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Table S1. Halogenase gene-positive strains detected by Hal3A/3B and information of
PKS/NRPS genes and bioactivities.

Name Accession  PKS  PKS NRPS Indicator Strains Indicator Cancer Cells
Number | 1 B.subtilis S.aureus E.coli C.albicans R.solani BL7402 A549 H160
MGR106  KF425740 + + + - - - - _ - _ +
MGR009 KF425718 + + + + - - — - _ — _
MGR022  KF425724 + + + + - - - - _ _ _
MGRO075 KF425733 + + + - - - - - _ — _
MGRO17  KF425722 + + + + + - - _ _ _ _
MGR151 KF425751 + + + + - - — - _ — _
MGR140 KF425748 + + + + + - - _ _ _ _
MGR060 KF425730 + + + - - - - - — — _
MGRO072 KF425732 + + + + + - + - - _ _
MGR119  KF425743  + + + - - - - - - + -
MGRO016 KF425721 + + + - - - - - — _ _
MGRO014 KF425720 + + + - - - - - — — _
MGR117 KF425742 - + + + - - _ _ + _ +
MGR032 KF425726 + + + + - - - - + + +
MGR147 KF425749 + + + - - - - - — _ _
MGR024 KF425725 + - + - - - - - — — _
MGR089 KF425737 + - + + + - - + — _ +
MGR149 KF425750 - + + - - - - - — _ _
MGR120 KF425744 + + + - - - - - — _ _
MGR137 KF425747 + + + + + - - _ + + +
MGR133 KF425745 - + + + + + + + + + +
MGRO035 KF425727 + + + + + - - + + + +
MGRO76 ~ KF425734 + + + + + - + + + + +
MGR100 KF425738 - - + - - - - _ _ _ +
MGR109 KF425741 - - + - - - - — + + +

MGRO086 KF425736 - + + - - - + + + + +
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Table S2. Deduced functions of ORFs in the sha-cluster from S. albogriseolus MGRO072.

Amino positive/ GenBank
Protein Protein Homolog Proposed Function
Acids Identify Accession No.
ShaS 315 RifS, A. mediterranei U32 80/70 YP003762835 dehydrogenase
ShaT 338 RIfT, A. mediterranei U32 50/39 YP003762836 dehydrogenase
Orf17 964 Strvi_4056, S. violaceusniger Tu 4113 54/42 YP004813994 transcriptional regulator
Orf18 391 Strvi_8510, S. violaceusniger Tu 4113 61/48 YP004818099 aromatic prenyltransferase
Orf19 475 Strvi_8511, S. violaceusniger Tu 4113 82/72 'YP004818100 tryptophanase
Orf20 274 Mar181_2538, M. posidonica 51/32 YP004482488 type 11 methyltransferase
Orf21 239 AMED_2499, A. mediterranei U32 71/56 YP003764696 transferase
Orf22 418 AMED_0649, A. mediterranei U32 70/55 YP003762871 cytochrome P450
Orf23 152 acpD, A. mediterranei U32 60/39 YP003768008 NADH-azoreductase
Orf0 363 AMED_0616, A. mediterranei U32 84/76 YP003762838 cytochrome P450 hydroxylase
ShaA 5,464 RifA, A. mediterranei U32 78/71 YP003762839 PKS domains
loading KR-ACP
Modulel KS-AT-DH-KR-ACP
Module2 KS-AT-ACP
Module3 KS-AT-KR-ACP
ShaB 3,626 RifB, A. mediterranei U32 79/72 YP003762840 PKS domains
Module4 KS-AT-DH-KR-ACP
Module5 KS-AT-DH-KR-ACP
ShaC 3,614 RIfC, A. mediterranei U32 75/66 YP003762841 PKS domains
Module6 KS-AT-DH-KR-ACP
Module7 KS-AT-DH-KR-ACP-ACP
ShaD 1,854 RifD, A. mediterranei U32 77/68 YP003762842 PKS domains
Module8 KS-AT-DH-KR-ACP
Shak 3,591 RIfE, A. mediterranei U32 78/70 YP003762843 PKS domains
Module9 KS-AT-DH-KR-ACP
Modulel0 KS-AT-DH-KR-ACP
ShaF 259 RifF, A. mediterranei U32 75/64 YP003762844 N-acetyltransferase/amide synthase
Orfl 447 Natl, Streptomyces sp. CS 88/78 ADM46362 halogenase
ShaG 356 RifG, A. mediterranei U32 84/78 YP003762846 aminodehydroquinate synthase
ShaH 445 RifH A. mediterranei U32 72/64 YP003762847 aminoDAHP synthase
Shal 270 Rifl, A. mediterranei U32 7770 YP003762848 aminoquinate dehydrogenase
ShaK 386 RifK, A. mediterranei U32 87/78 YP003762849 AHBA synthase
ShaL 362 RifL, A. mediterranei U32 76/69 YP003762850 Oxidoreductase
ShaM 209 RifM, A. mediterranei U32 87/80 YP003762851 phosphoglycolate phosphatase
ShaN 300 RifN, A. mediterranei U32 75/65 YP003762852 kanosamine kinase
Oorf2 553 mhpA, A. mediterranei U32 75/68 YP003762868 FAD-dependent oxidoreductase
Orf3 64 Fer, A. mediterranei U32 72/61 YP003763095 Ferredoxin
Orf4 54 ST1928_p132, S. rochei 80/73 NP-851508 probable thioesterase
ShaR 244 RifR, A. mediterranei U32 81/66 YP003762870 Thioesterase
Oorf5 445 Nat4, Streptomyces sp. CS 79/66 ADM46372 membrane ion antiporter
Orf6 280 SACTE_0864, Streptomyces sp. SirexAA-E 87/81 YP004801333 metallophosphoesterase
orf7 438 AMED_0655, A. mediterranei U32 55/44 YP003762877 transcriptional regulator

Shal 144 RifJ, A. mediterranei U32 92/84 YP003762876 aminoDHQ dehydratase
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Table S2. Cont.
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Orf16

80
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417
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487
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221
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SclaA2, S. clavuligerus ATCC 27064 85/64
Strvi_6475, S. violaceusniger Tu 4113 93/91
Terracoccus sp. 273MFTsu3.1 72/62
H340_20018, S. mobaraensis NBRC 85/79
13819
SPW_4890, Streptomyces sp. W007 92/84
Francci3_2757, Frankia sp. Ccl3 70/58
SPW_4891, Streptomyces sp. W007 84/71
Ste022.29c, S. tenjimariensis 90/85
Ste022.29c, S. tenjimariensis 86/83
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putative transposase
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Figure S1. Overlapping fosmids that cover the whole enduracidin biosynthetic cluster in
S. atrovirens MGR140. The positions of the five sets of primers (P1-P5) used to located
the enduracidin biosynthetic cluster from S. atrovirens MGR140 are labeled.
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Figure S2. Overlapping fosmids that cover the whole putative halogenated ansamycin
biosynthetic cluster in S. albogriseolus MGRO72.
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Figure S3. Phylogenetic tree constructed using 16S rRNA of halogenase positive
antagonistic strains. Tree topography and evolutionary distance are given by a
neighbor-joining method with 1,000 replicates of bootstrapping. Bootstrap values providing
> 50% support are indicated. The scale bar indicates 0.01 substitutions per nucleotide
position. The dashed rectangle indicated the clade of putative enduracidin producer.
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Figure S4. Alignment of orfl, natl and asm12. Orfl, halogenase of shamycin biosynthesis
from S. albogriseolus MGRO072; natl, halogenase of naphthomycin biosynthesis from
Streptomyces sp. CS; asm12, halogenase of ansamitocin biosynthesis from Actinosynnema
pretiosum ATCC31565; motif I, GXGxxG; motif I, WxWXIP.

Motif |

orfl MAKETAPNVVV Ielelei=yNels/ CEY VIAK efe H IR EIARSNIR F'H T GE SIRL PYMUIG LIRNRING 60
natl MSDNSTIBVVM L SINY Ol (ele H) I EINNRER F'H T GE SIRL PYMUG LIS RING 60
asml2 AR DR VI GGGPAG SO A EWT . AIRO GINS VIRY LEINOINRRR FH T GE SML PYMYG LIRNRIZIG 56
Consensus d v |lgggpag a la gg sv le rfhiges lpym gl r g

orfl LRETMAAQ IRKIIGGEF I DPINANK F e F'RA D FINKOGIYG RIFIDNEE OV E REVAE DISNVIIY 119
natl IREAMETK] IRKIIGGEF I DPIIMNK E'ERISY F'R A D FSK@IGING RMBIREE OV E REVAE DIEVInY 119
asml?2 LLDAMREQ RICIEINNENIZT G TINAR A G)ANENBLN A IN T €@ DEINH HE TENOMNWANA S HIN R VN T 116
Consensus v gyv k ggefidp kff viradf k g gr fgver £d

orfl EQIE ARNEEARMWT FEEIN\YN E BV D€ DINVI\VACIVANYE R DEIE S HIHV S S ANQAARIA S @INS RIENRFG 179
natl EERGKEXEAEWH T [@FAT VG EmR E (€ DINVIVACVARY T K DEOE HiNV R S RYAVAVARIA S RVIRHKNE 179
asml2 DORRAINER TR EERAONYY GINEE FEGIRY YV R - GV E RINE R A RNAAPSENT VVENRFG 176
Consensus a aga v ga v 11 g r vgvry g e yvvda gr g a fg

Motif 11

orfl LRINEREINT, RMVAVFIRHMSIGLDERHNIZEGIYEGD IQVGERHIBDC WYWA TP LINSDINT SVGT VMR 239
natl LRINFEINT RMVAVEFINHMAGLDENHNIRGIYEGD IQVGIRHIADC WYWA TP LIINDNY I SVGT VMR 239
asml2 LRINVERE DN T RMVAVEFHNEGLDERHNIZGIEEGD IQVGHSDC WIWA TP LEFADINT SVG T VMisIR 236
Consensulr e lrmvavf h glde hn g egdigvg h dqw waipgl d isvgtvm r

orfl LINGAIRT QIARIIDISsI T ANV 1R ARSMIGENR P SMIB T K\VATHNBMN Chas| T'|B T \VANEIZ €N T \VAVACIBINE 299
natl I RIS T 1 \WY FINE HINARII PR TR T T T IRV DIRSVE T DY@ Y HSIDEV T GPGWWYMV GDAG 299
asml?2 RLINGRENP AIMAJNA IBRIVPRTINOIR L. T[€TRENRSI DIV E T DYNY HSJD®V T GPGWMMVGDAG 296
Consensud r t e f eh r pri rlt t d wvetdy yh d vtgpgw mvgdag

orfl CEGDPMFSGG LVATETAVRAAETLGEVLAD SAEDRLLERMSINY 1N GNEN{IDERY T |2AMRH S Y 359
natl CEFGDPMFESGGVLVESATENANA A EJNT SIBENT NI\ PIHBLNDIMERY Y AN IR F K TGYDT YR L Tjs¥aN: 359
asml2 CEGDPMFSGG LVGMETGAEAAEALGRALDS ADEEQALTGMSINE IR SNENIDERY /|I30MR " S 356
Consensucfgdpmfsggvlv at aae 1 1 p y n fktgydty rli

orfl MD AMABDEARST. . . DRETLEK] INYR LIGGDEW SERsINEYV AGIAYIR NN V|B T F'IH P @] 416
natl MD VAVARDIAGRTT . . . DRETLIHRNMT. T 1288 T [€{EIATSIF HINAWAOEMINR R TE DRSS =30 416
asmlz2 ME LPALIFIAHSEAGNLSEADMEMMV VIRT ElEINIRII A RIN PN A TIRAN P ARSI S g F 416
Consensuy gel a a ey rl ggdfws n va r w tf pf

orfl REYGCPSYPHL ELDRKERSEARVIRVTAG 446
natl RYFGOIEShHIMIBE ODRKERAESRVIMRVTQOG 446
asml?2 PYHR@GIZVIQSE IRV AETL.GGLAGTVGME. . . .. 441

Consensusv cp yp 1d r
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Figure S5. Alignment of orf2, mhpA and nat2. orf2, oxidoreductase of shamycin
biosynthesis from S. albogriseolus MGRO072; mhpA, oxidoreductase of rifamycin
biosynthesis from A. mediterranei U32; nat2, oxidoreductase of naphthomycin
biosynthesis from Streptomyces sp. CS; motif I, GXGXXG; motif 1, DGXXSXXR; motif

11, GDXXH.
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