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Table S1. Bacteria used in this study.

Source/
Strains Description
[Ref.]

Streptomycetes
Streptomyces
coelicolor Host strain for heterologous expression of the abm biosynthetic gene cluster
MI1152
Streptomyces
koyangensis Wild-type producer of neoabyssomicins/abyssomicins (1-4) This work
SCSIO 5802
Aorf(-1) S.koyangensis SCSIO 5802 with a 900 bp fragment of orf(-2) substituted by aac(3)IV+oriT cassette This work
Aabml S.koyangensis SCSIO 5802 with a 609 bp fragment of abml substituted by a aac(3)IV+oriT cassette This work
AabmF4 S.koyangensis SCSIO 5802 with a 1005 bp fragment of abmF4 substituted by aac(3)IV+oriT cassette ~ This work
AabmF3 S.koyangensis SCSIO 5802 with a 837 bp fragment of abmF3 substituted by aac(3)[V+oriT cassette This work
AabmF2 S.koyangensis SCSIO 5802 with a 684 bp fragment of abmF2 substituted by aac(3)[V+oriT cassette This work
AabmF1 S.koyangensis SCSIO 5802 with a 1545 bp fragment of abmF1 substituted by aac(3)IV+oriT cassette ~ This work
AabmD S.koyangensis SCSIO 5802 with a 1173 bp fragment of abmD substituted by aac(3)IV+oriT cassette This work
AabmAl S.koyangensis SCSIO 5802 with a 624 bp fragment of abmA 1 substituted by aac(3)IV+oriT cassette This work
AabmA2 S.koyangensis SCSIO 5802 with a 1629 bp fragment of abmA2 substituted by aac(3)[V+oriT cassette  This work
AabmA3 S.koyangensis SCSIO 5802 with a 138 bp fragment of abmA3 substituted by aac(3)IV+oriT cassette This work
AabmA4 S.koyangensis SCSIO 5802 with a 507 bp fragment of abmA4 substituted by aac(3)IV+oriT cassette This work
AabmAS S.koyangensis SCSIO 5802 with a 744 bp fragment of abmAS5 substituted by aac(3)IV+oriT cassette This work
AabmB1 S.koyangensis SCSIO 5802 with a 2649 bp fragment of abmB1 substituted by aac(3)IV+oriT cassette  This work
AabmH S.koyangensis SCSIO 5802 with a 2391 bp fragment of abmH substituted by aac(3)IV+oriT cassette This work
Aorf(+1) S.koyangensis SCSIO 5802 with a 1095 bp fragment of orf{+1) substituted by aac(3)IV+oriT cassette  This work
Aorf(+2) S.koyangensis SCSIO 5802 with a 2100 bp fragment of orf{(+2) substituted by aac(3)IV+oriT cassette  This work
Aorf(+3) S.koyangensis SCSIO 5802 with a 738 bp fragment of orf(+3) substituted by aac(3)[V+oriT cassette ~ This work
5802::abml abml overexpressed strain, dereived from Streptomyces koyangensis SCSIO 5802 This work
5802::abmH abml overexpressed strain, dereived from Streptomyces koyangensis SCSIO 5802 This work
E.coli
DH5a Host strain for general clone
7B(;8725 113/plJ  K-12 derivative: araBAD, rhaBAD:; host strain for Red/ET-mediated recombination [1]
gg& gg67/pU dam, dem, hsdM, hsdS, hsdR, cat®, tef*; donor strain for conjugation between E.coli and Streptomyces  [2]
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ﬁlﬁl Blue Host strain for construction of genomic cosmid library Stratagene




Table S2. Plasmids used in this study.

Source/
Plasmids Description
[Ref.]

Plasmids

plJ773 aac(3)IV (AprR), oriT; used for amplifying the aac(3)IV-oriT gene cassette for gene inactivation [31]

pL646 Derived from pSET152, containing ermE*P promoter and the ribosome-binding site of the 7ufl gene, [4]

used for overexpression of abm/ and abmH gene

SuperCosl Used for construction of genomic cosmid library Stratagene
cosmid 9-7C A cosmid which contains partial abm biosynthetic cluster This work
cosmid 6-7F A cosmid which contains partial abm biosynthetic cluster This work
cosmid 21-9A A cosmid which contains partial abm biosynthetic cluster This work
pAorf(-1) A 900 bp fragment in orf(-1) in cosmid 6-7F was substituted by the aac(IV)+oriT cassette This work
pAabml A 609 bp fragment in abml in cosmid 6-7F was substituted by the aac(IV)+oriT cassette This work
pAabmF4 A 1005 bp fragment in abmF4 in cosmid 6-7F was substituted by the aac(IV)+oriT cassette This work
pAabmE3 A 837 bp fragment in abmF3 in cosmid 6-7F was substituted by the aac(IV)+oriT cassette This work
pAabmF?2 A 684 bp fragment in abmF?2 in cosmid 9-7C was substituted by the aac(1V)+oriT cassette This work
pAabmF1 A 1545 bp fragment in abmF1 in cosmid 9-7C was substituted by the aac(IV)+oriT cassette This work
pAabmD A 1173 bp fragment in abmD in cosmid 9-7C B was substituted by the aac(IV)+oriT cassette This work
pAabmAl A 624 bp fragment in abmA 1 in cosmid 9-7C was substituted by the aac(1V)+oriT cassette This work
pAabmA2 A 1629 bp fragment in abmA2 in cosmid 9-7C was substituted by the aac(IV)+oriT cassette This work
pAabmA3 A 138 bp fragment in abmA3 in cosmid 9-7C was substituted by the aac(1V)+oriT cassette This work
pAabmA4 A 507 bp fragment in abmA4 in cosmid 9-7C was substituted by the aac(1V)+oriT cassette This work
pAabmAS A 744 bp fragment in abmA35 in cosmid 9-7C was substituted by the aac(1V)+oriT cassette This work
pAabmB1 A 2649 bp fragment in abmB1 in cosmid 9-7C was substituted by the aac(IV)+oriT cassette This work
pAabmH A 2391 bp fragment in abmH in cosmid 21-9A was substituted by the aac(IV)+oriT cassette This work
pAorf(+1) A 1095 bp fragment in orf{+1) in cosmid 21-9A was substituted by the aac(IV)+oriT cassette This work
pAorf(+2) A 2100 bp fragment in orf{+1) in cosmid 21-9A was substituted by the aac(IV)+oriT cassette This work
pAorf(+3) A 738 bp fragment in orf{+3) in cosmid 21-9A was substituted by the aac(IV)+oriT cassette This work




Table S3. Primers used in this study.

Name Sequence (5°-3°) Purpose
screen- abmB1-F GCTGCGGAGTTGGTGGAGGA For screening the
S.koyangensis SCSIO
screen- abmBI-R | ACTGCGGTGTCGAGGAGGGA 5802 genomic library
screen- orf(-2)-F GCGGAGTTCGAGATCAAGCC For screening the
S.koyangensis SCSIO
screen- orf((-2)-R CTGGAGCACCGTCTGGGAGG 5802 genomic library
screen- orf(+3)-F TGGAGCAGCAGGGGCACA For screening the

screen- orf(+3)-R

GCTGCTCGTCCTCCTCTACACC

S.koyangensis SCSIO
5802 genomic library

orf(-1)-Del-F GTGCTGCTGATCCTCTCGCTGGCGGGAGCGTCGGCGTACATTCCGGG | For disrupting orf(-1)
GATCCGTCGACC
orf(-1)-Del-R GACCATGACGCCGGGGGTGAAGTGGAGGCGCCCCTTGAGTGTAGGC
TGGAGCTGCTTC
abml-Del-F GAAGAGGGCGTCGCCGGGGTCGAGGCCCAGTTCTTCGCGATTCCGG | For disrupting abml
GGATCCGTCGACC
abmI-Del-R TTCCTCGACCTGGCGCGAGCCGCGAGCGGCGATCCGGCCTGTAGGC
TGGAGCTGCTTC
abmF3-Del-F ctecegeagtegggggtegacgacceggtagageccgtctATTCCGGGGATCCGTCGACC For disrupting abmF3
abmF3-Del-R accgecctgtgggtgacacgecggetgetectegeggtc TGTAGGCTGGAGCTGCTTC
abmF2-Del-F tgtcteccgeagtegggggtegacgacceggtagagccc ATTCCGGGGATCCGTCGACC For disrupting abmF?2
abmF2-Del-R cgcacgaccgecctgtgggtgacacgecggetgetcctc TGTAGGCTGGAGCTGCTTC
abmF1-Del-F cccacccaggetcacgtegtggaacageggatacgegtgATTCCGGGGATCCGTCGACC For disrupting abmF1
abmF1-Del-R tccecgtecegggegggcggcagagegetecgegecgegTGTAGGCTGGAGCTGCTTC
abmD-Del-F gtcaacgtcggcatcgactcectgggeaaggagttcgac AT TCCGGGGATCCGTCGACC For disrupting abmD
abmD-Del-R gatgacggccgegeccacgacccaccagaaggegtggteTGTAGGCTGGAGCTGCTTC
abmA1-Del-F atggacgecctgtgggageagtgggtegacgecttcatct AT TCCGGGGATCCGTCGACC For disrupting abmAI
abmA1-Del-R cagggectgttcgagetggaagaagetgaggeegttgecc TGTAGGCTGGAGCTGCTTC
abmA2-Del-F ctggeegaggeegacgaggecgaactegeeegegegggaATTCCGGGGATCCGTCGACC | por disrupting abmA2
abmA2-Del-R gtecaggecgggcacggtgteggeggeggtgaagecgtegTGTAGGCTGGAGCTGCTTC
abmA3-Del-F tcccacgacggcttegtegeactecteegegaggaagtg ATTCCGGGGATCCGTCGACC For disrupting abmA3
abmA3-Del-R gcgeaccgecacggegtagaggtgctccaggeteggtgc TGTAGGCTGGAGCTGCTTC
abmA4-Del-F cacctggacaccgaggtcgacatgaccgecgtectcgecc ATTCCGGGGATCCGTCGACC For disrupting abmA4
abmA4-Del-R ctccaggeeggcecttgatcteggegaggacgtecegeggc TGTAGGCTGGAGCTGCTTC




ggcgaccggctegecgaggaggacgacctectgggcgcc AT TCCGGGGATCCGTCGACC

abmAS5-Del-F For disrupting abmAS5

abmA5-Del-R caggctggtetcggteaggtggeggggtgageegtggacTGTAGGCTGGAGCTGCTTC

abmT-Del-F ctettetgettecaccacgeeggeggeaccgecetcggtc AT TCCGGGGATCCGTCGACC For disrupting abmT

abmT-Del-R ctgggcgteectgatgaacaggtgtccgecgggeacggt TGTAGGCTGGAGCTGCTTC

abmB1-Del-F tacaagaccgctgceccctaccgetecgaceggggacagc ATTCCGGGGATCCGTCGACC For disrupting abmB1

abmB1-Del-R cgecegtgtegetgecgeectecgggtegetggggcagegegTGTAGGCTGGAGCTGCTTC

abmH-Del-F gettceetggactgecegattggtectegeggectceccgt ATTCCGGGGATCCGTCGACC For disrupting abmH

abmH-Del-R gaggcaggagaggtcgaggcecgteggteggggggacgtTGTAGGCTGGAGCTGCTTC

orf(+1)-Del-F cttgacgeggtggtcagattgggectgttggcagaaata ATTCCGGGGATCCGTCGACC For disrupting
orf(+1)

orf(+1)-Del-R cgggagctgatgagecgactggaagagtecetgteggtal GTAGGCTGGAGCTGCTTC

orf(+2)-Del-F cgeggecttetgegggctteccateteggacaggagetc ATTCCGGGGATCCGTCGACC For disrupting
orf(+2)

orf(+2)-Del-R gacatcacggagagcacaccggggtacgtggecgegetcTGTAGGCTGGAGCTGCTTC

orf(+3)-Del-F getgatgaagaccgacgggtegaggacgecggaggegaa AT TCCGGGGATCCGTCGACC | por disrupting
orf(+3)

orf(+3)-Del-R gtegeetectgegggetgtgeggeaccgatctecacatctTGTAGGCTGGAGCTGCTTC

orf(-1)-TF TGCCCAAACGGCTCCTCA For verifying the
disruption of orf{-1)

orf(-1)-TR CCGGTGCCCTTCTTCTCCAC

abmlI-TF TTTGATCTGTTTCCGATGACGC For verifying the
disruption of abml

abmI-TR. CGAGAAGTGGTGCTCCGTGA

abmF3-TF GCGTCGAAGACGAGGTGGG For verifying the
disruption of abmF3

abmE3-TR CGGACATCCTGCGCTACTGG

abmF2-TF ATCACCTTGATCCAGTCGGTGCCGG For verifying the
disruption of abmF2

abmF2-TR CCGGCACCGACTGGATCAAGGTGAT

abmF1-TF GAGGACGACGAGGACCGC For verifying the
disruption of abmF1

abmF1-TR GCCGAGACTCTGGCCGAG

abmD-TF CACCTCCGACTGGTTCACGC For verifying the
disruption of abmD

abmD-TR AGTTCACCTTGCCGGTCTCG

abmA1-TF ACGGTTAGGCGCAGGGTTAGA For verifying the
disruption of abmA1

abmA1-TR AGCAGGTGCTGGGTGAGGGA

abmA2-TF GCCGGATGACCGAACGTATCGT For verifying the
disruption of abmA2

abmA2-TR AGGTGGACGGGTGCGAAGGA




CGCCGAGTTCTACCCAAGG

abmA3-TF For verifying the
disruption of abmA3

abmA3-TR CGGTAGTGGTCGATCCTGTCC

abmA4-TF GGCTTCGTCGCACTCCTCC For verifying the
disruption of abmA4

abmA4-TR CCCACTGTTCCTTGATGCTGAC

abmAS-TF CGTCCTGCGGCTCAACCT For verifying the
disruption of abmA5

abmAS-TR TCCCAGCCCTTGTAGACCG

abmT-TF TCATCCCGCTGGAGGACTGG For verifying the
disruption of abmT

abmT-TR GGAGACGGAGGCGAAGGAG

abmB1-TF AGCCAGTACGGCGCATTCC For verifying the
disruption of abmB1

abmB1-TR TCAGCGAGTCGAAGCCCAGTT

abmH-TF ACATTCGTCTGAGGGAACACCG For verifying the
disruption of abmH

abmH-TR GACCACAGAGCAACGGGAGC

orf(+1)-TF CGTCTACCGCAAACTCAACATC For verifying the
disruption of orf(+1)

orf(+1)-TR TTCCGCATTGGCACTGGA

orf(+2)-TF CGTTTCCAGTGCCAATGCG For verifying the
disruption of orf(+2)

orf(+2)-TR GCGGGAGAAGACGGACGAT

orf(+3) -TF ACAGCCTCCGCGTGATTCTT For verifying the
disruption of orf(+3)

orf(+3) -TF CGTCCACCTGACCACCTTCGT

com-abmI-F

AAATTTCCCATATGGTGCCCGCCGCCACTCAGTAC (Ndel
underlined)

sites

com-abmI-R

ATATCGTAACTAGTTCACACCGCCTGGCGTAGC
underlined)

(Spell

sites

For cloning, and
overexpression of
abml

com-abmH-F

AAATTTCCCATATGgtggaggctctgggegegate (Ndel sites underlined)

com-abmH-R

TTATATACTAGTtcacgeegecgeecgggte (Spel sites underlined)

For cloning and
overexpression of
abmH
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Fig. S1 Chemical structures of tetronate-containing natural products (A) and the unique

set of five highly conserved genes responsible for tetronate biosynthesis (B).
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360 370 380

AbmB1-KS_1 VLSITHRLBIPSENFTTPNPRIPLDELH
AbmB1-KS_2 VEALRRGVIBIRTMHVGEP SPHVDWS|VGE
AbmB2-KS_5 VEAMRHGVIBIK THHVGEP SPHVDWSAGE
AbmB1-KS_3 VEAMRHGVIRIK TMHVGEASP HVEWE(S|GQ
AbmB1-KS_4 VEAMRHGVBIKTMHVGEP SPHVDWS|TGE
AbmB3-KS_7 ITEALRHGVIBIKTMHVGEP SPHVDWS|TGA
AbmB2-KS_6 VEAMRHGVIBIKTMHVSEPSSNVDWS|TGA

AbmB1-KS_1
AbmB1-KS_2
AbmB2-KS_5
AbmB1-KS_3
AbmB1-KS_4
AbmB3-KS_7
AbmB2-KS_6

Fig. S3 Alignments of seven KS domains of AbmB1-B3. The conserved motif of KS
domains is indicated by red box. The vertical arrow indicates the relacement of the
transthioesterification site Cys (C) of AbmBI1-KS 1 with Gln (Q).
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1 NAQEH-blndlng mgaf 30 40 50 60
AbmB1-KR_2 [GT[VV Ve TGTLGALVGVVRHVVTSRRLEAVGAAEVEELVGLGAESVRVE

AbmB1-KR_3 [GRAVVVidelc TG TLGA L RESVIGVRIEVRHEVVIAT SRRIELERVIGAAEMVEE LVGLGAESVRVE
AbmB1-KR_4 (GTVLVidelGTGTLGA LNV TRH[EVRHEL LT SRR[EP SAEGAERMVDE LAALGAEAV . |[VV
AbmB2-KR 5 |.ALLVdeIDAEP AAVPINVESAATRY[EADS I VPAAAPP[EAT|VP|. . LDMWEARSAAAGLAFRAV
AbmB2-KR_6 [GTVLLifelcTGSTGAILNENRESAVITEH[EARH T IMTSRR[EPDAPGAAEMRGELEALGATVT . |[VA

catalytic Lys

70 80 90 100
ACIVI|GIMRA S|VIEGMLIASNYGVERGV SIAMVEIVAGYV

AbmB1-KR_2 LEFATVE S
AbmB1-KR_3 [ACPVGRAS|VEGHLASWHYGVERGVSANYVEVAGVLEBATVES
AbmB1-KR_4 [RCPAAMREVLAAMLATIPESRP LT GYIEIAAGVTDEIGVLGS
AbmB2-KR_5 |[SHPLAMP GS/LAGHAGENTGGQGLSAYLEILGP GPDEIGTIAA
AbmB2-KR_6 |AC[T/A[NP DATRAMLD/TNPEAHP LT/SNVEITAGALDBAT VEA
catalytic Ser catalytic Tyr
130 \1/149 159
AbmB1-KR 2 [ENVTSDIG. . ..LsTEAgV FEElN 2cvLIETRgoAN
AbmB1-KR_3 RBIEVTRDLG. ...LSARMVEEENAGVLETEE0AN
AbmB1-KR_4 RBIELTRELAEDRQPAAMIL YEEIL AlSvV[ENEYEO AN
AbmB2-KR_5 [HOFAQKAR. . ..PQARML FEEIL AAT|LEGEYERG L
AbmB2-KR_6 [HR|LVQERGDD . .LAERAL RV sATIL[dcENE0AN

180

AbmB1-KR_2
AbmB1-KR_3
AbmB1-KR_4
AbmB2-KR_5
AbmB2-KR_6

Fig. S4 Alignments of five KR domains of AbmB1-B2. The NADPH-binding motif
of KR domains is indicated by blue box. The vertical arrow indicates the active
catalytic amino acids.
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1 20 30 Hxxx G b%xP 50 69

TAF LI SAMENG D RIA[§A P

AbmB1-DH_3 [E8BRAGIEV EpAD(elOfe]Y|L Fudedd VT AA QP Sl A VVIDITVLEP|G

AbmB2-DH_5 [k8BRAGHNAV EAD(elD(e] L LydedAT.H1.(S|S HP SO T VADVP LVSPPIGVE AIRWSARINA D RA[EC A
AbmB2-DH_6 8 BRAGES|L EpAD[e]O[elE|V|Y pledA T 1. HT HP A IAVAGTVILP|GAAEAIRHSALINA | Q|Y[ER .
AbmB1-DH_4 [8RRACES|L EpWAG[e{O[e]D|V|Fpdedd L.P H T HP A9 A TAGTVILPIGAALVIRRSAHING GR|V[eH P
AbmB1-DH_2 A RRANENVV PpND[e]D[e] T LI LA L T RT HA SEIAVEGNVLLPIGTAE VIRWSARINGD EA[C G

70 80 90 100
AbmB1-DH_3 T)\4EGI#NLE LizBAA LIZE|Q|GEAHVQV|TNYGAABEA[RIATVHYYSS .. . RSGEE. ... ......
AbmB2-DH_5 S)\YAEMRY H SRV VIEEG/G|S|VIQIL O T|LN\YGAPIA LIERIP VANHARPEGDPRTEPGVDDGADAP
AbmB2-DH_6 . \4ODWNL E AjBAH LIdA GD|AV|LILRV|T\YD2APBIA S[EARIGILSiYHS . . . .RPEDASPDAAFQDRT
AbmB1-DH_4 V\4EEIRNLEA)IBAVVIEDD|GV|V|SLOV|TIGE| . BEA[ERIAEVIAMHS . . . .RTGDAPADGP....G
AbmB1-DH_2 D\QDIELEAIRAT LIZE|Q|GDVIQI O LVAADAABP S[ERIFALR\YYARP . . LPADEGTGVLPDGDG

139 14(? 15(? 169
AbmB1-DH_3 AAAAAPGSP|GROIIPABAVRMD|. . .[ATALYE THAD REY2AVE
AbmB2-DH_5 EPAGPPARMAS . AIMIHP(EFATPLD . . .|LGALRTRIMAA S T[E1 G H[h2
AbmB2-DH_6 SAPAWAELRAIG . VP V[EAE PV DP DE[V|AGL v|S RIAAE Ale]v||v [eB3
AbmB1-DH_4 GPASVAKLAG. AlRZrA[@\EAVG. . .|VDELYAHMD s L{dyclv[33
AbmB1-DH_2 APEGSADLAV . .| #9p/SEFNTAVD|. . .|LS sRy/aoials oldy|E y [e§3
AbmB1-DH_3
AbmB2-DH_5
AbmB2-DH_6
AbmB1-DH_4
AbmB1-DH_2

Fig. S5 Alignments of five DH domains of AbmB1-B2. The conserved mitif
HxxxGxxxxP motif is indicated by blue box.
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1 10 20 30 40 50
AbmB1-AT_2 Vi VASUUAVIRALDV SV\RIRESVEACGIJALGEF VEWDMAVGVIAR[EVIEGAP G

EGoGEOM D R|
AbmB2-AT_5 (v)ap[elefel s[oji\AeVian visBA LDV S V\AIRE SVEACGJA L GEF VEWDMV G VIIR[EVEGAP G
AbmB1-AT 1 |[LjaT[elYeA[RNAIYG HiBA Y A SF PNgAAAAFDE VAV Y GRLAGGSMREAMD[EES . . . .

AbmB2-AT 6 |Lj3T[eJoYe|A[S|RAAINUGC RioBAY A SFPNRIAAAF DE VGV Y GR[LAIGG|SHMRE AMD[EEE .
AbmB1-AT 3 [LjaT[efoYe|A[SRAAIVGC RiBAY A SFPNRIAAAF DE VGV Y GRLAIGG|SMRE AMD[EEE .
AbmB1-AT_4 |LiyT(eJoJelA[SJRANASICGRIPAY ASEFPNAIAAAFDEVAIJAYRLLIEESPRE AMDIEE(S .

AbmB3-AT_7 |L)yT[efeJe]A[0)RNAQIGCRIPAYASFP\PYAAAFDEVGIYVY GRILAGGSMMREAMD[EES . . . .

70 80 Conserggd active m?.tgo 110 120

AbmB1-AT_2 V([e}ZViRNUMWSIAA A VIWRE]V(EAY V) SEQY VEed: ] O[ed B F-V-V\ Y \FNe G SAARDYRASA VYA LIS GALV
AbmB2-AT_5 V{e}adVIRFNYMYSIAA A VIYRE] V(e V)4 SEQY V[ed: 6] O[3 99\ Y \#:Nel G SIARDFRBA VYA LIS GA LV
AbmB1-AT_1 A[RACIAWNYEWAIY R LINE R W(EAYR1ZD QY S{ed: €] V[ B 9.0V H\F.Ne Vif GRAE DYWBA T\ V ARG RLMA

AbmB2-AT_6 A[RACIAWNYFWAE R LINE ] W(eAY R 14D QY TEed: £ V[ B @:-V:VN HAF-Ne VA GRAE DY-WAA T \YV AIAGRLMA
AbmB1-AT_3 A[RACIAWNYEWAME R LINE ] W(eAY R1ZD QY TEed: £ V[ B @:-V:-V\ HAF-Ne VA GRAL DY-WAA T\ V AlAGRLMA
AbmB1-AT_4 A[RACIAWNYEWMAME R LIVE R W{eAY RiZD QY TEed: £V [ B @:-V:-V\ HAF-Ne VA GRAE DY-WAA T \Y V AIIGRLMA
AbmB3-AT_7 A[RCIRFNYFWAME R LINEEW{eAY RigD QY TEed: €] V[e) P9V H\FNe VA GRAEPEQPAT\YV AIRIGRLMA

139 149 159 169 179

AbmB1-AT_2 GMSGV[EGIUIGSNYGLPVGENMEARMV[EV|SIG . LEVEV:SAMeIA S TVARL DING V L EE W V/A|GMV GE|G
AbmB2-AT 5 GHSGV[EGIUGSIYGLP VGENYERARMV[EVISG. LEVEY:N A3 SE TVAZSeDING v LEE WV|AGHMVDE|G

AbmB1-AT 1 AMPEG[EANLANYOAGEE TIYAP LMA[EREGD V] LESN e s viaA#Se VIS A vIAD v AlS|AMK E Q|G
AbmB2-AT_6 APEGALAQAGEETTPLARE|DEVLAVTSAV|EQIGEZ—\KEQD
AbmB1-AT 3 AMPEG[EANLANMOAGEE TIYAP LMAEREGE VE LEY:N2 e via#Se IS A VIAD T AlS|AMK E QD
AbmB1-AT 4 AMPEG[EANLANYOTGEE TIYAP LMAEREGE VE LEYN2M AN viaA#Se I s A VIAD T AlS|AMK E Q|G

AbmB3-AT_7 AMPEG[EANLAWOAGEE T\YAP LIMA[ERIGD E VE LEV:NANMIY AR VVASELALS A VIAE I GKAMKE QD

substrate specificity code
189 190 200 21(_) 229 239

AbmB1-AT_2 |VRRIARILIAWYDYINSESJAHVEGIRGILAEMLGGVVPRS|S|S|GVAIIYE]TVE[EGVIYDT SVAD(G . |Epq
AbmB2-AT_5 |IRARILIAWYDYINSESJAHVEGIRGILAEMLGGVVPRS|S|S|GVAIIYE]TVE[EGVIYDT SVAD(G . |Ep

AbmB1-AT 1 [VIIVEIP LIT\YJHEFiEEP LMDP ML TIF AENYVDGL S|. |F ADPP|V|V PRIVES|L T[EK|L\YE A GEMG|S SR}
AbmB2-AT_6 |I}VIIP LIT\YJHINFEEP LMEPMLTIYFAENVDGLS|. [FAAPALPIIVEALT[ENLWYAAEEMAT S|QpM
AbmB1-AT_3 |VRRIVIIP LT\ IJHINFEEP LMEPMLTIYFAENVDGLS|. FAAPALPIIVEALT[ENLWYAAEEMAIT S|QpM
AbmB1-AT_4 |VjlVjdP LT FADPV|VPIIVEIS|L T[EK|L\YE AGEMG|S S|Rp4
AbmB3-AT_7 FAPP|TVPIYVEIAL T[EKIANYS E GEMG|S S|RpY

WMIHRFEEP LMEPMLTIFAENMYVDGL S|.
VIRVIRIP LIRS HE\FEEP TMEPML TIHF GR\WYVD TL §J.

240 250 260 270 280 290
AbmB1-AT_2 |JYRNLBIGRWAALDETVRVIAAAD(EYRTE VIV S)HAHPNARYMGIQETLDDAALSGNGISADEDEA
AbmB2-AT_5 |JJYRNLBIGR\WRILDE TVRVPHAAD[EY RTE VIV S)IHAHPNARYMGIQETLDD,. GTAATI|IGHL
AbmB1-AT 1 v SHARIEANSIF HDALLAMSIEL[EV|SRE VIRV GIZD ANARA L ARNAFDE AAVCVARV
AbmB2-AT 6 |V SHAREANAIF HDALLAMSIEV[EV|SRY I1qVGID ANARYA LARNAFAE . .|JAAVCVARV
AbmB1-AT 3 YV SHAREANIF HDALLAMSIEV[EV|SRE VIRV GIED ANARNA LARNAFDE . .|JAAVCVARV
AbmB1-AT 4 |V SHAREANSIF HDALLAMSIEL[EV|SRE VIRV GID ANARNA L ARNAFDE AAVCVARV
AbmB3-AT_7 |JVSHAREANSAFHDALL THRE|Q[EVIARE VIHL GIydD ANSRYTLARNLF AD| .AVCVPEIL

AbmB1-AT 2
AbmB2-AT_5
AbmB1-AT 1
AbmB2-AT_6
AbmB1-AT_3
AbmB1-AT 4
AbmB3-AT_7

Fig. S6 Alignments of seven AT domains of AbmB1-B3. The conserved active motif
of AT domains is indicated by black box. The red box indicates the motif for the
substrate specifity.

13



0 20 30
BacCT o vttt e [WK/GEMDIC]

Kewuonnn GRIGEIRNCYSAVDVAR
TYCF e e i e e e e WK[SRTDAV . . . . ... RHNE. .DVTSYDVCD
RifR ....MHRAKWRRRADARARV[EHAG[ESASAKAAAVVAV|Y . ... ... GRDKIR . HVDSG|GTNR

AbmT MNHTAAAHGVTGYTADTAGR[4HHA[EGTASVYKGWDRARSGNVVGRRRVIJARTSADADTHG

40 GHSxG ? o 70
BacT [K|GDDY[A YKANREKTKHTNKK@ ........ HK
TycF |[RTATT A3 NECVATRKMKGAHSASR. . . AHAYGKAKTYNHDVARKEETD . . . .. ... DV
RifR VRGDRGYARMAGAVHASGRRASRYRDDDEGA\SDRVA@KSDAAMADAMVA\R
AbmT |HDAYAY[:EIe|n VAHGARRRRGRTAVVG . AY HRAAARGMTDRTHVD[EMSVYWR . . SAAR

99 109 119 12(? 13(? 149
BacT SDKMVINY RNSKDC.DTNGKDAMSKDEDWKHHTSGH. L TAY Y[eN:IHHHVKTNHS|T|A|SR
TycF NRADAVT M‘N ..... DRVNMTVYGTDTADWZ—\WRDYCG‘. .A‘CVSGHHTSNVKKTVAHS
RifR SD|YRAVTPRHGRRV .DC\YyTVTGDHDRVSVGARAWHTT(G . .ADRV[gGEIVDAAMATMTKAGA
AbmT DDKVICHGMRHTAGAGR|CYJHAVVGSDDV|TAGDAWAHAA|GRDVHTV[EGERDADTVIRHTRGS

BacT [T|..........
TycF [S|..........
RifR |T|IGSTGGNS. ..
AbmT AAAGDRSGTRA

Fig. S7 Alignments of AbmT with the typical type II TEs. The following typell TEs
are used for amino acid alighments: BacT from Bacillus licheniformis (AF007865.2);
TycF from Brevibacillus brevis (AF004835); RifR from Amycolatopsis mediterranei
5699 (AF040570).The conserved GHSxG motif of type II TEs is indicated by blue box.
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Fig. S8 The 14 transmembranes helixs of AbmD predicted by HMMTOP pogram.
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AbMI L e e e e e e e e e e e e e e e e e e e e e e e

5. o o
RedD MTGGGVLATMDPVRKLVRSQPKIGRHPVAAGQDGRDRHPIRSWECGERARTARTGRTVGR
ACEIT=ORF4A . ottt vttt e e et e e e e e e e e e e e e e e e e e e
29 3('_) 40 50
AbmI EIMEILRVIVDGGAHRTPIS[AQ . VR TIL LT THL I|RP NE[VE{S[A]
Dnrl MQ INMpAeP|LVAHHNGTSVTP|IAR . 4P ROV F|S LMA L|QAG T[V)YP|V|
RedD AADPSDHGPSLYNFGGCWVEINTIXEPVIS|IDTSHSGGG|IRAG . (VR TL VA THA I|DAGRANS|L
ACtII-ORF4 . ... .......cou... MRFNLAERVHV|T TDAGCVIPLKSSIMATOIL LVLML LRRHEVIYG|S
helix-turn-helix DNA-binding domain
60 70 80 90 100
AbmI EQM T YR IGCENEERRARAAMHVY VS QLBIKFLJAG. . .PEEPE. . .DRI|I[T|QP[P[ERYL I|RVP|Y
DnrI P AMM DA LIYG|T|Q)BA|S AL T|TMO|T|Y I|LQVIRRIG|T|TVALGASHNGP AKD VL[R|T|C Y|G[eR4 L 1|p|V D|P
RedD A DMV DRALLGA TIRIDINV LNAMOAHAARABRIKVLINERACPERAG . . .|GI LR|S|VLIG[ERYL LIE|T DP
ActII-ORF4 |GVH4TERLIUADHIBARSAMTITHMOTY VY HTIEIRILILGEHRVTSDD . . . RELVILIT/QPP[ERYF ALIDE

110 120 130 140 150 160
AbmI GDLEVINV FIREH TQOER THARAQRHEERTLALIG A AL HEEEMD RLQG[EG I TRNF[V TIWLE
DnrI TN[TPRVIYAFERLAEE[EKRACERGELD|LIASARFRQAMDIAWR[EDAMYVDVHA[MRIGMEVAR|LY
RedD QCIVPGNRE|LIAL V|S|Of¢f . AALLPADPTREWIE|LLETGMRMAWR{EP AT DAGE[ERRCRGARAALF)Y
ActII-ORF4 DELDVAVAERLIRTGGRLLEENRLEEALESLDAGLDLWRGPALSTVPC RVLE SN[ AH|[LEY

bacterial transcriptional activation domain (BTAD)

170 180 190 200 210 220
AbmI VIRAE CQEML|IIESSLSLIGRHRESVISTHMOSIMTAR YL HINAF YRQ|LIUT AY|RISDIR A
DnrI SE¥AGV|ILEARME/TDLR[L[ERHAGLLPEMS AMTARHM HAN LWA QF |1 T AMHR|SGIIT S
RedD RESAT A[LED|L|T SAMF LR[EJG[E AQ|A T|AMMQ QMVA|Q YII L RIARF CE LILIV G YRVIGIQ G
ActII-ORF4 LEAF GMQLRIDANWRL[GRIIGPMIP EpR SPAV|I|S HIFL NIHT L HAK|LIUG A CIQM|GISAR A

230 240 250 260

AbmI Yo SARG THREFNE L DG D ATFD L HH AL ADDRLJQLROAV . + v v v v v e e et
DnrIl FIIKLEK TVNibAe v ElYS AR/LQH L QHASARADPGIDRNGPEVPAAASVALA. . . ..
RedD YRLABIKRAD DN v Q)G A LILRRRHAEPSAR QDP VILKVP SALWREPYAPADTSLLSA
ActII-ORF4 | YRNLIIR TpSDIENeVDIATPETIQRMHMERSH|. . .]. .|.]. . NGEKVLV. . vvuuun .

Fig. S9 Alignments of AbmlI with the chacterized SARP regulators. The following
regulators are used for amino acid alighments: Dnrl from Streptomyces peucetius
(AAA26736.1); RedD from Streptomyces coelicolor A3(2) (AAA88556.1); Actll-
ORF4 from synthetic construct (AAK32147.1). The conserved HTH DNA-binding

domian is indecated by red box, and the conseved BTAD is indecated with blue
box.
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Walker A

1 10 20 30 40 G XX XRE K[T/S]
AbmH ....VEALGAIRDGRRVVELVGDPGTGKTRLLTQLAAEARSRGLVVAQGRATEEDQRVML
AveR . .MQGVSCLHPPRKPEELTLVDRETQFRALRLALTECAAGTVKLL\VAEGGMGCGKSTFLG
GdmRI MTAEINSSLRRNPPQRGLMSMGLTDYQSRLRDVLGTAARGNGGLL\QVVGGPGVGKATLLS
NysRI ...... MRKQSGSSGLLTTLVGRDDELRTLARHAAAARDGRAG\LV\L\LHGPAGMGKTSLLR
PikD . ... e e e MNLVERDGEIAHLRAVLDASAAGDGTHLVSGPAGSGKTELLR
7 P 7S P Y PR Y I
69 79 89 99 109 119

AbmH KSITAS|LDCRLVLAASRDLPNDAAATIRAIWSQSPVRFGEAFGGDGDHESVPGVAGREP.
AveR EALHTAA\ASGFAVLRAAGLPADHRQPLGVLQQLLNDPAPEDTARTAVRPMPVQHVRGA .
GdmRI SLEEQAARESDAVCLTASGFAEDTAIPFNIVEQLIRSSAAMGELDVVARWRTAGERYSEAE
NysRI SFTASDVCRGMTVLYGTCGETVAGAGYGGVRELLGGLGLSGGDARRSPLLEGLAARALPA
PikD SLRRLAA\ERETPVWSVRALPGDRDIPLGVLCQLLRSAEQHGZ—\DTSAVRDLLDAASRRAGN
LuxR ... e e e e e e e e e e e e e e e e e e

Walker B
129 139 hﬁ%D 159 169
AbmH . ........ RDLVLSAMRGLLER[JAG. .. .NSPTVV/I[LDD|SHWAD[PY[TITDL[IDQLVRYPL
AVER . ittt IJERLAA....GAPLAIGIDDVQDADPE|SLHC/LMRLTRHSP
GAmRI HG...... MLAMLVREISDVLHR/IAG....GKQLVIAVDDVEHVDYP|SLMCLLHIARHAS
NysRI LTADPAGPDAATGAYPVLHG|LYWLAARLMAQRP LV LV LDDVHWCDERSLAWIDFLLRRAE
PikD LTSPADAPLRVDETHRLHDWLLSV|SR....RTPF|LVAVDDLTHAD|/TASLRF|LLYCAAHHD
7T 2 o 1 O S S S Y R 1) P [N P,
170 180 190 200 210
AbmH NAPLLIVLAHRPRQTGSTLRSTL[AQGVVSGVVERI|QINELTLGQRADLIIS. .. .VEARSR
AveR TSRILLLCTALACSP.AADPVLERELMRQTAFER/ITLDC|LSLDGV|TGLV/SDRCARPTAPP
GAmRI G..... TRTLVAMSS.GRTHHLCARVQGFHNLYKVE|GT|L[SESGVVRLILERHADADLADR
NysRI DLPLLVVLAWRSEAE.PVAPAVLADIAAQRRPTV|LGLHP|LGPDD/IGEMVRRVFRTTAAPS
PikD QGGIGFVMTERASQR.AGYRVFRAELLRQPHCRNMWLSGLPPSGVRQLIAHYYGPEAAER
T B 13 o I I P

229 239 249
AbmH RSVDLYRE|SQGVPIQYLLALANP . . & v it i i et e e e e et e et e e e e e e GDNDEFVQL
AveR PADYCLTVTGGNP\LLL\RALLEEHSEADAP SAPRPAEPSALHSPPQAAPPRPVVGGRFYQS
GdmRI IGASCHAI|S|GGNPRL[VRALLHDHLMS . . . v v v v vt v v v v v a APDGSEREVTVGAEFRD
NysRI FVSRVAAV|S|GGNPLALAR|LLDELRAEG. . . . v v v v oo VRPDAAGERRAAEVGSHVLARS
PikD RAPAYHATTGGNPLLLRALTQD . . v v v v v v v W RQASHTTLG...AAGGDEPVHGDAFAQA
D 3 2 S S

250 260 270 280 290 300
AbmH VQTEAALLGDDERRVE‘EAAAVIDGCFDVTAE‘ASVAGLERARVCVA’XTRLLNRDLFRHATP

AveR VLACLSRTETAIRQTAGALAVLGGRARADLLPQLLGASPAS|VTRGLRALEATGILTTS. . .
GAmRI SYRWSLLCHPSLLQMRAQIILAVLGPYGSPRRVAGLLECGEERAARATIDVILDSAGLLED. . .
NysRI VRCLLERRPPWVRGVARAIAVLG.PECTEL/LAALAGVPAATVDEALLVLRRAGILAADR.
PikD VLDCLHRSAEGTLETﬁRWLAVLE .QSDPLL|VERLTGTTAAAVERHI|QELAAIGLLDED. .

310 320 330 340 350 360
AbmH ASVMVLRHP[LVRDAV[YAATDGCWRRERHRRAIDYLRDC[GAPPSE[LAHHVAAAPDSSDSDD
AveR ...GRFRHPVAEAAALDALDPSRRAHTIHRRAAALQHHDGAAPRDVARHLLAARHAAGPWA
GAmRI ...GCFRHPAARSVALETLAVEERARLGAKAAELLYAD|GADPIAVAELLVTAGKTPDHKG
NysRI ...VDFVHDVVRSAVLDDVAPPTLAELRTNAALLLSDAGRPSEELAGQLMLLPVLDQPWM
PikD ...GTLGQPAIREAALQDLPAGERTE|HRRAAEQLHRDGADEDTVARHLLVGGAPDAPWA
LuxR . ........[ ... S S S P O 1 S PO O
379 389 399 409 419 429
AbmH [ID[TLJLRARAEEPLP.GNPERAITW|EARALRLSLPRRQRGLALIAT/SRALCVAERFADAMPH
AveR |VSVLRDAAEQSLAQDDVASAVSC/LELAYGACVRERERPEIRIRLAAAFGRTN.IAVAEEH
GAmRI |VA[VLWHAAQKNLDEGRTEEAVAGLRLAARADLGRRERLD|IRMA/LVGALWAGN.PAAAEPE
NysRI AAVIRDARAAQAESRGAPEAGVRC/LYRVLEVEPDN...VAVRIQMARALAEIN.PPEAMRL
PikD |LPLLERGAQQALFDDRLDDAFRILEFAVRSSTDNTQLARLAPH[LVARASWRMN.PHMTTRA
LuxR 1 o I O I
439 449 459 469 479 489

AbmH [[JRERAVAMGAAL..PVEIWAKAVSQSAAIDTLFGRYSERANATLDGALAMLRGRPSLEEVEL
AveR |LAD|[VATLREG.ELTG...HQTALLVPLLVNHGRLGEAREAMDR[LNAADDARGLCADGGF
GAmRI |LDR|LMAAIRTE.SPADIPEQYLCFL[LFMVLWFGRFSDVEEAFTWLSGSGGSGNASSMAAL
NysRI |LKERLSLAGDVRTRAQVAVQYGFTC/LAVQESPSGVRMI|EDALAELTAELGPEPGPVDREL
PikD |LA.|[JFDRLLSG.ELPPS..HPVMALIRCLVWYGRLPEAADALSRILRPSSDNDALELS .

LuxR || ol oo e I P N S

490 500 510 520 530
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Fig. S10 Alignments of AbmH with the characterized LuxR-regulators from
Streptomyces avermitilis (AveR, BAA84600.1) , Streptomyces hygroscopicus
(GdmRI, ABI93791.1), Streptomyces noursei ATCC 11455 (NysRI, AAF71778.1),
Streptomyces venezuelae ( PikD, AAC68887.1) and Vibrio fischeri ES114 (LuxR,
YP _206883.1). The conserved Walker A motif (GxxxxGK|[T/S]) and Walker B motif
(hhhhD) (where h is a hydrophobic residue) in the NTP-binding domain is indecated
by blue box; the conserved HTH DNA-binding domian is indecated with red box.
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Fig. S11 The quantitative HPLC standard curve for abyssomicin 2 (3). The curve was
generated via analysis of a concentration gradient of 0.346 ug, 0.692 ug, 1.730 ug,
2.768 ng, 3.461 pg, 5.191 pug, 6.922 ng of 3. UV absorptions were maintained below 1 A

unit to ensure appropriate confidence of the generated standard curve and avoid deviation

from linearity.
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Fig. S12 Disruption of orf(-1) in wild-type S. koyangensis SCSIO 5802 via PCR-
targeting. (A) Schematic representation for disruption of orf(-1). (B) PCR analyses of the
wild-type strain and the of orf(-I) double-cross mutant carried out using the primers
listed in Table S2. Marker: DNA molecular ladder; W: using the genomic DNA of S.
koyangensis SCSIO 5802 as template; M: using the genomic DNA of orf(-1) mutant as
template.
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Fig. S13 Disruption of abml in wild-type S. koyangensis SCSIO 5802 via PCR-targeting.
(A) Schematic representation for disruption of abml. (B) PCR analyses of the wild-type
strain and the of abml double-cross mutant carried out using the primers listed in Table
S2. Marker: DNA molecular ladder; W: using the genomic DNA of S. koyangensis
SCSIO 5802 as template; M: using the genomic DNA of abml mutant as template.
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Fig. S14 Disruption of abmFI1 in wild-type S. koyangensis SCSIO 5802 via PCR-
targeting. (A) Schematic representation for disruption of abmF1. (B) PCR analyses of the
wild-type strain and the of abmFI double-cross mutant carried out using the primers
listed in Table S2. Marker: DNA molecular ladder; W: using the genomic DNA of S.
koyangensis SCSIO 5802 as template; M: using the genomic DNA of abmF I mutant as

—
template.
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Fig. S15 Disruption of abmF2 in wild-type S. koyangensis SCSIO 5802 via PCR-
targeting. (A) Schematic representation for disruption of abmF2. (B) PCR analyses of the
wild-type strain and the of abmF2 double-cross mutant carried out using the primers
listed in Table S2. Marker: DNA molecular ladder; W: using the genomic DNA of S.
koyangensis SCSIO 5802 as template; M: using the genomic DNA of abmF2 mutant as

template.
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Fig. S16 Disruption of abmF3 in wild-type S. koyangensis SCSIO 5802 via PCR-
targeting. (A) Schematic representation for disruption of abmF3. (B) PCR analyses of the
wild-type strain and the of abmF3 double-cross mutant carried out using the primers
listed in Table S2. Marker: DNA molecular ladder; W: using the genomic DNA of S.
koyangensis SCSIO 5802 as template; M: using the genomic DNA of abmF3 mutant as
template.
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Fig. S17 Disruption of abmF4 in wild-type S. koyangensis SCSIO 5802 via PCR-
targeting. (A) Schematic representation for disruption of abmF4. (B) PCR analyses of the
wild-type strain and the of abmF4 double-cross mutant carried out using the primers
listed in Table S2. Marker: DNA molecular ladder; W: using the genomic DNA of S.
koyangensis SCSIO 5802 as template; M: using the genomic DNA of abmF4 mutant as
template.
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Fig. S18 Disruption of abmC in wild-type S. koyangensis SCSIO 5802 via PCR-targeting.
(A) Schematic representation for disruption of abmC. (B) PCR analyses of the wild-type
strain and the of abmC double-cross mutant carried out using the primers listed in Table
S2. Marker: DNA molecular ladder; W: using the genomic DNA of S. koyangensis
SCSIO 5802 as template; M: using the genomic DNA of abmC mutant as template.

A B

abmD-TF abmD-TR M W marker

2263 bp PCR product 7
Wild type

P
——d— ;!;mD A

_— = >< 24—
I I- 2263 —»
9-7C )

abmD-TF @ abmD-TR

AabmD F; 2470 bp PCR product

] [arr-aaey{ =

Fig. S19 Disruption of abmD in wild-type S. koyangensis SCSIO 5802 via PCR-targeting.
(A) Schematic representation for disruption of abmD. (B) PCR analyses of the wild-type
strain and the of abmD double-cross mutant carried out using the primers listed in Table
S2. Marker: DNA molecular ladder; W: using the genomic DNA of S. koyangensis
SCSIO 5802 as template; M: using the genomic DNA of abmD mutant as template.
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Fig. S20 Disruption of abmAl in wild-type S. koyangensis SCSIO 5802 via PCR-
targeting. (A) Schematic representation for disruption of abmAI. (B) PCR analyses of the
wild-type strain and the of abmAl double-cross mutant carried out using the primers
listed in Table S2. Marker: DNA molecular ladder; W: using the genomic DNA of S.
koyangensis SCSIO 5802 as template; M: using the genomic DNA of abmAl mutant as
template.
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Fig. S21 Disruption of abmA2 in wild-type S. koyangensis SCSIO 5802 via PCR-
targeting. (A) Schematic representation for disruption of abmA2. (B) PCR analyses of the
wild-type strain and the of abmA2 double-cross mutant carried out using the primers
listed in Table S2. Marker: DNA molecular ladder; W: using the genomic DNA of S.
koyangensis SCSIO 5802 as template; M: using the genomic DNA of abmA2 mutant as
template.
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Fig. S22 Disruption of abmA3 in wild-type S. koyangensis SCSIO 5802 via PCR-
targeting. (A) Schematic representation for disruption of abmA3. (B) PCR analyses of the
wild-type strain and the of abmA3 double-cross mutant carried out using the primers
listed in Table S2. Marker: DNA molecular ladder; W: using the genomic DNA of S.
koyangensis SCSIO 5802 as template; M: using the genomic DNA of abmA3 mutant as

template.
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Fig. S23 Disruption of abmA4 in wild-type S. koyangensis SCSIO 5802 via PCR-
targeting. (A) Schematic representation for disruption of abmA4. (B) PCR analyses of the
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wild-type strain and the of abmA4 double-cross mutant carried out using the primers
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Fig. S24 Disruption of abmA5 in wild-type S. koyangensis SCSIO 5802 via PCR-
targeting. (A) Schematic representation for disruption of abmAS5. (B) PCR analyses of the
wild-type strain and the of abmA5 double-cross mutant carried out using the primers
listed in Table S2. Marker: DNA molecular ladder; W: using the genomic DNA of S.
koyangensis SCSIO 5802 as template; M: using the genomic DNA of abmAS5 mutant as
template.
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Fig. S25 Disruption of abmBI in wild-type S. koyangensis SCSIO 5802 via PCR-
targeting. (A) Schematic representation for disruption of abmBI1. (B) PCR analyses of the
wild-type strain and the of abmBI double-cross mutant carried out using the primers
listed in Table S2. Marker: DNA molecular ladder; W: using the genomic DNA of S.
koyangensis SCSIO 5802 as template; M: using the genomic DNA of abmBI mutant as
template.
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Fig. S26 Disruption of abmT in wild-type S. koyangensis SCSIO 5802 via PCR-targeting.
(A) Schematic representation for disruption of abmT. (B) PCR analyses of the wild-type
strain and the of abmT double-cross mutant carried out using the primers listed in Table
S2. Marker: DNA molecular ladder; W: using the genomic DNA of S. koyangensis
SCSIO 5802 as template; M: using the genomic DNA of abmT mutant as template.

abmH-TF abmH-TR

2093 bp PCR product _
Wild type

———— abmH>F

abmH-TF @ abmH-TR

AabmH 3104 bp PCR product

| (o H{aac(EV) m—-—

Fig. S27 Disruption of abmH in wild-type S. koyangensis SCSIO 5802 via PCR-targeting.
(A) Schematic representation for disruption of abmH. (B) PCR analyses of the wild-type
strain and the of abmH double-cross mutant carried out using the primers listed in Table
S2. Marker: DNA molecular ladder; W: using the genomic DNA of S. koyangensis
SCSIO 5802 as template; M: using the genomic DNA of abmH mutant as template.
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Fig. S28 Disruption of orf(+1) in wild-type S. koyangensis SCSIO 5802 via PCR-
targeting. (A) Schematic representation for disruption of orf(+1). (B) PCR analyses of
the wild-type strain and the of orf(+1) double-cross mutant carried out using the primers
listed in Table S2. Marker: DNA molecular ladder; W: using the genomic DNA of S.
koyangensis SCSIO 5802 as template; M: using the genomic DNA of orf{(+1) mutant as
template.

A B
orf(+2)-TF orf(+2)-TR M W marker

2818 bp PCR product ___ ]
Widtype | e

—q orf(+2) >——-

X 1 >< 2818
l"I’“I_ 2118
21-9A :

orf(+2)-TF orf(+2)-TR

2118 bp PCR product
= [onr=feactm) [=

Fig. S29 Disruption of orf(+2) in wild-type S. koyangensis SCSIO 5802 via PCR-
targeting. (A) Schematic representation for disruption of orf(+2). (B) PCR analyses of
the wild-type strain and the of orf(+2) double-cross mutant carried out using the primers
listed in Table S2. Marker: DNA molecular ladder; W: using the genomic DNA of S.
koyangensis SCSIO 5802 as template; M: using the genomic DNA of orf(+2) mutant as
template.
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Fig. S30 Disruption of orf(+3) in wild-type S. koyangensis SCSIO 5802 via PCR-
targeting. (A) Schematic representation for disruption of orf(+3). (B) PCR analyses of
the wild-type strain and the of orf(+3) double-cross mutant carried out using the primers
listed in Table S2. Marker: DNA molecular ladder; W: using the genomic DNA of S.
koyangensis SCSIO 5802 as template; M: using the genomic DNA of orf{+3) mutant as
template.
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