
1

Supplementary Information

Insights into the function of trans-acyl transferase polyketide 
synthases from the SAXS structure of a complete module

Jack Davison1, Jonathan Dorival1, Hery Rabeharindranto1,2, Hortense Mazon1, Benjamin Chagot1,*, 
Arnaud Gruez1,* & Kira J Weissman1,*

1Molecular and Structural Enzymology Group, Université de Lorraine, IMoPA, UMR 7365, 
Vandœuvre-lès-Nancy, F-54500, France. CNRS, IMoPA, UMR 7365, Vandœuvre-lès-Nancy, F-54500, 
France.
2Present address: Laboratoire d’Ingénierie des Systèmes Biologiques et des Procédés – INSA, UMR 
INSA/CNRS 5504 − UMR INSA/INRA 792, 135 Avenue de Rangueil, 31077 Toulouse CEDEX 4, France.
*Correspondence should be addressed to B.C. (benjamin.chagot@univ-lorraine.fr), A.G. 
(arnaud.gruez@univ-lorraine.fr) or K.J.W. (kira.weissman@univ-lorraine.fr)

Electronic Supplementary Material (ESI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2014



2

Supplementary Figures
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CurL         1 -----------------------------------------------------------------LP-------------
CurI         1 --------------------------------------------------------------------MGWKSVADS---
CurJ         1 ---------------------------------------------------------------------ILSSNSTA---
CurG         1 -----------------------------------------------------------------VKVGLFRTEIDQ---
CurH         1 -----------------------------------------------------------------IP-IEFSSNLDE---
CurK         1 -----------------------------------------------------------------MP-IDFSSHLDQ---
RhiC         1 ------------------HRAELATW-------------LNGVHQ-------------AGSAARGAPK-PY-RQF-----
MmpA         1 --------------------------------------------------------------------------------
CurA         1 ----------------------IAAT-------------GGSKLF-------------QGNGNGGHPQ-ES---------
JamE         1 ----------------------ITAT-------------GSSKLP-------------QGNGNGGYSQ-ES---S-----
StiB         1 -------------------------------------------------------------LSREIPT-ATSEASPPTRT
TaiE         1 --------LGARLPAAQAARA---------------------------G-AF-AGVEPGEPDARALPA-AA-RAAAP---
Ta1          1 -----------------------------------------------------------------IQK-TV-SAGA----
AjuA         1 -------------------------------------------APTANGATV-RGPERT-------------TTSTE---
ElaK         1 --------------------------------------------------------------------------MTN---
AjuE         1 ----------------------IATV---------SAGHDDAREPQE---------------------------------
VirA         1 -----------------------------------------------------AAPVPA----------AAAEPAAL---
SnaE2        1 -------------------------------------------------------------------------TAPQ---
TaiL         1 LALARRRAGGAPLPDAEAASATTATTASASGTAHAPNAAGDAHAPNAAGARA-ATPAPAENAAGAVHA-ARAANPAN---
VirFG        1 --------------------------------------------------------------------------------
StiA         1 ------------------------------------------------GIQLNGVEE---------PP-QAVE-SPSV-S
StiE         1 ------------------------------------------------GLVLSVAEA---------PS-QAAEQSGSRAA
StiG         1 -----------------------------------------------------------------------AIHSAAPEN
AjuB         1 -----------------------------------------------------AEPV---------PA-TSSPTL--IAV
AjuG         1 ------------------------------------------------------APT---------PE-TAAPPSPDASS
consensus    1                                                                  ..       .     
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                                           -------   -------------------
CurL         3 ----EG---QEEEEVDLDDSQ-----NTQNLDSAQIETQGKVDHAIAAE-LQEIKNLLKEGN-----------
CurI        10 ---ESN---LPE--------RKEVDVDEQILPVIEDISEEEFEALAAQQ-LEKIKSML---------------
CurJ         9 ---ASE---AETLDDMVDEGSLESELSESLAAEINQLSEDEMDLAVSQA-VSQLDQLL---------------
CurG        13 ---D------QQEDDSL---------EAKLLDEIKQSSNQELESSIDQI-LESIIN-----------------
CurH        12 ---IEN---LEQEEID----------NTFR---FQEMSEDEMANILARK-LESLEGKKS--------------
CurK        12 ---TEK---ALDEEDVVAD-------GSSQLSDITELSEIELEASVLQE-IEALEKLI---------------
RhiC        30 -EPPHPLDHQLEKQFLSG--------ELSIDSLLNLVSIGTVER-----------------------------
MmpA         1 ------VQVVHSS-------------DDLLDTILNQVQSGALAADSACAVVEDV----LAQR-----------
CurA        23 --LPNNGSPVNSSEEMDP--------KLRLRAILNKVAKKELTIQEANKLVQQI----KKQVTV---------
JamE        24 --SPNHASQGDSSEEMSQ--------KVRLRAILNKVANNELTVQEANQLVQQL----KQQVTV---------
StiB        19 KDSAPTIEPQV---DALS--------GTA----LAELFDEQLSAIDAL--IDN----T---------------
TaiE        39 ---PA----HT---DAAA--------HTDTDALLRAIERGELDAGDADAIWRR----MQSRAARPEPLAQP--
Ta1         10 ---P----------AQGE--------PPSLDELLRQVEAGELDPSVAQQFLTN----SQS-------------
AjuA        21 ------VR-------SML--------GEPLD-----LPAEELSDSEAEALLVE----ELERLNY---------
ElaK         4 ---ISTYEPVQ---SLQQ--------EFSLDDVVRQVEKGEMDAEAANLLLAV----LSKQ------------
AjuE        17 ---------------SRD--------RAALDAALHEV--EQLSEEDALAALMK----GT--------------
VirA        15 ---PLPVT-GA---GEPS--------QADLDALLSAVRDNRLSIEQAVTLLTP----RR--------------
SnaE2        5 ---PAGAV-PA---GSVS--------AADLDALLAAVRDNRLTVEQALALLPQ----HT--------------
TaiL        76 ---PATLA-NP---APGG--------GVPLDDVLARVHRGELSVEAAEALLAG----ALG-------------
VirFG        1 ---------------------------MDAKEILTRFKDGGLDRAAAQALLAG----RT--------------
StiA        21 EEDGAAMLKML---EQFQ--------ELSNEDLLGMLSD-DKED------------EVSS-------------
StiE        23 GDLEALAEGLL---DELE--------GLSDDESG----------------------RLASGTAQRSPREDINE
StiG        10 TPVGNPSRGIP---DELE--------GLPEEELIALFRD-EMAALERET-SGEKS------------------
AjuB        16 TPSPVTALPAL---PSLE--------NLSEAELSDLLAA-ELSASAALM-GPGMD------------------
AjuG        17 APSPTGSETAP---DPLD--------ALTEDELVALLAA-ELWPARAGL-SDARSGTLSEGPQRPEPHTA---
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               ------------------------   --------------------------
CurL         1 -----------MNLKQEQEKE--QSLSAL-QRALIALKDARSKLEKYETQSKE
CurH         1 ---MLNKFTKKEQILSEKQQI--KQLSPL-QRAALALKKLETKLNNTLHE---
AjuF         1 ----MSRST---------ARE--GRISAV-KLALLAQQVRSKIEGAELLGSE-
StiF         1 ----MSSFL---------ERV--AELSPE-KRAALAELLRLAPE---------
StiB         1 MSDMMKQLA---------RMI--RDLPPD-RRAFLADLLRPEPE---------
VirFG        1 -----------MDAKEILTRFKDGGLDRAAAQALLAGRT--------------
CurJ         1 -----------MEPTTNKEQL-----SLSK-QMFLALKQAEAKLEMMELAKSE
CurK         1 -----------MELSSQTTQL-----SNQQLLLLLKIQQATAKLHEIETAATE
AjuB         1 --------MNSGEKREEATT---ASAPTVVKRALAAVQDLRARLAAAEQEKHA
CurM         1 -------------MSNVSKT---TQQDVSSQEVLQVLQEMRSRLEAVNKAKTE
StiH         1 -------------MSESAQP---IDYPARLRRALRVVRELQAELKSGRRARAE
AjuH         1 -------------MSSPPLP---LDRHAVLKHALREIQQLRARVDTSERRERE
CurI         1 -----------MKKSQSSRT---IDYKALMENAFLQIETLQSKLEAFENQEKE
AjuC         1 -------------MSNSTET---PDPQARLREAILAIHKLRTRLDAVERQKT-
consensus    1     .      ....  ....  ............................ .
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Fig. S1 Sequence analysis of putative dimerization/docking regions in various PKS. (a) Multiple 
alignment of the C-terminal regions of PKS subunits from trans-AT PKS (in red), with those of cis-AT 
PKS1 (black, except for those of subunit CurA and the closely-related JamE (in pink)). The sequences 
from the trans-AT PKS (with the exception of VirFG) shown lie downstream of the conserved 
sequences of single (Ta1) or tandem acyl carrier protein (ACP) domains associated with -
modification reactions, which are located at the ends of subunits. The VirFG sequence represents the 
N-terminus of module 6, which we propose to be a docking element interacting with the C-terminus 
of VirA. The trans-AT PKS regions were identified manually, as BLAST analysis using the VirA region 
did not yield any homologous sequences. The positions of the two -helices in the solved structure 
of the CurG and CurK C-terminal docking domains are indicated, as are the hydrophobic (H) and 
charged (C) residues which contribute to the docking interface.1 (b) Multiple alignment of the N-
terminal regions from the partner cis-AT PKS subunits to those shown in (a), alongside that of VirFG 
(in red).  The positions of the two -helices in the solved structure of the CurH and CurL N-terminal 
docking domains are indicated, as are the hydrophobic (H) and charged (C) residues which contribute 
to the docking interface.1 Key: Cur, curacin (cis-AT PKS); Rhi, rhizoxin (trans-AT); Mmp, mupirocin 
(trans-AT); Jam, jamaicamide (cis-AT); Sti, stigmatellin (cis-AT); Tai, thailandamide (trans-AT); Ta, 
myxovirescin (antibiotic Ta; trans-AT); Aju, ajudazol (cis-AT); Ela, elansolid (trans-AT); Vir, 
virginiamycin (trans-AT); Sna, pristinamycin (trans-AT).
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Fig. S2 SDS-PAGE analysis of protein preparations used in this study. Key to lanes: i) ACP5a (calc’d: 8.9 
kDa); ii) ACP5b (calc’d: 9.2 kDa); iii) ACP5b-DD (calc’d: 14.3 kDa); iv) ACP5a-ACP5b (calc’d: 19.4 kDa); v) 
ACP5a-ACP5b-DD (calc’d: 24.5 kDa); vi) KS5-linker (calc’d: 62.2 kDa); vii) KS5-ACP5a-ACP5b (calc’d: 98.5 
kDa); viii) KS-ACP5a-ACP5b-DD (calc’d: 103.6 kDa). The molecular weights of the markers are indicated.
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                               KS
VirA_Module5     1 AIAVIGVAGRFPEADGL-DRLWRNLTEGRDSITEVPADRWDAEALYDADKTRVDRTHTKWGGFVDGVENFDAALFNISPREAGIVDPQARLFLESCWAAL
SnaE2_Module5    1 AVAIIGVAGRFPQAEGL-DELWANLLAGRDSITEVPRERWDAEALYDPDRSRVDRTYTKWGGFLQGVENFDAPLFSISPREAGTVDPQARLFLEACWAAL
RhiE_Module11    1 YIAVIGLGGYYPGADSI-DELWQNLANGVDCMSDFPADRWDHSKIYYKNRKVLGKTTCINGSFIKDVDKFDYSYFKMPKVYADHMSPEVRLFLQVAVHTF
MmpA_Module7     1 DVAIIGLAGRYPQARTL-EEFWQVLSQGRDCISEIPTERWDHSRYYSADEDAPGKTYARWGGFIDGVAEFDPAFFGISPREAMAMEPQERLFLQTAHEAI
BaeL_Module6     1 DIAIIGISGRYPQAENL-QEFWKNLSEGTDCITEIPNDRWDHSLYYDADKDKEGKTYGKWGGFLKDVDKFDPQFFSISPRDAKLMDPQERLFLQCVYETM
PksL_Module6     1 EIAIIGISGRYPQADNI-DELWEKLRDGRDCITEIPADRWDHSLYYDEDKDKPGKTYSKWGGFMKDVDKFDPQFFHISPREAKLMDPQERLFLQCVYETM
EtnE_Module6     1 AIAIIGLSGRYPQANDL-AEFWENLRSGKDCITEIPRDRWDHRAYFDAERGKPGKSYSKWGGFLEGIDQFDPLFFNISPREAQLMDPQERLFLLCAYQTL
EtnD_Module1     1 DVAVVGVGGRFPQARGP-EQLWENLRSGRCAITAVPPGRWSD--A--------ARAGEFRGGFVEDADCFDAAFFKISPKEAELMDPQQRMLLEVLWHTL
DifL_Module14    1 PIAIIGMSGRFAESENL-HEFWEHLAAGRDLIKKADR---WD--V--------SDSQCQYGSFIEDIECFDPVFFHISGREATYMDPQQRLFLEESWKAL
LnmJ_Module5     1 EIAVIGIAGVFPGSADT-DEFWEHLAGGVDLVRPVPKDRTAIRAN--------PATRELRGGFLDSVDTFDARLFGISPNEAALMDPQQRLFLQTAWRVF
DEBS_Module5     1 PIAIVGMACRFPGDVDSPESFWEFVSGGGDAIAEAPADRGW---E--------PDPDARLGGMLAAAGDFDAGFFGISPREALAMDPQQRIMLEISWEAL

VirA_Module5   100 DDAGYTPDRLVSAAEDPVHRRDVGVFVGAMYGEYQLHEAEERLR-GNPV-LANSAYWSIANRVSYFFDFQGPSVAVDTACSSALTAVHLAVESLRAGTSR
SnaE2_Module5  100 DDAGYTPDTLVST-ADPVHRKDVGVFVGAMYGEYQLHEAEERLR-GNPV-LANSAYWSIANRVSYFFDFQGPSTAVDTACSSALTAIHLAVESLRAGSSK
RhiE_Module11  100 EDAGYSKETLLSR-----YNGDVGVLLGTMSNDYHYYGFESNVF-RGSM-ASGSGMATIPMTVSYFYGLTGPSLFIDTMCSSSSTCIHTACQMLKHDETK
MmpA_Module7   100 EDAGYTRQGLAASARHEDAEGMVGVFVGVTYEEYQLYGAQQTAE-GRPL-VLSMSPSSIANRVSFVNGFHGPSMAIDAMCASSLTTIHLACQSLHSGECQ
BaeL_Module6   100 EDAGYTRKKLTEK-SGDLLGANVGVYVGVMYEEYQLYGAEEQAR-GKSL-ALTGNPSSIANRASYVFGFNGPSMALDTMCSSSLTAIHLACQSLRNGECE
PksL_Module6   100 EDAGYTREHLGRK-RDAELGGSVGVYVGVMYEEYQLYGAQEQVR-GRSL-ALTGNPSSIANRVSYYFDFHGPSIALDTMCSSSLTAIHLACQSLQRGECE
EtnE_Module6   100 EDAGYTREALS----GPAVRGRVGVFAGVMYEEYHLYSTPSAEV-AQPY-IPGGTLSSIANRVSYFCDFHGPSLTLSTMCSSSLTAIHLACQSLQQGECE
EtnD_Module1    90 EDARVKPSSLE--------GRKIGVFMGVCNDDYAELLHEHDAYDASLYGSTGTSGSILSNRVSFFFDFRGPSVTVDTACSSSLVAVHLAARAIRAGECE
DifL_Module14   87 EDAGYAGDSVR--------GRECGVYAGSCGGDYQAIFKQQGPA-QA---FWGNHNSVTPARIAYHLNLQGPAITVDTACSSSLTAIHLACQGLWTKETE
LnmJ_Module5    92 EDAGYRPADLA--------GAPCGLFVGVATHDYDDLLKENGVA-VQAHTATGIAHSVLANRVSYLFDLNGPSEAVDTACSSSLVAIHRALRAIQDGECE
DEBS_Module5    90 ERAGHDPVSLR--------GSATGVFTGVGTVDYGPRPDEAPDE-VLGYVGTGTASSVASGRVAYCLGLEGPAMTVDTACSSGLTALHLAMESLRRDECG

VirA_Module5   198 VAIAGGVNVLIHPNKYFMLGQGRFASSDG-RCRSFGAGGDGYVPGEGVGAVLLKPLRDALRDGDHIHAVIRGTAANHGGRTNGYTVPNPRAQADLVTKAL
SnaE2_Module5  197 VALAGGVNVLIHPNKYFMLGQGRFAAGDG-RCRSFGAGGDGYVPGEGVGAFVLKPLADAVRDGDHIHAVIRGTAANHGGRTNGYTVPNPRAQADLVTKAL
RhiE_Module11  193 MVLAGGLNLMYHPYTTVNTSQGNFTSITSESVNSYGVGADGTVIGEGIGAVLLKRLDRAIADRDQIYGVIKGSAMTNAGERNGFNVPNPDLQTLAIRQAM
MmpA_Module7   198 VALAGGVNVSIHPAKFLMLGAGKFASRRG-RCESFGASGSGYVPSEGVGAVLLKPLHQAQADGDRIYGVIRGSAINHGGRTNGYAVPNPAAQAAVISRAL
BaeL_Module6   197 AAFAGGVNVSVHPNKYLMLGQNRFLSSKG-RCESFGEGGDGYVPGEGVGAVLLKPLSKAKADGDHIYGLIKGTAVNHDGKTNGYSVPNPNAQAAVIKQAL
PksL_Module6   197 AAFAGGVNVSIHPNKYLMLGQNKFMSSKG-RCESFGQGGDGYVPGEGVGAVLLKPLSKAVEDGDHIYGIIKGTAINHGGKTNGYSVPNPNAQADVIKKAF
EtnE_Module6   194 LALAGGVNASIHPNKYLGLSQGQFVSSTG-RCESFGAGGDGYVPGEGVGAVLLKPLSRAIADRDHIYGVIKGTSINHGGKTNGYTVPNPTAQTDLILAAI
EtnD_Module1   182 AALAGGANLCWTESRFLAFRSAGMLSKDG-VCRTFDARANGYLRGEGAGAVLLRPLRDALRDGDYIYGVIKGGAINHGGRTRGLTVTSPAQQRQLLIDAY
DifL_Module14  175 MAVAGGVFIQSTPAFYQSSNKANMLSPTG-RCHTFDQSADGFVPGEGVGAVVLKRLSDAVSDGDHVYGVIKGSAMNQDGATNGITAPSALSQERLERHVY
LnmJ_Module5   183 LAVAGGVNVILTPGLLESFTQSGMLSPDG-RCKTFDADADGYVRGEGVGAVLLKPLARAEADGDHIYAVVKGTAVNHGGRSNSLTAPNPESQARVVAAAV
DEBS_Module5   181 LALAGGVTVMSSPGAFTEFRSQGGLAADG-RCKPFSKAADGFGLAEGAGVLVLQRLSAARREGRPVLAVLAGSAVNQDGASNGLTAPSGPAQQRVIRRAL

VirA_Module5   297 RDAGLTARDLDYIEAHGTGTALGDPIEIRGLASAFARDG-------IKG-PGSLPIGSVKSNVGHLESAAGSVALAKVLLQLRHRTLVPSLHATPPNPEI
SnaE2_Module5  296 RDAGLTAGDLDYVEAHGTGTALGDPIEIRGLVSAFARDG-------VKG-AGDLPIGSVKSNVGHLESAAGAVALAKVLLQMRHRTLVPSLHATPANPEI
RhiE_Module11  293 DQAKVHPSSISYIEGHGSGTKLGDPIEVLGLNNAFRWAT-------DD--KQFCYLGSIKSNIGHLLAASGIAGLTKTLLQFKHKQIAPSIHSSQLNQDI
MmpA_Module7   297 RQANVQPRQIGYVEAHGTGTVLGDPIEVAGLSRAWRAYT-------PD--RQFCALGSVKSNIGHCESAAGIAGLTKVLLQMKHGLLVSSLHAETLNPNI
BaeL_Module6   296 KDAGTDPRAVSYIEAHGTGTSLGDPIEITGLTKAFSEQT-------QD--KQFCAIGSAKSNIGHCESAAGIAGLTKVLLQMKHKQLAPSLHSRTLNPNI
PksL_Module6   296 VEAKVDPRTVSYIEAHGTGTSLGDPIEITGLSKVFTQET-------DD--KQFCAIGSAKSNIGHCESAAGIAGVTKVLLQMKYRQLAPSLHSNVLNPNI
EtnE_Module6   293 EKARVDPRAISYVEAHGTGTSLGDPIEIAGLSKAFQRAS-------GEAIVQTCAIGSVKSNIGHCESAAGIAGVTKVLLQLKHRQLVPSLHSRTLNPYI
EtnD_Module1   281 RDAGVHPDTVGYIETHGTGTSLGDPIEFLGLKQAFEALREQGSERRVR--PGTCALGALKTNIGHLEAAAGVAGLIKVLLSLKHGAIPGNLHFDELNSRI
DifL_Module14  274 DTFHIDPETIQMVEAHGTGTALGDPIEFGALTRAFRRYT-------DK--KGYCAIGSVKTNLGHAAAAAGMAGLFKILLSLKHRQIPASLHFHQANQHI
LnmJ_Module5   282 REAGVEPDTITYIEAHGTGTRLGDPIEIEGLKKAFTTLHEERGEAVPD--TGRIAIGAVKTNIGHLETASGIAGVLKVVQSMRHRVLPASLHLRRLSPYL
DEBS_Module5   280 ENAGVRAGDVDYVEAHGTGTRLGDPIEVHALLSTYGAER-------DP--DDPLWIGSVKSNIGHTQAAAGVAGVMKAVLALRHGEMPRTLHFDEPSPQI

                                                                               KS-AT linker RhiE
VirA_Module5   389 DFDGVPFSVQQQLAPWRTHDG------AARPLRAGISSFGAGGGNAHLIVEEAPAPAPRP-ATGRREPQVLFLSARTDTALAAYARDLRDHLLRARSAGE
SnaE2_Module5  388 DFGRIPFTVQQSTAPWHTRDG------AARPLRAGISSFGAGGANAHIVVESPPPSAPRT-PGG-PQQVVVFLSARTDQALADTARRLHSHLTAARARGQ
RhiE_Module11  384 DFADTPFVVPQQLIEWRQPERIINGRKQVFPRRAGLTSIAAGGMNAHMIVEEYPEPADSAGQ-ISEDQLVFVFSVHKLALLAQNLTSFRD-WL----ASS
MmpA_Module7   388 DFSETPFRVQRTLAPWERPLGSDG---VPGLRMAAISSFGAGGANAHLIVSEAPLAQAAHAAMTVTAPLPIVLSARSREALLEVAQRLVDWWLDA-AANR
BaeL_Module6   387 DFLATPFKVQQTLEEWKRPVINENGVNKELPRTAGLSSFGAGGVNAHIVIEEYSADEDKETAFAAPHPSMIVLSAKNEQRLQKRAKRLLDA-LRS-GRYR
PksL_Module6   387 DFLNSPFKVQQELEEWKRPIISVNGKDIELPRIAGVSSFGAGGVNAHILIEEYAPEPVEERLPARKQPAVIVLSAKNEERLQKRAERLLHA-IRE-QTYV
EtnE_Module6   386 DFGSTPFRVQQELEAWRRPRLRVDGVEREAPRIAAISAFGAGGSNAHLIIEEHVELDD-APTSVSDAPVVIVLSAATEAQLRAQARNLLAA-IRR-EGYT
EtnD_Module1   379 SLDGTSFYFPTSTRAWPAGEPGD----GAPPRRAGVSAFGYGGAYAHVVVEEHCAPPPEASA-PAPGPHLVALSAPTPARLRAWAEALVEH-IGARAVEA
DifL_Module14  365 QFADSPFFVNEKLIPWERN--------PDAPRRAAISSFGFSGTNAHLVIEEAPQTVRRSPA-KP--VCLIPLSARTERQLEIQAERLLDS-LSKN---K
LnmJ_Module5   380 RLDGTPFTVNDRHRPWEPALTPD----GRQVLRAGVSSFGFGGSNAHVVLEAYPARTAPA-V-QDFAPHTVPLSAGDPDDLRGYAARLARH-LART---P
DEBS_Module5   371 EWDLGAVSVVSQARSWPA---------GERPRRAGVSSFGISGTNAHVIVEEAPEADEPEPA-PDSGPVPLVLSGRDEQAMRAQAGRLADH-LAPE---P

                                                                        KS-AT linker DEBS 3
                                                                                                                     GV
VirA_Module5   482 EPSAADVAFTFAVGRVDLARRAVLPADSLDLLLAGLEALAEGRPRPVPP---------------------------------------AGEEIAAWLSGR
SnaE2_Module5  480 EPRLADIAHTFAVGRPALERRAALAADSLDALLASLEALAAGRPRPWRR----------------------T-------------EAAADDPVRLWLDGG
RhiE_Module11  478 EAPLAQIAYTLQVGKNNLRNRLAIRCRTRQALSRALNACIDGHYQSSAD--------SKI----F--YRFQES-DAVQPLESDL-NDPLAPLLTQWLNGD
MmpA_Module7   484 EPDLQALAYTLQVGREAWEWRVALLVTSGDELVRELRAFIDGALEGPSWWSGCLPEAHSL----A--T--RPSEQACAAIRQMFDQADLGGILRRWVQGE
BaeL_Module6   485 EADLSRIAYTLQVGREPMEERLGMIVSNLRELEEKLDEFTGGKESIDQLYRGQVKQNKDT----M--ALFTADEDMEKTIEAWLEKGKAAKVLELWVKGL
PksL_Module6   485 EADLHRIAYTLQVGREAMKERLAFVAETMQELEEKLYECISGTENREYVYRGQVKSNKEA----I--AAFAADEDMSKTIEAWLQKGKYAKVLDLWVRGL
EtnE_Module6   483 QRDLPSIAYTLQVGREPMQERMATTVTTMSSLLERLERACSEPPDLGDWVRGVAEGRGEL----V--SVFAQDDDFRGLVRAWLERGKLSRLVELWVKGL
EtnD_Module1   473 PVALSELAYSLQTTREEFEERLALIAEDSAALSEQLRAFVSGVDPAGCFR-GNVRTAKGAPVDAA-------------VVDAHIGGRALSSLAELWVRGQ
DifL_Module14  450 DSDLGNISYTLLLGRKHLHHRFACIVSSADELKRVLSEWLVKRELPGVFV-SNLKDQKPAEEAGMKTFGMECIEQCRSAASPAQYRENLAHIADLFCRGY
LnmJ_Module5   470 EADLARVAYTLQTGRTGHRHRFAVRVRDRDELIGALEAFAAG-ELPDHAA----------------------TGTARRDAPSVQSDEDPALLRKSWCEGA
DEBS_Module5   457 RNSLRDTGFTLATRASAMEHR-AVVVGDRDEALAGLRAVADR-RIADRTA----------------------TGQGPNSPRR------------------

                   

                    post-AT linker DEBS 3
                    EVDWSPAFADAR-P--VELPVYPFQRQRYWLP
VirA_Module5   543 -RIDREAACGAASVGRRIPLPHYPFERVRCWYDLQIAHLHRQGLGSAGQEPAFARDHLRDFGRAPSDRPQAMPGTAPAPAAVPVSAAEGAQVS--APTGV
SnaE2_Module5  545 -RVDRATVSGAGPGARRIPLPHYPFERIRCWYDLQIEHLHHKGLGTATAEPALSRPHLRDFGRPHTPAPAAAPAPSPAADPAPTPAPRRAPEAAPAPAPV
RhiE_Module11  562 SQVDWASLYA--QPPVRISLPAYRFEKTRCWYTEEGYESSI-----------------------------------------------------------
MmpA_Module7   576 -AVDWSPLYHS-HRPARLGLPTYPFARQRYWAPSEVAVSVESVASVA------------------------QGGK------IRLRALD--------TLPV
BaeL_Module6   579 -PLNWDKLYQM-GRPQKISLPAYPFAKDRYWIDTSADAAVKRPAETQS--------------AP--IAPAAAPE------------------------PV
PksL_Module6   579 -RIDWSTLYQD-QKPRRISLPAYPFARDRYWIDVNAKAEEKRTEEPF---------------AP--VQ------------------------------PV
EtnE_Module6   577 -TFDWDQVPPAGVRPRRVSLPPYPFAMKRYWGPWPAPSAAPPA----T--------------AP--SRPASPPTS------IALAGADAA-VRSDAASPP
EtnD_Module1   559 -SIPWRGLYAG-AVPRTIALPLFSFERRRYWVTRRQVAPAPEVSPT---------------VAPPGPAAIEKPS------GIALRAPGEERFAAPAVSSG
DifL_Module14  549 -DLPFTRLFDG-GQYYKTPLPAYPFLKERYWAADVNSSLPGQAMKKSE---------TQT-VLPSSPQPEHEGL-------ISL---------SPLTEIE
LnmJ_Module5   547 -DVPWHTWWPK-T-PGRVPLPTAPFARTRHWFPTPDAEPTAPAVPARK---------EATMTARSEAQPTRRGP------KIRLA--------APRSAGG
DEBS_Module5       ----------------------------------------------------------------------------------------------------

                               Long linker connecting KS and B domains, RhiE
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VirA_Module5   640 -PARAAVRPA-VPAPTAVPTL-TLRG---AAEPARRPATDPMEKPQM--TSDRKISLRPLAPATAATRPAAPA-TPATPAAPAAVP--------------
SnaE2_Module5  644 -PRRVEPAPALVPRPAPASAP-AAPG---AVTPPATDRPDPQETPPM--TRDRKISLRPLGTAPTPAPAPAPAPAPVSVAAPAPVPATPTPAAAPAAPVA
RhiE_Module11      ----------------------------------------------------------------------------------------------------
MmpA_Module7   636 -----------A-------------------------DS-------------A-----PIVPPA-----------------PR-ILSQPAPLAAKA----
BaeL_Module6   637 -----------IE------------------------VT----------------------------T----LHEETVKEKPSNITLQTLSGAKPKRTV-
PksL_Module6   630 -----------IP------------------------KP----------------------------S----V-DREASGKPANITLQPLMTNQDRLER-
EtnE_Module6   649 -----------IA------------------------RSAPKERAAEIRADAAPISLVALVPPAAMDT----AASSAARSAPVAISLSPLRAEPASAAV-
EtnD_Module1   636 VEHTVSL----SPVGAAVNQAAVVAGSAMGAAPYGGGSPAGGAASSA------IAGV----------ERVTPRATEGGVGGHMPGTTATARDRRAS----
DifL_Module14  621 MT---------------------------A---------FE------------------------------PET------LQKPIVLQPLDCTVSV----
LnmJ_Module5   621 AS---------------------------ATAPTREPVPAP------------------------------PAP------APAPATTAPQPVRADV----
DEBS_Module5       ----------------------------------------------------------------------------------------------------

                                    ACP
VirA_Module5   717 APPAAPAPAAVPAGRQEEIAEEVARLLAGVLYLEPDRLDPEETFLTLGVDSILGVEFVAAVNAAYPVGVKATALYDHPTPAAFARHIAESLGAPAPAP--
SnaE2_Module5  737 APSVAPVAGAVDPAVADRVAEEVGEVLAGVLYMEPADLDPEQSFQMLGVDSILSVEFIALVNAKYAIDIKATELYDHPTPAAFARHVAATLGGTPPPAPA
RhiE_Module11      ----------------------------------------------------------------------------------------------------
MmpA_Module7   660 --------APVVPVADDECAQFLRQSLAAMLYCEPGQIRDGSRFLELGLDSVIAAQWIREINKHYQLKIPADGIYTYPVFKAFTQWVGTQLQPTQATA--
BaeL_Module6   669 ---Q-P--ASRPAVSAEKVSAVLTESLADVLYMDADDIDADDTFIDIGMDSITGLEWIKSVNKAYGTSLTVTKVYDYPTIRQFAAFLQKELGTEPILEEA
PksL_Module6   661 ---V-PSDTETETITAEALCDELTAGLAEVLYMDQNEIDPDEAFIDIGMDSITGLEWIKAINKQYGTSLNVTKVYDYPTTRDFAVYLAHELSTQAGEKKQ
EtnE_Module6   709 ---ARRASDEPPASGGEPLTGRLRASLARALCTDEADLDQDAVFNDLGLDSVIGVEWARSIERELDVPLTASTLYDHPTLTRLSAHVSGLMTSARADLRA
EtnD_Module1   712 -----PVDNAAGGRSLAALEQELTGSLAEALFMDRADVEPDRPFMELGLDSIVGVEWVRVINTTYGLSLPATCVYDHPTIRRLAAHLSSIAPRTEVSAVA
DifL_Module14  645 -----QQPEKAVSEDNRTLLEELRTSLADILFLSPEDIDADEPFIDMGLDSIIGVEWIQSVNKTYHTEVTANKVYEHPTLEELAEYIAGQIKKPEYAEAE
LnmJ_Module5   654 -----PPPALPEAAAASTVVGLLRGELSKILGMPSEEIENDAPFGELGLDSIYRMDLVRTLNEAFGLDLKATELYNYDTIGKLTEFVAPLVGPAGAAPAA
DEBS_Module5       ----------------------------------------------------------------------------------------------------

                                                                              ACP
VirA_Module5   815 ------------TFAPAVPASPAVP---------------------------AVAVDPAPVARALREELARTLYCEPGDIDDEASFNTLGLDSILGVEFV
SnaE2_Module5  837 -----------PHATTPAPAAPAATAPA---------------AA----APVAAGERTAAVLETLREQLAQTLYCDVWDIDTDATFNSLGLDSILGVEFV
RhiE_Module11      ----------------------------------------------------------------------------------------------------
MmpA_Module7   750 -----APVQREPVATAP-------Q------------------------PGAQASAQRESIQDYLKQSLGELLFLDPGQLRSGAQFLDLGMDSVTGTQWM
BaeL_Module6   763 -TEP------QKTEAVKKPSNIMLQPLNAHKQHVIQAEADILEAMSETAASAEPEEPIEAVHDELSKALADVLYMERHEVDIDEAFIDLGMDSITGLEWI
PksL_Module6   757 -TETYTPIRQKTVVPAAKPANISLQPLEHHQPVQEEAEETIQYAAAEISASRQYTVAIETLHENLRESIADVLYMEPYEVDIDEAFIDIGMDSITGLEWI
EtnE_Module6   806 APGPAPEV-------PEAPASPALP---------------ARGAQHEISIPEVAPRPVEELVAGLTQTLAAALYADASDIDPDRLFVDHGVDSVISVEWV
EtnD_Module1   807 HRRPRG-------------------------------------GAAEA--GRARAHDLGALEEGLTSSLAEALYTDRAEIDPDRPFTELGLDSIVGVEWI
DifL_Module14  740 ETAVRP-------------------------------------QIPEA-ETPLAGISDGTLRKELKDSLADILFLKPEDIDEHEAFIEMGLDSIIGVEWV
LnmJ_Module5   749 EPVMAE-------------------------------------APQQS-SASLEDLVQDVIERELG-----------RTADPAKSFVDNGFGSFDMLRVV
DEBS_Module5       ----------------------------------------------------------------------------------------------------

VirA_Module5   876 AFVNQTYGLDEKAGILYDHPSLAALSRHVAGR
SnaE2_Module5  907 AFLNNAYGLDEKAGVLYDHPSLAALAAHITSR
RhiE_Module11      --------------------------------
MmpA_Module7   814 RGVSRHFSIQLAADAIYTWPTLKSLADEVDRR
BaeL_Module6   856 KAVNKRYGTDCNVTKVYDYPTIRQFADFLRAQ
PksL_Module6   856 KAVNKQYGTSFTVTRVYDYPTIRDFAEMLKSE
EtnE_Module6   884 RRINATFHLDLKATVLFDHPTIHQLAEHLATL
EtnD_Module1   868 RAINKAYGLSLPATCVYDHPTIGRLARHLSPM
DifL_Module14  802 QSINKTYQASITANLVYEYPTIATLAGYLTGS
LnmJ_Module5   800 ASLERVFG-ALRKTLLFDHPTIGALAAHLAET
DEBS_Module5       --------------------------------

Fig. S3 Sequence analysis of a selection of modules (type KS-ACP-ACP and KS-ACP-ACP-ACP) from 
trans-AT PKS showing the homology to the KS-AT and post-AT linker regions of a typical cis-AT PKS 
module. The sequence of the KS-AT and post-AT linkers from module 5 of the erythromycin (DEBS) 
cis-AT PKS, for which structures are known,2 are shown within and above the alignment (in blue and 
green, respectively), while the corresponding regions from the recently-published KS-B didomain 
structure of RhiE3 are shown in light blue and olive. Comparison of the KS-AT linker regions between 
the VirA, RhiE and DEBS modules shows that the RhiE sequence contains a large insertion. The 
positions of the conserved domains (based on the structure of the KS5-AT5 didomain of DEBS2 and the 
NMR structures of VirA ACP5a and ACP5b (this work)) within the modules are also indicated in color. 
Key: Dif, difficidin; Vir, virginiamycin; Sna, pristinamycin; Mmp, mupirocin; Bae, bacillaene from 
Bacillus amyloliquefaciens; Pks, bacillaene from B. subtilis; Lnm, leinamycin; Etn, etnangien. In each 
case, the subunit name and module number are indicated.



7

a

                                ACP
MmpB_Module8_ACP-ACP-ACP_2    1 ALLDELVALVCQLLKTVAGDIDPHTDLHDFGFDSVLLTQLLAQISSTYGVELDPGSVLEDATVAGLVAQVQAQRHGAEPASLRVPQVQ--ERPA------
MlnB_Module2                  1 SLKSTLTRIITGVLKIEEREFDFELPISEYGFDSIMFTMLGNELNETLGISMMPSDFFGLTDFNELLEFLKSEYSEELHLCGSFSSDE---SAA------
MmpB_Module8_ACP-ACP-ACP_1    1 DPSDTLRGLVGQILKVDAQEIDDTTAFSDMGFDSVMLTELATAINRTYTLELGTAALFEHPTLQALAAHLQGARTAESQPP--APG--------------
BaeJ_Module2                  1 KWHGALIRLVSSILKVGQDEIDIDTELSEYGFDSVSFTVFTNQLNEAYQLKLAPTIFFEHGTIRSLADYLTDEAEAGL-PS--QPEEK---HDA------
MlnH_Module11                 1 TLTDELSSIIGEATNTPSNKADKHQSFYELGLDSKQLLHISKMLEERLDTQLYPTLLFDYNNIHDLAAYLEEKYDVRNTPAAAFKEKTQTKEP------S
AlbI_Module1                  1 SPLDLVKKLLGRILKMDPVTLDTSHPLEYYGVDSIVAIELAMALRETFPG-FEVSELFETQSIDTLLGSLEQAP---LLA-----------------T--
XabB_Module1                  1 SPLDLVKKLLGRILKMDPATLDTSHPLEYYGVDSIVAIELAMALRETFPG-FEVSELFETQSIDTLLGSLEQAP---LLA-----------------T--
DifF_Module1                  1 KSVELLKKVIGEALKVPAHRLLAHEPLTAYGLDSILVVRLTNALKDVFGS-VSSTLFFEYQTIDELADYFLSSRKEALERQFG--NGRAHPENA---G--
DifI_Module6                  1 KTAAFLIKAAAKVLKMPAEEINPLAPLDEYGIDSILIVQLTNELRDLVPD-ISSTLFFEYRTIEELAAFLAETKERELHAQFS--EEVRHTEAA---S--
MlnF_Module8                  1 ITEGDIQQLIADIKGTAPETLSVVKGFYEQGLDSVTLMQAVKALEEKTGRELYPTLLFEYPTIQKLANYFAESGEKTSVEKD------LPLH----YGEN
ChiC_Module5                  1 ALKARLRQLVAGRLGRDPESVPTERGFYELGLESTDLLDLVRELEALLGEQLYPTLLFEHATIDELAAYLRRAHPDRLAAAPT--T--ASAAPSDAAGPA
ChiC_Module4                  1 RALAGLRELFARELKLAEHELHDNTRFEELGVDSVLLIGLIAKVEKRVGSKIDPSLFFEYPTLARLAAQLGSSWKEPAPAPSA--AALAARPPAASAGHA
LkcC_Module2                  1 AVEGFVREVIAGTMRLDVSEVECDRPFRDMGIDSLISMELLKPLRERVGY-VPATVWFEYPTVDRLVEFLVTEYADAVAESFG--AATATATA-------
DisA_Module2                  1 AVEDKIIDSLASTLQIDRSKLSSDVPFTTFGVDSIFAVEVAGVIGRELSIDLRTTALFNYPTARALAEHIAATFAPSEAAPAR--APEPAAQPREQL-PS
MmpA_Module7                  1 ECAQFLRQSLAAMLYCEPGQIRDGSRFLELGLDSVIAAQWIREINKHYQLKIPADGIYTYPVFKAFTQWVGTQLQPTQATAAP--VQREPVAT-------
OnnB_Module2_ACP-ACP-ACP_1    1 QVRQELRRFLAEELHMTPDMVEEDIEFVKMGLDSIIAVSWVQKINQAFGLALGATIVYTYTNLLDLLQHIFPEIAKAPSSTIP--EPELAVSS-------
OnnB_Module                   1 DVHVKLRQLLAEELHMTPEAVEDDVSFVEMGLDSIIAVSWIQKINQAYGLSLEATVVYTYTTLLDLAQHIFPETATTVFTSTT--R--------------
VirA_Module5                  1 EIAEEVARLLAGVLYLEPDRLDPEETFLTLGVDSILGVEFVAAVNAAYPVGVKATALYDHPTPAAFARHIAESLGAP-----------------------
OnnI_Module7                  1 QVTQLVLSQLAQTLEVPENCIDLDVPFSDYGVDSILGVNFITQINDHMGIEMNTTVIFDHTTVHDLTAHITRTYSDRI-------------------GLS
RhiC_Module9                  1 ALTAVALNGLAKTLQLEPERIMTDQPFADYGIDSILGVSFVGDLGEALGIELNTALLFDYPTLDSLVDYLLGQYPAESARLAG--GQRGDVESANGLGSA
consensus                     1  . . ...... .......... . .....*..*.................. .................. .. . . .             .   .  

                                                                                                                  ACP
MmpB_Module8_ACP-ACP-ACP_2   93 ----------------PQR--VVT-----------LAEPEQRADRQSPVVVLLSAGSAAQLRQVADNLLHLIDGQADHDVDLHTLARVTQAGSGLMPVRL
MlnB_Module2                 92 ----------------KDR--REN-----------LIE---------------------GIAKMMSSILKIDRKEIEEETSF---------------GEY
MmpB_Module8_ACP-ACP-ACP_1   85 -----------------LT--RAQ-----------VAQ---------------------GVREVVAEALKVRLEDIGDDDPW---------------SDY
BaeJ_Module2                 89 ----------------DKS--LQT-----------LHT---------------------ALTAMVSGILKVDREDIETDTEL---------------SEY
MlnH_Module11                95 EKPVL-----ESLYLQKEW-------------------------IESPLKSGEVPKENTLIFDFDSSLSD---------EIR---------------KYI
AlbI_Module1                 78 -----------------------------------L-------------TAPPQQDMLQQLKQLLARTLKLDITQIDTSKTL---------------ESY
XabB_Module1                 78 -----------------------------------L-------------TAPPQQDMLQQLKQLLARTLKLDITQIDTSKTL---------------ESY
DifF_Module1                 93 ----------------------------------RVQAPAE----SAAPIPNVRERGITYLTELIGKTLKIPSGRMDPSVSL---------------TAY
DifI_Module6                 93 -------------------------------------------------SGSLLEKSTEYLKQIVSAILKMPIEDVQVHTPL---------------EEY
MlnF_Module8                 91 HTAL--------TYLTPHWRQKA------------------AAWDPNC---GNKKKRTCLLFQYDRELFHFMREN----------------------AEN
ChiC_Module5                 97 -------GA------AGALD-----------------TPDTLVTLDTPGSTFATAPLEDALRRKIAGLLGVPPAQVRSDSGF---------------YEL
ChiC_Module4                 99 -------AA------APAR---------------------------------EGSATLQWVRGQLAGLVKVPEAELDASTPI---------------EEL
LkcC_Module2                 91 --------A------VPA--------------------------SEAAGAVGVRGAVEGFVREVIAGTMRLDVSEVECDRPF---------------RDM
DisA_Module2                 98 SPPQPAPGAPPR----PA---QAT---------SQVQAP-APERPPAPQPAGAQQRVRQLALGALAEVMAIDVRELDPSATL---------------AEC
MmpA_Module7                 92 ---------------AP---------------------------QPGAQASAQRESIQDYLKQSLGELLFLDPGQLRSGAQF---------------LDL
OnnB_Module2_ACP-ACP-ACP_1   92 SDSDIYPGFKP-IALQPTVAAKKTGNANGSSLHAEKQKPTPAGRPDGAIGQGDLKDVHVKLRQLLAEELHMTPEAVEDDVSF---------------VEM
OnnB_Module                  85 ---------------QPSA--------------------NAVGEPE-----EKAVAMMAELRQLLAEELHMAAEAIEDDVNF---------------VEM
VirA_Module5                 78 ---APAPTFAPAVPASPAVPAV----------------------------AVDPAPVARALREELARTLYCEPGDIDDEASF---------------NTL
OnnI_Module7                 82 NAPQLEVP-------------------------------------------DHGELVHRLVVSHLAKVLDVAESTIEGDVPF---------------SDY
RhiC_Module9                 99 HTPEPVSAHTPELVLAPTLDPVVT----------------------AQVNGASQEAAAALVVQGLASALQLDAAQIDNEQPF---------------SDY
consensus                   101                 .                  .          .   ..    .   ................. . ..                ..

MmpB_Module8_ACP-ACP-ACP_2  164 GLSVVSLEALAEQ------LRAYLQTDE-HSAYAQVGNAE-VDASVLNR
MlnB_Module2                127 GFDSITFTRLGNE------INQQYGTELLPSVFFECNSLAEMTDYVIEQ
MmpB_Module8_ACP-ACP-ACP_1  119 GMDSVSSVQMTGL------LNERFDIQLAADTFQAFGNVVELTTAIADI
BaeJ_Module2                124 GFDSVSFTVFTNQ------LNEAYQLELAPTIFFEHGTISGLAGYLAKE
MlnH_Module11               141 GSENVIYAEAAAE--YEMVNEKHYKFNPE-----QSAHYSRLLEDMKKS
AlbI_Module1                115 GVDSIVIIELANA------LRERYP-SLDASQLMETLSIDRLVAQWQAT
XabB_Module1                115 GVDSIVIIELANA------LRERYP-SLDASQLMETLSIDRLVAQWQAT
DifF_Module1                140 GLDSILVVRLTNA------FRNVFD-QMTSTLFFEYQTIEEIADYLLLS
DifI_Module6                129 GIDSILIVQLTNR------VREDVP-DISSTLFFEYPTIGGLAEYLVSS
MlnF_Module8                140 GFENTQIILVLSGNRFSYHGDGVYEIDHR-----EEAHFDRLAADLKKR
ChiC_Module5                152 GLESTDLLSLARE------LEALLGEQLYPTVLFEHPTIDALVAHLRRE
ChiC_Module4                138 GIDPTVLTSLRHH------IEASFEVALDPAQLFEHRTLERLCGWLDEA
LkcC_Module2                136 GIDSLISMELLKP------LRERVGY-VPATVWFEYPTVDRLVEFLVTE
DisA_Module2                166 GIDAQQAVVVVSR------MNQALGTSATAMDLLRCGTLADFVDHLLAS
MmpA_Module7                135 GMDSVTGTQWMRG------VSRHFSIQLAADAIYTWPTLKSLADEVDRR
OnnB_Module2_ACP-ACP-ACP_1  176 GLDSIIAVSWIQK------INQAYGLSLEATVVYTYTTLLDLAQHIFPE
OnnB_Module                 130 GLDYVMAGSWVQK------LNQAYGLSLEATVIYTYTNLLDLAGHLASE
VirA_Module5                132 GLDSILGVEFVAF------VNQTYGLDEKAGILYDHPSLAALSRHVAGR
OnnI_Module7                124 GLDSILGVNFITQ------INDDLGLEMNTTVIFDHTSVNALADHISKT
RhiC_Module9                162 GLDSILGASLVDH------LNEALGIELSAAILFDYPTVTTLSTYLVDH
consensus                   201 *....... ....      ........................ .....

b
                                    M LEVVAEKTGY PTEMLDLDMD MEADLGIDSI
1261 KRVEILGTVQ DQMPNLPELS PEDLAECRTL REIVTYMNSK MPAAAASAPV TSASNGLDAA
1321 QVQSTMLEVV ADKTGYPTEM LDLEMDMEAD LGIDSIKRVE ILGTVQDQLP TLPELSPEDL
1381 AECRTLGEIV SYMNSKLPAA SAVAAPVASA PVASASNGLD AAQVQTTMLD VVADKTGYPT
1441 EMLDLAMDME ADLGIDSIKR VEILGTVQDQ LPGLPELNPE DLAECRTLGE IVDYMNSKLP
1501 AVSTQNVAIQ TAAPVASASN GLDAAQVQGT MLEVVADKTG YPAEMLDFAM DMEADLGIDS
1561 IKRVEILGTV QDQLPGLPEL NPEDLAECRT LGEIVDYMNS KLPAASTQNV AVQTVAAPVA
1621 TAPATNGLDA AHVQNTMMNV VADKTGYPAE MLDLAMDMEA DLGIDSIKRV EILGTVQDQL
1681 PGLPELNPED LAECRTLGEI VAY

Linker 1 = 24 residues (P+A = 10; 42%)
Linker 2 = 29 residues (P+A = 14; 48%)
Linker 3 = 31 residues (P+A = 10; 32%)
Linker 4 = 34 residues (P+A = 13; 38%)
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Fig. S4 Sequence analysis of ACP-ACP regions in trans-AT PKS and PfaA. (a) Sequence alignment of 
the ACP-ACP regions from a selection of trans-AT PKS modules. In each case, the subunit name and 
module number are indicated. The positions of the conserved ACP domains (based on the presence 
of secondary structure elements in the NMR structures of Vir ACP5a and ACP5b) are shown for the 
sequence of VirA. The ACP-ACP linkers of VirA and mupirocin are highlighted in green and red, 
respectively. Key: Mmp, mupirocin; Mln, macrolactin; Bae, bacillaene from Bacillus amyloquefaciens; 
Alb, albicidin from Xanthomonas albilineans Xa23R1; Xab, albicidin from Xanthomonas albilineans 
Xa13; Dif, difficidin; Chi, chivosazol; Dis, disorazol; Lkc, lankacidin; Onn, onnamide; Vir, virginiamycin; 
Rhi, rhizoxin. (b) Sequence of the tandem ACP region of the PUFA synthase, PfaA (GenBank: 
AAL01060.1). The positions of the four ACP-ACP linkers are indicated in red, while their respective 
lengths and content in Pro and Ala are given. 
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Fig. S5  SAXS analysis of the various constructs. (a) The distance distribution function derived for the 
ACP5a-ACP5b construct calculated with GNOM. Inset is the Guinier plot. (b) The distance distribution 
function derived for KS5-ACP5a-ACP5b calculated with GNOM. Inset is the Guinier plot. (c) The distance 
distribution function derived for KS5-ACP5a-ACP5b-DD calculated with GNOM. Inset is the Guinier plot. 
(d) The distance distribution function derived for the ACP5b-DD calculated with GNOM. Inset is the 
Guinier plot. (e) Fit between the ab initio model computed with DAMMIN (solid blue line) and the 
experimental SAXS data acquired on the ACP5b-DD (red dots). (f) The distance distribution function 
derived for the ACP5a-ACP5b-DD calculated with GNOM. Inset is the Guinier plot. (g) Fit between the 
ab initio model computed with DAMMIN (solid blue line) and the experimental SAXS data acquired 
on the ACP5a-ACP5b-DD (red dots).
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a

Amino acid bias of intrinsically disordered regions:4

Low content: C, V, L, I, M, Y, F and W
High content: Q, S, P, E, K, G and A

LQIAHLHRPGLGSAGPEPAFARDHLRDFGRAPSDRPPAMPGTAPAPAAVPVSAAEGAPVSAP
TGVPARAAVRPAVPAPTAVPTLTLRGAAEPARRPATDPMEKPPMTSDRKISLRPLAPATAAT
RPAAPATPTPAAPAAVPAPPAAPAPAAVPAGRQE

b
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c
BryC_Module11_ACP           1 ENYDRKKMMDHIVNEGCTMVSDIDDEL----IEST---Q----SLNTDATSFIPLDLNFIEE-------KNETDIYHIESYD------------DSYDDL
PksM_Module11_ACP           1 -----------------------------------------------------------------ISSGTQQSEAV--------KQ--------HSQDMK
BryD_Module13_ACP           1 ----------------------------------------------------------ISEQYGDVACQEDKVNIN----VNSEK--------SISQNEI
PedH_Module14_ACP           1 --------------------------------------------------------------------------------LGGNAGRVVLKA--------
BryX_Module16_ACP           1 ------------------------------IVKDRSTHT---------HCD--------------VMTSTKAISSK-QLPLGKNKEILKNNDSFVGQDDV
PksL_Module6_ACP-ACP        1 --------------------IDVNAKAEE-------KRT---------EEPFAPVQPVIPKPSVDREASGKPANIT-LQPLMTN-------------QD-
BaeL_Module6_ACP-ACP        1 ----------------------IDTSA-DAAVKRPAETQSAPIAPAAAPEPVIEVTTLHEETVKE-----KPSNIT-LQTLSGAKPKRTVQ---------
OzmQ_Module1_ACP            1 --------------------------------------------VEPEHRT---------------ARRTPEPDTL-TDRLGAAVGH----------ERV
OnnI_Module4_ACP            1 -----------------------------------------------------------------FSSQTQDVDLK-SQSIETPVETSAPQP-VLQQDNV
DifL_Module14_ACP-ACP       1 -------------------AADVNSSLPGQAMKKSETQTVLPSSPQPEHEGLISLSPLTEIEMTAFEPETLQKPIV-LQPLDCTVSVQQPEK-AVSEDNR
PedF_Module4_ACP            1 ----------------------------------------------------------------------------------------------------
VirH_Module9_ACP            1 ----------------------------------------------------------------------------------------------------
ChiC_Module9_ACP            1 ----------------------------------------------------------------------------------------------------
MmpA_Module7_ACP-ACP        1 ----------------------------------------------APSEVAVSVE--------------------------------------------
MmpA_Module5_ACP            1 ----------------------------------------------------------------------------------------------------
LnmI_Module2_ACP            1 ----------------------------------------------------------------------------------------------LAAPA-
DszC_Module11_ACP           1 ---------------------------------------------------------------------------------------------------L
AlbI_Module2_ACP            1 ---------------------------------------------------------------------------------------------------L
ChiF_Module19_ACP           1 --------------------------------------------IGQGEAPFWSQPSQ--------QT---------RRGNGEAEEHAEPPP-RL-----
LnmJ_Module5_ACP            1 ----------------------------------------------------------IGG----WRS---------AQETGESREPVETA---------
EtnE_Module6_ACP-ACP        1 ----------------------------------------------------------------------------------------------------
EtnD_Module1_ACP-ACP-ACP    1 ----------------------------------------------------------------------------------------------------
KirAII_Module5_ACP          1 ---------------------------------------------------------------------------------------ITPGP-RFDQAQA
OnnB_Module3_ACP            1 ----------------------VARRKETGMLTEQNHEQREPTSEKADHEFFWKIEELIEE----WER---------QQQYGGHLTPETLTK-VFAYEVV
LmnJ_Module8_ACP-ACP        1 ----------------------------------------------------------------------------------------------------
ChiD_Module11_ACP           1 ---------------------------------------------------------------------------------------------------V
DszB_Module8_ACP            1 ----------------------------------------------------------------------------------------------------
SnaE2_Module5_ACP-ACP       1 --------------------------------------------------YDLQIEHL--------HH----------KGLG----TATAEP-ALSRPHL
DszC_Module10_ACP           1 ----------------------------------------------------------------------------------------------------
KirAIV_Module9_ACP          1 ----------------------------------------------------------------------------------------------------
OzmJ_Module10_ACP           1 ----------------------------------------------------------------------------------------------------
VirA_Module5_ACP-ACP        1 --------------------------------------------------YDLQIAHL--------HR----------QGLG----SAGQEP-AFARDHL
EtnI_Module20_ACP           1 ----------------------------------------------------------------------------------------------------
consensus                   1                                                                                                     

BryC_Module11_ACP          71 KDNDSNMSEM----SDDI----------------------------------------------------------------------------------
PksM_Module11_ACP          20 TEIDEPNGKT------------------------------------------------------------------------------------------
BryD_Module13_ACP          31 TQQ-------------------------------------------------------------------------------------------------
PedH_Module14_ACP          13 ----------------------------------------------------------------------------------------------------
BryX_Module16_ACP          47 AETTLMVD--------------------------------------------------------------------------------------------
PksL_Module6_ACP-ACP       50 -RLERVPSDTETETIT-----AE-----------------------------------------------------------------------------
BaeL_Module6_ACP-ACP       63 --------------------PASRPAVSAE----------------------------------------------------------------------
OzmQ_Module1_ACP           31 D---------------------------------------------------------------------------------------------------
OnnI_Module4_ACP           34 LEKKPLPETRSTETS-----------------------------SCGSPREQQV----------------------------------------------
DifL_Module14_ACP-ACP      80 ----------------------------------------------------------------------------------------------------
PedF_Module4_ACP            1 ----------------------------------------------------------------------------------------------------
VirH_Module9_ACP            1 ---------------------------------------------LPVPAAASARP--------------------------EKEQQPD-----------
ChiC_Module9_ACP            1 ----------------------------------ITQAPVSAPAPEAPPAVTD----------------ANGTA-----------ASPSTLRAPQRGTSL
MmpA_Module7_ACP-ACP       11 ---------------------------------------------------------------------------------------SVASVAQGGKIRL
MmpA_Module5_ACP            1 ----------------------------------------------------------------------------------------------------
LnmI_Module2_ACP            6 -------ARR----P--------------------DGAAGSAP-----------------------AAPESGQSAPP--------ASP--QVQDDRAD--
DszC_Module11_ACP           2 DDEALPHGAAWSATAAPPAQTAAWSATAAPPARAA-----------------------------------------------------------------
AlbI_Module2_ACP            2 RDD-------------------AAHAAEPAP---ADG-----------------------------------AAEDASADAPNAANAPTPDV-----ATL
ChiF_Module19_ACP          34 ----------------------------------------------------------------------------------------------------
LnmJ_Module5_ACP           21 ------------------------HAPTAVPAAPV--------DQADLPEVREERPGLDPQ---------------------------------------
EtnE_Module6_ACP-ACP        1 ---------------------GPWPAPSAAPPATAPSRPASPPTSIALAGA---------------DAAVRSDAASPPIARSAPKERAAEIRADAAPISL
EtnD_Module1_ACP-ACP-ACP    1 ----------------------------------------------------------------------------------------------------
KirAII_Module5_ACP         13 EAAGLA----------------------------------------------------------------------------------------------
OnnB_Module3_ACP           65 KNLGPEQIHR----VDQLL--AATPKPATAPPPPVQQAAA-----------------VVPEPKLVRSED-------------------------------
LmnJ_Module8_ACP-ACP        1 -----------------------FPTPDAEP------------TAPAVPARKEA------------TMTARS-------------EAQ--PTRRGPKIRL
ChiD_Module11_ACP           2 REISRASGAA----PAPAAAPAPAPALAAAPAVAA--AFAAAPAPA--P---------------------------------------------------
DszB_Module8_ACP            1 ----------------------------------------------------------------------------------------------------
SnaE2_Module5_ACP-ACP      28 RDFGRPHTPA----P--AAAPAPSPAADPAPTPAPRRAPEAAPAPAPVPRRVEPAPALVPRPAPASAPAAPGAVTPPATDRPDPQETP--PMTRDRKISL
DszC_Module10_ACP           1 ---------------------------------------------LGRPAGDAAAP-AVARGETAEEAPSRGET---------AEEAP--SRG-------
KirAIV_Module9_ACP          1 ---------------------------------------------------------------------------------------------------I
OzmJ_Module10_ACP           1 -KLFTQPAAR----P--VAQPAA---------------------------------------------------EPAPAPRTEPVAEP--LAGAGAG---
VirA_Module5_ACP-ACP       28 RDFGRAPSDR----P--QAMPGTAPAPAAVPVSAAEGAQVS--APTGVPARAAVRP-AVPAPTAVPTLTLRGAAEPARRPATDPMEKP--QMTSDRKISL
EtnI_Module20_ACP           1 ------------------------------------------------------------------REAASGALDP------------------------
consensus                 101                                                                                                     
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BryC_Module11_ACP             ----------------------------------------------------------------------------------------------------
PksM_Module11_ACP             ----------------------------------------------------------------------------------------------------
BryD_Module13_ACP             ----------------------------------------------------------------------------------------------------
PedH_Module14_ACP          13 ------------------------------------------------------------------------------------------------SEHS
BryX_Module16_ACP             ----------------------------------------------------------------------------------------------------
PksL_Module6_ACP-ACP          ----------------------------------------------------------------------------------------------------
BaeL_Module6_ACP-ACP          ----------------------------------------------------------------------------------------------------
OzmQ_Module1_ACP              ----------------------------------------------------------------------------------------------------
OnnI_Module4_ACP           59 --------LAE-----------------------------------------------------------------------------------------
DifL_Module14_ACP-ACP         ----------------------------------------------------------------------------------------------------
PedF_Module4_ACP            1 --------------------------------------------------------------------VDSAVVEAERAPN----------SKAPASMLS
VirH_Module9_ACP           19 -----------------------------GPT--------GTGPT--------------------------------------PF---------------
ChiC_Module9_ACP           40 D---------------------------------------------------------------------------------------------------
MmpA_Module7_ACP-ACP       24 ------RALDTLPVADSAPIVPPAPRILSQPAPLAAKAAPVV---------------------PVADD--------------------------------
MmpA_Module5_ACP            1 ---------------------------YDAPAPMAAYPAPGTSRT------------GRRAWSPD-----------------------------------
LnmI_Module2_ACP              ----------------------------------------------------------------------------------------------------
DszC_Module11_ACP          37 -----------------------------DPGGA--------------------APPEG--------------------------PGGAPPGGAARQ---
AlbI_Module2_ACP           40 VRRTVAQVLGYP----------------------------------------------------------------------------------------
ChiF_Module19_ACP          34 ----------------------------------------------------------------------------------------------------
LnmJ_Module5_ACP              ----------------------------------------------------------------------------------------------------
EtnE_Module6_ACP-ACP       65 VALVPPAAMDTAASSAAR----------SAP--------------------------VAISLSPLRAEPASAAV-ARRASDEPPASGGE-----------
EtnD_Module1_ACP-ACP-ACP    1 VTR---RQVAPAPEVSPTVAP-PGPAAIEKPSGIALR-APGEERFAAPA--VSSGVEHTVSLSPVGAAVNQAAVVAGSAMGAAPYGGGSPAGGAASSAIA
KirAII_Module5_ACP         19 ---------GTAQDEVTETWPEP-------AAAVP---APPAESAPAPAATAAGGDPES-----------------------------------------
OnnB_Module3_ACP              ----------------------------------------------------------------------------------------------------
LmnJ_Module8_ACP-ACP       39 AAP---RSAGGASATAPTREPVPAP---PAPAPAP---A-TTAPQPVRADVPPPALPEAAAAS-------------------------------------
ChiD_Module11_ACP          43 -------------------------ALAAAPAVAA---AFAAAPA--PAPVTPAGSQ------AEDGLLD------------------------------
DszB_Module8_ACP            1 --------LDPAPS------------DEASPSPAA---PPPEAPR--PAAAP-PAPPSAEAR--------------------------------------
SnaE2_Module5_ACP-ACP     120 ------RPLGTAPTPAPAPAPAPAPVSVAAPAPV------PATPT--PAAAP-AAPVAAPSVAPVAGAVD--------------------------PAVA
DszC_Module10_ACP          37 -----------ETAEEAPSRE-TAE---EAPAALA---PATADP---------ALRK-------------------------------------------
KirAIV_Module9_ACP          2 ------RSAAPRAATPTPTRP-AGSSGP------------------------------------------------------------------------
OzmJ_Module10_ACP          38 -------AVAEAAAGAEPY----------APERLA---A-------------------------------------------------------------
VirA_Module5_ACP-ACP      117 ------RPLAPATAATRPAAP-ATPATPAAPAAVP---APPAAPA--PAAVP-AGRQE------------------------------------------
EtnI_Module20_ACP             ----------------------------------------------------------------------------------------------------
consensus                 201                                                                                                     

BryC_Module11_ACP             -------------------------------------------
PksM_Module11_ACP             -------------------------------------------
BryD_Module13_ACP             -------------------------------------------
PedH_Module14_ACP          17 ERDAVEPEVERNGSA----------------------------
BryX_Module16_ACP             -------------------------------------------
PksL_Module6_ACP-ACP          -------------------------------------------
BaeL_Module6_ACP-ACP          -------------------------------------------
OzmQ_Module1_ACP              -------------------------------------------
OnnI_Module4_ACP              -------------------------------------------
DifL_Module14_ACP-ACP         -------------------------------------------
PedF_Module4_ACP           23 G-------------------------------------ER---
VirH_Module9_ACP              -------------------------------------------
ChiC_Module9_ACP              -------------------------------------------
MmpA_Module7_ACP-ACP          -------------------------------------------
MmpA_Module5_ACP              -------------------------------------------
LnmI_Module2_ACP              -------------------------------------------
DszC_Module11_ACP             -------------------------------------------
AlbI_Module2_ACP              -------------------------------------------
ChiF_Module19_ACP          34 ----------NGTNGAHAD------------------------
LnmJ_Module5_ACP              -------------------------------------------
EtnE_Module6_ACP-ACP          -------------------------------------------
EtnD_Module1_ACP-ACP-ACP   94 GVERVTPRATEGGVGGHMPGTTATARDRRASPVDNAAGGRSLA
KirAII_Module5_ACP            -------------------------------------------
OnnB_Module3_ACP              -------------------------------------------
LmnJ_Module8_ACP-ACP          -------------------------------------------
ChiD_Module11_ACP             -------------------------------------------
DszB_Module8_ACP              -------------------------------------------
SnaE2_Module5_ACP-ACP     179 D------------------------------------------
DszC_Module10_ACP             -------------------------------------------
KirAIV_Module9_ACP            -------------------------------------------
OzmJ_Module10_ACP             -------------------------------------------
VirA_Module5_ACP-ACP          -------------------------------------------
EtnI_Module20_ACP             -------------------------------------------
consensus                 301                                            
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PKS Module Linker length
 VirA_Module 5 (KS-ACP-ACP) 165

SnaE2_Module 5 (KS-ACP-ACP) 179
PksM_Module 11 (KS-ACP) 28
EtnI_Module 20 (KS-ACP) 10
OnnB_Module 3 (KS-ACP) 110

DifL_Module 14 (KS-ACP-ACP) 79
OzmJ_Module 10 (KS-ACP) 56
PedF_Module 4 (KS-ACP) 25
OnnI_Module 4 (KS-ACP) 61

MmpA_Module 7 (KS-ACP-ACP) 64
MmpA_Module 5 (KS-ACP) 26
OzmQ_Module 1 (KS-ACP) 31
KirAII_Module 5 (KS-ACP) 58

LnmJ_Module 5 (KS-ACP-ACP) 91
EtnD_Module 1 (KS-ACP-ACP-ACP) 136

BaeL_Module 6 (KS-ACP-ACP) 72
PksL_Module 6 (KS-ACP-ACP) 66

BryX_Module 16 (KS-ACP) 54
DszB_Module 8 (KS-ACP) 36

EntE_Module 6 (KS-ACP-ACP) 116
LnmJ_Module 8 (KS-ACP-ACP) 49

ChiF_Module 19 (KS-ACP) 42
KirAIV_Module 9 (KS-ACP) 22

AlbI_Module 2 (KS-ACP) 51
DszC_Module 10 (KS-ACP) 65
ChiC_Module 9 (KS-ACP) 40

BryC_Module 11 (KS-ACP) 84
BryD_Module 13 (KS-ACP) 33
PedH_Module 14 (KS-ACP) 31
LnmI_Module 2 (KS-ACP) 39
ChiD_Module 11 (KS-ACP) 57
DszC_Module 11 (KS-ACP) 98
VirH_Module 9 (KS-ACP) 28

d

VirA_Module5_ACP-ACP     1 YDLQIAHLHRQGLGSAGQEPAFARDHLRDFGRAPSDRPQAMPGTAPAPAAVPVSAAEGAQVS--APTGVPARAAVRPA-VPAPTAVPTLTLRGAAEPARR
SnaE2_Module5_ACP-ACP    1 YDLQIEHLHHKGLGTATAEPALSRPHLRDFGRPHTPAPAAAPAPSPAADPAPTPAPRRAPEAAPAPAPVPRRVEPAPALVPRPAPASAPAAPGAVTPPAT
consensus                1 ***** ***. ***.*  ***  * *******  .  * * *.  **    *  *   *   ..**  ** *    **.** *         **  *   

VirA_Module5_ACP-ACP    98 PATDPMEKPQMTSDRKISLRPLAPATAATRPAAPA-TPATPAAPAAVPAPPAAPAPAAVPAGR------------QE-----
SnaE2_Module5_ACP-ACP  101 DRPDPQETPPMTRDRKISLRPLGTAPTPAPAPAPAPAPVSVAAPAPVPAT---PTPAAAPAAPVAAPSVAPVAGAVDPAVAD
consensus              101    ** * * ** *********. *       ***. * . **** *** ...* *** **. ............ ......
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Fig. S6 Sequence analysis of the linker region following the ‘post-AT Linker’ (referred to as the ‘post-
post-AT-linker’ (Fig. 3)) in various trans-AT PKS. (a) Analysis of the amino acid composition of the 159 
residue post-post-AT linker of VirA module 5 reveals a sequence bias consistent with an intrinsically 
disorder region.4 (b) Disorder propensity analysis by PONDR-FIT5 of the post-post-AT linker from VirA 
module 5 (http://www.disprot.org /metapredictor.php). (c) Alignment of the post-post-AT linker 
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from a selection of KS-(ACP)n modules from trans-AT PKS. The subunit name, module number and its 
ACP composition are indicated. The linker lengths are given in the table, with the two extremes 
highlighted in pink. (d) Comparison of the linker regions following the post-AT linker in virginiamycin 
and pristinamycin modules 5. (e) PONDR-FIT analysis of the linker regions in (c) which show the 
highest disorder propensity. Key: Vir, virginiamycin; Sna, pristinamycin; Pks, bacillaene from Bacillus 
subtilis; Etn, etnangien; Onn, onnamide; Dif, difficidin; Ozm, oxaxolomycin; Ped, pederin; Mmp, 
mupirocin; Kir, kirromycin; Lnm, leinamycin; Bae, bacillaene from B. amyloliquefaciens; Bry, 
bryostatin; Dsz, disorazol; chi, chivosazol; Alb, albicidin.
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Fig. S7 Analysis of the effect on the oligomerization state of various constructs of the presence of the 
putative dimerization domain (DD). FPLC traces of (a) ACP5a-ACP5b-DD (solid line) and ACP5a-ACP5b 
(dotted line), (b) ACP5b-DD (solid line) and ACP5b (dotted line), and (c) the calibration standards 
(Sigma) dextran blue, bovine serum albumin, carbonic anhydrase, cytochrome C, bovine insulin, 
vitamin B12 (alcohol dehydrogenase omitted for clarity). All samples were analyzed on a Superdex 75 
10/30 column (GE) equilibrated with 50 mM sodium phosphate (pH 7.5), 250 mM NaCl. (d) The 
calibration curve plotting the ratio of elution volume (Ve) to column void volume (V0) against log 
molecular weight. The curve was described by the formula , with . 𝑦 =  ‒ 1.53𝑥 + 3.74 𝑅2 = 0.996
The calculated molecular weights are shown in the Table below. (e) Analysis by mass spectrometry of 
ACP5a-ACP5b under native and denaturing conditions shows that the construct is almost exclusively 
monomeric, with a small proportion of dimer (estimated at 5%) present. (f) Analysis by mass 
spectrometry of ACP5a-ACP5b-DD shows that the construct is exclusively monomeric under all 
conditions. (g) Analysis by mass spectrometry of ACP5b shows an estimated 18% of dimer under 
native conditions. (h) Analysis by mass spectrometry of ACP5b-DD reveals a small proportion 
(estimated at 9−11%) of dimer under both native and denaturing conditions, suggesting the presence 
of a covalent link between the monomers (disulfide bridge?). Panels e−h show the deconvoluted 
neutral mass spectra obtained using maximum entropy analysis.

Construct Expected MW / kDa Estimated MW / kDa Ratio of MW in presence/ 
absence of the DD

ACP5b 9.2 14.1
ACP5b-DD 14.3 53.5 3.8
ACP5a-ACP5b 19.4 37.4
ACP5a-ACP5b-DD 24.5 77.0 2.1
The calculated molecular weights of monomeric constructs with and without the putative dimerization domain, compared 
to the estimated molecular weights derived from calibrated gel filtration (Fig. S7).

Commentary on the table
The presence of the dimerization domain (DD) on ACP5b gives a molecular weight approximately four-fold 
greater than the ACP5b alone, while that of the ACP5a-ACP5b is more than doubled by addition of the DD. It could 
be argued that the addition of the DD makes the proteins substantially more elongated, thus explaining the 
apparent increases in molecular weight; indeed, an elongated protein can elute at twice the volume of a 
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globular protein of the same molecular weight.6 However, the fact that the ACPs even in the absence of the DD 
give estimated molecular weights in great excess of their calculated weights, shows that the constructs are 
already in an extended conformation. Thus, our analysis instead supports a change in oligomerization state in 
the presence of the putative dimerization element. 
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MDAKEILTRFKDGGLDRAAAQALLAGRTPAAAPRPSEPAAAPTRPAVPAVPAVEPAAGTTVAAEGTAGRPEPVA
VIGYSARFPGAADADTFWQRILDGDDLVTEVPPERWRTEEFYDPDPAAEGRSVSRWGAYVADADRFDADFFRMTP
REAELTDPQARLFLQEAWRALEHAGRDARSLAGTRCGVYAGVMLNDYQDLVERESPYKRLPQVMQGNSNSILAA
RIAYHLDLKGPAVTVDTACSSSLTALHLACQSLWLGETDLTVVGGVTLYLTELPHVFMSAAGMLSPNGRCRPFDAA
ADGIVPGEGCAVVVLKPLSKALADGDPVHAVIRASGLNQDGRTNGITAPSARSQTALVRDTLQRFAVDPAGIDYVE
CHGTGTPLGDPIEVTALNEAFAGAGLAPASVPIGSVKGNIGHTSAAAGLAGLLKAAGVVRTGLVPPSLHYARANPQI
PFDQGPFTVAGERRELGRPDGGRPRRATVSSFGFSGTNAYVVVEQAPEQAARPAGDDGAPPVLVPLSGRRADAPAA
HAADLARWLRGPGSDASPADVAHTLAVARTHHTYRFALLVSGRDELLESLDLLAAGSADPRRTDTAPDAAAPDAA
VRRAQAALLARLVERAGENPGPVELAALAKLYTQGHTVDWAAVSPPARHRRLSLPAYPFAPHRHYVERPAPVTPP
TPAATSALAEASHGTPAEPAGARTPQEALADVPLTEPVLHRQEWIPAPLPAAAPAPTAPVLVHDPAGDLAAALAAT
GLDVHRLGGDRTAAEALRATGAQVVTVVLRLTPPADGAPATAVDLAAFEAARAALAVLRTQQLTLLAVTADPTR
ADAAGALVQTLRQENPRLSGRAVLTADGTPDARRLLAEIAAPAAEHGHLADLRSARRLRRVLVPVPLPGTRPFVRQ
DGVYLVSGGAGGIGLALARHLTDRPGTRVVLCGRTAWDDLAEATRSAVSGSDRLRYARADVTDPEAAAALVAEV
VRTEGALHGVFHAAGVVRDGYLVRKDPRDVADVLAPKILGARALDEATAALPLDAFVLFSSVAAVTGNLGQSDY
AFANGFLDGFATRRAGQVARGERHGRTLSVQWPLWDVPGMSIPEPVLEVVAQHTGMAPLPAAVGLAALERLLAA
DGPEVVSLFHGDAATWRAHLAALHLERPAAAGQVTAAAPAAPAPSDTPVVASADPAAADDGRRAELADRVSRTV
ADTIGRPAGSIGGHTSLESMGLDSVMIRALASRLSAEVAPVGPEMLFGLRDLDELVDHLVAARPVPVAEPATPAVPP
APAATAATVFAPVAPADPAVVPAAPAALPVPAAAPASASRTLPAPSADDRFAIIGISGRYPQAPDLDAFWQNLLNGK
DTASDLPTDRWPDAAGVNARGHFLEGVDAFDPTFFGLSAHDGTLLDPQERLFLEVAWEALEDAGYTGSRLHDLVA
PDGERRSVGVFAGITSSDYKLLGAERWAAGHREMPSGHYWSLPNRLSYLLDLRGPSQPVDTACSSSLVALHLALDA
LRRGECAAALVGGVNLYVHPSRFRMLRRSGFLAEDGLCRSFGAGGAGFGPGEGGGAVVVKPLAVALADGDTVHA
VVRGSAVAHGGRTNGFTAPSPWAQARVLRAALRNSGTDPETVNVIEAHGTGTELGDPVELAGLQDAYGSGRVPCS
LGSVKSAVGHGESAAGIAALTKVVLQLRHGELVPTLHADPVNPGLRLEDTRFVLQHTPGRWERLTGADGSPLPRRA
GISSFGAGGVNAHVIVEEYLPEPHGRAAAAEPGRPELVLLSAPTREHLAATADRLARRLEGPEAPADLRAVAYSLRT
GRSAMDCRLAVVATDTAGLAAALGAFARSADAGEGESAVRYADLRDGRRAHRDLDTVPETTAFLADLWRNRRLH
QLGELWLSGLDIERAAPREPGTRLVPLPTSAFLRRRLWITDPVTADTTPTPDPLPTPDPLPVPLSAPAPAPAPAPQPAP
TTTPAPAAAPAAAPARSGEAVTEQLSRLVAGFVPDAAGSVDPDRTLLEHGIDSINLMNLRFEITERFGRTLPLQLLSE
STVPVLAAHLSADRAHDRA*

Fig. S8 Corrected sequence of VirFG. The predicted natively unstructured region is shown in bold.
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a

Ta-1_ACP-KS        1 -------------------TLVELWKNVLQV---NEVGVEDRFFEVGGDSVLAAVLVEEMNRRFDTRLAVTDLFKYVNIR
BonA_ACP-KS_2      1 -------------------------AELMQIPR-EAISAHTNLAEYGFDSLALTEFARRLARHFSIELTPTLFYSHPSLG
Bat2_ACP-KS        1 -------------------QLKEQARELLKLPY-DRLGQEVNLVDFGFDSIALVTFAKKLSQCFGFDVLPSVFFSHSTLG
VirA_ACP5b         1 ---------------PVARALREELARTLYCEP-GDIDDEASFNTLGLDSILGVEFVAFVNQTYGLDEKAGILYDHPSLA
OocJ_ACP-KS        1 -----------------------------LKAK-VDIDETKAFSEYGIDSFAAINLAVKLNAAFSIKLPGTVLFDYGCVS
Ta-1_ACP-KS_M      1 ----------------LREELATSLAQALYIDR-AQVNAESTFVELGLDSIVGVEWIHAINKQYGLSLPVTKVYDHPNLS
EtnE_ACP-KS_M      1 ---------APRPVEELVAGLTQTLAAALYADA-SDIDPDRLFVDHGVDSVISVEWVRRINATFHLDLKATVLFDHPTIH
BaeL_ACP-KS_M      1 -----------------HDELSKALADVLYMER-HEVDIDEAFIDLGMDSITGLEWIKAVNKRYGTDCNVTKVYDYPTIR
OocL_ACP-KS       1 ----------------------------------DEIQNDRAFAALGLDSIIGAEWIHELNKTLGTELSATRLYDYPTIQ
BonA_ACP-KS_M      1 ------------------------------------IDVDRPFAELGLDSIIGVEWMRAINRRHGLALNATLVYEHPTVR
BonA_ACP-KS        1 -----------------RAVIRESIGQALKLGE-SQLDDDEAFSNYGVDSITGVALVETINARLGLDLPTTVLFDYVSIE
PedI_ACP-KS_M      1 -------------------------------------------VDVGLDSITAVTWIKAINQRYGLSIGATKVYSYSCLA
OnnB_ACP-KS_M      1 ---------------------------------------DVNFVEMGLDYVMAGSWVQKLNQAYGLSLEATVIYTYTNLL
PsyA_ACP-KS_M      1 ----------------LYKLLRETLARELHMAV-EDIDDDRPFLDMGLDSVIGVTWVRKLNERFGLSITVTKVYAHPTVC
EtnD_ACP-KS_M      1 PRDARVGAARSSELDALQVELAKSLADALYMEP-GDVDVDRPFVDLGLDSIVGVEWTRAINKAYGVSLPATRLYDHSTVR
Bat2_ACP-KS_M      1 ------ARSPAMSHEELSAELVQGLAKVLYLEH-DDIDRDTAFSELGLDSITGVEWVRDLNRRYQTSLGASRLYDYSTIK
Bat3_ACP-KS_M      1 --------------ADLRMELAESLAKVLYLEN-DDVDMDTAFSELGLDSVTGVGWIRELNQRYGTSLGASQLYDYPTIK
OocN_ACP-KS        1 ------------------------IGRLLGINGADDETCQQAFTDLGLDSVSVAAFVSRLVAAYPVKLRRSDVFSYTTPA
PedF_ACP-KS_2      1 -------ARRQDVAARVRELILDSLAQALSIGR-EQIEQDIPFSDYGIDSILGVGFVQRLNDELGLSLNTTLLFDYTTVQ
PsyD_ACP-KS_2      1 -------VPQPASEDQIASHVRDALTRVLRMEN-GRIDPHVAFSDYGVDSILGADFIDRVNNALGLALNTTILFEYTTLA
OnnI_ACP-KS_2      1 -------LEVPDHGELVHRLVVSHLAKVLDVAE-STIEGDVPFSDYGLDSILGVNFITQINDDLGLEMNTTVIFDHTSVN
BonD_ACP-KS_M      1 -----------------------------------AIDADTPFIDLGLDSITGVEWVRKINGRHGLSLTAMQMYEHPTLR
EtnE_ACP-KS        1 -------------REEALRQVKKLLAPVIKLPV-ERIDAAASFETYGIESVMAVELTDRLEA-VFGPLSKTLLFEAKTVR
EtnF_ACP-KS        1 ------AREGASLLHATLARLKELLAVVTTIEA-ERIDGAEPFEAYGLDSIMITQLNQRLEA-IFGAISKTLFFEHRTLE
EtnD_ACP-KS        1 ------------------------FADVTKLPS-SQIDPEESLELYGIDSLLIMRLNEALSK-VFGDISKTLWFEYQTLA
PedI_ACP-KS        1 --------------------LKKIVARILRMDS-GELAVREPLETYGIDSILIVQITNALRE-VFPEIPSTLLFECQTLD
PsyD_ACP-KS        1 ------------------DQLRRLFADVMRLSV-DDVDVQAPLESFGLDSVVVTYLNQRLRD-AFGEVSATLFYEYRTLA
OnnB_ACP-KS        1 -------------------YFQTLIGKVLRIES-QRIDPAESLEAYGIDSILIVQIIEALQE-IFEDVSSTLFFEVQTVD
PedF_ACP-KS        1 -------------------QLKRLLAQVIGRAV-ERIESCEPMDRYGLDSIAITQLNRKLEE-QFGGLSKTLFYQYQTVE
OnnI_ACP-KS        1 -----AEIDDQELATRTLQEMKTLLGSVIGLVP-DEIDAQKPLENYGLDSIAIIQLNEKLDG-VFADLSKTLFYEYQTLD
VirA_KS            1 --------------------------------------------------------------------------------
BaeM_ACP-KS        1 --------------------LKKLLADKLGQPW-ETLDVLAGYYELGLDSSSLLEIVQDISKKTGADLAPTLLFEYTNIK
Bat3_ACP-KS        1 -------------------FLQGLIADKLGVAP-EQIDRDSGYYELGVKSAGLLELVDDIEQKIDASLPPTLLFEYVTIG
OocL_ACP-KS_M      1 -------------------EVLAIISVILKLPV-EKIDSEEKISTYGVDSIVITEIMGRIAGALGVSLSAAIFFEARNIE
PsyD_ACP-KS_3      1 -----QTTAADGLLKEVGAHLVELVARVQKIQP-EKIRLNRELADYGFDSISFTTLANALNEAYDLSLMPTLFFETPNLA
Bat3_ACP-KS_2      1 -------------------ALMQAISRQLKVKV-ENVDVDAEISEFGFDSISLTTLGNHLNRTYGLELSPTIFFEYSTIR
Ta-1_ACP-KS_2      1 ------------------AVLLEGVSELLKVPR-EELDADTKLSDYGFDSITFTEFANLLNRQLSLGLSPVIFFEFTTAN
TaO_ACP-KS         1 ------------------QVLMSVVSKVLKIPF-EELDADAELKEMGFDSISLTDLAHQLAGEYRLDLAPTVFFEHPTIN
BaeJ_ACP-KS        1 --------DADKSLQTLHTALTAMVSGILKVDR-EDIETDTELSEYGFDSVSFTVFTNQLNEAYQLELAPTIFFEHGTIS
BaeN_ACP-KS        1 --------DADSLLEKVKHLLKQQTASLLKVNI-DKIDPHEEMTKYGLDSISMTEFTNQLNKTYRLTLTPTIFFDHPTIH
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Ta-1_ACP-KS       59 DMARHMEGATAQARTGATE-------------------------------------------------------------
BonA_ACP-KS_2     55 QFAAFLLASHGERLAAFYAAGGGVAALS------TAPASRTS-------------------VALPPEPRVDV-GAAAPLV
Bat2_ACP-KS       61 KLTSHFVAEHADLLRYRQQEHVGART---------RVTVRGE-------------------VSMP---AVDIPGLAREAV
VirA_ACP5b        65 ALSRHVAGR-----------------------------------------------------------------------
OocJ_ACP-KS       51 DLRRYLLANYRHEVAARMQPAQRQDAASA---------------------------GNAAPRAE---------------T
Ta-1_ACP-KS_M     64 LFADYLARQLGPTAPPPAPPP--------------------QVEAKT---------VRVAPVVSSPPP-----------S
EtnE_ACP-KS_M     71 QLAEHLATLDATAVRAAVDGISAAERAGAHESTARREREGAAEREAAARRAREDAAERQVAARHEPEASFEVEARRASDA
BaeL_ACP-KS_M     63 QFADFLRAQPSVRGRKKQA-VP-------VR-----PKPLTQQHAP----------QEKTPAE--PERLTI---------
OocL_ACP-KS      47 VLAEYIATQSHGATPR--------------------PKPNAAVSEPEA-----PC-SQDL-------------------K
BonA_ACP-KS_M     45 RMAARLALALGEATPAAAAPAPATESAPAPA-----PAPAPASVPAQA-----PAVARDLPAA--PGPLPAAAPASATDH
BonA_ACP-KS       63 QLSRHVASAYASRLRVPGTEPAPMPPRSPVP-------P--------------------E---AAAAPAVRV-------A
PedI_ACP-KS_M     38 EFSQYVRSLIAAAQPAAVASRAPAESDRAESLLLRRFEPDVTNQPRE---------EQEE-ASTQDEPIVRL-------L
OnnB_ACP-KS_M     42 DLAGHLASEMSHRLATA-RPLAKLERERPRRT--------------P---------RADA-------KPVVS-------P
PsyA_ACP-KS_M     64 AMGHFLLQEESVRKALA-DAGEPSRVEMAAS-------------------------IVEV-K------TSDD-------A
EtnD_ACP-KS_M     80 RLAAHLSGELDVRAAAG-RPVATERERPALG------------------------------------GDIAA-------R
Bat2_ACP-KS_M     74 MLASHLLSQEAFRSRDA-SMNAPAPGPTS-GWMATATASDKRNEPVS---------IAFV-KTLAPPQSWAP-------K
Bat3_ACP-KS_M     66 VLASHLLTRGSLRSREA-SEPAQALVATPLATLIQPVECNERVISTA---------ITTL-ETLAPLPPLAP-------K
OocN_ACP-KS       57 ALARAVAERMQTDAPAKEGRQNA---------------------------------------------------------
PedF_ACP-KS_2     73 RLAEHIVAEYGHTLDVPAALPGPE-------------------------------------LSV-SEPAMDIP------L
PsyD_ACP-KS_2     73 NLTQHIQGRIGETLRLRQMSGDA---------------------------------------------------------
OnnI_ACP-KS_2     73 ALADHISKTFQGDLNIREKVKETGDLK----------------------------------KGITDEPKWEPD------P
BonD_ACP-KS_M     46 ALAKLLAASTGERGHAGAAPTAAEA----PPA---------PT------------------RPADPEP-------SRSPQ
EtnE_ACP-KS       66 ELADYFVEHHAATLGSLLGGATAPAAPATAVSA-------G-A------------------GPA-----------RRRAR
EtnF_ACP-KS       73 GLAQHLAEEHREACQRWAGGPGDGAPDD-VARA-E--P-RG---------------------PS------------SAAQ
EtnD_ACP-KS       55 ALAGHLSARHAAACARWTGMDRLADAPVHANEP------GGAM------------------APLDAGA-------RRDEA
PedI_ACP-KS       59 ALSDYLIREHQERLIALTGLRAPSAGLDQSGRS-------GER------------------MV-------------SS--
PsyD_ACP-KS       61 DLADFLAATGVEV-------R------G----------------------------------P-------------SPIV
OnnB_ACP-KS       60 ALVTHFLQHQREALIALMGIDEFT---DSE--------------------------------P-------------SEEV
PedF_ACP-KS       60 ALAEYLVLNKTVSCRAWTGLRDESVLVADAAR-------RGLP------------------LP-------------ET--
OnnI_ACP-KS       74 ELVDSLLADCPHACRTWVGRFEAPPVREPEPET-E--TVNGLC------------------EP-------------ASQV
VirA_KS            1 --------------------------------------------------------------------------------
BaeM_ACP-KS       60 ELAAYLKKTVSFECAE--------RAAEPS----------------------------------------------RSEA
Bat3_ACP-KS       61 KLAAYLVERYPSELALGLKIDDTQRAKQPAAV----------------------------------VS--------RTTS
OocL_ACP-KS_M     61 ELTDIIITRFGQQVAARYDSPSHRSDGRQPPASAT--KPENGP------------------AAGEKSA-------RSIQA
PsyD_ACP-KS_3     75 ALAAHLVEYHGQTLQQMCAGEPEVCD-EFKVE---------A--------------------------------------
Bat3_ACP-KS_2     61 DFAVYLVEKHGEAFVGFT----PPVQTSGSKE---------QP------------------VPRAPVP-------VSV--
Ta-1_ACP-KS_2     62 ALAGYLCESHGPRLLDQLGAEAAAFEPASPPS---------AP------------------MPVEP--------------
TaO_ACP-KS        62 ALVGRLVSEHRPLLAERHRGVAGPVADTSP-E---------DT------------------LPTPPVS------------
BaeJ_ACP-KS       72 GLAGYLAKEH----PGRFGEKKKESPKK---E---------QP------------------KAQKPKM------------
BaeN_ACP-KS       72 EFAVHLISEYEEEFAGRFAVNTKTVQSARPVK---------ET------------------QITRPAV------------
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Ta-1_ACP-KS       78 PAR-----E------DTASERDYEGSLAVIGISCQLPGAADPWRFWKNLREGRDSVVAYRHEELRE--LGV-------PE
BonA_ACP-KS_2    109 PAP-----ADAPRAR--DAAVRDDEPIAIIGMSGRFPGARNVDELWTILRDGLDMVRPLPAQGP--------------AD
Bat2_ACP-KS      110 PAD-----SQASTVA--RRGLAPQEPMAIIGMSGRFPGARDVDEFWHVLLEGRDAVQEIPLTRFDWRNYYCAPDTSVGAQ
VirA_ACP5b           --------------------------------------------------------------------------------
OocJ_ACP-KS       89 PPP-----SPRREQAAEADKREHDGDIAVIGMSARFPGMANVDEFWAMLLASGDCISEVPADRWDIAAYYD-------ED
Ta-1_ACP-KS_M    104 VQA-----VQAPAIVKKEVAPAGTVRIAVIGMSGRYPGAENLRQYWDNLRDGVSGISELPYTRWDEATA----------K
EtnE_ACP-KS_M    151 VAC-----VAVRERVIAAGPGEAACRIAVIGASGRYPRAGDLDEYWSNLARGVDAVAEVPASRWSVERYYD-------PA
BaeL_ACP-KS_M    109 -QK-----EPEPVQAKREPKDEIADAIAIVGMSGKYPDAPELKTYWDNLARAKNAIRDIPLSRWDVNKYYD-------PA
OocL_ACP-KS     82 PAA-----SDAPAEAT-AASHRRDEKIAIIGMAGRYPDADNLDQYWDNLANGRNSVREVPRERWNVDQYFD-------AD
BonA_ACP-KS_M    113 ARP-----AASPVQGA-TPPHREHAPIAIIGIAGRYPGANGMDQYWDNLAAGRDSVEEIPPSRWNVADYYD-------AD
BonA_ACP-KS      106 PIA-----P--------AVPPSSLEPIAVIGMSGRFGRAGNLRELWAALAGGEDLIE--PVTRWDLSRHYA-------D-
PedI_ACP-KS_M    101 PCA-----PP-------VRQPTDIPAIAIIGMSGQFPQAPDVKAFWRNIVEGRDCVSEIPAERWSIEEYYD-------SD
OnnB_ACP-KS_M     84 PAS-----QPLTPVSKRWLPEQKTGRIAIIGISGKFPKASTLDQFWENIAEGRNCVSEVPESRWSVDEFYD-------AD
PsyA_ACP-KS_M    104 PIS---------------DVEGDMPAIAVIGMSGQFPQANNVEALWQNLVEGRDCISEVPLDRWPVDAYFD-------PT
EtnD_ACP-KS_M    116 PAR-----EPEARAP---RPAPEHEGIAVIGMSGAFPKARDLDEFWENIARGVDCVTEIPPDRWAIAEHYD-------PR
Bat2_ACP-KS_M    135 PAS-----PPEELVS--GTQQVLLDGIAVIGLSGAFPKARNAQVFWENLAQGLDCVSEIPSSRWSIEEHYD-------PN
Bat3_ACP-KS_M    128 PAS-----PPEESVP--GTQQVLLDGIAVIGLSGAFPKARNAQVFWENLAQGLDCVSEIPSSRWSIEEHYD-------PN
OocN_ACP-KS       80 ----------APG-----PLPGGSGDIAIIGLDINVAGADNAAEFWQLLREGRSSVGQVPQGRRQREDLS---------M
PedF_ACP-KS_2    109 PAV-----QAVPSSLPRREAVVQTDGIAVIGMAGQFPGADSVDALWQNMVAGVNPVTELSELYLPYHAYS---------P
PsyD_ACP-KS_2     96 --I-----AEVD------ASNPSHEGIAVIGMAGQFPGADNVDAFWENLVQGVDAVGELPARYLSREAYS---------S
OnnI_ACP-KS_2    113 PA-------DMSVEFGEKDFGSSSPRIAIIGMSGQFPGAKDMESFWQNLISGDDPIGELPPHYLPPESFS---------P
BonD_ACP-KS_M     88 PV------AASAAPSSLAGPAPDFEPIAVIAMSGRFPDADNLDEYWANLVAGRDCITEIPPHRWSLDGFYS-------ED
EtnE_ACP-KS      109 RLPS-----------RGRAGEAREAAIAIIGLSGRYPQANDLAEFWENLRSGKDCITEIPRDRWDHRAYFD-------AE
EtnF_ACP-KS      115 EARS------GERAPAEAALPAQELDVAIIGLAGRYPHARTLDEFWENLRAGKDCITEVPPDRWPIEGFYD-------GA
EtnD_ACP-KS      104 PLPR---------SEEAAGARPARGPIAIIGLSGRYPQAEDVGEFWEHLKAGRSCTREIPADRWSLDGFYE-------PD
PedI_ACP-KS       99 ---------------SISAPSSEQEAIAVIGMSGRFASAADLDEYWQLLAAGESCISEVPAERWAVEDFFH-------PD
PsyD_ACP-KS       81 TAPR------LA-VASQLPSRAEVEPIAIVGISGRYPGSPDLDAFWEHLKAGDDLVTEIPSDRWSLDGFFH-------AS
OnnB_ACP-KS       92 VAPA------AS-VRGAPSNRLEREPIAIIGMSGHYPMADTPDAFWEMLKNGQDCIREIPPDRWPLEGFYL-------AD
PedF_ACP-KS      100 -APV------VERNVLPVG-NAVQEPIAIIGLSGRYPQAETLEEFWENLQAGKDCVSEIPEDRWRLENFFH-------PD
OnnI_ACP-KS      120 PQPH------ARSAKKSCGNSVQQEPIAIIGISGRYAQADTLDDFWHNLKAGKDCVTEIPQERWSLDDFYL-------AD
VirA_KS            1 -------------------------AIAVIGVAGRFPEADGLDRLWRNLTEGRDSITEVPADRWDAEALYD-------AD
BaeM_ACP-KS       86 EAPD------------TPEHHKNTGDIAIIGMAGRYPKAKSVAEFWENLKAGTDCITEVPKSRWDWKTY-K-------NV
Bat3_ACP-KS       99 SDPE---AGVNAQRTLLSTGEPSQEAIAIVGMAGRFPAAQNVDEFWDNLKAGKDCITEIPASRWDWRRF-D-------SL
OocL_ACP-KS_M    114 LLAKSHQIRQKRQRPVVAPANGRYEPIAIIGMSGMFAQSSSVEALQRHLYQGRDCISEVPNARWDWKAVYG-------NP
PsyD_ACP-KS_3    107 ----------LDAQTPVEPVRTGPEPIAIVGMSGRFPGSPDLETFWRHLEANADLITEIPADRWNWRACYG-------DP
Bat3_ACP-KS_2    101 DAAVHRRSRLNDLPHPVPLRPQVPEPIAIVGISGRFPGARDLDDFWTNLQGGKDCISEIPPERWDWREIYG-------DP
Ta-1_ACP-KS_2    101 --ARSE---E----RVAPAQPRAREPIAVIGMAGRFPSADDLDAFWGNLVAGKDCIREVPNSRWDWRAYDG-------DP
TaO_ACP-KS       102 --RRSGRRSPGFSPAAVAKVPGQREPVAVVGMSGAFPGAPDLAAFWRNLAAGRDCIEEIPADRWNWRDYFG-------DP
BaeJ_ACP-KS      106 --QRKKRFATVMNASAATQEPRRFDPVAIVGISGRFPGAKDIEEFWRNLKEGKDSITTIPKERWDWQAFDG-------DP
BaeN_ACP-KS      113 --KRRRTLPETL--PQTVQRGQGPEPIAIVGISGIFPMAEDIEAYWQNLKEGKDCMTEIPKDRWDWRDYYG-------DP

PKS System Subunit name Length of linker following 
-modification module

Length of linker following 
non-modifying module

Ta-1 51 24
Myxovirescin Ta-1 46

TaO 54
BonA 78 63

Bonkrekic Acid BonA 46
BonD 52
Bat2 70 58

Kalimanticin Bat3 71 56
Bat3 51
OocJ 49

Oocydin OocL 69 45
OocN 24
EtnE 91 48

Etnangien EtnD 44 56
EtnF 52
BaeL 56

Bacillaene BaeJ 48
BaeN 53
BaeM 30
PedI 67 41

Pederin PedF 47
PedF 48
OnnB 53 41

Onnamide OnnI 49
56

PsyA 41
Psymberin PsyD 26

PsyD 29
PsyD 38

Average: 62.8 Average: 45.6
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b

DEBS1        1 -ASLPAPEREKALFELVRSHAAAVLGHASAERVPADQAFAELGVDSLSALELRNRLGAATGVRLPT--TTVFDHPDVRTLAAHLAAELGGATGAEQAAPA
DEBS3        1 LAALSTAERREHLAHLIRAEVAAVLGHGDDAAIDRDRAFRDLGFDSMTAVDLRNRLAAVTGVREAA--TVVFDHPTITRLADHYLERLVGAAEAEQAPAL
DEBS2        1 LAGLSPDEQQENLLELVANAVAEVLGHESAAEINVRRAFSELGLDSLNAMALRKRLSASTGLRLPA--SLVFDHPTVTALAQHLRARLVGDADQAAVRVV
AmphB        1 -QGVSAAEQDRIVLSVVREETAAVLGHASAETVPERRAFRDIGFDSVTAVDLRNRLVAATGLTLPS--TMVFDHPNAVALATFLKATALGTTGTAGDRPT
PIKS1        1 ---------TEILLGLVRAQAAAVLRMRSPEDVAADRAFKDIGFDSLAGVELRNRLTRATGLQLPA--TLVFDHPTPLALVSLLRSEFLGDEETADARRS
RAPA         1 --------------DLVRSSVTDILGLSAADRYAPDKTSREMGIDSLTSVELRNSLAKATGLRLPA--TLVFDYPTPAVLVVRLGELFTG-ESPAPERA-
RAPB         1 -----PEERAKALLKVVRDTAATVLGHADARTIPVTGAFRDLGIDSLTAVELRNGLAKVTGLRLPA--TLVFDYPTPAVLAARLGELFTG-ENPVLVRT-
RAPC         1 -----------ALLKLVSDGAATVLGHADTSTIPATTAFKDLGINSLTAVELRNSLAKATELRLPA--TLVFDYPTPAALAARLDELFTG-ENPVPVRGP
PIKS2        1 LGALTGAEQQRRMQELVREHLAVVLNHPSPEAVDTGRAFRDLGFDSLTAVELRNRLKNATGLALPA--TLVFDYPTPRTLAEFLLAEILGEQAGAGEQLP
AmphC        1 --------RREALLGLVRTQIAQVLGHADAGQVEAARQFQDLGFDSLTAVELRNGLNSATGLRLPA--TMVFDYPTPNALADHLSDELLGTGDNIPLPTP
AmphI        1 LARLDAESRDELVLDLVRGQVALVLGHATGAEIDAGRAFRELGFDSLTAVELRNRLNTVTGLRLPA--TLVFDYPTVSHLASYVLDELLGTEVEAEVV--
MtaB         1 VGASPR-ELRARLLSLLQVQAATVLGLPPSAPIDPRRPLQELGLDSLMALQFRNSLAASLGRSLPA--TLLFDHPTLEKLFEFLARDLTPASEASPAKSR
AjuB         1 LEAAPAAERMEVVLAFVRGQAAEVLGFDGSHPLPLHRGMFELGFDSLMAVELKNRLQAAVGDALPLSNTVVFDHPTLHALAEFLAGRVIKGE--AVI---
AjuG         1 -----------LLATHVASEVARVLGFDPARPLDPALGFFELGMDSLLSVELRGRLQKSLGCALPT--TVAFDYPSVDALTAHLARNVLDLEGRAPP---
consensus    1        .    .. ...  .. .*... .  .   ......*..*.........*  ........  ...** *.. .*. ..   ... .  .  .  

DEBS1       98 ---------------TTAPVDEPIAIVGMACRLPGEVDSPERLWELITSGRDSAAEVPDDRGWVPDELMASDAAG---TRRAHGNFMAG--AGDFDAAFF
DEBS3       99 V------------REVPKDADDPIAIVGMACRFPGGVHNPGELWEFIVGGGDAVTEMPTDRGWDLDALFDPDPQRHGTSYSRHGAFLDG--AADFDAAFF
DEBS2       99 ---------------GAADESEPIAIVGIGCRFPGGIGSPEQLWRVLAEGANLTTGFPADRGWDIGRLYHPDPDNPGTSYVDKGGFLTD--AADFDPGFF
AmphB       98 A------------AVTAGADDDLIVIVGMSCRFPGGANTPEELLRLALDGADVISEFPADRGWDAHGLYDPDPDRQGRTYSVHGGFLHE--AAGFDAGFF
PIKS1       90 AALPATVGAGAGAGAGTDADDDPIAIVAMSCRYPGDIRSPEDLWRMLSEGGEGITPFPTDRGWDLDGLYDADPDALGRAYVREGGFLHD--AAEFDAEFF
RAPA        83 V------------S--AVGQGEPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISGFPTDRGWDVDGLFDPDPDASGKSYCVQGGFLDT--AAGFDASFF
RAPB        92 A------------S--VVGQDEPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISGFPADRGWDAESLFDPDPDAVGKSYCVEGGFLDS--AASFDAGFF
RAPC        87 V------------S--AVAQDEPLAIVGMACRLPGGVSSPEDLWRLLESGTDAVSGFPTDRGWDVENLYDM----AGKSHRAEGGFLDA--AAGFDAGFF
PIKS2       99 V------------D--GGVDDEPVAIVGMACRLPGGVASPEDLWRLVAGGEDAISGFPQDRGWDVEGLYDPDPDASGRTYCRAGGFLDE--AGEFDADFF
AmphC       91 A------------GALPATTDDPIVIVGMACRYPGGVTSPEDLWRLVSEGADATGPFPVNRGWDVDNLYDPDPDRPGHTYVRAGGFLHD--AGSFDADFF
AmphI       97 Q------------RGTAAVADDPIVIVGMACRYPGGVTSPEDLWRLVTEGTDAVSGFPVNRGWDVENLYHPDPDHPGTAYTRSGGFLHE--AGEFDPGFF
MtaB        98 RP--------VKLPARDAEGAEPIAVVGMACRLPGSVRSPEEFWRLLANGVNAVREVPKDR-WSLDTWYDPDPETPGKMYSRHGGFLDE--VDPFDASFF
AjuB        96 ------------ASRIQAASDDPIAIVGVGCRFPGGADGPDAFWQVLRDGLDAIVEVPKER-WDIAAFHDPDPEAPGKMVSRSGGFLRD--IDQFDADFF
AjuG        85 ------------ITAAAIRRDEPVAIIGMACRFPGGANNVDAYWRLLRDGADATHEVPRDR-WDVDAYYDPDPDAPGKMISRRGGFVQGIGVDMFDASFF
consensus  101                 ..  ..........**.**.. ......... .* .... .* .*.*............ .... . *.*. .  .. **..**

Fig. S9 Analysis of ACP-KS linkers. (a) Portion of a multiple alignment of the ACP−KS regions (junction 
between two modules) from a selection of trans-AT PKS subunits, to determine the lengths (shown in 
the table) of the linkers intervening between the conserved ACP and KS domains. The C-terminal and 
N-terminal boundaries of the ACP and KS domains, respectively, were determined by alignment with 
VirA module 5 KS and ACP5b. Linkers which follow modules where -modification occurs are indicated 
by M (2 indicates a second junction from the same subunit). Although only 11 sequences of such 
linkers are available in the database (that is, both the gene sequence and the product structure are 
known, validating the -modification), these linkers are generally longer than comparable regions 
from the same systems, and the average length of all these linkers (ca. 63 residues) is significantly 
greater than the average length of linkers separating non-modifying modules (ca. 46). Key: Ta, 
myxovirescin; Bon, bonkrekic acid; Bat, kalimanticin; Vir, virginiamycin; Ooc, oocydin; Etn, etnangien; 
Bae, bacillaene from Bacillus amyloliquefaciens; Ped, pederin; Onn, onnamide; Psy, psymberin. (b) 
Multiple alignment of the ACP−KS regions from a selection of cis-AT PKS from both Streptomyces and 
myxobacteria. The C-terminal domain boundary of the ACPs was based on the NMR solution 
structure of DEBS ACP2.7 The average linker length is 20 residues. Key: DEBS, erythromycin; Amph, 
amphotericin; PIKS, pikromycin; RAP, rapamycin; Mta, myxothiazol; Aju, ajudazol.
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Supplementary Tables

Table S1 Summary of SAXS Data

Construct Rg (Guinier) (Å)a Rg (GNOM) (Å)a Dmax (GNOM) (Å)b 2 (DAMMIN)c 2 (SASREF)c 2 (MONSA)c

KS 33.1 ± 0.5 32.6 105 1.689 1.333 1.421

ACP5a-ACP5b 29.0 ± 0.2 30.7 103 1.785 24.981 nd

KS-ACP5a-ACP5b 56.5 ± 0.7 60.9 230 2.813 nd 1.885

KS-ACP5a-ACP5b-DD 69 ± 1 72.5 279 2.204 nd nd

ACP5b-DD 37.0 ± 0.3 37.7 140 1.231 nd nd

ACP5a-ACP5b-DD 43.5 ± 0.2 46.5 170 1.366 nd nd

a Rg is the radius of gyration derived from the atomic models using the program PRIMUS. For experimental data, 
Rg is given by the Guinier approximation8

b Dmax is the maximal particle diameter derived from the distance distribution function (P(r)) using the program 
GNOM9

c2 is the discrepancy between the experimental SAXS profile and the theoretical calculated curve using the 
programs DAMMIN,9 SASREF10 or MONSA10

nd: not determined
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Table S2 NMR and Refinement Statistics for ACP5a 

Protein
NMR distance and dihedral constraints ACP5a

Distance constraints
    Total NOE 1968
    Intra-residue 374
    Inter-residue 1594
      Sequential (|i – j| = 1) 490
      Medium-range (|i – j| < 4) 566
      Long-range (|i – j| > 5) 538
      Intermolecular n/a
    Hydrogen bonds 0
Total dihedral angle restraints 114
     57
     57

Structure statistics
Violations (mean and s.d.)
    Distance constraints (Å)    0.092  0.012
    Dihedral angle constraints (º) 0  0
    Max. dihedral angle violation (º)    0
    Max. distance constraint violation (Å) 0.13
Deviations from idealized geometry
    Bond lengths (Å)    0.010  0.001
    Bond angles (º) 2.062  0.018

    Impropers (º) n/d
Average pairwise r.m.s. deviation** (Å)    6734−6811
    Heavy     0.94   0.10
    Backbone  0.27   0.06
**Pairwise r.m.s. deviation was calculated using 20 refined structures. n/a = not 
available; n/d = not determined.
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Table S3 NMR and Refinement Statistics for ACP5b

Protein
NMR distance and dihedral constraints ACP5b

Distance constraints
    Total NOE 1846
    Intra-residue 371
    Inter-residue 1475
      Sequential (|i – j| = 1) 500
      Medium-range (|i – j| < 4) 522
      Long-range (|i – j| > 5) 453
      Intermolecular n/a
    Hydrogen bonds 0
Total dihedral angle restraints 110
     55
     55

Structure statistics
Violations (mean and s.d.)
    Distance constraints (Å)    0.096  0.023
    Dihedral angle constraints (º) 0  0
    Max. dihedral angle violation (º)    0
    Max. distance constraint violation (Å) 0.17
Deviations from idealized geometry
    Bond lengths (Å)    0.010  0.001
    Bond angles (º) 2.054  0.018

    Impropers (º) n/d
Average pairwise r.m.s. deviation** (Å)    6836−6909
    Heavy     1.15  0.15
    Backbone  0.38  0.07
**Pairwise r.m.s. deviation was calculated among 20 refined structures. n/a = not 
available; n/d = not determined.
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