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SLYISALLGVEPA MLLLI A&GHETTANN! - AVEETLRFHS NLVEVEME
LETLVMCOQLLGFERLE. ETVLVAGYETTHHQ! POLVEEVLEWS AL ARLELT
TRETI CEVLDI PED. MEFLLYAGHETPS AN PGALAI DEMLEYY HL¥VEVQLE
SLYISALLGVEPR A MLLLI AGHETTANN! - AVEETLRFHS NLV¥EI EME
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TLY¥ICQLLOVEYE! VLLLAAGHETS AAN FPQTYDELLRFH NLARLELE
Mall CDLLOVEAE! EMLI HOGHETTANH: HAAVEELVEWL DLARLELE
Il &Vl CRLLGYEYE. YVTLLVAGHETS AHQ! FELVEELLERFYV QLARMELER
YTYICELLGVEED. [STLIGGFETTASE: PAAVEELLEFTY HLARVELOQ
ITYICELFAVPEG, ITYIICGOYETTVHS. EGTVEEI LRYQ LLARIELE
SQVIGVMLOVSDA, LYVLLLAGHETTANM CHAVDELLETYI TLARVELQ
SAVICMLLGOVEYE! TYLLYSGHETTS NM FPRAVDELMREFS NLARLEDME
YTVICDLLOVEGD! REDLLI AGHETTAS O LS AVEELLEFI QLARLELQ
TOQVICRLLDI PYE! VLLLAAGHETTAS M PGAVDELLERYL NLARMELE
Design of degenerate primers for two center conserved regions:

P450 Forward

Conserved amino acids: C E/D LV G VI P

Corresponding codons:

Final primer sequence: ATCTGCGAICTSCTSGGIRTSCCS (32-fold degeneracy)

P450 Reverse
Conserved amino acids:
Corresponding codons:

R L/M Y
,C,G | GIC,A,GIT|GIC,A|l|CIT,T,.C|IT,C|GIC,AC|GIC,C

E E/D \%

Final primer sequence: ICGSAKSAIYTCITCSACSIC (64-fold degeneracy)

KS Forward (previously reported)

AT.C | T.G,.C | GA|l | C.T,G/IC|C,T,GIC|G,G,|AGTGIC|C,CGIC

ANV

Primer 4UU: MGIGARGCIYTICARATGGAYCCICARCARMG
KS Reverse (previously reported)

Primer 5LL: GGRTCNCCIARITGIGTICCIGTICCRTGIGC

Figure S1. Alignment of bacterial biosynthetic cytochrome P450 enzymes (top) and the

degenerate primers designed from the center two conserved regions (bottom).
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Closest Homologue and Origin

BAGI17552.1 Streptomyces griseus subsp. griseus NBRC 13350
BAC75001.1 Streptomyces avermitilis MA-4680

CAI88687.1 Streptomyces ambofaciens ATCC 23877
YP_001822237.1 Streptomyces griseus subsp. grisesus NBRC 13350
YP 001822238.1 Streptomyces griseus subsp. griseus NBRC 13350
YP_001822239.1 Streptomyces griseus subsp. griseus NBRC 13350
YP 001822241.1 Streptomyces griseus subsp. griseus NBRC 13350
NP 828463.1 Streptomyces avermitilis MA-4680

YP 001822244.1 Streptomyces griseus subsp.griseus NBRC 13350
YP_001822257.1 Streptomyces griseus subsp. griseus NBRC 13350
YP 001106590.1 Saccharopolyspora erythraea NRRL 2338
YP_001822287.1 Streptomyces griseus subsp. griseus NBRC 13350
AF126281 1 Rhodococcus ervthropolis

YP 480214.1 Frankia sp. Ccl3

YP 001106197.1 Saccharopolyspora erythraea NRRL 2338
CAJ42334.1 Streptomyces steffisburgensis

NP822114 Streptomyces avermitilis MA-4680

AAZ94390 Streptomyces neyagawaensis

AAX98191 Streptomyces aizunensis

NP _821582.1 Streptomyces avermitilis MA-4680

CANR89637.1 Streptomyces collinus

CANBS89638.1 Streptomyces collinus

YP 946579.1 Arthrobacter aurescens TC1

BADS86797.1 Streptomyces sp. KO-3988

NP_825193.1 Streptomyces avermitilis MA-4680

AAX98177.1 Streptomyces aizunensis

YP_001107923.1 Saccharopolyspora ervthraea NRRL 2338
NP_825134.1 Streptomyces avermitilis MA-4680

CAJ89338.1 Streptomyces ambofaciens ATCC 23877

AAZ23099.1 Streptomyces fradiae

AAZ23099.1 Streptomyces fradiae

YP 001821630.1 Streptomyces griseus subsp. griseus NBRC 13350
YP 001821630.1 Streptomyces griseus subsp. griseus NBRC 13350
NP 625296.1 Streptomyces coelicolor A3(2)

NP 627673.1 Streptomyces coelicolor A3(2)

AAD33129.1 Streptomyces coelicolor A3(2)

CAJ88710.1 Streptomyces ambofaciens ATCC 23877

CAI88711.1 Streptomyces ambofaciens ATCC 23877

CAIJ88711.1 Streptomyces ambofaciens ATCC 23877

CAIJB9311.1 Streptomyces ambofaciens ATCC 23877

YP 001159829.1 Salinispora tropica CNB-440

YP 001822056.1 Streptomyces griseus subsp. griseus NBRC 13350
YP 001822057.1 Streptomyces griseus subsp. griseus NBRC 13350
NP 627722.1 Streptomyces coelicolor A3(2)

YP 001825281.1 Streptomyces griseus subsp. griseus NBRC 13350
CAJ89573.1 Streptomyces ambofaciens ATCC 23877
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Proposed Function

Two component response regulator
Conserved hypothetical membrane protein
Formamidopyridine glycosylase
Conserved hypothetical protein
Protein phosphatase

Conserved hypothetical protein
Conserved hypothetical protein
Conserved hypothetical transmembrane protein
Short-chain dehydrogenase
Peptidase

6-phosphogluconate dehydrogenase
Aspartate decarboxylase
Transposase

Conserved hypothetical protein
Phosphopantetheiny! transferase
FAD-dependent oxidase

PKS (4 modules)

PKS (2 modules)

PKS (2 modules)

Type II thioesterase

Conserved hypothetical protein (LipX2 homologue)

NRPS

Glycoside hydrolase

Terpene synthase

DNA helicase

LuxR-type transcriptional activator
Cytochrome P450 monooxygenase
Efflux pump

TetR-type transcriptional repressor
Transposase N-terminal fragment
Transposase fragment

Transposase fragment
Transposase fragment

Phage integrase C-terminal fragment
Transposase

Phage integrase

Conserved hypothetical protein
Conserved hypothetical protein
Conserved hypothetical protein
508 ribosomal protein

Cobalamin biosynthesis

308 ribosomal protein

508 ribosomal protein

ARS regulatory protein

Cation efflux pump

GCNS5 acetyltransferase
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Figure S2. Complete list of ORF assignments within the 92 kb of sequence derived from Streptomyces sp. 307-9 gDNA (top) and a map of these

ORFS (bottom) showing their relationship to the tirandamycin biosynthetic gene cluster (in color).
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A) Conserved Histidine Motifs B) Active Site Ser Motif

Mod0 308 H Y LA A 1EA s L TR VEHA L E G AB Modo 955 PIEIK QLG FID'S L M
Mod1 321 D A AH T 1/El A QA L siNifegH T oAlAAlEY Mod1i 1457 APJFKDIGVDS L T
Mod2 321 D A AH R 1/El A QA L siMifeln T qalaalely Mod2 1437 AP KELGFDS LG
Mod3 316 D A AH I TEAQA L . s I1[EHTQAMNAG vV Mod3 1686 APFKDLGFDS LT
Mod 4 335 DA AH K I A Q L S I HTQA A A Mod 4 1517 A RDLGFIDS LT
Mod5 325 D A AH K 1/El A QAL siNifelH T qAlAslE Yy Mod5 1697 APFKDIGFDS L T
Mod6 327 DV AH T 1/El A QA L siMifeglH T qAlAaAlely Mod6 1679 SPIFRD LG FDS L T
Mod7 316 D A AH s 1IE A QAL siNilelH T oAlAAlElY Mod7 1013 DJFILDAGFASLT

*
C) C-Domain His Motif D) A3 Core Motif A7 Core Motif
3

TamD 135 V Lv FBIT TamD 598 C I K R

LipNRPS 153 V LV FID A LipNRPS  nja - - - A
EqiS 126 C ITIDG EqiS 603 T L E R
FusA 122 F 1 ALBlG FusA 590 M F v +208-233 aa> ¥l R
BacC 130 N 1LLBlG BacC 593 L I K R
GrsB 121 M 11siBlc GrsB 586 L I K K
TyeC 121 M s1sblc TycC 590 L I K K

*
E) PCP Modification Site F) Catalytic Ser Catalytic Asp Catalytic His
* * * *

TamD 994 A N Ds Tams 27 V@ FPIH FIGHIS MG A T@D N G Gl F

LpNRPS 695 A D s L GrsT 24 Flel 1 fel v LGl s MG A GIGl K N plel o fHl F
EqiS 1009 S N HV pchc 22 Pl viel LB H FIGIHIS MG A LlglA R plel G El F
FusA 998 T D s A RfR 23 filviel LBl H 60-62 aa= F [GIH S MG A 4+97-99 aa= T |G| D H «23aa—>P |G GH F
BacC 979 A N DI Pikav 27 [l viel LB H FGHlS LG A Alglo r sle cMHl F
GrsB 971 D N E L NysE 24 Fle FIP H FIGIHIS MG A Tl6 D R plel G Hl F
TyecC 976 D Q E L pimi 24 il vie FlBlH FIGHLS MG A T8 D D plel Gl F

* * * *

Figure S3. Sequence motifs consistent with fully active assembly line enzymes. A) Conserved KS domain motifs; residues in green denote
presumed active site histidine residues, residues in red are conserved in all known active domains. B) ACP residues; LGXxDS motif (green) and
otherwise conserved residues (red). C) Conserved condensation domain residues (red) and the active site histidine (asterisk). D) Adenylation
domain residues from the A3 and A7 core motifs; residues in red are well conserved in active domains. E) Conserved PCP domain residues. F)

Type Il thioesterase motifs, including the conserved GxSxG motif of a/b hydrolases (green) and other conserved residues (red).



Potential Rossman Folds B Catalytic Motif
* 3
A) TamL 126 GAGGHILG-GG<_68_>E ) TamE 140 WY RAGE I DV LE
TamL 185 T GGG - - GG N Flg T16-18aa> g R. marinus 153 W P DNGE I'D I ME
T. maritima 329 W P T CG E I|/D I MIE
C. cellulans 166 WPSSGETIDTIME
FAD Modification Site (BBE) Pseudomonas sp. PE2 442 W P QGGELDTI MIE
X * 3
TamL 50 SGGHCYEDTFV
E. californica BBE 101 SGGHSYEGLS
P. somniferum BBE 105 S GGHSYEGLS
*
C) Helix I Motif ExxR Motif Heme Binding Motif
*
Taml 248 G GHETT E'E F LIR FGHGIHYCLG
Str P450 193 AGYENT E'EMLIR = - - - = - B -
PikC 243 AGH/ET T<«32aa=» EEML|R«60-61laa=>F GHGIHFCTIIG
EryF 241 A G F EAS E'EI LIR FGQGIHTFCMG
EpoK 254 AGT DT T DEV LR YGRGPHVCPG
*

Figure S4. Sequence analysis of tirandamycin tailoring enzymes. A) TamL sequence includes potential Rossmann folds (top) and a berberine
bridge enzyme motif for flavin cofactor attachment (45); aligned with GenBank IDs P30986 and P93479. B) TamE sequence motif containing
conserved catalytic residues from bacterial glycoside hydrolases; aligned with GenBank IDs AAA60459, NP_227840, AAC38290, and BAC16332.
C) Taml sequence motifs typical of cytochrome P450 enzymes; aligned with GenBank IDs ABB92562, AAC68886, AAA26496, and AAF62886.



