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Experimental

Table S1: Primers used for constructing men1 and men2. Underlined nucleotides are regions of overlap 

with E. coli-yeast shuttle vectors (pEYA2eGFP and pEYA2dsRED)

gene primer Sequence 5'-3'

men1 Fragment 1

Men1-1-fwd

Men1-1-rev

Fragment 2

Men1-2-fwd

Men1-2-rev

Fragment 3

Men1-3-fwd

Men1-3-rev

TAATGCCAACTTTGTACAAAAAAGCAGGCTATGGGCAGCGTCTACGATAG

AGCTCCGCGACGAGGGATGG

TCAATCGCGCCCATCTTACG

ATATCAACACGCGGGACGTG

TCCAAGCCCAGAAGAAGTCG

CTTGATGACGTCCTCGGAGGAGGCCATCTGCTTGGTGGTGGCGGCGGTAG

men2 Fragment 1

men2-1-fwd

men2-1-rev

Fragment 2

men2-2-fwd

men2-2-rev

TAATGCCAACTTTGTACAAAAAAGCAGGCTATGGCGGGCCCCGTTGCAAC

AGGCGCCGAGCACCTGCTCG

ATGCAGGAACGGTGCGAGTC

TGAACAGCTCCTCGCCCTTGCTCACCATGTTGTCCATGGCGTCCTTAAGG
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Results

MGSVYDSQSIAIVGLSCRLPGDADNAERFWNLMSEGRSAISSVPADRWNSKGFRDPTGKKRQNTSLTDRAHFVKGDISEFDANFFTISKAEADSM

DPQQRIMLEVAYEAFENAGLSMDSLAKSQTGCWVSSFSQDWKEMHFSDPDAAPKYAMSGMQPELLSNRVSYFFDLQGPSMTIETACSGSLVGLH

VACQSLRAGDCETALVGGANLFLNQNMFLALSNQSFLAPDGLCKAFDASANGYGRGEGFAAVILKPIEKAIRDGDHIRAVIRGTGTNQDGRTKGL

TMPNGHAQESLIRSTYAAAGLDLKDTAYFEAHGTGTQAGDFEELGAISRTVADARQKAGLEDLWVGSAKTNIGHLEAVAGLVGVLKAVLVLEN

GVIPPNLHFKNPNPRIPFGKWRIKVPTERIQWPSDGIRRVSVNSFGFGGSNAHAILDDADQYLSGRGIIRANGKSHHHHHQHQQQQLNGGNGGSNG

VNGTSEVNGTSGVNGTTTAITNGSTHVNGTAATAATAAAQQIIILNSYDQEGLGRQREALLRYAEKQQQQQQQQGGQGGADPEKLLGDLAFTLN

QKRSRLPWRTFFTASTLPELSRALEAASTFPAIRSGAATPRIAYVFTGQGAQWAQMGMDLLRFHVFRESVEAADRHLTQIGCPWSAVEELQRGDA

ESNIHISWYSQTLCTVIQVALVQLLESWNVRPRSVVGHSSGEMGAAFAIGALSREDAWTIAYWRGKLSSELTTIAPTQKGAMMAVGASHAQAQA

WVDGLTRGRCVVACVNSPSSVTVSGDESGLDELAAMLKEQGVFARKLKVSTAYHSHHMKAVAEAYLDALKGVRTRTVPAEGGAPQMFTSVSE

SLVDPAELGPAHWVANLISPVLFSNTVRELARPKGPDDEASGSAVDLMVEIGPHAALRGPVTQILQSHGLPALDYYSVLSRGANSVDTALAVVGE

LVCRGVPVDLGAVNRAHLTAEQQLQADRRPSLVAELPPYAWNHAKTYWSESRISRELKYRPAPQLGLIGAPMPNFAPNEHQWRGFLRLADAAWI

RDHKIQSSVIFPAGGFLAMAVEAAAQLAAAAQQEQPDRVVKGYKLRSVDISSAVRVADDSSVECIIQLRLSPGGAAAAEAAETWWDFSISTSPNA

GEALKRNCSGSVAVEFGALAIVDAAQASYASAASACTISQEVDVFYRQLDSVGLGYGPTFQAIKSILHDSRGQGCGVLEITETDSASPKDPDARPH

VVHPTTLESLFQMAYAAFGGRDGRVKRALMVTQIDELLVDATIPFAPGSRLLTSASAARQGFREIKADAFMLEAASESPKMAVKGLVCVEMPSAS

GMGGGGGGGLDADQASYSAMLSKFVWKPALELLSAPEQAKLLEDATRLPEDEAQRLASEATAELHAVKAVLESAQSKKIANLKLRNAAKWISQ

QLQASGIPGKPAENGAREGGSSSGFTAEVEKVLSGLAEADVLLGSKGSADHLVAQLPGMKMSLEKMYKLVNYMAHANPNLTVLEIVPGGAGVD

FSLPLSAKDIPSTIQYTYASPSADNVQQMQERLGGGSGDSALALALAPRFRVLEIEQDLADQGLDPGSFDIVIGCNLLSNAVNVEKTLSQAKSLLTE

GGKMALVELNKPSPAALPVLGILCDWWKRRDDGLRRPFTTDMVNESLAGQGFAIELATPDFTDPALQQSSLVLASCQPASAGKESAAQEVVSILV

RKDSSEAVNALASQLSQACNGAKTVTWEAGVDFKGQHLISLLEFDTPLLDRLTEEDFGLVKQLITQAASLQWVTAIPEPHASTVMGLARVARFEV

PSLRFQTVTLDPSSVLALDRAATLIIQAQKKSTSQDKEFKEVDSVLHVPRVDIDAPLNEQVTRLLLEEDVEPMPLGSGDAARKLCIRNPGMLNTLCF

EIDSLPSTVLAEDEVEMQVKASGLSPKDVAICLGQVSDTALGFEASGIVTRVGAGVAQFQAGDKICMMARGAHRTVLRSKSALCQRIPEGMSFEQ

AAAVPLAHGAVYHALVNIARARSGQKILVAVSDAVVSEAAVQLAKHLGLEAFVTTESQDRTPLIGTKEDYGISDDHIFYSRDPTYVKEITRLTNGA

GVDCVLSSVSGEALKHATSCLAPFGTFVDLGAKDVRSSAILDKHPEAMFAAINLERISELRPDMAGRIMDGTFALLREGAIKPVKLLAAYPASDLE

TAMQALHARSRQDKIVIAYSADQVVPVLHNPRESLRLPGDKTYLIAGGLGGIGRNIANLLVECGARHLAFVSRSGVTSEAQQKLVDNLTQRGAKI

AVYRCNIGDAQSLEQTLARCSAEMPPVKGVIHSAVVFRDAVIHNMTYAQWHELMESKLGGSWNLHALTTSYDLDFFLCIGSFMAIIGGLSQSNYA

AGGAFQDGLAHMRQSMGLPAATIDLGIVKGFGAVEEQGAVGHTLEWREPFGVDEDAVFALIKKALLGQMDKDGPGVPPQMINTVPTGGMVRES

GVGQPYYFEDPRFAIMAAIGTRNADGADGQASVALKEQLAQAESPEEAARLVSAAVAAKVAKLMQVGAEEIDAGKPLHAYGVDSLVAIEYVHW

AKKEVAAEITVFDVMASVPISAFASDLAKKGEWGTTAATTKQ

Fig. S1: Amino acid sequence of Men1. Domains were identified using SMART and highlighted as 

follows: KS (red), AT (dark green), DH (cyan), ER (bright green), KR (magenta) and ACP (dark grey).
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MAGPVATSDRQQRLIFFGDQTVDALPCIKILTAQAHRLPALRRFLRDAADVIQVLLSSLEFDDHDHYRRFETICELAEIYSKQDGTHETIACALWTT

AQFGDLVMRAELNPSILTGGQQSADPTYVVGICGGLLPAAATATARDINELLDIGRKLVAVAFRLGVAQWRRAMDIEGKPGRWAVTIVNVPAKQ

IRTILDAFNEDMEIPKHRQFYISFLAKGWVTVSGPPSLFPELWAYSSTLNAASKMQLPLGTPAHAAHLPPVNVSEIVGTGDVLDLTVRENFFTVSTS

TCQPFQCQDLGSLLQESLRDITGKTLNIAGVNDYVISALDRNTPVRVSSFGPASQIASFKKTLEEAGYQVELDLGDPSLGNPEYPIDADSRDGSNLIA

VVGQSVRFPGSEDVETFWENIKAGRSFETEIPASRFDLAHHYDATGSKTSSVTTKYGSFLENPGLFDNRLFNVSPREAKQMDPIQRILMMCSYEAL

QAAGYSPDGSLSTNSMRIATYFGQSGDDWRQVRASQEVDIYYIPGTVRSFAPGKLNYHYKWGGGNYAVDSACAASTTTMMLASQALLARDCD

MALAGGGQLNAAPEPYAGLSRAGFLSKTTGGCKTFREDADGYCRGEGVGVVVLKRLEDALAENDNVLAVIRGADRNFSWDATSITHPSVSAQV

KLVKSVLRNTGVEPEEIGFVEMHGTGTQAGDGVEMETVTTVFGSRPKDNPLYVGAVKANIGHGEAAAGVASVIKAIEVLRHRTIPTQAGFPGPRD

PKFNHLDGMNIRIPESVVPFQPAPAPFSSDGKRKVLVNNFDASGGNNCVLLEEAPARDRETTADPRGVYTVAVSARTTNSLKNNISRLLGYLQSHP

DASVADVAYTTTARRMHEDLKKAYTVQTASELVSLLQADLKKDLTAVQYRSPHSVVFAFTGQGAQYAGMGKQLFDTSAAFRESVQAFHELAV

WQGFPEFLHLIADDQADVKAADPVQLQLAVVVLEMALANLWKSWGVEPGLVVGYSLGEYPALYVAGVLSVHDVIFLVGNRARLMQERCESGS

YAMLATQSSPQDLEQVLGAYPSCAVACKGAPRSTVVSGPTEDITQLHSELKEKNINGTLLNVPYGFHCAQVDPILDDFRDMADGIQFNKPRIPVAS

SLEGTVVTEEGVFSSAYLVRQTREPVNFIGAVKAAESSGRADNTTVWIEIGPKRVLSSLVKSTLSADQGRLLHTIDDKDSNWKTIAAAMTAGYTEG

MSIKWPKFHKLFSKHLTLLELPTYAFDLKDYWIPPAVPVTAAAPVAAPAADPSLPVIPVVPGFPTASLQQVRSEQINGDEAKVTFETVISHPALLAVI

RGHRVGGVDLFPASGFMDMAFSAAKYIHHRTKSGQPVPEISMKHLAITHPLTPSSGQSRQIVIVTASKRSGSSVVDVSFRSRDGSAEQDHGDCKLH

FDKRGSWDAEWAQTAHFINAAKKNVIANGTSPAGTGHRLPKSVVYKLFSSLVEYSGAFRAMEEVYVTDDFQKEAVASVVLPGGSSEFYVNPYW

SDALIHVCGFLLNSSPNLPSQDCFLFNGLEEMRLLSDDLQPGIPYTSYVYLTEPGSSPDSQAPRPKHARGDVYVFQGEKIVGVAKGVVFQRLTRRV

LATVLGGKLPGAAAPVREIAAPAPIRAVAPAPAPVAPRPVEMYRVPGVVGDEKADAAIGKILARAGANPAHITDATTFAEIGFDSLEWIELVREIRT

SLDLEVPASFFFEYPKVNGLRRAISELSLDYQGPASGSVSVSSSATTTHGMTTPSSTSSAQSSQSSQTPDGPGIYANAVIDIVLSQTGFDKADLLPTTR

FDDMGLDSLCTMEVVGVVREQTGLDLPASFFHQNPTVAHVRRALGSDSDGDSKPKSAPAPPAPEPVVEVAAPAPAVQAPPAILDGDLASYHCDFF

LMQGSSDSTKTPLFFLPDGTGYPAVLLKLPPIFEGDNALFTCKSPLLNVAEGREVRCTIEGLAAAYAAAIQRARPHGPYLLAGYSLGGAYAFEVAKI

LADAGEVVQGLLFVDFNMAASVGKLHRDRNPVPVDLTVGAMEKTGWMQGIQNDDKDFNIPPAPPKIKFHALSVFKSLISYYPTPMTPSQRPRNT

YALWAGIGMQDLLGTKNAGFLPAYGIIDWQMGDRHENNGPAGWEEYIGGPVKCATMPCDHLSLLMSHHWIPKSAEVIKGLLKDAMDN

Fig. S2: Amino acid sequence of Men2. Domains were identified using SMART and are highlighted as 

follows: SAT (yellow), KS (red), AT (dark green), PT (cyan), ACP (dark grey) and TE (magenta).
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Fig. S3. Multiple sequence alignment of DH domains from several reducing PKSs Similar conserved 

residues are colored in red. The catalytic dyads are marked by stars and the underlined residues are 

common motifs found in DH domains. Highly reducing PKSs: Hpm8 from Hypomyces subiculosus 

(B3FWT3), Rdc5 from Pochonia chlamydosporia (B3FWU0), ResS1 from Sarocladium zeae 

(AHV78252), Zea2 from Gibberella zeae PH-1 (A0A098D8A0), LasS1 from Lasiodiplodia theobromae 

(AHV78245), CurS1 from Aspergillus terreus (L7X8J4), Dhc3 from Alternaria cinerariae 

(A0A0N7D4P6), LovB from Aspergillus terreus (Q9Y8A5), LovF from Aspergillus terreus (Q9Y7D5); 

partially reducing PKSs: 6-MSAS from Penicillium griseofulvum (P22367), ATX from Aspergillus 

terreus NIH2624 (Q0CJ59), ChlB1 from Streptomyces antibioticus (AAZ77673); modular PKSs: CurF 

(AAT70101), CurH (AAT70103), CurJ (AAT70105), CurK (AAT70106) from Lyngbya majuscula , 

RifDH10 from Amycolatopsis mediterranei (AEK39124), EryDH4 from Saccharopolyspora erythraea 

NRRL 2338 (CAM00064). GenPept accession numbers are given in brackets. 
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Fig. S4: Plasmid maps of pTYmetMen1dsRED and pTYargMen2eGFP generated using SnapGene 

software (from GSL Biotech; available at snapgene.com)
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The 1H and 13C chemical shifts of compounds (1) – (3) are listed below. 

1H NMR (400 MHz, CD3COCD3): δ 11.16 (s, 1H), 6.43 (s, 1H), 6.41 (d, J =  2.2 Hz, 1H), 6.37 (d, J =  

2.2 Hz, 1H), 4.16 (m, 1H), 2.59 (m, 2H), 1.23 (d, J = 6.2 Hz, 3H). 

13C NMR (100 MHz, CD3COCD3): δ 167.2, 166.5, 164.6, 156.6, 141.0, 106.5, 103.4, 102.3, 100.0, 

65.6, 44.0, 23.7.

ESITOFMS m/z calcd for C12H12O5Na [M+Na]+ = 259.0577, found = 259.0595 

Both 1H and 13C NMR data and optical activity are in agreement with those reported in the literatures.1, 2

1H NMR (400 MHz, CD3COCD3): δ 11.28 (s, 1H), 6.29 (br, 1H), 6.26 (d, J = 1.9 Hz, 1H), 4.69 (m, 1H), 

2.81-2.97 (m, 2H), 1.45 (d, J = 6.3 Hz, 3H). 

13C NMR (100 MHz, CD3COCD3): δ 170.8, 165.5, 165.4, 143.3, 107.6, 102.0, 101.7, 76.4, 35.1, 20.9.

ESITOFMS m/z calcd for C10H10O4Na [M+Na]+ = 217.0471, found = 217.0471 

Both 1H and 13C NMR Data and optical activity are in agreement with those reported in the literature.3
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Compound (3) was identified as ascotrichalactone A and NMR data in acetone-d6 are shown in the 

Table S2 and Figure S1 and S2. This was also confirmed when NMR data of compound (3) were 

collected in DMSO-d6 and data are in accordance with those reported in the literature.2

ESITOFMS m/z calcd for C40H44O17Na [M+Na]+ = 819.2476, found = 819.2472 
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Table S2: NMR data for compound (3), ascotrichalactone A, in acetone-d6:

Position            δC (ppm)                      δH (ppm)

2,4-dihydroxy-6-(2-hydroxy-n-propyl)benzoic acid
1, 15                 171.4, 171.3           
2, 16                 106.3, 106.2
3, 17                 166.0, 165.9
4, 18                 102.8, 102.7         6.28 (d, J = 2.4 Hz, 1H), 6.24 (d, J = 2.7 Hz, 1H)
5, 19                 163.2, 163.3
6, 20                 113.1, 112.4         6.36 (d, J = 2.4 Hz, 1H), 6.33 (d, J = 2.4 Hz, 1H)
7, 21                 143.3, 143.6
8, 22                   42.0, 41.7           3.58 (dd, J = 6.9, 3.3 Hz, 1H-8a), 2.93 (dd, J = 6.8, 12.3 Hz, 1H-8b)
                                                      3.55 (dd, J = 7.6, 4.7 Hz, 1H-22a), 2.96 (dd, J = 13.6, 7.2 Hz, 1H-22b)
9, 23                   72.8, 72.7           5.15-5.24 (m, 2H)
10, 24                 19.9, 20.1           1.21 (d, J = 6.2 Hz, 3H), 1.22 (d, J = 6.2 Hz, 3H)

3- hydroxybutyric acid
11, 25                170.4, 170.4        
12, 26                  41.4, 41.0          2.94 (dd, J = 15.8, 7.0 Hz, 1H-12a), 2.82 (dd, J = 15.8, 6.3 Hz, 1H-12b)
                                                      2.76 (br d, J = 6.3 Hz, 2H)
13, 27                  70.1, 70.1          5.56 (m, 1H), 5.45 (m, 1H)
14, 28                  20.2, 19.8          1.43 (d, J = 6.3 Hz, 3H), 1.34 (d, J = 6.4 Hz, 3H)

2,4-dihydroxy-6-(4-hydroxy-2-oxo-n-pentyl)benzoic acid
29                      171.1                  
30                      105.9
31                      166.4
32                      102.9                    6.29 (d, J = 2.4 Hz, 1H)
33                      163.5
34                      113.9                    6.24 (d, J = 2.8 Hz, 1H)
35                      140.5
36                        51.5                    4.25 (d, J = 17.8 Hz, 1H-36a), 3.94 (d, J = 17.8, 1H-36b)
37                      204.7
38                        48.1                    3.29 (dd, J = 17.3, 5.2 Hz, 1H-38a), 3.03 (dd, J = 17.3, 7.8 Hz, 1H-38b)
39                        69.9                    5.58-5.65 (m, 1H)
40                        20.7                    1.47 (d, J = 6.2 Hz, 3H)

OH                                                 11.49 (br), 11.41 (br), 11.29 (br), 9.29 (br)
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Fig. S5: 1H-NMR spectrum of compound (1), (-)-orthosporin, in acetone-d6
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Fig. S6: 1H-NMR spectrum of compound (2), (-)-6-hydroxymellein, in acetone-d6
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Fig. S7: 1H-NMR spectrum with water suppression of compound (2), (-)-6-hydroxymellein, in acetone-d6
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Fig. S8: 1H-NMR spectrum of compound (3), ascotrichalactone A, in acetone-d6
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Fig. S9: 1H-NMR spectrum with water suppression of compound (3), ascotrichalactone A, in acetone-d6
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