS578 TGAAACGCATCATCAGTGGTG nps3 cloning of pPS59 (nps3_N323I)
oPS579 CACCACTGATGATGCGTTTCA nps3 cloning of pPS59 (nps3_N323lI)
oPS580 TGAAACGCATCGTCAGTGGTG nps3 cloning of pPS60 (nps3_N323V)
oPS581 CACCACTGACGATGCGTTTCA nps3 cloning of pPS60 (nps3_N323V)
oPS582 GTTATGAACACTGGAGGAGAGG ppaAl cloning of pPS58 (ppaA1_V302N)
oPS583 CCTCTCCTCCAGTGTTCATAAC ppaAl cloning of pPS58 (ppaA1_V302N)
oPS584 TAACGGAAGCCAATACCACG corA sequencing

oPS585 TCAAATCCGCAAAGTCCACG corA sequencing, colony PCR

oPS586 CTCGAGATGCACATAACACCTT nps3 sequencing

oPS587 GACCACAAAAGAGACCTTCGAG nps3 sequencing, colony PCR

oPS588 CACGTCACTCACACTTTCAGTC ppaAl sequencing

oPS589 CAGTTTCAGTCATCCCAAACG ppaAl sequencing, colony PCR

0SS189 CAATCCTATCACCTCGCCTCAAAATGGCCGCAACATCCTCTACACTTCC hapA1 cloning of pSS10

055190 GCTGTTTGATGATTTCAGTAACGTTAAGTTTACGAGCTGGTAGTAGGG hapA1 cloning of pSS10

0SS191 CAATCCTATCACCTCGCCTCAAAATGAGCACCTCATTCAACCCCTCC hapA2 cloning of pSS11

055192 GCTGTTTGATGATTTCAGTAACGTTAAGTCTACAGCTGCTTGGCTGCGCG hapA2 cloning of pSS11



Table $10. HPLC and flash chromatography methods.

Gradient
Method Column Parameters Eluents Time [min] B [%]
N :/(I:alj:e;fg g)?frer:n, T:30°C A: water + 0,1% formic acid 28 752
Nucleodur C18 Gravity, . I . o 4.5 95
50 2 mm, 1.8 um flow: 1 mL min B: acetonitrile 5.0 95
0.0 0
Blchi A: dichloromethane 8.0 0
B FlashPure Silica 40 g flow: 45 mL min! 16.0 20
40 um irregular B: methanol 20.0 100
32.0 100
0.0 0
2.0 0-20
Buchi A: water + 0,1% formic acid 5.0 20-40
C FlashPure ID C18 12 g flow: 30 mL min! 8.0 40-60
40 um irregular B: acetonitrile 10.0 60-80
12.0 80-100
16.0 100
0.0 30
9.0 30
. 9.5 35
Agilent T:12°C A: water + 0,1% formic acid 20.0 35
D ZORBAX Eclipse XDB C18
250 x 9.4 mm, 5 pm flow: 2 mL min?t B: acetonitrile 20.5 40
25.0 40
26.5 100
28.5 100
Thermo Scientific A: water + 0,1% formic acid 0.0 5
E Accucore C18 flow: 0.2 mL min! 7.0 98
100 x 2.1 mm, 2.6 pm B: acetonitrile
Thermo Scientific A: water + 0,1% formic acid 0.0 5
F Accucore C18 flow: 0.2 mL min! 10.0 98
100 x 2.1 mm, 2.6 um B: acetonitrile



