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(A) 
 
DkxI_DK      1 -----STQLELKELLARAPAA----------------EAAAD----------IEELTV----- 
DkxI_DW      1 -----HSQLELNELLARPPS------------------AAVE----------IEELTL----- 
BlmVIII      1 ----------------EETP-------------------GQ------------EEVVL----- 
LeuD         1 RLIQGISIRALAAYVYEQAALKRL-----------VASKGQEQGSSADHAADVEELVL----- 
MelF         1 ------------S-STGVAA-----------------PKAAD----------WEEGEL----- 
TubB         1 ------GCLEAQSWSTQAPH-----------------PPSAS----------IEEGEL----- 
MtaF         1 -------------GNSGQAA-----------------VVAKD----------WEEGEL----- 
MelC         1 -----------------------------------------E----------WEEGSL----- 
MtaC         1 -----------------------------------------A----------WEEGAL----- 
AjuK         1 -------VCALETRAADEDR-----------------GEGQS----------WEEGEI----- 
AjuC         1 -LELVAAEEVLDAVITSGTQGGALGSEALGDAESVAPSED-------------EEIEVLQF-- 
Leu9         1 --EGLAARLMLEELLQSRAKN-----------------EF-------------EDSETEVLLV 
 
 
(B) 
 
MtaG    1 ---------MAELSKQDVTLWVEGERLKYRAPKGALSPETLS--LLSTHKAALLPYLRR--LAAEGESVH--------------- 
MelG    1 --MMSAEELVAELSRQGVTLWVEGDRLKYRAPKGALSPETLS--LVAGHKAALIQHLRQ--LAAEGESVH--------------- 
TubC    1 ---MSAGALLAHAASLGVRLWVEGERLRFQAPPGVMTPELQS--RLGGARHELIALLRQ--LQP--------------------- 
MtaD    1 ---MSTSEFIVYLQQKGIELWIEGDTLRFRAPPGHLTPELRT--ALKDKKEQLLEHLR---SASR-------------------- 
MelD    1 ---MTTAEFIIELQRKGIDLWVEGDALRFRAPPGHLTEEIRA--GLKERKAQLIEHLR---AASQ-------------------- 
LeuE    1 ---MSLGELFSDLSQRGVQLWVEGDALRIRAPAGALTPNVRA--SLATHKAQIVSLLKRMEAGTQASDAPIERAPRDLPI----- 
DkxJ_DK 1 ---MNLGELLAELNRRGLEVRVEGDALRLRGPKGAATAELRQ--ALAEHKPELLELLRA--HDRGQEEAPIVPVQRTGPA----- 
DkxJ_DW 1 ---MSLGELLAELNRRGLEIWAEGEHLRLRGPKGAADEALRN--ALTLHKSGLLALLHE--RNR-RETAPIAKALRDGPA----- 
AjuL    1 ---MRIDELMAKLAALGVSLWVDDGKLRFRAPAGTLNPELKA--QLGAHKEAILARLAA--TTEGQEH----------------- 
LeuA    1 ---MNTAELLEQLLEREIRLSVKGDKLEVSAPKGALTPDLRA--RLAERRAELIAMIAQ--SSRAKAEVELPEVQHRPQERHEPF 
AjuD    1 ------MALLTDLAKRNVQISATGEQLDVRAPKGALTPELRE--QIAKHKPELLSFLKQ--RSSDKEAQKLPTVL---------- 
BlmV    1 MTTPRITDLLTELRGRQVTLTADGDRLHCRAPRGALTDELLATIRFTARRDELLAHLRA--DRR--------------------- 
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(C) 
 
DkxH_DK 1 ------AEELELGTEVQKKQEASR---------EAQGALS-----AEIQGLSEQELTSLIDQELES---ALTR------------------ 
DkxH_DW 1 ------AGELGMGGEFQKQDKSSE---------QAQDALA-----AEIQGLSEQELTSLIDQELES---ALTR------------------ 
MelD    1 -------LGLEPLAPSSPGHVPDK---------AEAEGPS----LENLEQLPQDELGALLDQKLADLEKLVGDA----------------- 
CtaD    1 -------LGLPPLAPSAP-AVPDE---------AVATAQA----VANLEQLPQDELGALLDQKLAALEKLVG------------------- 
MtaD    1 -------LKLGPVDPVSA-QASKG---------EEAAAQT----LANLEQLPQNELGSLLDEKLALLEKLMGDG----------------- 
StiD    1 --------GLPLEAPPEPPRETAE---------KKDSAST---AAE-LDALSDDEMAARLAEKL----AALNKGRK--------------- 
AjuG    1 -ATEILAPTPETAAPPSPDASSAP---------SPTGSET---APDPLDALTEDELVALLAAELWPARAGLSDARSGTLSEGPQRPEPHTA 
DkxG_DK 1 ---------MDAFIPLEFTEEARV---------TSKSDAP---VESPLEGLAEANLAHLLSEQL----SKMN------------------- 
DkxG_DW 1 ---------MAAFIPLEFASEENT---------QQEQSKP---VEDHLEGLTEANLANMLAEQL----SKM-------------------- 
StiC    1 ---------STAHSSAQRVDEPRA--------GETQSDAP----SVVLDVLSRNEVESRLDERLAA----IEASMMD-------------- 
StiH    1 --------FATLFEEAPRATTPEP--------VSNDDDAR----WDALDELSEDQVASLLAERLNA----IE------------------- 
AjuB    1 LGHVSAEPVPATSSPTLIAVTPSP--------VTALPALP------SLENLSEAELSDLLAAELSASAALMG-PGMD-------------- 
AjuL    1 LGELYSAPLVATSIPSPPPASPPPNTPVVATLFSTASSSPDDAQESALHDLSESELAQLLDDELAS---ILGNPSGS-------------- 
DkxN_DK 1 -------LAAEVLGLKEEAAAPVE---------EAPEDAELESLLADVDSLDDDTVQAMLRRGR--------------------------- 
DkxN_DW 1 --------AAEVLGLKDDEAAPAAA-------WDAGEDQELDALLADVDDLDDDQVQAMLRRGR--------------------------- 
LeuC    1 ---------EGSALARGQEEAPVR---------AAIDDAELGALLEEVDALSGAEINARLQGAR------LGAAR---------------- 
LeuA    1 -------IERVIDLDFSPGKRPAD---------VAPAALG-----TNLDALSSDEVAELLSQKLQA----LD------------------- 
AjuA    1 -LRQLDAPTANGATVRGPERTTTS---------TEVRSMLGEPLDLPAEELSDSEAEALLVEELER----LNY------------------ 
AjuF    1 ---------LAASRSATPQRAESD----------ADEAMR-----AEVEDLSDDEAALALAELAAE---VLGDDEEMME------------ 
AjuE    1 ----ADRMQIATVSAGHDDAREPQ---------ESRDRAALDAALHEVEQLSEEDALAALMKGT--------------------------- 
LeuB    1 -----SELLPGAERPASAAPAGAP---------GDAGRQE----FTEIEPLSPGELEAIIDSEFNA----ITD------------------ 
 
 

(D) 
 
DkxH_DK 1 ---------------------MKRALLKLQETQSKLDAHEQEKH-- 
DkxH_DW 1 -----MSTQG---SDTGYSDLMKRALLKLQDAQSKLDAHERERH-- 
LeuB    1 -----MPTR-------DYAELMKQALLKIEETEAKLKALKQAATE- 
AjuB    1 MNSGEKREEA---TTASAPTVVKRALAAVQDLRARLAAAEQEKHAP 
MelE    1 -----MST-----EQNEHSARLARALVALEKMQARLEASEREKRE- 
CtaE    1 -----MST-----EQNEHNARLARALVAMEKMQARLEASEREKR-- 
MtaE    1 -----MSSSV---EQHEHSARLARALVALEKMQAKLEASEREKRE- 
StiD    1 -----MSTTPNMPEQGEDLGRLKRALTALEKMQAKLDAAERGRTE- 
AjuA    1 -----MEH----------KARLTSALLAIKKLQGDLDAVERSRR-- 
AjuC    1 -----MSNST---ETPDPQARLREAILAIHKLRTRLDAVERQKT-- 
StiE    1 -----MST-----GSQDHRSLLKQSFLEIERLQAKVDSLERAKSE- 
StiJ    1 -----MSV-----KTKDNQDLLKRALVTIDKLQAKVDALERAKSE- 
DkxN_DK 1 ------------------MTPLQRAALAIKTLRARVDGLERARS-- 
DkxN_DW 1 -----MSND-QTPASLEAMTPLQRAALAIKTLRTRIDGLERART-- 
AjuG    1 -----MSR--QGPSDPADLSAQKRALLALKKLQTKLDTMERAAT-- 
LeuC    1 -----MTT--TTPEARKELSQLERAAYALKHLRAQLDKYR------ 
AjuH    1 -----MSSP---PLPLDRHAVLKHALREIQQLRARVDTSERRER-- 
DkxI_DK 1 -----MAKLS---TRISELPVVKLAYLA-SQLRSKKELLAA----- 
DkxI_DW 1 -----MAKLS---TRLSEMPPVKLAYLA-SQLRAKKEILAA----- 
AjuF    1 -----MSRST---AREGRISAVKLALLA-QQVRSKIEGAELLGS-- 
LeuD    1 -----MSTLL---ERAAGMSVAKLAYVA-QQMRAKRVVT------- 

 
 
 
Fig. S1. (A) Multiple sequence alignment of C-terminal docking domains present at PKS/NRPS-NRPS junctions in mixed systems 1,2. 
(B) Multiple sequence alignment of N-terminal docking domains (‘-sheet type’ 1) present at PKS/NRPS-NRPS junctions in mixed 
systems (potential partners of those shown in (A) (color-coded)). (C) Multiple sequence alignment of C-terminal docking domains 
present at PKS-PKS junctions in mixed systems 3. (D) Multiple sequence alignment of N-terminal docking domains present at PKS-
PKS junctions in mixed systems (potential partners of those shown in (C) (color-coded)). Key to pathways: Dkx, DKxanthene (DK = 
Myxococcus xanthus DK 1622; DW = Stigmatella aurantiaca DW 4/3-1); Blm, bleomycin; Leu, leupyrrin; Mel, melithiazol; Mta, 
myxothiazol; Tub, tubulysin; Aju, ajudazol; Cta, cystothiazole; Sti, stigmatellin. In each case, the subunit name is given. 
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Fig. S2. Multiple sequence alignment of ACPs and PCPs derived from myxobacterial pathways alongside discrete CPs involved in 
pyrrole biosynthesis from diverse bacteria. Key to pathways: Tub, tubulysin; Leu, leupyrrin; Aju, ajudazol; Clo, clorobiocin; Cou, 
coumermycin; Idm, idanomycin; Plt, pyoluteorin; Red, undecylprodigiosin; Ana, anatoxin. In each case, the subunit or protein name 
is given. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. S3. Base peak chromatogram (m/z = 730–740) of the (A) leu5–, (B) leu18–, and (C) leu13– mutants. (D) Base peak 
chromatogram (m/z = 730–740) of S. cellulosum So ce690 wild type, showing peaks corresponding to the leupyrrins A1, A2, B1 and 
B2. 
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Fig. S4. Multiple sequence alignment of cytochrome P450 enzymes from various secondary metabolic pathways. This analysis 
shows that Leu13 aligns with other bonafide epoxidases 4-7, while Leu22 is a member of a distinct group which includes the 
hydroxylase AjuJ 8. Key to clusters: Crp, cryptophycin; Npun, unidentified cluster Nostoc punctiforme ATCC 29133; Aju, ajudazol; 
Leu, leupyrrin; Ole, oleandomycin; Myc, mycinamicin; Pim, pimaricin; Epo, epothilone. 
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