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Figure S1.  BAC vector pHL921.  repE, parA, and parB provide stable replication at unit 

number in E. coli.  aacC4, apramycin resistance.  aadA, streptomycin/spectinomycin 

resistance.  oriT, origin of transfer; attP, attachment site of phage ΦC31; int, ΦC31 

integrase.  The two BamHI sites are for the cloning of large fragment genomic DNA 

partially digested with Sau3AI.  The unique SmiI site (ATTT^AAAT) is very rare in high 

G+C Streptomyces DNA and was used to linearize BAC constructs for evaluation of their 

sizes using pulsed field gel electrophoresis (PFGE).  DNA sequence: GenBank 

KP823602.  

  



 

 

Figure S2.  Streptothricins produced by S. rochei Sal35.  (a), Extracted ion 

chromatography of streptothricins produced by S. rochei Sal35.  ST-F, E, D, C and minute 

amounts of ST-B were detected in S. rochei Sal35 ferment.  Note different scale on y-axis.   

(b), Mass spectra of streptothricins. 

 

  



 

Figure S3.  Determination of the size of BAC inserts by PFGE.  SmiI digested BACs 

were evaluated by PFGE, an average insert size of ~100 kb (= 113 kb - 13 kb vector) and 

insertion rate of 95% (19/20) could be estimated from the PFGE gel.  NEB MidRange 

IPFG Marker was used here and the PFGE condition was: switch time: 1-25 s, voltage: 6 

V/cm; included angle, 120〫; 14 °C in 0.5ⅹTBE for 20 h. 

 

 

 

 

 

 

Figure S4.  Output of the antimicrobial screening in LEXAS.  Antibiosis observed after 

overlay with S. aureus, B. mycoides, M. smegmatis mc2 155, and S. sake and incubated for 

16-24 h.  BAC clones bearing BGCs producing bioactive secondary metabolites could be 

directly visualized and screened by LEXAS. 

  



 

 

Figure S5.  Contigs grouped by PvuII restriction digestion.  (a), PvuII restriction digestion 

of 2B8, 8E6, and 8H1.  8H1 shared no similar bands with other positive BACs was named 

contig1, 2B8 and 8E6 formed contig2 and shared a ~77 kb overlap.  (b), The relative 

arrangement of 2B8 and 8E6 on S. rochei sal35 chromosome.  (c), PvuII restriction 

digestion of 2F3, 6E1, 6F11, and 8A11.  These 4 BAC clones shared a ~68 kb overlap and 

formed contig4.  (d), The relative arrangement of contig4 BAC clones on S. rochei Sal35 

chromosome.  The black arrows on the chromosome indicated the boundaries of contig 2 

(in b) or contig 4 (in d).  Restriction digestion and contig mapping of contig3 were exhibited 

in the main text (Figure 4).  DNA markers used here were 1 kb DNA ladder (Dongsheng 

Biotech, M1) and 1 kb plus ladder (Invitrogen, M2). 



 

 

Figure S6.  Heterologous expression and identification of borrelidin.  (a), PCR 

verification of bor pathway in 8H1.  Specific 0.7 kb, 1.5 kb, and 1.2 kb PCR products 

targeting borE, borA2, and borJ were amplified and sequenced which indicated the 

presence of bor pathway in 8H1.  (b) Comparative metabolic profiling of S. coelicolor 

M1152/8H1 and S. coelicolor M1152/pHL921.  The borrelidin peak was noted and growth 

inhibition zone around 8H1 in LEXAS was also shown.  Molecular mass determined for the 

borrelidin peak by HRESI-QTOF, and m/z of 490.3179 ([M+H]+, calculated 490.3169, error 

2.0 ppm) for borrelidin was shown as insert. 

  



 

 

 

Figure S7.  Detection and identification of CDAs produced by S. lividans SBT18/8D1.  (a), 



Detection of CDAs from extract of S. lividans SBT18/8D1. The minor peak in the vector 

control was not CDA.  S. coelicolor YF11/pAfsRScla propagated in SV2 medium (1) 

producing CDAs was set as control.  (b), Mass spectra of 8D1-1, 8D1-2, CDA3a/b and 

CDA4a/b detected in the S. lividans SBT18/8D1 extract.  (c), Chemical structures of 

CDA3a/b and CDA4a/b (2).  

 

Figure S8.  Disrupted cda BGC in S. lividans SBT5 and S. lividans SBT18.  cda pathway 

was disrupted in S. lividans SBT5/SBT18 by deleting a 7,116 bp region covering cdaPS3 

and a downstream hydrolase gene, and two pleiotropic activators afsRcla and afsScla were 

introduced at the deletion site (3). Dashed arrows, deleted genes in S. lividans 

SBT5/SBT18. Dashed boxes, A-T-C-A-T-TE domains of CdaPS3 that were deleted in S. 

lividans SBT5/SBT18. 

 

Figure S9.  Detection of 8D1-1 and 8D1-2 in S. rochei Sal35 and S. coelicolor M1152/8D1 

by HPLC.  S. rochei Sal35 was fermented in SFM, GYM, YBP, and R3 media and S. 

coelicolor M1152/8D1 was fermented in R3 medium.  8D1-1 and 8D1-2 were not detected 



in the S. rochei Sal35 extracts.  The minor peak in S. rochei Sal35 SFM extract was not 

8D1-2. 

 

 

 

Figure S10.  Chiral analysis of Hpg6 (a) and 3-OH-Asn9 (b) in 8D1-1.  8D1-1 acid 

hydrolysate was derivatized with FDAA and analyzed by LC-MS, and compared to 

derivatized standards (4).  As the terminal amide bond of 3-OH-Asn would also be 

hydrolyzed during the acid hydrolyzation in 6N HCl to form 3-OH-Asp and 3-OH-D-Asp was 

not commercially available, so 3-OH-L-Asp was used as the standard to determine the 

configuration of 3-OH-Asn(1).  Hpg6 and 3-OH-Asn9 were determined both in 

D-configuration.  Chemical structures of FDAA-L/D-Hpg and FDAA-3-OH-L/D-Asp and the 

mass fragmentation of FDAA-L/D-Hpg were also shown. 



 

Figure S11.  Comparison of gene organization in cda2 and cda pathways from S. rochei 

Sal35 and S. coelicolor A3(2).  The two pathways share identical gene organization except 

for a 7 genes region absent in cda2 pathway in S. rochei Sal35 and underlined with dashed 

line which is not required for CDA biosynthesis.  DNA sequence identity is shown between 

the two gene clusters. 



 

Figure S12.  Homology alignment of epimerization domains.  The point mutation of 

conserved Val139 to Met139 was noted with the red asterisk in Cda2PS1 E1 domain.  This 

point mutation along with other point mutations should be responsible for the inactivation of 

Cda2PS1 E1 domain which resulted in the release of the linear CDAs from the Cda2 NRPS 
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CDA2PSI_E1 AYGPTPRTPM MGWFADL--- GSDMAEFNQS LVLRVPAALD FDRLGTALRA VLDRHDALRM RVAG-----D WTIEVPEP-- GSVTPADCL- VRFDAVGLDE SAVRSAVTEQ

CDA2PSI_E2 PHGPVPLTPV MARVAEL--- GLGGDDFNQS VVVSLPPAVD GDRLAGALQS VLDHHDALRL LVRP-----D GSAEVRGP-- GSVPAADVLR VVTGSPGAD- -DLDGLVAEV

CDA2PSII_E ASGPVPATPI MGWFAGL--- GGPIAPFNQS VVVSVPADLD EERLVTALGA VVDRHDSLRL RVAG-----D WTMTVPEP-- GTVDAADLV- THLRAPDVDD DALRALVAEA

CDAPSI_E1 ADGPAPRTPM MGWFAAL--- GSDLAAFNQS LVLRVPAALD PDTLDTALRA VLDRHDALRM RVAD-----D WTIEIPPP-- GSVTPADCL- VRFDAVGLDE AAVRSAVTEQ

CDAPSI_E2 --GPAPLTPV MARIAEL--- GLGGDDFNQS VVVSLPPAVD RDRLVPALQR VLDHHDALRL RVLP-----D GSTEVRAP-- GSVPAADVLS VVTRAPGATG EARDALLVEA

CDAPSII_E ASGPVPATPI MGWFAAL--- GGPVAPFNQS VVVSVPADLD AERLVAALGA LLDRHDSLRL RVAA-----D WSMSVPEPEP GGTDAAGLL- TRRAAGDVDD AGLHALLAEA

PheE VEGEIGLTPI QHWFFEQQ-- FTNMHHWNQS YMLYRPNGFD KEILLRVFNK IVEHHDALRM IYKHH----N GKIVQINR-- -GLEGTLFDF YTFDLTA--N DNEQQVICEE

TycB_E VEGEIALTPI QKWFFANN-- FTDRHHWNQA VMLFREDGFD EGLVRQAFQQ IVEHHDALRM VYKQE----D GAIKQINR-- -GLTDERFRF YSYDLKN--H ANSEARILEL

SrfAA_E VEGEVILTPI QRWFFEKN-- FTNKHHWNQS VMLHAKKGFD PERVEKTLQA LIEHHDALRM VYREG----Q EDVIQYNR-- -GLEAASAQL EVIQIEG-QA ADYEDRIERE

SrfAB_E VEGEVILTPI QRWFFEKN-- FTNKHHWNQS VMLHAKKGFD PERVEKTLQA LIEHHDALRM VYREE----N GDIVQVYK-- -PIGESKVSF EIVDLYGSDE EMLRSQIKLL

VpsA_E --GEVPWTPV TRMLGD---- GVTGSAFAQW MVVGAPADLT EKTVAAGFAA VVDAHDMLRA RVVDDE--SG RRLLVGER-- GSVTGS--VT R----VGLDG RPVDEVVEEA

VpsB_E1 --GEIPRTPV MRALGE---- DALRPGFAQA RVVVTPAGMN PEALVGALQA VLDTHDLLRA RVEPD----- GRLIVPER-- GAMDAAGLVT R----VAGTG -DLDEIAERE

VpsB_E2 --GEVPLTPV MRALLERDPR GLTREGMAQW VIVEVPGDLS VPALAAGLSA VLDTHDLLRS RIVETEG-AE PRLIVADR-- GTVDAATLVE R----VDAAA GDLGEIAQAA

AcmB_E AVGPVTPTPI MRWFDER--- GGSIDRFHQA MLLQVPAALG EKRLVTAVQA LLDHHDALRL TRVPSEDGPD GPWELHIPAA GTLSAADLV- ---RRVDLDG PLDEATVRTH

BacA_E VTGETELLPI QKRYFANN-- KEELDHFNQS FMLFRKDGYD ENIVRTAFNK ILEQHDALRM IYEEK----D GDIIQYNR-- -GYRENLFDL DVYDVRG--F DSQEEKVFEL

BacB_E VQGQVPLTPV QRSFFEAN-- QREQNHYNQA FMLYRENGFA ERIVEKVFRK LTEHHDALRM VYWEK----N GDIIQHNR-- -GLEDSVFDL YVYDLKT--E KNLEKTVYQI
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CDA2PSI_E1 ARAARSRLAP ADGRMLQAVW LDRGAAQDG- --------LL VLVANHLVMD GVTWRILIPD LAAAYAGDA- -----LAPVG TPWRRWALAL TDLAGQPRTE EELEHWRSVL

CDA2PSI_E2 ARAARDRLAP AEGRMLQAVL VDRGAERAG- --------VL VLVAHHLVVD SVTWNIVVPD LATAYRGAE- -----PAPVG TSWRQWATSL ERLATDPRVE AEITHWEHTL

CDA2PSII_E AVAERDRLDP ADGRMLRACR IDRGPGRPG- --------LL VLVAHHLAVD AVSWRLLVPD LAAAYEGSP- -----LSPVG THWREWAGAL RDLAGTAVTE AETDHWLDAV

CDAPSI_E1 ARTARDRLAP ADGRMLQAVW LDRGADRDG- --------LL LLVANHLVVD GVTWRILVPD LAAAYAGET- -----LAPVG TPWRHWALSL SDLAGQPRTE EELDHWHSVL

CDAPSI_E2 ACAARDRLAP AEGRMLQAVL VDGTDDTDGT GGTSGADGVL ILVAHHLVVD SVTWSIVVPD LAAAYRGEE- -----PAPVG TSWRQWATSL ARLATDPRVE AETAHWEHTL

CDAPSII_E GAAERDRLSP ADGRMLRACH VDRGPDRPG- --------LL VLVAHHLAVD AVSWRLLVPD LAAAYEGRP- -----LSPAG TGWRRWASAL RDLAGSPVTE AETDHWLDAA

PheE SARLQNSINL EVGPLVKIAL FHTQN---GD --------HL FMAIHHLVVD GISWRILFED LATAYEQAMH QQTIALPEKT DSFKDWSIEL EKYANSELFL EEAEYWHHLN

TycB_E SDQIQSSIDL EHGPLVHVAL FATKD---GD --------HL LVAIHHLVVD GVSWRILFED FSSAYSQALH QQEIVLPKKT DSFKDWAAQL QKYADSDELL REVAYWHNLE

SrfAA_E AERLQSSIDL QEGGLLKAGL FQAED---GD --------HL LLAIHHLVVD GVSWRILLED FAAVYTQLEQ GNEPVLPQKT HSFAEYAERL QDFANSKAFL KEKEYWRQLE

SrfAB_E ANKLQSSLDL RNGPLLKAEQ YRTEA---GD --------HL LIAVHHLVVD GVSWRILLED FASGYMQAEK EESLVFPQKT NSFKDWAEEL AAFSQSAHLL QQAEYWSQIA

VpsA_E ARDAVSKLDP SAGVLARAVW VDAGPDRIG- --------RL VVVVHHLSVD GVSWRVLLSD LQSACEAVAA GREPVLEPVE VSFKQWAGLL GEWAVSAERV GELAAWKAIL

VpsB_E1 VRTATGTLNP AAGIMARVVW VDAGDAERG- --------RL AFVAHHLAVD AVSWGILLPD LRAAYDAVVS GGTPALEAPV TSYRQWALRQ TEQALSERTV AELDQWVALL

VpsB_E2 A----ARLDP LAGVMVRAVW ADAGKGRAG- --------RL VVAAHHLVVD VVSWRTLLPD LQTACEAAVA GVRPSLDPPD VSFRRWSRTL TEEAATR--T AELPTWTEIL

AcmB_E LDAAQARLHA ERGVLLQAVW FDAGPRRPG- --------RL LLLVNHLVVD GVSWRILLPD LVAAWEATAQ GDPPRLEPVP TSFGRWSRLL AAEARRPARA AEAALWTEVL

BacA_E ATGIQKKSSI RKGKLVHLGI FRADE---GD --------HL LIAIHHLVVD GVSWRILFED FETLYLQALK GEPLDIGYKT DSYQEFARQL KKYAQSRRLL KEREYWQKAL

BacB_E ATNIQKDISI SEGKMIKLCV FKTTE---GD --------HL LIAIHHLLVD GVSWRILFED FEAAYGQALQ GKPIELGYKT DSYKTFSEKL AEYANSKKLL KEQEYWREIS
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CDA2PSI_E1 GDTPR---AL HVDPARDTHA TAGEITAELD ADTTEALLTW VPGVCRATIN DVLLSTFALA VAQWRHGRAE DPSAPVVVDL ESHGRHEEAV PGAELSRTAG WFTSMYPVRL

CDA2PSI_E2 AGAG----AL RLDRARDVQG EAGRVGLDLL SPTTEALLTQ VPGSVNASVN DVLLTAFAFA VAEWRRGRGE DPDAPVVVDL ESHGRHEDAV PGAELSRTAG WFTALYPVRL

CDA2PSII_E RPAAEPT-DP ALDPARDTHG RSGQVVLDLD AETTDALLTW VPGVFRAEIN DLLLTAFGLA VADWRRARGG GAGAPVTVDL ESHGRHEHLV PGADLTRTTG WFTSMHPVPL

CDAPSI_E1 GDTPH---TL RLDPARDTHA TAGEITAELD ADTTEALLTW VPGVCHATVN DVFLSTFALA VAGWRRGRGE DADAPVVLDL ESHGRHEEAV PGVELSRTAG WFTSMYPVRL

CDAPSI_E2 TGAG----TL RLDRGRDLQG DAGRISLDLA PHTTEALLTR LPGGVNASVH DVLLTAFAFA VAGWRRGRGE DPDAPVVLDL ESHGRHEEAV PGAELSRTAG WFTALHPVRL

CDAPSII_E RPAAEPA-DP VLDPARDTHA RSGQVVLDLD PDTTDALLTW VPGVFRAEIN DLLLTAFGLA VADWRRDRGA RGTAPVTVDL ESHGRHEHLV PGADLTRTTG WFTSMHPVPL

PheE YYTENVQIKK DYVTMNNKQK NIRYVGMELT IEETEKLLKN VNKAYRTEIN DILLTALGFA LKEWAD---- --IDKIVINL EGHGR-EEIL EQMNIARTVG WFTSQYPVVL

TycB_E TTTTTAALPT DFVTADRKQK HTRTLSFALT VPQTENLLRH VHHAYHTEMN DLLLTALGLA VKDWAH---- --TNGVVINL EGHGR-EDIQ NEMNVTRTIG WFTSQYPVVL

SrfAA_E EQAVAAKLPK DRESGDQRMK HTKTIEFSLT AEETEQLTTK VHEAYHTEMN DILLTAFGLA MKEWTG---- --QDRVSVHL EGHGR-EEII EDLTISRTVG WFTSMYPMVL

SrfAB_E AEQVSP-LPK DCETEQRIVK DTSSVLCELT AEDTKHLLTD VHQPYGTEIN DILLSALGLT MKEWTK---- --GAKIGINL EGHGR-EDII PNVNISRTVG WFTAQYPVVL

VpsA_E GQEQPAA-TR ELTTSQAAKG EVRSRSWVVP KTETSALVGR APVVFHCGVH EILLAGLAGA VTRWRG---- --GDTVLVDV ESHGR--HPA DGMDLSRTVG WFTSAHPVRL

VpsB_E1 DGADPAP-AG DS-------G QAHSWSTRLS GTEVRTLVAQ LPGAFHCGIQ DVLLAGLAAA VARVRGT--- --GAGLLVDV EGHGR--EAA DGEDLLRTVG WFTSVHPVRF

VpsB_E2 DGAKPR--LG ELDPMCDTVS TAGRRSWTVP REHAGTLAEK VTSAFHCGVH EVLLATLAGA VASWRG---- --GADVVVDV EGHGR--QPL GELDPSRTLG WFTDIHPLRL

AcmB_E TPVDPPLTAT RPDRTRDTVG RARSLTVSLP PEVVSPLLTT VPAAFHAGVN DVLLTALALA VARWRRGHGR GPHTALLVDV EGHGR-EEIV DGTDLSRTVG WFTSLYPVRL

BacA_E -EADVPFIPA EKLER-DTFE HSATLSIRIG PDVTAKLLRN AFKAYNTEIN DILLTALIAA VRDITG---- --ENKLKVMM EGHGR-EDIL DGVDITRTIG WFTTVYPVFI

BacB_E -KGKMAFLPK HRQAAHDNYE NSRTLRISLS QTETEQLLKE AHKAYNTQIN DLLLTALLIA SRQLTG---- --ENRLKILM EGHGR-DDIL QDVDITRTVG WFTAMYPVFI
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CDA2PSI_E1 APPA------ -ASGDVSAIR T-LKAVKEQL RAVPGDGLGY GLLRHLN-PR TRDVLAALPV PEFGFNYLG- QIGQE----- --GSDEDPWT IE----GGDV AGIDGAMPLA

CDA2PSI_E2 APDVTD--WG RLHQDGDALQ DGLKQVKEQI RAVPGDGIGF GLLRHLN-PT AGPRLASLPE PDFGFNYLGR RVAPA----- --TGAPEPWT VT----GGGV AASRPAAPMA

CDA2PSII_E RPEVDEWDWP EVWDGGAAAG RALKRVKEQL RAVPRDGVGY GLLRHLN-PR TRDRFAALPV PAFGFNYLGR YTGGRDADP- --GAGPQAWS VL----GRGV AGQHPDTPLA

CDAPSI_E1 APPAG----- -ASGDGSALR A-LKAVKEQL RTVPGDGLGY GLLRHLN-PR TRAALAALPL PEFGFNYLG- RIGQE----- --GTDEAPWT IE----GGDV AGIDGAMPLA

CDAPSI_E2 APDVTD--WA RLHQDGDALR DGLKQVKEQL RSVPGDGLGH GLLRHLN-PT AGPRLARLPE PDFGFNYLGR RVTPA----- --TGTPEPWT VT----GGGL AASRPTAPMA

CDAPSII_E HPEVDDPDWA EVWDGGAAAG RALKRVKEQL RAVPRDGVGH GLLRHLN-PR TRDRFAALPT PAYGFNYLGR HTGGRGGGAP GGGAGPEPWS VL----GRGV AGQHPDTPLA

PheE DMQKS----- ------DDLS YQIKLMKENL RRIPNKGIGY EIFKYLTTEY LRPVLPFTLK PEINFNYLGQ FDTDV----K TELFTRSPYS MGNSLGPDGK NNLSPEGESY

TycB_E DMEKA----- ------EDLP YQIKQTKENL RRIPKKGIGY EILRTLTTSQ LQPPLAFTLR PEISFNYLGQ FESDG----K TGGFTFSPLG TG-------- QLFSPESERV

SrfAA_E DMKHA----- ------DDLG YQLKQMKEDI RHVPNKGVGY GILRYLTAPE HKEDVAFSIQ PDVSFNYLGQ FDEMS----D AGLFTRSELP SG-------- QSLSPETEKP

SrfAB_E DISDA----- ------DAS- AVIKTVKENL RRIPDKGVGY GILRYFTETA ETKG----FT PEISFNYLGQ FDSEV----K TDFFEPSAFD MG-------- RQVSGESEAL

VpsA_E EVAGT--ELA DVLAGGPAAG RLLKTVKEQS RAVPGDGLGY GLLRYLN-DT TAPVLAELPS ARIGFNYMGR FATGE----- --DSGVRAWQ PV----GDIG SSLEPGMGLP

VpsB_E1 DLSDV--DLA -------AAG RLLKTVKEQI RAVPGDGSGY GLLRHLN-PD TGAKLAKSPS ARIGFNYLGR TVLAP----- --R--ATAWE PV----GEGP LGAGPDMVLA

VpsB_E2 DTTGA--DPA EAIAGGAAAG RLLKQVKENV RAVPDGGLGY GLLRHLN-AE TAPVLAALPK AEIGFNYLGR FSSRS----- --GGDAKPWQ IT----GIAG GAAEPETPLR

AcmB_E DPGALG--WE EVTGGAPALG PALKRVKEQL RELPDRGLGF GLLRHLA-PA TGPVLAGLAT PQLGFNYLGR FPAAG----T PLVPGSPAWT VAPE--AGLL SGTDPTTALA

BacA_E DLGEE----- ------KEIS QNIKMVKEAL RKIPNKGIGY GVLKYMTEEL QKIQ---TQA P-LSFNYFGE MNNDM----N RKVFSQSPFS PG-------- ESIGGKIVRH

BacB_E DLEDE----- ------ADLS VMIKIVKETL RKIPNNGIGY GILKYLRKDE GLLK---DEK PPILFNYLGE LDHDL----T TEQFSSSKLS AG-------- QSIGEKSARD
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CDA2PSI_E1 HPVDVNAVAR ETADGTRLRA RWTYSRTELE TEGTQRLADA WFRMLRRLVE EARQPGAGGL TPSDIAHPTL GQDEIEHL

CDA2PSI_E2 HAVEISAVVH EGADGPRLRA EWTYARRLVP DHDARLLAEH WFRALEALVE HAGRPGTGGL TPSDVTLDSL SQSEIEEF

CDA2PSII_E HPVELVAGAH DTDEGPRLHS VWTYADAVLS EGEVRRLAEG WFRALKALVE HAGRPEASGL TPSDVSLTSL SEDDITRL

CDAPSI_E1 HPVDVNAVAR ETADGTRLRA RWTYSRTALE PEDTQRLADT WFRLLRRLVE EARQPGAGGL TPSDIAHPAL AQDEIEDL

CDAPSI_E2 HAVELSAVVH EGADGPRLRA EWTYARRLVP DHDARRLAEQ WFRALEALVE QADRAGTGGL TPSDVTLGSL SQSEIEEF

CDAPSII_E HPVELVAGAH DTDAGPTLHS VWTYADAVLS ETEVRRLGEG WFRALKALVE HAGRPEASGL TPSDVSLTSL SEDDISRL

PheE FVLNINGFIE EG----KLHI TFSYNEQQYK EDTIQQLSRS YKQHLLAIIE HCVQKEDTEL TPSDFSFKEL ELEEMDDI

TycB_E FLLDISAMIE DG----ELRI SVGYSRLQYE EKTIASLADS YRKHLLGIIE HCMAKEEGEY TPSDLGDEEL SMEELENI

SrfAA_E NALDVVGYIE NG----KLTM SLAYHSLEFH EKTVQTFSDS FKAHLLRIIE HCLSQDGTEL TPSDLGDDDL TLDELDKL

SrfAB_E YALSFSGMIR NG----RFVL SCSYNEKEFE RATVEEQMER FKENLLMLIR HCTEKEDKEF TPSDFSAEDL EMDEMGDI

VpsA_E HAIEVNAIVQ DLPDGPELTL MLEWQEDLLG EAEIDQLGQG MLAVLAGLAR QAEDPAAGGH TASDFALVAL GQDEIEAL

VpsB_E1 HAVEVSAEVQ DTPAGPRLGL AIDARDADP- -ATVERLGEA WLETLTALAA LAGDPAAGGH TPSDFDLVGL TQQDVTEL

VpsB_E2 HVLEIDAVVV DGADGPEFSL TVTWARRILD DAGAESFAEA WLAMLTGLAV HAGREGAGGH TPSDFPLTAL TQREVTEV

AcmB_E HGLEVNSMVR DTPDGPDLEA VWTWAPDLWP EPHVRSLAED WFQAIRGLVR HADRPDTGGY TPSDFPLTEL SQHDIEQL

BacA_E CAIEMNAISL NG----ELTI YTTFNQDQYQ TSTIEQLNQS FKENLEKIVD HCVDKEGSDM TPSDYGDVSL GLEELELI

BacB_E ASVEIDSVVA GR----QLMI STTFNEYEYS PDTISELNQA FKESLQMVIS HCTGKHETEK TSSDYGYDKL SLEDLEEL



assembly line．  PheE was selected from gramicidin S biosynthesis pathway，TycB_E, 

SrfAA_E and SrfAB_E, VpsA_E, VpsB_E1, and VpsB_E2, AcmB_E, BacA_E, and BacB_E 

were from tyrocidine, surfactin, vancomycin, actinomycin, and bacitracin biosynthesis 

pathway.  The conserved amino acids in epimerization domains were labelled by black 

arrows (5). 

  



Table S1.  13C (201 MHz) and 1H NMR (800 MHz) data of 8D1-1 in deuterated DMSO 

(DMSO-d6). 

 

Position δC δH (Mult, JH-H) Position δC δH (Mult, JH-H) 

Hex1      

1 168.4  Trp4   

2 54.6 3.32 (d, 1.5) 3' 110.3  

3 58.1 3.05 (m) 4' 118.8 7.6 (d, 7.8) 

4 33.3 1.45 (m), 1.58 (m) 5' 118.6 6.97 (t, 7.8) 

5 19.1 1.41 (m) 6' 121.3 7.05 (t, 7.8) 

6 14.1 0.91 (t, 7.3) 7' 111.7 7.31 (d, 7.8) 

Ser2   8' 136.5  

1 170.3  9' 127.6  

2 55 4.44 (m) Asp5   

3 61.9 3.58 (dd, 10.8, 6.0), 

3.66 (dd, 10.8, 6.0) 

1 170.5  

α-amine  7.98 (br) 2 49.9 4.63 (m) 

Thr3   3 36.7 2.39 (m), 2.68 (m) 

1 170.4  4 172.4  

2 59 4.11 (d, 4) α-amine  8.31 (br) 

3 66.8 3.93 (m) Asp6   

4 19.9 0.86 (d, 6.2) 1 171.2  

α-amine  7.93 (br) 2 50.1 4.61 (m) 

Trp4   3 36.7 2.56 (m), 2.63 (m) 

1 171.8  4 172.4  

2 54.2 4.48 (m) α-amine  8.21 (br) 

3 28.1 2.9 (dd, 13.8, 9.0), 

3.16 (dd, 15.1, 4.7) 

Hpg7   

α-amine  7.99 (br) 1 170.5  

1'-amine  10.74 (s) 2 56.2 5.36 (d, 7.3) 



2' 124.4 7.13 (s) 3 (1') 128.9  

 

Continued 

Position δC δH (Mult, JH-H) Position δC δH (Mult, JH-H) 

Hpg7   Glu11   

2' 128.7 7.16 (d, 8.3) 1 171.3  

3' 115.4 6.68 (d, 8.3) 2 52.3 4.28 (br) 

4' 157.2  3 27.6 1.69 (m), 1.95 (m) 

5' 115.4 6.68 (d, 8.3) 4 30.3 2.19 (m), 2.23 (m) 

6' 128.7 7.16 (d, 8.3) 5 174.7  

α-amine  8.21 (br) α-amine  7.61 (br) 

Asp8   Trp12   

1 171.8  1 173.8  

2 50.3 4.57 (m) 2 53.5 4.45 (m) 

3 37.3 2.48 (m), 2.61 (m) 3 27.6 3.04 (m),  

3.18 (dd, 14.6, 

5.3) 

4 172.4  α-amine  8.19 (br) 

α-amine  8.48 (br) 1'amine  10.80 (s) 

Gly9   2' 124.2 7.18 (s) 

1 169.3  3' 110.1  

2 42.9 3.72 (brd, 12),  

3.85 (brd, 12) 

4' 118.6 7.52 (d, 7.8) 

α-amine  8.31 (br) 5' 118.8 6.99 (t, 7.8) 

Han10   6' 121.4 7.06 (t, 7.8) 

1 168.9  7' 111.9 7.33 (d, 7.8) 

2 56.6 4.62 (m) 8' 136.5  

3 72.5 4.11 (d, 4) 9' 127.6  

4 174     

α-amine  8.08 (br)    

  



Table S2.  13C (201 MHz) and 1H NMR (800 MHz) data of 8D1-2 in DMSO-d6. 

 

 

Position δC δH (Mult, JH-H) Position δC δH (Mult, JH-H) 

Hex1   Trp4   

1 170.9  1'-amine  10.75 (br) 

2 75.2 4.23 (br) 2' 124.4 7.15 (s) 

3 65.4 4.27 (brd, 10.4) 3' 110.2  

4 33.8 1.6 (m), 1.69 (m) 4' 118.9 7.60 (d, 7.8) 

5 19.8 1.28 (m), 1.47 (m) 5' 118.6 6.97 (t, 7.8) 

6 13.7 0.83 (t, 7.3) 6' 121.3 7.05 (t, 7.8) 

Ser2   7' 111.7 7.30 (d, 7.8) 

1 170.3  8' 136.5  

2 54.7 4.46 (m) 9' 127.6  

3 62.1 3.55 (m), 3.69 (m) Asp5   

α-amine  7.91 (brd, 7.6) 1 171.2  

Thr3   2 49.8 4.63 (m) 

1 170.3  3 36.6 2.41 (m), 2.68 (m) 

2 58.8 4.15 (brdd, 2.8, 8.0) 4 172.2  

3 66.8 3.95 (m) α-amine  8.36 (d, 7.2) 

4 19.9 0.86 (d, 6) Asp6   

α-amine  7.91 (brd, 7.6) 1 170.4  

Trp4   2 50.1 4.62 (m) 

1 171.9  3 36.6 2.55 (m), 2.65 (m) 

2 54.2 4.5 (m) 4 172.2  

3 28.2 2.9 (m), 3.15 (m) α-amine  8.22 (br) 

α-amine  7.95 (d, 7.3)    

 



Continued      

Position δC δH (Mult, JH-H) Position δC δH (Mult, JH-H) 

Hpg7   Glu11   

1 170.3  1 171.5  

2 56.1 5.36 (d, 7.3) 2 52.2 4.3 (m) 

3 (1') 128.9  3 27.8 1.69 (m), 1.94 (m) 

2' 128.6 7.14 (d, 8.0) 4 30.3 2.19 (m), 2.24 (m) 

3' 115.4 6.67 (d, 8.0) 5 174.7  

4' 157.2  α-amine  7.65 (br) 

5' 115.4 6.67 (d, 8.0) Trp12   

6' 128.6 7.14 (d, 8.0) 1 173.7  

α-amine  8.17 (br) 2 53.5 4.45 (m) 

Asp8   3 27.5 3.04 (m), 3.18 (m) 

1 171.3  α-amine  8.22 (br) 

2 50.1 4.60 (m) 1'-amine  10.79(br) 

3 36.8 2.46 (m), 2.65 (m) 2' 124.2 7.17 (s) 

4 172.2  3' 110.1  

α-amine  8.51 (br) 4' 118.6 7.52 (d, 7.8) 

Gly9   5' 118.9 6.99 (t, 7.8) 

1 169.2  6' 121.4 7.06 (t, 7.8) 

2 42.8 3.74 (brdd, 4.5, 16), 

3.83 (brdd, 4.5, 16) 

7' 111.9 7.34 (d, 7.8) 

α-amine  8.22 (br) 8' 136.5  

Han10   9' 127.6  

1 168.8     

2 56.3 4.63 (m)    

3 72.4 4.11 (brd, 3.7)    

4 174     

α-amine  7.98 (br)    



Table S3.  Predicted functions of the proteins encoded by the cryptic BGC in contig 4. 

 
orf Product 

size (aa) 

Homolog (source),  

accession no. 

Identity/ 

similarity  

(%) 

Conserved domain, 

accession no. 

orf1 224 DNA binding response regulator 

[Streptomyces sp. NRRL F-4835], 

WP_030976652.1 

99/99 CitB, COG2197 

orf2 394 Two-component sensor histidine 

kinase [Streptomyces sp. NRRL 

F-5650], WP_051851823.1 

98/98 HisKA_3, pfam07730 

orf3 206 hypothetical protein [Streptomyces sp. 

NRRL F-4835], WP_051890672.1 

99/99 - 

orf4 370 3-oxoacyl-ACP synthase 

[Streptomyces sp. NRRL F-4835], 

WP_030976658.1 

100/100 KAS_I_II, cd00834 

orf5 474 acyl CoA ligase [Streptomyces 

aizunensis], AAX98201.1 

44/59 CaiC, COG0318 

orf6 235 Beta-ketoacyl-ACP reductase 

[Streptomyces olivochromogenes], 

KUN43576.1 

64/75 FabG, PRK05557 

orf7 255 enoyl-[acyl-carrier-protein] reductase 

[Streptomyces sp. NRRL F-4835], 

WP_030976664.1 

100/100 FabI, COG0623 

orf8 29 hypothetical protein - - 

orf9 55 hypothetical protein - - 

orf10 29 hypothetical protein - - 

orf11 858 serine/threonine protein kinase 

[Nocardia sp. NRRL S-836], 

KOV80059.1 

49/62 LanC_Ser/Thrkinase, 

cd04791 

orf12 234 GNAT family N-acetyltransferase 

[Streptomyces sp. NRRL F-4835], 

WP_051890673.1 

100/100 RimL, COG1670 

orf13 488 beta-ketoacyl-[acyl-carrier-protein] 

synthase II [Streptomyces sp. NRRL 

F-5650], WP_051851828.1 

88/100 FabF, TIGR03150 

orf14 316 hypothetical protein [Streptomyces], 

WP_030976672.1 

100/100 - 

orf15 82 acyl carrier protein [Streptomyces], 

WP_030976674.1 

100/100 AcpP, PRK00982 

     



Continued     

orf16 528 transporter, major facilitator family 

protein [Streptomyces rimosus], 

WP_003981566.1 

53/64 MFS_1, pfam07690 

orf17 302 3-oxoacyl-ACP reductase 

[Streptomyces], WP_030976662.1 

100/100 BKR_SDR_c, 

cd05333 

orf18 575 acetolactate synthase large subunit 

[Streptomyces sp. NRRL F-5650], 

WP_031036547.1 

99/99 Acolac_lg, 

TIGR00118 

orf19 413 aldehyde dehydrogenase 

[Streptomyces sp. NRRL F-5650], 

WP_051851819.1 

99/99 AdhE, COG1012 

orf20 424 hypothetical protein [Streptomyces sp. 

NRRL F-4835], WP_051890678.1 

98/98 2A0121, TIGR00900 

orf21 430 transcriptional regulator 

[Streptomyces sp. NRRL F-4835], 

WP_030976691.1 

99/99 HTH_XRE, cd00093 

orf22 228 4’-phosphopantetheinyl transferase 

[Streptomyces], WP_003986505.1 

46/58 ACPS, pfam01648 

orf23 248 two-component system response 

regulator [Streptomyces 

neyagawaensis], WP_055537867.1 

41/52 CitB, COG2197 

orf24 401 two-component sensor histidine 

kinase [Streptomyces sp. NRRL 

F-4835], WP_030976698.1 

100/100 COG4585, 

COG4585 

orf25 231 DNA-binding response regulator 

[Streptomyces sp. NRRL F-4835], 

WP_051890679.1 

100/100 CitB, COG2197 

Functions of each protein were annotated by BlastP (http://blast.ncbi.nlm.nih.gov/Blast.cgi).  orf4, orf5, orf6, 

orf7, orf12, orf13, orf15, orf17, orf18, orf19, and orf22 were PKS related genes, and orf11 was a LanC like 

Ser/Thr kinase gene.  We could not tell the structure of the secondary metabolites encoded by this BGC from 

its sequence.  Genes organization of the BGC was also shown upon Table S5. 

  

http://blast.ncbi.nlm.nih.gov/Blast.cgi
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