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Table S1. Primers and vectors used in this study.

Plasmid PCR primers Cloning vector
SQCE6-F: 5-TACTTCCAATCCAATGCCATGAGTCCGATCATCGCTCCG-3'
APC109096
pPMCSG73
(PBS1159) SgCE6-R: 5-TTATCCACTTCCAATGTTATGCCGCCCTTCCTTCGTCC-3'
SgcC-F: 5-AAAACCTCTATTTCCAGTCGCCCCACGGTGCAGAGCGCG-3'
APC109081
pBS3080
(pBS1160)

SgcC-R: 5-TACTTACTTAAATGTTACAGCCCTCCGAGAAGGTCG-3'




Table S2. Homologues of SgcE6 discussed in this study.

Organism Abbreviation Substrate Second Km (uM) Kear (™) DALI analysis Accession PDB ID Reference
(Fixed substrate number
concentration) %id® 7P el Jali® nres®

Thermus thermophilus TtHpaC 8.9 2.4 . . BAD70784
HB8

39.6 2.7

36.8 0.7

Below detection

Burkholderia cepacia . . . : AAC23547
AC1100

40

Not performed

Mycobacterium MtMOB No experimental evidence 32 23.2 19 60 181 ADR80228 3NFW 7
thermoresistible




Thermus thermophilus TtFMNbp Kqg=17 Kreg = 0.15

Kq=300 Krea = 0.25

No experimental evidence

Escherichia coli W EcHpaC FMN NADH 21 Vmax = 70 27 (by ADT77975 13

pmol/min/mg BLAST)

FAD NADH 3.1 Vinax = 38
pmol/min/mg

NADH FMN 40 Not
performed

NADPH FMN Not Vimax = 0.5

performed pmol/min/mg

%95id: percentage of identical amino acids over structurally equivalent residues. °Z score: the statistical significance of the similarity between
protein-of-interest and other neighbourhood proteins. ‘rmsd: root-mean-square deviation of Ca atoms in the least-squares superimposition of the
structurally equivalent Ca atoms. %lali: the number of structurally equivalent residues. °nres: the total number of amino acids in the hit protein.
The kinetics statistics referred to that of the flavin reductase from Pseudomonas sp. VLB120. The amino acid sequence identity of PpSMOB and
the flavin reductase from Pseudomonas sp. VLB120 is 94%.



Table S3. Homologues of SgcC discussed in this study.

Organism Abbreviation

Flavin Function %id®| DALI analysis Accession PDB ID Reference
number

z° rmsd® ali¢ nres®

Thermus thermophilus TtHpaB
HB8

Cupriavidus necator CnTcpA
JMP134 (Ralstonia
eutropha)

FAD 4-hydroxyphenylacetate-3-hydroxylase 34 49.6 1.9 468 470 BAD70783 2YYJ, 2YYG, 2YYI, 15
2YYK, 2YYL, 2YYM

FAD 2,4,6-trichlorophenol 4-monooxygenase 22 22.6 1.9 156 164 AAZ60952 AG5E 16

Escherichia coli EcHpaB 4-hydroxyphenylacetic hydroxylase m ADT77976 Z 19, 20, 21

Pseudomonas PaPvcC
aeruginosa PAO1

Geobacillus sp. PA-9

No putative hydroxylase (involved in 42 AAG05644 23,24
experimental pyoverdine chromophore biosynthesis)
evidence

No 4-hydroxyphenylacetic acid 30 AAT28189 26
experimental 3-hydroxylase

evidence

JS443



Streptomyces Fkbl FAD acyl-ACP dehydrogenase 16 20.4 2.9 298 353 AAF86388 1R2J 30
hygroscopicus subsp.

ascomyceticus

Acinetobacter AbHpaH FMN p-hydroxyphenylacetate hydroxylase 7 16.2 3.5 301 399 AAST75429 2JBT, 2JBR, 2JBS 31
baumannii

Bacillus circulans BtrO FMN 4-(y-L-glutamylamino)butanoyl-ACP BAE07076 32

monooxygenase

25id: amino acid sequence identity. °Z score: the statistical significance of the similarity between protein-of-interest and other neighbourhood
proteins. ‘rmsd: root-mean-square deviation of Ca atoms in the least-squares superimposition of the structurally equivalent Ca atoms. %ali: the
number of structurally equivalent residues. °nres: the total number of amino acids in the hit protein.



Figure S1. The top ten threading templates used by I-TASSER for SgcC2 modeling. The
residues in template, which are identical to the residue in the query sequence, are highlighted
in color. Idenl is the sequence identity (%) of the templates in the threading aligned region
with the query sequence. Iden2 is the sequence identity (%) of the whole template chains
with query sequence. Cov represents the coverage of the threading alignment and is equal to
the number of aligned residues divided by the length of query protein. Norm. Z-score is the
normalized Z-score of the threading alignments.

PDB Iden1lden2 Cov Norm. 20 40 60
Hit Z-score [ | |
SLEEKVTRIWTGVLGTSGEEGATFIELGGQSVSAVRIATRIQEELDIWVDIGVLFDDPDLPTFIAAVVRT

2mr7:A 0.290.37 1.00 2.41 ATEKVLCALYAEILGVEVGVDDAFHDLGGSSALAMRLIARIREELGVDLPIRQLFSSPTPAGVARALAAK

4pwv:A 0.28 0.29 0.97 1.99 ETESRLRRIFEEVLHSEDDVEANFFELGGHSLQATKLVSRIRSEFDAELPLRDFFEHPNVAGLAVLIG--

29gp:A 0.24 0.27 1.00 3.53 VWEARLAQVWEQVLNVPQGALDDFFALGGHSLRAMRVLSSMHNEYQVDIPLRILFEKFPTIQELAAFIEE

2jgp:A 0.240.27 1.00 1.80 VWEARLAQVWEQVLNPQVGALDDFFALGGHSLRAMRVLSSMHNEYQVDIPLRILFEKFTIQELAAFIEE

2jgp:A 0.24 0,27 1.00 1.59 VWEARLAQVWEQVLNVPVGALDDFFALGGHSLRAMRVLSSMHNEYQVDIPLRILFEKFTIQELAAFIEE

4pwv:B 0.28 0.29 0.99 3.43 ETESRLRRIFEEVLHSEVDVEANFFELGGHSLQATKLVSRIRSEFDAELPLRDFFEHPNVAGLAVLIGG-

2jgp:A 0.23 0.27 0.99 2.22 VWEARLAQVWEQVLNVPVGALDDFFALGGHSLRAMRVLSSMHNEYQVDIPLRILFEKFPTIQELAAFIEE-

2jgp:A 0.240.27 1.00 1.10 VWEARLAQVWEQVLNVPVGALDDFFALGGHSLRAMRVLSSMHNEYQVDIPLRILFEKPTIQELAAFIEE

4pwv:B 0.28 0.29 0.99 3.93 ETESRLRRIFEEVLHSEVDVEANFFELGGHSLQATKLVSRIRSEFDAELPLRDFFEHFPNVAGLAVLIGG-

4pwv:B 0.28 0.29 0.99 5.04 ETESRLRRIFEEVLHSEVDVEANFFELGGHSLQATKLVSRIRSEFDAELPLRDFFEHPNVAGLAVLIGG-




Figure S2. Sequence alignment of SgcE6 with other 9-membered enediyne gene cluster
homologues. Accession numbers are shown in front of their sequences. Aligned residues are
colored on the basis of the level of conservation (red box with white character or red
character with bold font shows strict identity, red character similarity, and blue frame similarity
across group). The sequence in red and magenta correlates with either NADH or NADPH
preference, the regions in orange and yellow correlate with FMN or FAD preference and the
regions in green and cyan highlight the (S/T/C)XXPP and GDH motifs, respectively. The
yellow region corresponds to the “flexible AMP binding loop”.
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Figure S3. Sequence alignment of SgcC with other 9-membered enediyne gene cluster
homologues. Accession numbers are shown in front of their sequences. Aligned residues are
colored on the basis of the level of conservation (red box with white character or red
character with bold font shows strict identity, red character similarity, and blue frame similarity
across group). The regions in yellow, green and magenta are putative flavin binding loop,
substrate binding loop and AMP responsive loop, respectively.
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Figure S4. Stereoimage of SgcE6 monomer alignment. The N-terminus, C-terminus and
flexible loop are highly variable in position. SgcE6-FAD chain A-black, Apo-SgcE, chain
A-green, B-cyan, C-magenta, D-yellow, E-salmon, F-white, G-slate, H-orange.
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Figure S5. Structural comparison of SgcE6 with other flavin reductases. Colored as seen in
Figure 2. The C-terminal loop of MtMOB, which is colored in black, extends into the active
site.

SgcE6 FAD/NADH TtHpaC FAD/NADH BtPheA2 FAD/NADH
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Figure S6. Molecular weight estimation of SgcE6 and SgcC by size exclusion
chromatography. (a) SgcE6 and (b) SgcC on a Superdex 200 16/600 column (GE Healthcare
Life Science). The apparent molecule weights of SQcE6 and SgcC were estimated to be 46.1
kDa and 209.7 kDa, suggesting that SgcE6 (calculated molecular weight of 19.5 KDa) and
SgcC (calculated molecular weight of 57.9 KDa) are dimer and tetramer, respectively.
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Figure S7. Reactions carried out by SgcC homologous enzymes.
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Figure S8. Structure based sequence alignment identity matrix. The sequences for some
sequences were left out of Figure 3.
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n = g o o & F+ o ¢ @ o g <

SgcC 0.72 0.55 0.49 0.50 0.40 0.48 0.29 0.29 0.26 0.21 0.20 0.22 0.21

SpoT3 0.57 0.51 0.51 0.42 0.50 0.30 0.29 0.27 0.21 0.20 0.22 0.22

MdpC3 0.72 0.50 0.51 0.43 0.50 0.29 0.29 0.25 0.21 0.20 0.21 0.21

KedY 0.55 0.57 0.53 0.45 049 0.30 0.30 0.27 0.22 0.21 0.23 0.22

EcHpaB 0.49 0.51 0.50 0.72
PaHpaA 0.50 0.51 0.51 0.53
PaPvcC 0.40 0.42 0.43 0.45
BtPheAl 0.48 0.50 0.50 0.49
TtHpaB 0.29 0.30 0.29 0.30
GtHpaH 0.29 0.29 0.29 0.30
GpHpaH 0.26 0.27 0.25 0.27
BcTftD 0.21 0.21 0.21 0.22
CnTcpA 0.20 0.20 0.20 0.21
RoNpcA 0.22 0.22 0.21 0.23

AiNpdA2  0.21 0.22 021 0.22
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Figure S9. Comparison of SgcC and TtHpaB in stereograms. Colors correspond to sequence
alignment in Figure 3. (A) Apo TtHpaB is in white and bright colors, SgcC is in gray and dark
colors. (B) Apo TtHpaB is similar to panel A, FAD bound TtHpaB is in gray and dark colors. (C)
FAD/4-HPA bound TtHpaB is in white and bright colors and FAD bound TtHpaB is similar to
panel B. The conformation of the active site loops of TtHpaB changes upon FAD and 4-HPA
binding. The conformations seen in SgcC are similar to those of apo TtHpaB.

15



Figure S10. Active site of AbHpaH. The residues are colored similarly to Figure 4C, as the
structures of acyl-CoA dehydrogenases and AbHpaH are very similar. The backbone atoms
and S171 bind the flavin ring similarly to those of TtHpaB, revealing a conserved flavin
binding mode when compared to Figure 5B. The residues bonding to the phenol of 4HPA in
TtHpaB/SgcC differ from AbHpaH, nevertheless the C3 carbons of 4HPA in both AbHpaH and
TtHpaB are approximately 5 angstroms from the C4a of the flavin. This reveals that resides
H120 and S146 of AbHpaH serve similar roles as Y123 and H161 of SgcC/TtHpaB. The
residue H396 of AbHpaH likely fulfils the role of R119 of SgcC/TtHpaB, which is likely to form
and stabilize the C4a-hydroperoxyflavin intermediate.
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Figure S11. The SgcC-SgcC2 docking model. (a) The functional residues Ser3l
(phosphopantetheine-anchored residue, shown in magenta) of SgcC2 points toward the
active center of SgcC. (b) SgcC2 is bound at the center of the SgcC tetramer. The four
subunits of SgcC are shown in green, cyan, yellow, and blue, respectively, and SgcC2 is
shown in gray. The active center of SgcC is shown by red dotted circle. (c) The analysis
statistics of the interactions between the SgcC tetramer and SgcC2.

A

SgcC-subunit A

SgcC-subunit D S SgcC-subunit B

C
Hydrogen bonds
SgcC-subunit A Dist. [A] SgeC2

1 ARG 170[ NH1] 3.70 GLN 30[ OE1]
2 ARG 170[ NH1] 3.39 GLY 28[ 0 ]
3 ARG 170[ NH2] 2.87 VAL 13[ 0 ]
4 ARG 170[ NH2] 3.30 GLY 28[ 0 ]
5 LYS 220([H ] 248 ILE 25[0 ]

SgcC-subunit B Dist. [A] SgcC2
1 ARG 337[ NHI] 2.78 GLU 43[ OE2]
2 GLY 332[0 ] 3.63 ARG 36[ NH2]

Salt bridges

SgcC-subunit B Dist. [A] SgeC2
1 ARG 337[ NH1] 2.78 GLU 43[ OE2]
2 ASP 335[ OD2] 3.61 ARG 36[ NE ]
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