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Fig S1. The amino acid sequence of the KED apoprotein deduced from kedA and comparison with the KED
apoprotein determined by Edman degradation® as well as other known apoproteins.” KedA, deduced from kedA
(the kedA gene has also been recently deposited to the GeneBank under accession no. ADG01894%); KedA*,
determined by Edman degradation'; CagA (accession no. D10827), C-1027; AxnA (D11457), the enediyne
structure is not known (AxnA is identical to CagA except for the D122A variation, which could be resulted from
sequence error); NcsA (D10996), neocarzinostatin; McmA (D90006), auromomycin (whose structure has not
been determined). EFE72430 (from Streptomyces ghanaensis ATCC 14672), ACZ98704 (from
Streptosporangium roseum), EDX26137 (from Streptomyces sp. Mgl), and ADJ47157 (from Amycolatopsis
mediterranei, strain U-32) are predicted apoproteins from putative enediyne biosynthetic gene clusters unveiled
during genome sequencing efforts.  Neither their enediyne chromoprotein production nor the enediyne
chromophore structures have been established. The leader peptides are shown in italic and the first amino acid of
the mature apoproteins are shown in red. ACZ98704 was predicted to have two cut sites. In addition to the
predicted N-terminus of Ala-Ser-Ala-Ala-Val, two variants of the KedA apoprotein with a Ser-Ala-Ala-Val or an
Ala-Ala-Val terminus were isolated."

FedA ——MLOWRTALKTSAALVAAAGFALTLGTPA-SAAASR——————————— AVSVSPATGLADGATVIVSASGFATSTSATALQCAILADGREG 76
KedA* = - ASR-—————————— AVSVISPATGLADGATVIVSASGFATSTSATALQCAILADGRG 45
Cagh -MSLRHMSRRASRFGVVAVASIGLAAAADS - VAFARP——————————— AFSVSPASGLIDGRSVSVSVIGARAGETYYIAQCAPVG-GRD 76
AxnA -MSLRAMSRRASRFGVVAVASTGLAAAADS -VAFARP——————————— AFSVSPASGLEDGRSVESVSVSGAAAGETYYIAQCAPVG-GRD 76
HeosA MVPISIIRNRVAKVAVGSAAVLGLAVGFDTPAVAARP - —————————= TATVIPSSGLEDGTVVEVAGAGLOQAGTAYDVGQCAWNVDTGVL 79
MeomA --MLONTSRFLARAGATVGVAAGLAFSLPADRDGAPG—~-————==———= VIVIPATGLSNGRQIVIVSATGLTPGTVYHVGQCAVVEPGVI 76
EFET72430 ~MTVENRLGLIARVSATAVIATGVAVAFJPAAMAASP——————————— VVIVSPATGLEDGDIVIVIGIGLIPGVVYHVSQCESVISGTY 738
ACZS98704 ~MOTANKGHLL TR L GATAALALG LG LA PAAGA T T T PAS SGAS I SAART SRR PSTGLESDNTITITISATGLQPGSVYHLGCAAVRPDAF 89
EDX26137 ~MTVENTLAAI TRLGAVAATATGLAVAVIPAAMAAPRARD ————————— AVIVIPATGLSDNQQVIVIGTIGLTPGTIVYHVGQCAVVAPNTE 80
ADJAT1HT ———-MSARTPIGTKAVVAAGFAVALACTGAATASAAPRAP————————— ALARSPSSDLADGRVVDVSGTGYTAGSTIVLLECDARQPAGR 738
Consensas : H - : s . Has

KRedA ACNVAEFHDFSLSG-GEGITSVVVRRSFIGYVMPDGPEVGAVDCDTAPGGCQIVVGENIGEYG-NALTISFG 145

FRedh* ACNVAEFHDFSLSG-GEGITSVVVRRSFIGYVMPDGPEVGAVDCDTAPGGCEIVVGGHIGEYG-NARISFG 114

Cagh ACNPATATSFITDASGRASFSFVVRESYIG-STPEGTPVGSVDCATAR--CHNLGAGHNSGLDLG-HVALTFG 143

AxnA ACNPATATSFITDASGRAASFSFVVRESYAG-STPEGTPVGSVDCATDA--CHNLGAGHSGLDLG-HVALTFG 143

HeosA ACNPADFSSVIADANGSASTSLTIVRRSFEG-FLFDGTRWGTVDCTTAR--COQVGLSDAAGNGPEGVAISFN 147

MeomA GCDATTSTDVIADAAGRITAQLEVHSSFQAVVGANGT PWGTVHCEVVSCSAGLGSDS---GEGRAAQATTFA 144

EFET72430 GCDPTIVIDIAADAQGEVSTQFVVRET FQAVEGAEGIPSGTIVDCTVSACAVEMGDDY---GVGEEGORITEFG 146
ACZS8704 ACNAATHVDVIASATGTITEILIVRSSFIGSA-ADGSTW-AINTATTPTVIAVFNHA---FDGGTTPLSF- 154

EDX26137 GCDETTSLDVVADAQGREVIAQLRVHVSFSAVVGASSTPWGTIVDARATPTQVGLGSDA-——-GEGGGQLISFK 148
ADJ4T1HT ACDEARLVATVAGADGTLARKLITVHQAFQAVDLSTGRAGTTVDCATAHCVIASADT SNIGTEGAGVSITEFG 149
Consensuas  .*: .. ¥ : LoFronro. . HHH HH
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Fig. S2. The original (1, proposed in 1992*°) and revised structures (2, revised in 1997° and 3, revised in 2007,’
is considered to be the final correct structure) of kedarcidin (KED) chromophore.
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Fig. S3. Enediyne natural products whose structures® have been determined: (A) 9-membered enediynes C-1027,
neocarzinostatin (NCS), maduropetin (MDP), kedarcidin (KED), N1999A2, sporolides A and B, cyanosporasides
A and B, and fijiolides A and B. C-1027, NCS, MDP, and KED were isolated as chromproteins. N1999A2 was
isolated as the enedyne chromophore alone. The sporolides, cyanosporasides, and fijiolides were isolated as
aromatized products, whose enediyne forms were hypothetical; no apoprotein has been associated with these
compounds. (B) 10-membered enediynes, all of which were isolated as discrete small molecules.
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Fig S4. HPLC and HRESIMS analysis of the KED chromophore confirming the enediyne form and supporting
the aromatized forms.”*® (I) HPLC chromatograms showing freshly prepared EtOAc extract of the KED
chromophore from a KED chromoprotein sample (top panel) and the same EtOAc extract kept at room
temperature overnight (bottom panel). Enediyne form (e); aromatized form (#). (Il) Structures of the enediyne
and aromatized forms of the KED chromophore supported by HRESIMS analysis. HRESIMS spectra of (I11) the
KED chromophore enediyne form with [M + H]* ion at m/z 1030.37338 and (IV) the KED chromophore
aromatized form with [M + H]" ion at m/z 1032.39109.
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Fig S5. SDS-PAGE (5-15%) analysis of purified KedF used in characterizing KedF as an epoxide hydrolase: lane
1, MW standard and lane 2, purified KedF. The predicted molecular weight of the recombinant KedF is 44.8 kDa.
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Fig S6. Comparative analysis of the KED, C-1027, and MDP biosynthetic gene clusters supporting the proposed
pathway for (R)-2-aza-3-chloro-B-tyrosine in KED biosynthesis: (A) genes encoding enzymes with high sequence
homology among the three clusters for the L-tyrosine-derived moieties in C-1027 and MDP biosynthesis and for
(R)-2-aza-3-chloro-B-tyrosine in KED biosynthesis and (B) their proposed pathways.
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Fig. S7. Comparative analysis of the KED, NCS, and MDP biosynthetic gene clusters supporting the proposed
pathway for 3-hydroxy-7,8-dimethoxy-6-isopropoxy-2-naphthoic acid in KED biosynthesis: (A) genes encoding
enzymes with high sequence homology among the three clusters for aromatic acid moieties in KED, NCS and
MDP biosynthesis, (B) domain organization of the three iterative type | PKSs MdpB, NcsB, and KedU38 (KS,
ketosynthase; AT, acyl transferase; DH, dehydratase; KR, ketoreductase; ACP, acyl carrier protein) and their
proposed pathways for the biosynthesis of the nascent aromatic acids, and (C) tailoring steps for converting the
nascent aromatic acids to fully modified aromatic acid moieties and their activation and incorporation in MDP,
NCS, and KED biosynthesis.
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