ATCC27405 CipA
DSM1313 (WT) CipA
CipA-AXDocII (CipA3740s)
CipA-A6CONT (CipAl827s)
CipA-ACHM-1 (CipAll58a)
CipA-ACEM-2 (CipA%42a )

ATCC27405 CipA

DSM1313 (WT) CipA
CipA-AXDocII (CipA3740s)
CipA-A6COhI (CipAlB27s)
CipA-ACBM-1 (CipAll58a)
CipA-ACBM-2 (CipA942a)

ATCC27405_CipA

DSM1313 (WT) CipA
CipA-AXDocII (CipA3740s)
CipA-A6COhI (CipAl827s)
CipA-ACBM-1(CipAll58a)
CipA-ACBM-2 (CipA942a)

ATCC27405_CipA

DSM1313 (WT) CipA
CipA-AXDocII (CipA3740s)
CipA-A6COhI (CipAl827s)
CipA-ACBM-1 (CipAll58a)
CipA-ACBM-2 (C1ipA942a)

ATCC27405 CipA

DSM1313 (WT) CipA
CipA-AXDocII (CipA3740s)
CipA-A6COhI (CipAlB827s)
CipA-ACBM-1 (CipAll58a)
CipA-ACBM-2 (CipA942a)

ATCC27405 CipA

DSM1313 (WT) _CipA
CipA-AXDocII (CipA3740s)
CipA-A6CohI (CipAl827s)
CipA-ACBM-1 (CipAll58a)
CipA-ACBM-2 (CipA942a)

ATCC27405 CipA

DSM1313 (WT) _CipA
CipA-AXDocII (CipA3740s)
CipA-A6CohI (CipAl827s)
CipA-ACBM-1 (CipAll58a)
CipA-ACBM-2 (CipA942a)

ATCC27405 CipA

DSM1313 (WT) CipA
CipA-AXDocTI (CipA3740s)
CipA-A6CohI (CipAl827s)
CipA-ACBM-1 (CipAll58a)
CipA-ACBM-2 (CipA942a)

ATCC27405 CipA
DSM1313 (WT) CipA
CipA-AXDocII (CipA3740s)
CipA-A6COhT (CipAl827s)
CipA-ACHEM-1 (CipAll58a)
CipA-ACEM-2 (CipA9%42a )

ATCC27405_CipA

DSM1313 (WT) CipA
CipA-AXDocII (CipA3740s)
CipA-A6COhI (CipAl827s)
CipA-ACBM-1 (CipAll58a)
CipA-ACBM-2 (CipA942a)

ATCC27405_CipA

DSM1313 (WT) CipA
CipA-AXDocII (CipA3740s)
CipA-A6CONI (CipAl827s)
CipA-ACBM-1(CipAll58a)
CipA-ACBM-2 (CipA942a)

ATCC27405_CipA

DSM1313 (WT) CipA
CipA-AXDocII (CipA3740s)
CipA-A6COhI (CipAl827s)
CipA-ACBM-1 (CipAl158a)
CipA-ACBM-2 (CipA942a)

ATCC27405_CipA

DSM1313 (WT) CipA
CipA-AXDocII (CipA3740s)
CipA-A6CohI (CipAl827s)
CipA-ACBM-1 (CipAll58a)
CipA-ACBM-2 (CipA942a)

ATCC27405 CipA

DSM1313 (WT) _CipA
CipA-AXDocII (CipA3740s)
CipA-A6CohI (CipAl827s)
CipA-ACBM-1 (CipAll58a)
CipA-ACBM-2 (CipA942a)

ATCC27405 CipA

DSM1313 (WT) _CipA
CipA-AXDocII (CipA3740s)
CipA-A6CohI (CipAl827s)
CipA-ACBM-1 (CipAll58a)
CipA-ACBM-2 (CipA942a)

ATCC27405 CipA

DSM1313 (WT) CipA
CipA-AXDocTT (CipA3740s)
CipA-A6COhT (CipAl827s)
CipA-ACBM-1 (CipAl158a)
CipA-ACBM-2 (CipA9%42a )

ATCC27405 CipA

DSM1313 (WT) _CipA
CipA-AXDocII (CipA3740s)
CipA-A6CohI (CipAl827s)
CipA-ACBM-1 (CipAll58a)
CipA-ACBM-2 (CipA942a)

ATCC27405 CipA
DSM1313 (WT) CipA
CipA-AXDocII (CipA3740s)
CipA-A6COhI (CipAl827s)
CipA-ACHM-1 (CipAll58a)
CipA-ACEM-2 (CipA%42a )

ATCC27405 CipA

DSM1313 (WT) CipA
CipA-AXDocII (CipA3740s)
CipA-A6CohI (CipAl827s)
CipA-ACBM-1 (CipAll58a)
CipA-ACBM-2 (CipA942a)

MRKVISMLLVVAMLTTIFAAMI PQTVSAATMTVEIGKVTAAVGSKVE I PITLKGVPSKGMANCDEVLGYDPNVLEVTEVKPGST TKDPDPSKSFDSATYP
MRKVISMLLVVAMLITIFAAMI PQTVSAATMTVEIGKVTAAVGSKVE I PITLKGVPSKGMANCDEVLGYDPNVLEVTEVKPGS I TIKDPDPSKSFDSATYP
MRKVISMLLVVAMLTTIFAAMI POTVSAATMIVEIGKVTAAVGSKVEI PITLKGVPSKGMANCDEVLGYDPNVLEVTEVKPGS I TKDPDPSKSFDSATYP
MRKVISMLLVVAMLTTIFAAMI POTVSAATMTVEIGKVTAAVGSKVEI PTTLKGVPSKGMANCDEVLGYDPNVLEVTEVKPGS T TKDPDPSKSFDSATYP
MRKVISMLLVVAMLTTIFAAMI POTVSAATMIVE IGKVTAAVGSKVEI PITLKGVPSKGMANCDEVLGYDPNVLEVTEVKPGST IKDPDPSKSFDSATYP
MRKVISMLLVVAMLITIFAAMI PQTVSAATMTVEIGKVTAAVGSKVE I PITLKGVPSKGMANCDEVLGYDPNVLEVTEVKPGST IKDPDPSKSFDSATYP

DRKMIVFLFAEDSGRGTYAITODGVFATTVATVKSAAAAPT TL.LEVGAFADNDLVE ISTTEVAGGVNLGSSVPTTQPNVPSDGVVVEIGKVTGSVGITVE
DRKMIVFLFAEDSGRGTYAITODGVFATTVATVKSAAAAPT TLLEVGAFADNDLVE ISTTEVAGGVNLGSSVPTTQPNVPSDGVVVEIGKVTGSVGITVE
DRKMIVFLFAEDSGRGTYAITODGVFAT IVATVKSAAAAPT TLLEVGAFADNDLVE ISTTEVAGGVNLGSSVPTTQPNVPSDGVVVEIGKVTGSVGITVE
DRKMIVEFLFAEDSGRGTYATTQODGVEATIVATVKSAAAAPT TTLEVGAFADNDLVEISTTEVAGGVNLGSSVPTTOPNVPSDGVVVE IGKVIGSVGTTVE
DRKMIVFLFAEDSGRGTYATTQDGVEATIVATVKSAAAAPTTT.LEVGAFADNDLVE ISTTEVAGGVNLGSSVPTTOPNVPSDGVVVE IGKVTIGSVGTTVE
DRKMIVFLFAEDSGRGTYATITODGVFAT IVATVKSAAAAPT TL.LEVGAFADNDLVE ISTTEVAGGVNLGSSVPTTQPNVPSDGVVVE IGKVTGSVGITVE

IPVYFRGVPSKGIANCDEVERYDPNVLEIIGIDPGDIIVDPNPTKSFDTATYPDRKI IVFLEAEDSGTGAYAT TKDGVEAKTRATVKSSAPGY ITFDEVG
IPVYFRGVPSKGIANCDEVERYDPNVLEI IGIDPGDI IVDPNPTKSFDTATYPDRKI IVFLFAEDSGTGAYAT TKDGVEAKIRATVKSSAPGY ITFDEVG
IPVYFRGVPSKGIANCDEVERYDPNVLEI IGIDPGDI IVDPNPTKSFDTATYPDRKI IVELFAEDSGTIGAYAT TKDGVEAKIRATVKSSAPGY ITFDEVG
IPVYFRGVPSKGIANCDEVERYDPNVLEI IGIDPGDI IVDPNPTKSFDTATYPDRKI IVFLFAEDSGTGAYAT TKDGVEFAKIRATVKSSAPGYITFDEVG
IPVYFRGVPSKGIANCDEVFRYDPNVLEITGIDPGDIIVDPNPTKSFDTATYPDRKI IVFLEAEDSGTGAYAT TKDGVEAKTRATVKSSAPGYITFDEVG
IPVYFRGVPSKGIANCDEVERYDPNVLEI IGIDPGDI IVDPNPTKSFDTATYPDRKI IVELFAEDSGTGAYAT TKDGVEAKIRATVKSSAPGY ITFDEVG

GFADNDLVEQKVSFIDGGVNVGNATPTKGAT PTNTATPTKSATATPTRPSVPTNT PTNT PANT PVSGNLKVEF YNSNPSDTTNS INPOFKVINTGSSATD
GEADNDLVEQKVSFIDGGVNVGNAT PTKGATPTNTATPTKSATATPTRPSVPTNT PTNT PANTPVSGNLKVEFYNSNPSDTTNS INPQFKVINTGSSATD
GFADNDLVEQKVSFIDGGVNVGNAT PTKGAT PTNTATPTKSATATPTRPSVPTNTPTNT PANTEVSGNLKVEFYNSNPSDTTNS INPQFKVINTGSSATD
GFADNDLVEQKVSFIDGGVNVGNATPTKGAT PINTAT PTKSATATPTRPSVPTNT PTNT PANT PVSGNLKVEFYNSNPSDITNS INPQFKVINTGSSATD
GFADNDLVEQKVSFIDGGVNVGNATPTKGAT PTNTAT PTKSATATPTRPSVPTNT PTNT PANTPVSGNLKVEFYNSNPSDTTNSINVG* « v v v v st s
GEADNDLVEQKVS F‘xg* ..................................................................... A

LSKLTLRYYYTVDGOKDOTEFWCDHAAT IGSNGSYNGITSNVKGTEVKMS SSTNNADT YLET SETGGTLEPGAHVQIQGREAKNDWSNYTQSNDYSFKSAS
LSKLTLRYYYTVDGOKDQTFWCDHAAT IGSNGSYNGITSNVKGTEVKMSSSTNNADT YLET SFTGGTLEPGAHVQIQGREAKNDWSNYTQSNDYSFKSAS
LSKLTLRYYYTVDGOKDOTEWCDHAAT IGSNGSYNGITSNVKGTFVKMSSSTNNADTYLETSFTGGTLEPGAHVOIQGRFAKNDWSNYTOSNDYSFKSAS
LSKLTLRYYYTVDGOKDOTFWCDHAAT IGSNGSYNGITSNVKGTEVKMSSSTNNADTYLEISFTGGTLEPGAHVQIQGRFAKNDWSNYTOSNDYSFKSAS

CipAup

—_—
QFVEWDQVTAYINGVLVWGKEPGGSVVPSTOPVTITPPAT TKPPATTKPPATT I PPSDDPNATKIKVDIVNAKPGDTVNI PVRESGI PSKGIANCDEVYSY
QFVEWDQVTAYI NGVLVWGKEPGGSVVPSTQPVITPPATTKP. . . . . . PATTIPPSDDPNATKIKVDIVNAKPGDTVNIPVRESGIPSKGIANCDEVYSY
QFVEWDQVTAYI NGVLVWGKEPGGSVVPSTQPVTTPPATTKP. . . . . . PATTIPPSDDPNATKIKVDIVNAKPGDTVNIPVRESGIPSKGIANCDEVYSY
QFVEWDQVTAYINGVLVWGKEPGGSVVPSTQPVITPPATTKP. . . . . . PATTIPPSDDPNATKIKVDIVNAKPGDTVNIPVRESGIPSKGIANCDEVYSY

DENVLEITEIKPGELIVDPNPDKSEFDTAVYPDRKI IVFLFAEDSGTGAYAT TKDGVFAT IVAKVKSGAPNGLSVIKEVEVGGFANNDLVEQRTQFFDGGV
DPNVLEITEIKPGELIVDPNPDKSFDTAVYPDRKI IVFLFAEDSGIGAYAT TKDGVFAT IVAKVKSGAPNGLSVIKEVEVGGFANNDLVEQRTQFFDGGV
DPNVLEI IETKPGELIVDPNPDKSFDTAVYPDRKI IVELFAEDSGTGAYATTKDGVEAT TVAKVKSGAPNGLSVIKEFVEVGGFANNDLVEQRTQFFDGGV

NVGDITVPTTPTTPVTTPTDDSNAVRIKVDTVNAKPGDTVRI PVRFSGI PSKGIANCDEVYSYDPNVLEI TETEPGDI IVDPNPDKSFDTAVYPDRKI IV
NVGDITVPTITPTTPVITPTDDSNAVRIKVDIVNAKPGDTVRIPVREFSGI PSKGIANCDEVYSYDPNVLEI TETEPGDI IVDPNPDKSFDTAVYPDRKI IV
NVGDITVPTTPTTPVITPTDDSNAVRIKVDTVNAKPGDTVRIPVRFSGIPSKGIANCDEVYSYDPNVLEITETEPGDI IVDPNPDKSFDTAVYPDRKI IV

FLFAEDSGTGAYAITKDGVFATTVAKVKSGAPNGLSVIKFVEVGGEANNDLVEQKTQFFDGGVNVGDTTEPAT PTTPVTTPTTTDDLDAVRIKVDTVNAK
FLEAEDSGTGAYAITKDGVFATTVAKVKSGAPNGLSVIKEVEVGGEANNDLVEQKTOFEDG. « o vt e it e teeneeensenonanaensasasanns
FLFAEDSGTGAYATTKDGVEATTVAKVKSGAPNGLSVIKEVEVGGEANNDLVEQKTOFEDG. « vt v ittt ieeenaeneesnennnnnnennennns

DSGTGAYAITEDGVEAT IVAKVKSGAPNGLSVIKEVEVGGEANNDLVEQKTQFFDGGVNVGDT TEPAT PTTPVTTPTTTDDLDAVRIKVDTIVNAKPGDTV
........................................................ GVNVGDTTEPATPTTPVITPTTTDDLDAVRIKVDTVNAKPGDTV
........................................................ GVNVGDTTEPATPTTPVTITPTTTDDLDAVRIKVDTVNAKPGDTV

RIPVRFSGIPSKGIANCDEVYSYDPNVLEIIEIEPGDI IVDPNPDKSEDTAVYPDRKI IVELFAEDSGTGAYATI TKDGVEAT IVAKVKEGAPNGLSVIKE
RIPVRFSGIPSKGIANCDFVYSYDPNVLEIIEIEPGDI IVDPNPTKSFDTAVYPDRKI IVFLFAEDSGTGAYAT TKDGVFAT IVAKVKEGAPNGLSVIKE
RIPVRESGIPSKGIANCDEVYSYDPNVLEIIETEPGDIIVDPNPTKSFDTAVYPDRKI IVELFAEDSGTGAYATTKDGVEAT IVAKVKEGAPNGLSVIKE

VEVGGEANNDLVEQKTQFFDGGVNVGDTTVPTTSPTTTPPEPT ITPNKLTLKIGRAEGRPGDTVEI PVNLYGVPOKGIASGDEVVSYDPNVLEI IETEPG
VEVGGEANNDLVEQKTQFFDGGVNVGDTTVPTTSPTTTPPEPT ITPNKLTLKIGRAEGRPGDTVEI PVNLYGVPOKGIASGDEVVSYDPNVLEI TETEPG
VEVGGEANNDLVEQKTQFFDGGVNVGDTTVPTTSPTTTPPEPT ITPNKLTLKIGRAEGRPGDTVEI PVNLYGVPOKGIASGDEVVSYDPNVIEITEIEPG

ELIVDPNPTKSFDTAVYPDRKMIVEFLEAEDSGTGAYAITEDGVEAT IVAKVKEGAPEGEF SATET SEFGAFADNDLVEVETDLINGGVLVINKPVIEGYKV
ELIVDPNPTKSFDTAVYPDRKMIVELEAEDSGTGAYAITEDGVEAT IVAKVKEGAPEGEF SATET SEFGAFADNDLVEVETDLINGGVLVINKPVIEGYKV
ELIVDPNPTKSFDTAVYPDRKMIVEFLEAEDSGTGAYAITEDGVEAT IVAKVKEGAPEGE SATEI SEFGAFADNDLVEVETDLINGGVLVINKPVIEGYKV

——
SGYILPDFSFDATVAPLVKAGFKVETVGTELYAVTDANGY FETTGVPANASGYTLKT SRATYLDRV IANVVVTGDTSVSTSQAP TMMWVGDTVKDNS TN,
SGYILPDFSFDATVAPLVKAGFKVEIVGTELYAVTDANGYFEI TGVPANASGYTTKI SRATYT.DRVIANVVVTGDTSVSTSQAPTMMVGDTVKDNS INL,

LDVAEVIRCENATKGSANYVEELDINRNGATNMODIMIVHKHEGATSSDYDA *
LDVAEVIRCENATKGSANYVEELDINRNGATNMODIMIVHKHEGATSSDY DAY

100
100
100
100
100
100

200
200
200
200
200
200

300
300
300
300
300
300

400
400
400
400
388
316

500
500
500
500
388
316

600
594
594
594
388
316

700
694
694
614
388
316

800
794
794
614
388
316

900
855
855
614
388
316

1000
855
855
614
388
316

1100
855
855
614
388
316

1200
855
855
614
388
316

1300
855
855
614
388
316

1400
899
899
614
388
316

1500
999
999
614
388
316

1600
1099
1099
614
388
316

1700
1189
1199
614
388
316

1800
1299
1274
614
388
316

1852
1351
1274
614
388
316



Additional file 4. Amino acid sequences of the CipA proteins of C. thermocellum

strains.

The wild-type CipA sequences are from the genome sequence of C. thermocellum
ATCC27405 (accession number YP_001039466) and C. thermocellum DSM 1313
(accession number ADU73707), which may contain two more Cohl modules
according to our PCR analysis (Additional file 1). The horizontal arrows ahead of
amino acids 509-517 and amino acids 1715-1723 indicate the binding sites of the
PCR primers used to investigate the difference between cipA genes of ATCC27405
and DSM1313 (Additional file 1 and 2). Black triangles indicate the insertion sites of
the targetrons, and the amino acids derived from intron sequences in frame with cipA
are in lower case. The XDocll target peptide sequence at the C-terminus of CipA of

WT is framed in a black box.
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