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TGETLLTAAIYNDNYYLAKFLVIRG- IKTSVLKKDE
SGRTALSRAIENGSQEIVKMLLDKK-ANVNRPKQST
NGYTLLHTAILEEDERLVSLLLNST-LAVDKNAKND
NQQTLLHQSILEGNHELAKQLIAAG-ADIQ--AKNK
NGETALHIAALNDNKETAELLISYG-IHIN-—-EKND
YGQTALHIAAYNDSKEIAEFLISHG-ANIN--EKDE
YGQTALHIAAYNDSKEIAEFLISHG-ANIN--EKDE
EGLTLLYIASRYDHVDVVKFLVSKG-CDVN--EKSE
NGKTPLHYAVENRDIEITEFLFSNG-ANIN--DKDK
NGKTLLHFAATNNYKNMIEFLILHG-ANIN-—-EKDN
NGQTALHIAVDNNTKKITEILLLHG-ANIN--EKDK
EGRTPLSLAAENGHVVVVKMLLKTGRLDID--LODS
LGQTPLHCAVANQNYVLTEYFLGKG-ANTN--TQDS
DNETLLHAASKNNRTQLVTALLALG-IDVN--VRSN

Taxon

Rickettsia typhi Wilmington

Aspergillus flavus NRRL3357
Candidatus Amoebophilus asiaticus 5a2
Candidatus Amoebophilus asiaticus 5a2
Trichomonas vaginalis G3

Trichomonas vaginalis G3

Trichomonas vaginalis G3
Strongylocentrotus purpuratus
Trichomonas vaginalis G3

Trichomenas vaginalis G3

Trichomonas vaginalis G3

Penicillium marneffei ATCC 18224
Trichomenas vaginalis G3

Trichomonas vaginalis G3

CKY-PLDIASSQGNTNIVCMLMKAKGYN———
FIRTPLSLAAENGHGSVVKLLVE-———————
FGKSPLHIAAEKGNLRLVNLLVALK——————
QEYTPLHLAAIGGHLELVALLIAKDKAKNPN
NGETPLHIAEQYNNEEIAKLLI-—————=——=—
DGKTELHIAAENNSKATAEVLISHG.
YGOTALHIATENNSKEIAEVLIE========
CGKSPLHAACYTGNMNIVKLLVHHKA- -
NGKTPLLIASHFNHKDIVEFL--————-— -
DGKIPLHYAATANKANSECLITHGANIN---
MEKTPLQIATENDRKKIVKLLL-—=—=—==——
EARTPLSWASGNGHATVVRALLK-———————
TGRTPLHTACALGDIGLASILLNVOGIN===
ENKSALYLATEHGNVEITKLLLE-———————

Acc. ho. Coords. (aa)
YP_067182 485-586
XP_002382730 180-314
YP_001957643 852-967
YP_001957643 1167-1280
XP_001579637 31-144
XP_001330150 149-268
XP_001330150 223-330
XP_001196834 105-218
XP_001307918 309-421
XP_001307918 407-524
XP_001579859 417-530
XP_002150094 190-307
XP_001308456 423-542
XP_001314500 1018-1133
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Figure S1. Structural prediction of the ankyrin repeats within RARP-1. (A) Alignment of
the Ankyrin (ANK) domain of R. typhi RARP-1 (NCBI accession no. YP_067182) with ANK
domains of 13 diverse proteins retrieved from a PSI-BLAST search using only residues 485-586
as a query. ANK repeats 1, 2 and 3 are boxed black, tan and red, respectively. Structural model
(6) for each repeat is mapped over the alignment. (B) Information for sequences shown in A.
Coordinates of PSI-BLAST subjects producing significant alignments were excised and aligned
with residues 485-586 of R. typhi RARP-1. Alignment constructed using MUSCLE v3.6 (3) with

default parameters.
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MRK--LTIFIFSLLLTSPVIAIDLQEALTEGYKNNNDLKTARVKFVNSIEQFPQAFSGFMPSASLSVNRN
MRK--LTIFIFSLLLTSPVIAIDLQEALTEGYKNNNDLKTARVKFVNSIEQFPQAFSGFMPSASLSVNRN
MRK--LTTFIVILLLTSSATSVDLQEALTEGYKNNEELKAARIKFLNSIESFPRAFAEFMPSAGLQINRN
MSK--LTTFITTLLLTGSVIAVDLEQALTEGYKNNEELKAARIKFLNAIEQLPQAFSGFMPNVGLQINRQ
MSKFTITIFITTLLFTGSVIALDLEQALTEGYKNNEELKAAQIKFLNAIEQFPQAFSGFMPNVGLQINRQ
MSKFTITIFITTLLFTGSVIALDLEQALTEGYKNNEELKAAQIKFLNAIEQFPQAFSGFMPNVGLQINRQ
MRK--LATFIITLLLTGSATAVDLQEALTAGYKNNEELKAARIKFLNAIEQFPQAFSGFMPSAGLQINRQ
MRK--LTTFIITLLLTGSAAAVDLQEALTEGYKNNEELKAARIKFLNAIEQFPQAFSGFMPSAGMKIERS
MRK--LTTFIVTLLLTSLVAAVDLOQEALTEGYKNNEELKAARIKFLDSIEQFPRAFSGFMPSAGMKIERS
MCK--LTTFIVTLLLTSSVAAVDLQEALTEGYKNNEELKAARIKFLGSIEQFPRAFSGFMPSAGLQINRQ
MRK--LITFIVTLLLTSSVAAVDLOGALTEGYKNNEELKAARIKFLDSIEQFPRAFSGFMPSAGLQINRQ
MRK--LITFIVTLLLTSSVAAVDLQGALTEGYKNNEELKAARIKFLDSIEQFPRAFSGFMPSVGLQINRQ
MRK--LITFIVTLLLTSSVAAVDLQGALTEGYKNNEELKAARIKFLDSIEQFPRAFSGFMPSVGLQINRQ
MRK--FTTFIVILLLTSSVAAVDLQGALTEGYKNNEELKAARIKFLDSIEQFPRAFSGFMPSAGLQINRQ
MRK-—-LTTFIVTLLLTSSVAAVDLQGALTEGYKNNEELKAARIKFLDSIEQFPRAFSGFMPSAGLQINRQ
MRK—-LITFIVTLLLTSSVAAVDLQGALTEGYKNNEELKAARIKFLDSMEQFPRAFSGFMPSAGLQINRQ
MRK--LITFIVTLLLTSSVAAVDLOGALTEGYKNNEELKAARIKFLDSIEQFPRAFSGFMPSVGLQINRQ
MRK--LITFIVTLLLTSSVAAVDLOGALTEGYKNNEELKAARIKFLDSIEQFPRAFSGFMPSAGLQINRQ
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NSKTKYTNKRYAQLAGNPPEIDNNQGALTIQQOSLFNGGSDVAALRSAQAAFRASRGQYYSSEQKVLLDLI
NSKTKYTNKRYAQLAGNPPEIDNNQGALTIQQOSLFNGGSDVAALRSAQAAFRASRGQYYSSEQKVLLDLI
NTKNKYNKKYADRLGLILRETDSDQGAFTIEQSLFNGGSSVAALKAAQAGFRASRGEYYAGEQKVLFNLI
NSKTRYNKKYANRLGITSRDTDSTQGILTIEQSLFSGGASIAALKAAQSGFRASRSEYYACEQKILLNLI
NSKTKYNKKYVNRLGITPRETASTOGILTIEQSLFNGGASIAALKAAQSGFRASRSEYYAGEQKVLLNLI
NSKTKYNKKYVNRLGITPRETASTQGILTIEQSLFNGGASIAALKAAQSGFRASRSEYYAGEQKVLLNLI
NSKTKYNRKYTDKLGLTTRQTDSNQGALTIEQSLFSGGSSVAALKAAQSGFRASRGEYYAGEQKILLNLI
NSKTKYNKKYTDRLGLTPRETDSNQGALTIEQSLFSGGSSVAALKAAQSGFRASRGEYYAGEQKILLNLI
NSKTKYNKKYADRLGLTPRETDSDQGTLTIQQSLFNGGSSVAALKAAQAGFRAARGAYYAGEQKILLNLI
NNKTKYNKKYADRLGLTPRKTDSDQGALTIQQSLFNGGS SVAALKAAQAGFRAARGAYYAGEQKILLNLI
HNKTKYNKKYADRLGLTPRETDSDQGALTIQQSLFNGGSSVAALKAAQAGFRAARGAYYAGEQKILLNLI
HNKTKYNKKYADRLGLTPRETDSDQGALTIQQSLFNGGSSVAALKAAQAGFRAARGAYYAGEQKILLNLI
HNKTKYNKKYADRLGLTPRETDSDQGALTIQOSLFNGGSSVAALKAARQAGFRAARGAYYAGEQKILLNLI
HNKTKYNKKYADRLGFTPRETDSDQGALTIQQOSIFNGGSSVAALKAAQAGFRAARGAYYAGEQKILLNLI
HNKTKYNKKYADRLGLTPRETDSDQGALTIQQOSIFNGGSSVAALKAAQAGFRAARGAYYAGEQKILLNLI
HNRKTKYNKKYADRLGLTPRDTDSDQGALTIQQSLFNGGSSVAALKAAQAGFRAARGAYYAGEQRKILLNLI
HNRKTKYNKKYADRLGLTPRDTDSDQGALTIQQSLFNGGSSVAALKAAQAGFRAARGAYYAGEQRKILLNLI
HNKTKYNKKYADRLGLTPRDTDSDQGALTIQQSLFNGGSSVAALKAAQAGFRAARGAYYAGEQKILLNLI

GAYLDYFESKEKYDISESRVRTNIQQVNTVEEKLRLGEATEIDIATARAGLAAAETNKLTAYADFQAKKA
GAYLDYFESKEKYDISESRVRTNIQQVNTVEEKLRLGEATEIDIATARAGLAAAETNKLTAYADFQAKKA
TVYLDCFESKEKYDISESRVRTNIQQVNTVEEKLRLGEATAIDIATARAGLAAAETNKLAAYADFQGKKA
TAYLDCFESKEKYDISESRVRTNIQQVKTVEEKLRLGEATAIDIAAARAGLAAAETNKLAAYADFQGKKA
TAYLDCVESKEKYDISESRVRTNIQQVKTVEEKLRLGEATAIDIAAARAGLAAAETNKLAAYADFQGKKA
TAYLDCVESKEKYDISESRVRTNIQQVKTVEEKLRLGEATAIDIAAARAGLAAAETNKLAAYADFQGKKA
TAYLDCFESKEKYDISESRVRTNIQOQVNTVEEKLRLGEATAIDIATARAGLAAARETNKLAAYADFQGKKA
TAYLDCFESKEKYDISESRVRTNIQQVNTVEEKLRLGEATAIDIATARAGLAAAETNKLAAYADFQGKKA
TAYLDCFESKEKYDISESRVRTNIQQVNTVEEKLRLGEATEIDIATARAGLAVAETNKLVAYADFQGKKA
TAYLDCVESKVKYDISESRVRTNIQQVNTVEEKLRLGEATEVDIATARAGLAAAETNKLAAYADFQGKKA
TAYLDCFESKAKYDISESRVRTNIQQVNTVEEKLRLGEATEVDIATARAGLAAAETNKLAAYADFQGKKA
TAYLDCVESKAKYDISESRVRTNIQQVNTVEEKLRLGEATEVDIATARAGLAAAETNKLAAYADFQGKKA
TAYLDCVESKAKYDISESRVRTNIQQVNTVEEKLRLGEATEVDIATARAGLAAAETNKLAAYADFQGKKA
TAYLDCFESKAKYDISESRVRTNIQQVNTVEEKLRLGEATEVDIATARAGLAAAETNKLAAYADFQGKKA
TAYLDCFESKAKYDISESRVRTNIQQVNTVEEKLRLGEATEVDIATARAGLAAAETNKLAAYADFQGKKA
TAYLDCFESKAKYDISESRVRTNIQQVNTVEEKLRLGEATEVDIATARAGLAAAETNKLAAYADFQGKKA
TAYLDCFESKEKYDISESRVRTNIQQVNTVEEKLRLGEATEVDIATARAGLAAAETNKLAAYADFQGKKA
TAYLDCFESKEKYDISESRVRTNIQQVNTVEEKLRLGEATEVDIATARAGLAAAETNKLAAYADFQGKKA
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NFIRVFGIEPTDIAMPILPQGLPNSLDELTKRAVNLNPEIDSAKHSVTSAKAQELVEKGRLLPQVSVQLQ
NFIRVFGIEPTDIAMPILPQGLPNSLDELTKRAVNLNPEIDSAKHSVTSAKAQELVEKGRLLPQVSVQLQ
NFIRVFGIAPTNITMPDLPKMLPASLDELTKKAAKLNPDIDSARHNVTSAKASEMAAKGKLLPQVSVKLQ
NFIKVFGIEANDITMPDLPDRLPTSLDEFTRKAAKLNPDINSARHNVSVAKALEMVQKGKLLPQVSVKLL
NFIKVFGIEANDITMPDLPDRLPISLDEFTRKAAKFNPDINSARHNVIVTKALEMVQKGKLLPQVSVKLL
NFIKVFGIEANDITMPDLPDRLPISLDEFTRKAAKFNPDINSARHNVIVTKALEMVQKGKLLPQVSVKLL
NFIRVFGIEATDLTMPNLPDKLPASLDELTRKAAKFNPDIDSARHNVISAKALEMVQKGKLLPQVSVKLQ
NFIRVFGIEATDITMPNLPDRLPASLDELTKKAAKLNPDIDSARHNVTSAKALEMVQKGKLLPQVSVKLQ
NFIRVFGIEPTNITMPELPKMLPASLDELTKRAAKLNPDIDSARHNITSAKALEMAEKGKLLPQVSVQLQ
NFIRVFGIEPTNITMPELPKMLPASLDELTRRAAKLNPDIDSARHNVTSAKALEMAEKGKLLPQVSVQLQ
NFIKVFGIEPTNITMPELPKMLPASLDELTGRAAKLNPDIDSARHNVTAAKALEMAEKGKLLPQVSVQLQ
NFIRVFGIEPTNITMPELPKMLPASLDELTGRAAKLNPDIDSARHNVTAAKALEMAEKGKLLPQVSVQLQ
NFIRVFGIEPTNITMPELPKMLPASLDELTGRAAKLNPDIDSARHNVTAAKALEMAEKGKLLPQVSVQLQ
NFIRVFGIEPTNITMPELPKMLPASLDELTGRAAKLNPDIDSARHNVTAAKALEMAEKGKLLPQVSVQLQ
NFIRVFGIEPTNITMPELPKMLPASLDELTGRAAKLNPDIDSARHNVTAARKALEMAEKGKLLPQVSVQLQ
NFIRVFGIEPTNITMPELPKMLPASLDELTRRAAKLNPDIDSARHNVTAAKALEMAEKGKLLPQVSVQLQ
NFIRVFGIEPTNITMPELPKMLPASLDELTGRAAKLNPDIDSARHNVTAAKALEMAEKGKLLPQVSVQLQ
NFIRVFGIEPTNITMPELPKMLPASLDELTGRAAKLNPDIDSARHNVTAAKALEMAEKGKLLPQVSVQLQ

=) =

SGKTNYNPQNLN----TQQINTRSVITTLSVNVPIYPNGGAQYSKIRSAKNQTRNSAIQLDSVIRQTQAY
SGKTNYNPQNLN--—--TKQINTRSVITTLSVNVPIYPNGGAQYSKIRSAKNQTRNSAIQLDSVIRQTQAY
SGRTHYNPQDPV-—-—--VONINTKSVITTLSVNIPIYPEGGAQYSRIRSAQNQTRNSAVQLDSAIKQTQAW
SGRTNYNPQEPV--—--IQNINNRIYTTTLAVNIPIYPEGGAQYSRIRSAKNQTRNSVVOLDSAIKQIKAG
SGGTNYNPQEPV--—-IQNINNRIYTTTLSVNIPIYPEGGAQYSRIRSAKNQTRNSVVOLDSAIKQIKAG
SGGTNYNPQEPV--—-IQNINNRIYTTTLSVNIPIYPEGGAQYSRIRSAKNQTRNSVVOLDSAIKQIKAG
SGRTDYNPQDPA----VONINNKSYTTILSVNIPIYPDGGAQYSRIRSAKNQTRSSAVOQLDSAIKQTQAG

SGRTNYNPQDPA----VONINNKSYTTILSVNIPIYPNGGAQYSEIRKAKNQTRNSAVQLDSAIKQTQAG
SGRTHYNPQDDINARNVNAINNGSYTTTLSVNIPIYPEGGAQYSRIRSAKNQTRNSAVQLDSTIKQTQAG

SGRTHYNPQDDI ————-— NAINNRSYTTTLSVNIPIYPEGGAQYSRIRSAKNQTRNSAVQLDSAIKQTQAG
SGRTYYNPQGDINARNVNAINNRSYTTTLSVNIPIYPEGGAQYSRIRSAKNQTRNSAVQLDNVIKQTQAG
SGRTYYNPQGDI————- NAINNRSYTTTLSVNIPIYPEGGAQYSRIRSAKNQTRNSAVQLDNVIKQTQAG
SGRTYYNPQGDI————- NAINNRSYTTTLSVNIPIYPEGGAQYSRIRSAKNQTRNSAVQOLDNVIKQTQAG

SGRTYYNPODDINARNVNAINNRSYTTTLSVNIPIYPEGGAQYSRIRSAKNOTRNSAVQOLDSVIKQTQAG
SGRTYYNPQDDINARNVNAINNRSYTTTLSVNIPIYPEGGAQYSRIRSAKNOTRNSAVQLDSVIKQTQAW

SGRTYYNPQGDI————- NAINNRSYTTTLSVNIPIYPEGGAQYSRIRSAKNQTRNSAVQLDNVIKQTQAG

SGRTYYNPQGDI————- NAINNRSYTTTLSVNIPIYPEGGAQYSRIRSAKNQTRNSAVQOLDNVIKQTQAG

SGRTYYNPQGDI————- NAINNRSYTTTLSVNIPIYPEGGAQYSRIRSAKNQTRNSAVQOLDNVIKQTQAG
*  *

VISIWEGFEAAKSRIIAADQGVAAAQISYDGTVQEEIVGSKTMLDVLSAEEKLYDAKITRVDAYKASILS
VISIWEGFEAAKSRIIAADQGVAAAQISYDGTVQEEIVGSKTMLDVLSAEEKLYDAKITRVDAYKASILS
VVSVWEGFEAAKSRIVAANQGVDAAQISYDGTVQEEIVGSKTILDVLTAEEKLYEAKITRVDAYKSLVLA
VVSVWEGFETAKSRIVAANQGVEAAQISYNGIVQEEIVGSKTILDVLDAEQKLYEAKITRVDAYKNSVLA
VVSVWEGFETAKSRIVAANQGVEAAQISYNGIVQEEIVGSKTILDVLDAEQKLYEAKITRVDAYKNSVLA
VVSVWEGFETAKSRIVAANQGVEAAQISYNGIVQEEIVGSKTILDVLDAEQKLYEAKITRVDAYKNSVLA
VVSVWEGFEAAKSRIVAANQGVDAAQISYDGTVQEEIVGSKTILDVLDAEQKLYEAKITRVDAYKNSVLA
VVSVWEGFEAAKSRIVAANQGVEAAQISYDGTVQEEIVGSKTILDVLDAEQKLYEAKITRVDAYKNSVLA
VVSVWEGFEAAKSRIVAANQGVDAAQISYDGTVQEEIVGSKTILDVLTAEEKLYEAKITRVDAYKSLVLA
VVSVWEGFEAAKSRIVAANQGVDAAQISYDGTVQEEIVGSKTILDVLTAEEKLYEAKITRVDAYKSSVLA
VVSVWEGFEAAKSRIVAANQGVDAAQISYDGTVQEEIVGSKTILDVLTAEEKLYEAKITRVDAYKSSVLA
VVSVWEGFEAAKSRIVAANQGVDAAQISYDGTVQEEIVGSKTILDVLTAEEKLYEAKITRVDAYKSSVLA
VVSVWEGFEAAKSRIVAANQGVDAAQISYDGTVQEEIVGSKTILDVLTAEEKLYEAKITRVDAYKSSVLA
VVSVWEGFEAAKSRIVAANQGVDAAQISYDGTVQEEIVGSKTILDVLTAEEKLYEAKITRVDAYKSSVLA
VVSVWEGFEAAKSRIVAANQGVDAAQISYDGTVQEEIVGSKTILDVLTAEEKLYEAKITRVDAYKSSVLA

(278)
(278)
(278)
(278)
(280)
(280)
(278)
(278)
(278)
(278)
(278)
(278)
(278)
(278)
(278)
(278)
(278)
(278)

(344)
(344)
(344)
(344)
(346)
(346)
(344)
(344)
(348)
(344)
(348)
(344)
(344)
(348)
(348)
(344)
(344)
(344)

(414)
(414)
(414)
(414)
(416)
(416)
(414)
(414)
(418)
(414)
(418)
(414)
(414)
(414)
(414)



P22

AYOMKSLTGELTAQSLKLKVKYFSPEEEFKTIKKKMFIGF
AYQOMKSLTGELTAQSLKLKVKYFSPEEEFKTIKKKMFIGF
AYHMKLLTGELTAQNLKLKVKYFSPEEEFKTIKKKMFIGF
SYQOMKLLAGELTAKSLKLKVKYFSPEEEFNSLKKKMFIGF
SYQOMKLLTGELTAKSLKLKVKYFSPEEEFNNLKKKMFIGF
SYQOMKLLTGELTAKSLKLKVKYFSPEEEFNNLKKKMF IGF
AYQOMKLLTGELTAQSLKLKVKYFSPEEEFKTIKKKMFIGF
AYQOMKLLTGELTAQSLKLKVKYFSPEEEFKTIKKKMFIGF
AYOMKLLTGELTAQSLKLKVKYFSPEEEFKTIKKKIFIGF
AYQOMKLLTGELTAQRLKLKVKYFSPEEEFKTIKKKMFIGF
AYOMKLLTGELTAQSLKLKVKYFSPEEEFKTIKKKMFIGF
AYOMKLLTGELTAQSLKLKVKYFSPEEEFKTIKKKMFIGF
AYOMKLLTGELTAQSLKLKVKYFSPEEEFKTIKKKMFIGF
AYQOMKLLTGELTAQSLKLKVKYFSPEEEFKTIKKKMFIGF
AYQOMKLLTGELTAQSLKLKVKYFSPEEEFKTIKKKMFIGF
AYQOMKLLTGELTAQSLKLKVKYFSPEEEFKTIKKKMFIGF
AYOMKLLTGELTAQSLKLKVKYFSPEEEFKT IKKKMFIGF
AYOMKLLTGELTAQSLKLKVKYFSPEEEFKTIKKKMFIGF
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MSKESKKSQDMSIEDILKSVKGVINERKNL----SNEDEDILELTEIIDQDEEE-LISTKSAEKINDILK
MSKESKKSQDMSTIEDILKSVKGVINERKNL----SNEDEDILELTEIIDQODEEE-LISTKSAEKINDILK
—————————— MSIEDILKSIKGVINEPKNPIHGNDSENEDILELTEIVNQVEEEKLISTKSAEAIGDILK
MSKENKKNQDMSIEEILKSIKGIINEHKNPVYENYSADEDILELTDIVNQDEEEKLISTKSASEVEEIFK
MNKENKKNQDMSIEEILKSIKGIINERKNPIYDNYSADEDILELTDIVNQNEEENLISTKSASEVEEVFR
MNKENKKNQDMSIEEILKSIKGIINERKNPIYDNYSADEDILELTDIVNONEEENLISTKSASEVEEVFR
MSKENNKKQDMSVEDILKSIKGVINKHKNHIYENDSEDEDILELTEIVNQDEEEKLISPKSAEAVGDIFK
MSKENKKNQDMSVEDILKSIKGVINERKNPIYENDSEDEDILELTEIVNQDEEEKLISTKSAEAVGDIFK
MSKENKKKQDMSIEDILKSIKGVINERKNPIHENDSEDEDILELTEIVNQDEEEKLISTKSAEEVGDIFK
MSKENKKNQDMSIEDILKSIKGVINERKNPIHEN-—-—--EDVLELTEIVNQDEEEKLISTKSAEEVGDIFK
MSKDNKKNQDMSIEDILKSIKGVINERKNPIHENDSEDEDVLELTEIVNQDEEEKLISTKSAEEVGDIFK
—————————— MSIEDILKAIKGVINERKNPIHENDSEDEDVLELTEIVNQDEEEKLISTKSAEEVGDIFK
MSKDNKKNQDMSTEDILKAIKGVINERKNPITHENDSEDEDVLELTEIVNQDEEEKLISTKSAEEVGDIFK
MSKENKKNQDMSIEDILKSIKGVINERKNPIHENDSEDEDVLELTEIVNQDEEEKLISTKSAEEVGDIFK
MSKENKKNQDMSIEDILKSIKGVINERKNPIHENDSEDEDVLELTEIVNQDEEEKLISTKSAEEVGDIFK
MSKDNKKNQDMSIEDILKSIKGVINERKNPIHENDSEDEDVLELTEIVNQDEEEKLISTKSAEEVGDIFK
—————————— MSIEDILKSIKGVINERKNPIHENDSEDEDVLELTEIVNQDEEEKLISTKSAEEVGDIFK
MSKDNKKNQDMSIEDILKSIKGVINERKNPIHENDSEDEDVLELTEIVNQDEEEKLISTKSAEEVCDIFK

NFTSTIKDKNLDNNVSSKNALEELVIEMLKPELKTWLDKNLPSLVKELVESEIKKLVONSRK——-———
NFTSTIKDKNLDNNVSSKNALEELVIEMLKPELKTWLDKNLPSLVKELVESEIKKLVONSRK—————
NFTDTIKDKKLDNNFPSKNALEELVVEMLKPELKLWLDKNLPLLVKELVEIEIKKLVQNSKR—————
NFTDTIKDKKLNNNFSSKNALEELVIEMLKPELKVWLDKNLP ILVKELVEIEIKKLVQYSKRDGSNY
NFTDTIKDKKLNNNFSSKNALEELVIGMLKPELRKAWLDKNLP ILVKELVEIEIKKLVQYSKRNDSNY
NFTDTIKDKKLNNNFSSKNALEELVIGMLKPELRKAWLDKNLP ILVKELVEIEIKKLVQYSKRNDSNY
NFTDTIKDKNLDNNISSKNALEELVTEKMLKPELRKAWLNKNLPVLVKELVEIEIKKLVONSKR——-———
NFTDTIKDKKLDNNISSKNALEELVIEMLKPELKAWLDKNLPVLVKELVEIEIKKLVONSKR—————
SFTDTIEDKKLDNNISSKNALEELVVEMLKPELKAWLDEKNLPLLVKELVEIEIKKLVQNSKR-—-———
NFTDTIKDKKLDNNISSKNALEELVVEMLKPELKAWLDKNLPVLVKELVEIEIKKLVQNSKR—————
NFTDTIKDRELDNNISSKNALEELVVEMLKPELKAWLDENLPVLVKELVEIEIKKLVENSKR-————
NFTDTIKDKKLDNNISSKNALEELVVEMLKPELKAWLDKNLPVLVKELVEIEIKKLVONSKR—————
NFTDTIKDKKLDNNISSKNALEELVVEMLKPELKAWLDKNLPVLVKELVEIEIKKLVONSKR—————
NFTDTIKDKKLDNNISSKNALEELVIEMLKPELKAWLDKNLSVLVKELVEIEIKKLVOQNSKR—————
NFTDTIKDRELDNNISSKNALEELVIEMLKPELKAWLDENLSVLVKELVEIEIKKLVQNSKR-————
NFTDTIKDKKLDNNISSKNALEELVIEMLKPELRKAWLDKNLPVLVKELVEIEIKKLVONSKR——-———
NFTDTIKDKKLDNNISSKNALEELVIEMLKPELKAWLDKNLPVLVKELVEIEIKKLVONSKR—————
NFTDTIKDKKLDNNISSKNALEELVIEMLKPELKAWLDKNLPVLVKELVEIEIKKLVQNSKR—————

(85)
(65)
(60)
(70)
(70)
(70)
(70)
(70)
(70)
(66)
(70)
(60)
(70)
(70)
(70)
(70)
(60)
(70)

(127)
(127)
(122)
(137)
(137)
(137)
(132)
(132)
(132)
(128)
(132)
(122)
(132)
(132)
(132)
(132)
(122)
(132)
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signal sequence

———————— MLNKLCRILFFISLSLATLOSYAAAPPPLPMPSONSDIKS---KDEQPTSDSGSSMSIFDKI
———————— MLNKLCRILFFISLSLATLOSYAAAPPPLPMPSQONSDIKS---KDEQPTSDSGSSMSIFDKI
———————— MLNKLCKILFFIKLLLMTGQOSY-AVPPTLPPSLPDVEVAT--TEDKEFRYNSDTSI--FDKF
———————— MLNKLCEILFLINLLLVTGQGY-ASPPPLPOSLPIVAIDTPDKEDKDVSTNFNISF--FEKL
———————— MLNKLCDILFLINLLLVTVQGY-ASPPPLPPSLPIIAVDT---TDKNISTNSNISF--FEKF
———————— MLNKLCDILFLINLLLVIVQGY-ASPPPLPPSLPIIAVDT---TDKNISTNSNISF--FEKF
———————— MLNKSCKILFFINLLLVVVQSY-ASPPPLPTSLPAAEVDT---KDKDVSSNSDISF--FDKF
———————— MLNKLCKILFFINLLLVAVQSY-ASPPP---SLPAAEIDT---KDKDVSSNSDISF--FDKF
———————— MLNKLCKILFFINLLLVAVQSY-ASPPSLPPSLPVAEVDT---KDKDVSSNSDISF--FDKI
MNYLIRNYMLNKLCKILFFINLLLVTVQSY-ASPPPLPPSLPVVAVDT---KDKDVRSSADISF--FDKF
———————— MLNKLCKILFFINLLLVIVOSY-ASPPPLPPSLPAAEVDT---KDKDVRSSADISF--FDKF
———————— MLNKLCKILFFINLLLVIVQOSY-ASPPPLPPSLPAAEVDT---KDKDVRASADISF--FDKF
———————— MLNKLCKILFFINLLLVIVQSY-ASPPPLPPSLPAAEVDT---KDKDVRASADISF--FDKF
———————— MLNKLCKILFFINLLLVIVQSY-ASPPPLPPSLPAVEVDT---KYKDVRSSADVSF--FDKF
———————— MLNKLCKILFFINLLLVIVQSY-ASPPPLPPSLPTAEVDT---KDKDVRSSADVSF--FDKF
———————— MLNNLCKILFFINLLLVIVQOSY-ASPPPLPPSLPAAAVDT---KDKDVRSSADISF--FDKF
———————— MLNKLCKILFFINLLLVIVQOSY-ASPPPLPPSLPAAEVDT---KDKDVRSSANISF--FDKF
———————— MLNKLCKILFFINLLLVIVQSY-ASPPPLPPSLPAAEVDT---KDKDVRSSADISF--FDKF

KQFFHKS PKKKPLPKPQAQPDKPSDKLVSQEPNKNEVQLPSANNEVHOTNMNLASHND - ———————————
KQFFHKS PKKKPLPKPQAQPDKPSDKLVSQEPNKNEVQLPSANNEVHOTNMNLASHNDTNSEREASERED

KQFFSK-PQKKY ISPKSTNEQ———————————————— TKTADQEEPKL-SQEP————————————
KQFFSK-QKKTNISSQQEKGQ——————————————— TKAIHKESQQIDPREL ———————————
KQFFSK-QKKKNISSQHEQEQ——————————— e TKATHQESQQIDSREL - ———————————
KOFFSK-OKKKNISSQHEQEQ-—————————————— TKAIHOESQQIDSREL - ———————————
KOFFSK-SKKKNIHTKQOPNEQ- —— —————— e TKAAPQEEPKLASHEH - ———————————
KOFFSK-SKKKNISPKOPNEQ- —— ————— e TKAANQEEPKLASQEH - ———————————
KQFFSK-SKKKNIPPKQANEQ— —————————————— TKAAHKEEPKLASQES ————————————
KQFFSK-SKKKDIPPKQANEQ——————————————— TKAAHQEELKLASQEP————————————
KQFFSK-PKKKDIPPKQANEQ— —————————————— TKAAHQEEPKLASQEP - ———————————
KQFFSK-PKKKDIPPKQANEQ— —————————————— TKAAHQEEPKLASQEP————————————
KQFFSK-PKKKDIPPKQANEQ— —————————————— TKAAHQEEPKLASQEP - ———————————
KQFFSK-PKKKDIPPKQANEQ— —————————————— TKAAHQEEPKLASQEP————————————
KQFFSK-PKKKDIPPKQANEQ— —————————————— TKAAHQEEPKLASQEP————————————
KQFFSK-PKKKDIPPKQASEQ————————————— TKAAHQEEPKLASQEP ————————————
KQFFSK-PKKKDIPPKQASEQ——————————— e TKAAHQEEPKLASKGE - ———————————
KQFFSK-PKKKDIPPKHASEQ——————————— TKAAHQEEPKLASQEP - ———————————

---------------------------- D AASNNDVYTNT————————————
---------------------------- D AN-——THSKF————————————
---------------------------- D ~IDSKA-—————
---------------------------- D ~IDSKA-—————
---------------------------- D ATASY-EHENGVNLAEHDIOESS
____________________________ DT ——
---------------------------- NENEQAEPFID .
---------------------------- NDNEQAEPFID ATSDN-VHTNP————————————
---------------------------- NDNEQAEPFID ATSDN-VHTNP————————————
---------------------------- NDNEQAEPFID ATSDN-VHTNP————————————
---------------------------- NDNEQAEPFID ATSDN-VHTNP————————————
---------------------------- NDNEQAEQFID ATSDN-VHANS ————————————
---------------------------- NDNEQAEPFID ATSDN-VHANS ————————————
---------------------------- NDNEQAEPFID ATSDN-VHTNP————————————
---------------------------- NDNEQAEPFID ATSDN-VHTNP————————————
---------------------------- NDNEQAEPF[I|D) ATSDN-VHTNP————————————

(59)
(59)
(57)
(59)
(56)
(56)
(56)
(53)
(56)
(64)
(56)
(56)
(56)
(56)
(56)
(56)
(56)
(56)

(142)
(180)
(122)
(122)
(121)
(121)
(133)
(113)
(116)
(129)
(121)
(121)
(121)
(121)
(121)
(121)
(121)
(121)
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NLASNYNTQDM|
ASYNTQ
ASYNTOQ

PP

INL.

) SEPFIDMGNATLPSAMES|

Es

8 8 8 A A R A

FO NS EDDERD G AL S SEKEANS TPLPNTANNEEAQPELKVAGSLISNPPLRPGSYVVPPAPRT
RO I NUA ISRk DGAAS SEKEANS TPLPNTANNEEAQPELKVAGSL I SNPPLRPGS YVVPPAPRT

DEMRDAETAANVH-DEN--LASNIITRNNIPRP————————cmoo———— MVSIPLARPGSYVVPPSPPV
[FEMYKEAVLPNDYKKTN--LDFNIITL-NVLKP——————— oo —— V--IPTSQDMMDVVPLQQPV
[HENYREAVSSND-KETN - - ETSNIITE - NVP SP—— - ——— ————— e — VISIPTAQDVNYVVPSQQSV
[HEM¥REAVSSND -KEIN--EISNIEIE-NVPSP——————————— o ———— VISIPTAQDVNYVVPSQQSV
YEVHEEEVASNEHKDTN--LSSNIITP-NVPRP——————— e —— IVSMPPAQAGSYVVPPHRPYV
NDVH---TNTEHENSTN--LASNIITP-NVPRP————————————————— IVSMPPAQAGSYVVPPQRPV
NEMHEEEVDSNEHKDTN - -LASNIITP-NVPRP——————— oo —— IVSMPPAQAGSYIVPPQRPV
[NEMHEEQVASNEHSDTN--LASNIITP-NVPRP—————— oo IVSMPPAQAGSYVVPPQRPV
FEMHEAQVASNEHNDTN--LASNIIIP-NVPRP——————— oo —— IVSMPPAQAGSYVVPPQRPV
FEMHEAQVASNEHNDTN--LASNIIIP-NVPRP——————— oo —— IVSMPPAQAGSYLVPPQRPV
FEMHEAQVASNEHNDTN--LASNIIIP-NVPRP——————— oo —— IVSMPPAQAGSYLVPPQRPV
NEMHEAQVASNEHNDTN--LASNIITP-NVSRP———————— oo —— IVSMPPAQAGSYVVPPQRPV
FEMHEAQVASNEHNDTN--LVSNIITP-NVPRP——————— oo —— IVSMPPAQAGSYVVPPQRPV
NEMHE2QVASNEHNDTN--LASNIIIP-NVPRP————————————————— IVSMPPAQAESYVVPPQRPV
[NEMHEAQVASNEHNDTN--LASNIIIP-NVPRP—————— oo IVSMPPAQAESYVVPPQRPV
[FEMHEAQVASNEHNDTN--LASNIIIP-NVPRP———————m e e e IVSMPPAQAESYVVPPQRPV

QVYQPIALPPTHQY-IKLTPPPEANEQQDNVTAPPPP---QVVAPAPTVMPATPIPVVNQPTASD-VVTP
QVYQPIALPPTHQY-IKLTPPPEANEQQDNVTAPPPP---QVVAPAPTVMPATPIPVVNQPTASD-VVTP

OIYKPTNLLAVHKKHILLNPPPDVHKTQESIIPIAPPATSSI-———— PNMPAISLPAVSTPVTQD-TNPS
QIYKPTNLTSI--P-KLFNHDTNLNNVEKNLES——————— TM————- SNMTTISPNMLSVPTTQD-TIPT
QOIYKPTNLTSIRNP-IPLNHHTDLNKVEKNLES——————— TI-———— SNMTTIPTNMVSVPSIQD-TIQT
QIYKPTNLTSIRNP-IPLNHHTDLNKVEKNLES——————— TI-———— SNMTTIPTNMVSVPSIQD-TIQT
QIYKPTNLLSVHRP-IPLNTPPDAYKEAESVAPQ—————— SI-———- PNMPAVSPPVI-——-- ODITTPS
QIYKPTNLPPVHKP-IPLNPSPEANKEEESVAPIAPQ-—-SI-———- PNMPAVSPPVVSPPVIQDTTTPS
QIYKPTNLPPVHKP-IPLNPPPDANKEEESVAPIAPP-—-SI-———— PNMPAVSPPVVSPPVTQD-ITPS
QIYKPTNLPPVHKP-IPLNPPPDANKEEESVAPIAPP-—-SI-—-——— PNMPAVSPPVVSPPVTQD-TTSS
QIYKPTNLPPVHKP-IPLNPPPDANKEEESVAPIAPP-—-SI-———— TNIPAVSPPVVSPPVTQD-NTSS
QIYTPTNLPPVHKP-IPLNPPPDANKEEESVAPIAPP-—-SI-———- TNIPAVSPPVVSPPVTQD-NTSS
QIYTPTNLPPVHKP-IPLNPPPDANKEEESVAPIAPP-—-SI-—-——— TNIPAVSPPVVSPPVTQD-NTSS
QIYKPTNLPPVHKP-IPLNPPPDANKEEESVAPIAPP-—-SI-—-——— PNMPAVSPPVVNPPVTQD-TTSS
QIYKPTNLPPVHKP-IPLNPTPDANKEEESVAPIAPP-—-SI-———— PNMPAVSPPVVNPPVTQD-TTSS
QIYKPTNLPPVHKP-IPLNPPPDANKEEESA---ALP-—-SI-—-——- TNIPAVSPPVVSPPVTQD-NTSS
QIYKPTNLPPVHKP-IPFNPPPDANKEEESVAPIAPP-—-SI-—-——— TNIPAVSPPVVSPPVTQD-NTSS
QIYKPTNLPPVHKP-IPLNPPPDANKEEESVAPIAPP——-SI-—-——— TNIPAVSLPVVSPPVTQD-NTSS

(178)
(216)
(168)
(168)
(166)
(166)
(195)
(151)
(162)
(167)
(159)
(159)
(159)
(159)
(159)
(159)
(159)
(159)

(248)
(286)
(218)
(216)
(215)
(215)
(245)
(198)
(212)
(217)
(209)
(209)
(209)
(209)
(209)
(209)
(209)
(209)

(313)
(351)
(282)
(270)
(271)
(271)
(298)
(259)
(272)
(277)
(269)
(269)
(269)
(269)
(269)
(266)
(269)
(269)
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PITTPVPVPATPSTP-NTPVPTVNQPAAPTAPSNTPIPAVQPVVPPATMPNTTDSSAKTDNSKETFTADV
PITTPAPVPATPSTP-NTPVPTVNQPAAPTAPSNTPIPAVQPVVPPATMPNTTDSSAKTDNSKETFTADV
TIPAIVPLVGTPVVPSNVPVPLAMPTDQPSTQPIMPSSTNTAISTTPIVVPDTNFSADINNSQETLTASS
TLNITVPTTPTTETHVNVPSSTMMHSNNHSTQPITTISINTPVDTSSTVVTATESSMAINNSQERFVSTS
TLNITVP---TAETHVSVQTSTVMHSNQHSAQPITPISINTPVETSSTVLRATESSVPINNSQEIFVSES
TLNITVP---TAETHVSVQTSTVMHSNQHSAQPITPISINTPVETSSTVLRATESSVPINNSQEIFVSES

TMPTTVP----SAVPSNVPAHRVMPTNQPSTQPITQTSPNTPVITPSKVVPKIDSSAEINNSQETFVAVS
TMPTTVP----PAVPSNVPAPPVMPTNQPSTQPITPPSPNTPVITPSKVVPTTDSSAEINNSQETFVAVS
TMPTTVPPAETPVVPSNAPAPLVMPTNQQSTQPITPASPNTPVITPPKVVPTTDSSAEINNSQETFVAVS
TMPTTVP----PAVLSNVPAPPVMPTNQPSTQPITPTSPNTPVITPSQVVPTTDSSAELNNSQETFVAVS
TMPTTVP--—--PAVPSNVPAPSVMPTNQPSTQPITPTSPNTPVTTPSKVIPTTDSSAELNNSQETFVAVS
TMPTTVP--—--PAVPSNVPAPSVMPTNQPSTQPITPTSPNTPVTINPSKVIPTTDSSAELNNSQETFVAVS
TMPTTVP--—--PAVPSNVPAPSVMPTNQPSTQPITPTSPNTPVINPSKVIPTTDSSAELNNSQETFVAVS

TMPTTVPPAGTPAVPSNVPAPSVMPTNQPSTQPITPTSPNTPVTTPSKVIPTTDSSAELNNSQETFVAVS
TMPTTVPPAGTPAVPSNVPAPSVMPTNQPSTQPITPTSPNTPVTTPSKVIPTTDSSAELNNSQETFVAVS

TMPTTVP----PAVPRNVPAPSVMPINQPSTOPITPTSENTPVTTPSKVIPTTDSSAELNNSQETFVAVS
TMPTTVP-—---PAVPRNVPAPSVMPTNQPSTOPITPTSPNTPVTTPSKVIPTTDSSAVLNNSQETFVAVS
TMPTTVP----PAVPRNVPAPSAMPTNOPSTOPITPTSPNTPVTTPSKVIPTTDSSAALNNSQOETFVAVS
 —
NLPKKQDWDAPLKPVEVLSANQNQGSN---NTNAANNSVPANQKQIQPONTSTSVS SSNVVVKK
NLPKKQDWDAPLKPVEVLSANONQGSN---NTNAANNSVPANQKQIQPQONTSTSVSSSNVVVKK
NIPKKQDWNTPLIPVVVVNPN--0QSKS——SEMOVKNSOTTNNOEKSLE - ————— VSSPNVMMOE
EATKKQODWYTPIIPVLVVDPNKSRPNSLALEKKIDNDOI INNOAKSYP— e ——— VSSSNVTLOK
ESTKKQDWYTPIMPVLVVDPNKSQSKPLALEQKNNNDQI INNQAESHS - ————— VSSSNVTIQK
ESTKKQDWYTPIMPVLVVDPNKSQSKPLALEQKNNNDQI INNQAESHS - —— ——— VSSSNVTIQK
DVQKKQODWNTPLIPVVVVKPN--QPQT--LEKQV-NSQTTHNQEKS PP —m — —— VSSONVTIQK
DVPKKODWNTPLIPVVVVKPN--QOPQA~-LEKOVNNNQTTNNQEKS PP —m——— VSSSNVTIOQK
DVPKKQDWNTPLIPVVVVKPNQPQSQP - ~LEKQIKNNQTTNNQEKSLP - — - ——— ISSPNVTIOH
———KNQDWNMPLIPVVVVKPN--QLQP-~LEKQINNNQTTNNQEKS PP ————— VSSPNVTIQK
DVPKKODWNTPLIPVVVVKLN-—QLOP—-L——QINNNQTTNNQEKSPP—————— ASSPNVTIOK
DVPKKQODWNTPLIPVVVVKLN--QLQOP—~L—-~QINNNQTTNNQEKS PP ————— ASSPNVTIQK
DVPKKQDWNTPLIPVVVVKLN--QLQOP—~L—~QINNNQTTNNQEKSPPm—m——— ASSPNVTIQK
DVPKKODWNTPLIPVVVVKLK--KFQP—-LEKQOINNNQTTNNQEKSPP—————— LNSPNVTIOK
DVPKKODWNTPLIPVVVVKLK--QOF QP --LEKOINNNQTTNNQEKS PP ————— VSSPNVTIQK
DVPKKQDWNTPLIPVVVVKLN--QLQOP—~L—~QINNNQTTNNQEKSPPm—m——— VSSPNVTIQK
DVPKKODWNTPLIPVVVVKLN-—QLOP—-L——QINNNQTTNNQEKSPP—————— VSSPNVTIOK
DVPKKODWNTPLIPVVVVKLN-~QLOP—~L—-~QINNNQTTNNQEKS PP ————— VSSPNVTIQK

TELTESATKFRH DOMDIYSYIKLFQKKEEWIANADRRKAVESLVKY
TELTESATKFAXDESOMHE b (@A DOMDT YSY IKLFQKKEEWI ANADRRKAVESLVKY
NETLESATKFVH AT = OMDM Y AY TRLFQKKEEWIVNAERRKVVESFIKY
NETSELAKEF TOMLF] v AT )= O1MDMY GY TKL.FOKKEGWIASMGKRKLVESFTKY
NATSESTKEF TOMLF] ¥ BB/ OMDMHGY TKLFOKKEEWI ANAEKRKLVESFTKY
NATSESTKEF TQMLF] ¥ BT/ OMDMHGY TKLFQKKEEWI ANAEKRKLVESFTKY
NETSVSTIKFVH Y (@i [=0MDM Y GY TALFOKKEEWIASAKRRKVVESFTKY
NETSESTTKFVH _::: : ::!ﬂu OMDMYAYIELFOKKEEWIASAKRRKVVESFIKY
NETSKSTTKFVH LEQMDMYAYIELFQKKEEWIASAERRKAVESFIKY
NETSELVTKFVKDET oM ENE DD VKT 0T EOMDMYAY IELFOKQEEWIASTERRKVVESFIKY
NETSELVTKE VLGKLTEQATLA QMDMYAY IKLFQKKAEWIASAERRKVVESFIKY
NETSELVTKE I ¥ QBT QMDMY AY TELFQKKAEWI ASAERRKVVESFTKY
NETSELVTKE ! : : LEQMDMYAY IELFQKKAEWIASAERRKVVESFIKY
NETSELVTKFVKDETOMES v _:1H| OMDMYAY IELFOKKEEWIASAERRKVVESFIKY
NETSELVTKFVH TAQMDMYAYIELFQKKEEWIASAERRKVVESFIKY
NETSELVTKENHDETOMEFLPDDDIMUGKITE AT | QMDMYAYIELFQKKAEWIASAERRKVVESFIKY
NETSELVTKE ﬂi:'_'_ﬂu OMDMYAYIELFOKKAEWIASAERRKVVESFIKY
NETSELVTKEVK I W --!IQMDMYAYIELFQKKAEWIASAERRKVVESFIKY

(382)
(420)
(352)
(340)
(338)
(338)
(364)
(325)
(342)
(343)
(335)
(335)
(335)
(339)
(339)
(332)
(335)
(335)

(449)
(487)
(412)
(404)
(402)
(402)
(423)
(385)
(404)
(400)
(393)
(393)
(393)
(399)
(399)
(390)
(393)
(393)

(519)
(557)
(482)
(474)
(472)
(472)
(493)
(455)
(474)
(470)
(463)
(463)
(463)
(469)
(469)
(460)
(463)
(463)
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DNDLNKKKDITATLSYCSAIDNSFRAIDRNNLSKLRVLLDVYPILQEKNNKGDTLLTAAVYKDNYYLAKY
DNDLNKKKDITATLSYCSAIDNSFRAIDRNNLSKLRVLLDVYPILOEKNNKGDTLLTAAVYKDNYYLAKY
DNDINKKKDIYANLSYYGAVDNAFRAVDRNNLFGLRALLDVYPILOEKSRLGETLLTAATYNDNYYLAKF
DIDINKNKDIYSNLSYYSAVDNAFRAVARNNLFELRALLDVYPILOEKNSTGETLLTAAIYNDNYYLAKF
DDDINKNKDIYANLSYYSAVDNAFRAVEKNNLFELRALLDVYPILOAKNSTGETLLTSSIYNGNYYLAKF
DDDINKNKDIYANLSYYSAVDNAFRAVEKNNLFELRALLDVYPILOQAKNSTGETLLTSSIYNGNYYLAKF
DSYINKKQDIYSNLSYCKAVDNAFRAVDSNNLFGLRALLDVYPILOEKSRSGETLLTAAIYNDNYYLAKF
DNDINKKKDIYANLSYCKAVDNAFRAVDRNNLFGLRALLDVYPILOEKSRSGETLLTAAIYNDNYYLAKF
DNDINKKKDIYANLSYCSAVDNAFRAVDRNNLFELRALLDVYPILQEKSRLGETLLTAATIYNDNYYLAKF
DNDINKKKDIYANLSYSSAVENAFRAVDSNNLFGLRALLDVYPILOEKGRSGEALLTAAIYNDNYYLAKF
DNDINKKKDIYANLSYCSAVENAFRAVDRNNLFGLRALLDVYPILOEKGRSGETLLTAATIYNDNYYLAKF
DNDINKKKDIYANLSYCSAVENAFRAVDRNNLFGLRALLDVYPILQEKGRSGETLLTAATIYNDNYYLAKF
DNDINKKKDIYANLSYCSAVENAFRAVDRNNLFGLRALLDVYPILOEKGRSGETLLTAAIYNDNYYLAKF
DNDINKKKDIYANLSYCSAVENAFRAVDRNNLFGLRALLDVYPILOEKGRSGETLLTAAIYNDNYYLAKF
DNDINKKKDIYANLSYCSAVENAFRAVDRNNLFGLRALLDVYPILOEKGRSGETLLTAAIYNDNYYLAKF
GNDINKKKDIYANLSYCSAVENAFRAVDRNNLFGLRALLDVYPILQEKGRSGETLLTAAIYNDNYYLAKF
GNDINKKKDIYANLSYCSAVENAFRAVDRNNLFGLRALLDVYPILQEKGRSGETLLTAAIYNDNYYLAKF
GNDINKKKDIYANLSYCSAVENAFRAVDRNNLFELRALLDVYPILOEKGRSGETLLTAAIYNDNYYLAKF

- - -

LVIRGIKISTL-NSECQYPLDIALARGNTNIACMLTKAKGY - (629)
LVIRGIKISTL-NSECQYPLDIALARGNTNIACMLTKAKGY - (667)
LVIRGIKISTL-NYKCQYPLDIALVQGNSNIACILIKAKGYN (593)
LVIRGIKTSVLKKDECKYPLDIASSQGNTNIVCMLMKAKGYN (586)
LVIRGIKTSVLKNDECKYPLDIALAKGNTNIVCMLMKAKGYN (584)
LVIRGIKTSVLKNDECKYPLDIALAKGNTNIVCMLMKAKGYN (584)
LVIRGVQIATL-NDECQYPLDIALAQANTNIACMLIKAKGYN (604)
LVIRGIKISTL-NDECQYPLDIALAQGNANIACMLIKAKGYQ (566)
LVVRGIKISTL-NDECQYPLDIALAQGNANIACMLIKAKGY - (584)
LVIRGIKISTL-NNECQYPLDVALAQGNANIACMLIKAKGYN (581)
LVIRGIKISTL-NDECQYPLDIALAQGNANIACMLIKAKGY- (573)
LVIRGINISTL-NDECQYPLDIALAQGNANIACMLIKAKGY - (573)
LVIRGINISTL-NDECQYPLDIALAQGNANIACMLIKAKGY - (573)
LVIRGIKISTL-NDECQYPLDIALAQGNANIACMLIKAKGY - (579)
LVIRGIKISTL-NDECQYPLDIALAQGNANITCMLIKAKGY- (579)
LVIRGIKISTL-NDECQYPLDIALAQGNANIACMLIKAKGY - (570)
LVIRGIKISTL-NDECQYPLDIALAQGNANIACMLIKAKGY - (573)
LVIRGIKISTL-NDECQYPLDIALAQGNANIACMLIKAKGY - (573)

(589)
(627)
(552)
(544)
(542)
(542)
(563)
(525)
(544)
(540)
(533)
(533)
(533)
(539)
(539)
(530)
(533)
(533)

10

Figure S2. Comparative sequence analysis of proteins encoded by (A) RT0216, (B) RT0217

and (C) RT0218 across 18 Rickettsia genomes. Sequences were obtained from the PATRIC

website (4). The rickettsial species/strains are abbreviated as follows: Br, R. bellii str. RML369-

C; Bo, R. bellii str. OSU 85 389; Ca, R. canadensis str. McKiel; Ty, R. typhi str. Wilmington; Pr,

R. prowazekii str. Madrid E; P22, R. prowazekii str. Rp22; Ak, R. akari str. Hartford; Fe, R. felis

str. URRWXCal2; IS, Rickettsia endosymbiont of Ixodes scapularis; Ma, R. massilae str. MTU5;

Pe, R. peacockii str. Rustic; Ri, R. rickettsii str. Sheila Smith; Rw, R. rickettsii str. lowa; Hj, R.
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heilongjiangensis str. 054; Ja, R. japonica str. YH; Co, R. conorii str. Malish 7, Si, R. sibirica str.
246; Af, R. africae str. ESF-5. All alignments were constructed using MUSCLE v3.6 (3) with
default parameters. Positions within the alignment that are highlighted yellow depict invariant
residues across all sequences. Coordinates for each sequence (aa) are shown in parentheses at
right. N-terminal signal sequences, as predicted with SignalP 4.0 (7), are shaded gray. (A) TolC
protein alignment with secondary structure model shown at top (see Figure S4 for details). (B)
Alignment of PopZ-like sequences with the conserved N- and C-terminal regions illustrated at
top and colored blue and orange, respectively. The conserved regions are described in the text
and shown in more detail in Figure S3. (C) RARP-1 protein alignment with repeat regions
illustrated within the central domain. The repeat region proximal to the N-terminus is shown in
blue and ranges from 2-4 repeats across rickettsial sequences (each repeat per sequence is shaded
darker to demarcate the multiple repeats per sequence). The repeat region flanking the ANK
domain is shown in green and contains two predicted repeats per sequence. Conserved residues
within the repeat regions are boxed. Repeats were predicted using HHrepID v2.16.1 (1). The
three ankyrin repeats within the ANK domain are illustrated as described in Figure 2 and Figure
S1. NOTE: the region used to design the RARP-1 antibody (EKGQTKAIHKESQQIDPRE) is

bolded (pos. 76-94).
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RARAAN

Figure S3. Bioinformatics analysis of the R. typhi TolC. (A) Diagram depicting the
secondary structure of Escherichia coli TolC (5). The gray and blue bars correspond to the a-
helices and B-strands, respectively. (B) Multiple sequence alignment of R. typhi (Rt, YP_067180)
and E. coli (Ec, ZP_04872262) TolC proteins. Structural model at top depicts secondary
structure shown in A. Conserved positions within the alignment are highlighted yellow.
Coordinates for each sequence (aa) are shown in parentheses at right. (C, D) Structural modeling
of R. typhi TolC (shown as a monomer, C) with the TolC monomer of E. coli (pdb 1ek9C, D).
The a-helices are shown in blue, with B-strands colored yellow. The dashed box depicts the o/f
domain that encompasses p-strands B3 and B6, which are absent in the R. typhi TolC structure

prediction.



14

A C0G3827
oD C D
Rickettsia typhi str. Wilmington [10] MS \'lﬂKSNGI NEHK [ 58] SENAREELVIETRAZ ﬂKV;‘DKN‘PI-I‘EHE - —— - IEMKKL{QY SKRDGSNY -
Onentia tsutsugamushi str. Boryong [16] QSHEHN NSHNT NHDI [ 98] SNOQT| EDIVIEil KP i SE'I DNHI B HiSIVME QOIBSKTHOSNKQRN
Wolbachia (Drosophila melanogaster) [ 71 9s] i” EDRL SGEN [122] ANLT‘EELVTS\ || SE'I NKYI ['LPAHHI <E A —— —KEIRKDIINNE—— ——————
Anaplasma marginale str. St. Maries [10] OS] “! SHK LSD- [126] KGLT| E:ELTLsil RPSL) SE'I NENPGE HI  ENgYa- —— —REIMGKLMKQQ————-———
Ehrlichia canis str. Jake [ 71 95 iHI !K iSSND [170] KSPTaEELVIN (LEKPII ST |NNN10 HiE""KE HIMKKSHON-————
“Cand. Midichloria mitochondrii IricVA™  [..] --LQyyti SDgMLiOQNS [ 39] TEGQl TSTLOEjl KPY4 KTHI DDN‘PS usE #-——-ROMKMILDE SNKK--———
* & & * & i ke
B 1 630

137
is8
191
197
242
102

bits
o = N W

Figure S4. R. typhi RT0217 encodes a putative PopZ homolog. (A) Multiple sequence
alignment of six Rickettsiales PopZ-like proteins: HP RT0217 (Rickettsia typhi str. Wilmington,
YP_067181); HP OTBS_0399 (Orientia tsutsugamushi str. Boryong, YP_001248323); HP
WDO0069 (Wolbachia endosymbiont of Drosophila melanogaster, NP_965897); HP AM1025
(Anaplasma marginale str. St. Maries, YP_154161); HP Ecaj_0824 (Ehrlichia canis str. Jake,
YP_303453); HP midi_00757 (“Candidatus Midichloria mitochondrii str. IricVA”,
YP_004679733). See text for alignment details. NOTE: genes encoding PopZ-like sequences
were not detected in Neorickettsia genomes. The conserved N-terminal (light-blue) and C-
terminal (orange) domains are illustrated above the alignment. Invariant residues are depicted
with an asterisk below the alignment. Amino acid conservation is shown for polar (green), non-
polar (black), acidic (red), and basic (blue) residues. (B) A more extensive search for potential

HP RT0217 homologs revealed 122 sequences within alphaproteobacterial genomes, with robust
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sequence comparison illustrating the conserved small N-terminal and C-terminal regions within
an alignment encompassing extraordinary variability in sequence length and composition.
Schema depicts multiple sequence alignment (1-630 positions) with conserved N- and C-
terminal domains and sequence conservation across 122 alphaproteobacterial PopZ-like
sequences shaded as in A. The conserved regions are illustrated with sequence logos (2), with

amino acid classes colored as in A.
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Figure S5
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Figure S5. Recombinant protein expression and purification of RARP-1. E. coli C600/pTrc-
RT0218 (A), E. coli C600AtolC/pTrc-RT0216-RT0217-RT0218 (B), and E. coli Topl0 cells
harboring pTrc-RT0218 ASS (C) were induced by addition of IPTG to a final concentration of
1mM. The bacterial cells were harvested by centrifugation at 8,000 xg for 20 min and lysed with
french press cell disrupter. The cleared cell lysate with recombinant full-length RARP-1 and
RARP-1ASS was incubated with nickel chelated agarose and recombinant protein was purified
under native conditions. The purified proteins were separated by SDS-PAGE following dialysis
and concentrating. The recombinant full-length RARP-1 and RARP-1 ASS (~80kDa) was
identified by immunoblotting using anti-RT0218 antibodies. The purity of the protein was

assessed with coomassie stain (data not shown).
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Table S1. Primers used in the study.

Primer Sequence (5> —» 3°)
RT0218-SSF | ATG TTA AAT AAATTATGT GAG ATA
RT0218-R2 ATT ATACCCCTT AGC TTT CAT TAA
RT0218-F1 TCG CCT CCGCCATTACCACAATCA
RT0218-R3 AAT ATCTTTATT TTT ATT GAT ATC
RT0216-F2 ATG AGT AAATTAACT ACATTT ATT
RT0216-F1 TCC GCA AGA GCC AGT TATTC
RT0216-R1 AAT CCT TCC CAC ACG CTAAC

RT0218 RT-F1

TCATTC TAC ACA GCC TAT AAC GAC

RT0218 RT-R1

TGG GAT CAACTACAAGAACTGG

RT0218 RT-R2

ACT AACATCCTT ATCTTCCTT ATC TGG

AZ5194-F TCT ATT ATT GGT GAC AGG GC
AZ5195-R CAT CCTTATCTT CCT TATCTG G
AZ4923 CTCCTG CCT TAG AAT CCAACCC
AZ4924 TTCCTT TACACT ATGCTT TTC ACC AG
AZ2249-F ACA ATCTGT GTG GGC ACT CG
AZ2248-R GGC TGA AAATCT TCT CTC ATC CGC

17



Table S2. RT0218 homologs of Rickettsia spp.
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Accession number | Protein Homologue/Locus tag Rickettsial species Strain Bit score | Identities
YP_067182.1 hypothetical protein RT0218 Rickettsia typhi Wilmington | 1192
NP_220612.1 hypothetical protein RP226 Rickettsia prowazekii | Madrid E 827 79%
ZP_04699593.1 ankyrin repeat-containing domain | Rickettsia - 647 63%
protein endosymbiont of
Ixodes scapularis
YP_004764027.1 Rh054_01760 Rickettsia 054 586 59%
heilongjiangensis
YP_002844975.1 Ankyrin repeat protein Rickettsia africae ESF-5 585 58%
YP_247003.1 ankyrin repeat-containing protein | Rickettsia felis URRWXCal | 580 59%
RF_0987 2
YP_002916264.1 hypothetical protein RPR_01695 | Rickettsia peacockii Rustic 578 59%
YP_001499117.1 ankyrin repeat-containing protein | Rickettsia massiliae MTU5 578 60%
ZP_00142229.1 hypothetical protein Rickettsia sibirica 246 576 58%
YP_001491992.1 threonyl-tRNA synthetase Rickettsia canadensis | McKiel 577 54%
NP_359945.1 hypothetical protein RC0308 Rickettsia conorii Malish 7 573 59%



http://www.ncbi.nlm.nih.gov/protein/51473425?report=genbank&log$=prottop&blast_rank=1&RID=74EJ4C80014
http://www.ncbi.nlm.nih.gov/protein/15604097?report=genbank&log$=prottop&blast_rank=2&RID=74EJ4C80014
http://www.ncbi.nlm.nih.gov/protein/239947840?report=genbank&log$=prottop&blast_rank=3&RID=74EJ4C80014
http://www.ncbi.nlm.nih.gov/protein/341583536?report=genbank&log$=prottop&blast_rank=4&RID=74EJ4C80014
http://www.ncbi.nlm.nih.gov/protein/229586474?report=genbank&log$=prottop&blast_rank=5&RID=74EJ4C80014
http://www.ncbi.nlm.nih.gov/protein/67459379?report=genbank&log$=prottop&blast_rank=6&RID=74EJ4C80014
http://www.ncbi.nlm.nih.gov/protein/238650412?report=genbank&log$=prottop&blast_rank=7&RID=74EJ4C80014
http://blast.ncbi.nlm.nih.gov/Blast.cgi#238650412
http://www.ncbi.nlm.nih.gov/protein/157964293?report=genbank&log$=prottop&blast_rank=8&RID=74EJ4C80014
http://www.ncbi.nlm.nih.gov/protein/34580749?report=genbank&log$=prottop&blast_rank=9&RID=74EJ4C80014
http://www.ncbi.nlm.nih.gov/protein/157803443?report=genbank&log$=prottop&blast_rank=10&RID=74EJ4C80014
http://www.ncbi.nlm.nih.gov/protein/15892231?report=genbank&log$=prottop&blast_rank=11&RID=74EJ4C80014
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YP_001494426.1 hypothetical protein A1G_01760 | Rickettsia rickettsii Sheila Smith | 568 58%

YP_001649675.1 hypothetical protein Rickettsia rickettsii lowa 568 58%
Rrlowa 0373

YP_001493155.1 ankyrin repeat-containing protein | Rickettsia akari Hartford 558 55%

YP_537401.1 ankyrin repeat-containing protein | Rickettsia bellii RML369-C | 347 39%

YP_001496681.1 ankyrin repeat-containing protein | Rickettsia bellii OSU 85-389 | 340 43%



http://www.ncbi.nlm.nih.gov/protein/157828184?report=genbank&log$=prottop&blast_rank=12&RID=74EJ4C80014
http://www.ncbi.nlm.nih.gov/protein/157825435?report=genbank&log$=prottop&blast_rank=13&RID=74EJ4C80014
http://www.ncbi.nlm.nih.gov/protein/91205046?report=genbank&log$=prottop&blast_rank=14&RID=74EJ4C80014
http://www.ncbi.nlm.nih.gov/protein/157827617?report=genbank&log$=prottop&blast_rank=15&RID=74EJ4C80014

Table S3.

TolC homologs of Rickettsia spp.
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Accession Protein Homologue Rickettsial species Strain Bit Locus tag of
number score homolog
YP_067180.1 Outer membrane protein TolC precursor | Rickettsia typhi Wilmington 921 RT0216
NP_220612.1 Outer membrane protein TolC precursor | Rickettsia Madrid E 827 RP224
prowazekii
ZP_04699593.1 | Type I secretion outer membrane protein | Rickettsia Rp22 850 ADE29736
TolC prowazekii
YP_247001.1 TolC family type | secretion outer Rickettsia felis URRWXCal2 | 795 RF_0985
membrane protein
YP_001493153.1 | TolC family type | secretion outer Rickettsia akari Hartford 792 Al1C 01670
membrane protein
ZP_04699596.1 | Type I secretion outer membrane protein | Rickettsia 757 ZP_ 04699596
TolC endosymbiont of
Ixodes scapularis
YP_001499115.1 | Type I secretion outer membrane protein | Rickettsia massiliae MTU5 751 RMA_0312
TolC
ZP_00142231.1 | Outer membrane protein tolC precursor | Rickettsia sibirica 246 749 Rsib_orf.398
NP_359943.1 Outer membrane protein tolC precursor | Rickettsia conorii Malish 7 748 RC0306
YP_002844973.1 | Type | secretion outer membrane protein | Rickettsia africae ESF-5 746 RAF_ORF0284



http://www.ncbi.nlm.nih.gov/protein/51473423?report=genbank&log$=prottop&blast_rank=1&RID=76WXGC2901R
http://www.ncbi.nlm.nih.gov/protein/15604097?report=genbank&log$=prottop&blast_rank=2&RID=74EJ4C80014
http://www.ncbi.nlm.nih.gov/protein/239947840?report=genbank&log$=prottop&blast_rank=3&RID=74EJ4C80014
http://www.ncbi.nlm.nih.gov/protein/67459377?report=genbank&log$=prottop&blast_rank=3&RID=76WXGC2901R
http://www.ncbi.nlm.nih.gov/protein/157825433?report=genbank&log$=prottop&blast_rank=4&RID=76WXGC2901R
http://www.ncbi.nlm.nih.gov/protein/239947843?report=genbank&log$=prottop&blast_rank=5&RID=76WXGC2901R
http://www.ncbi.nlm.nih.gov/protein/157964291?report=genbank&log$=prottop&blast_rank=6&RID=76WXGC2901R
http://www.ncbi.nlm.nih.gov/protein/34580751?report=genbank&log$=prottop&blast_rank=7&RID=76WXGC2901R
http://www.ncbi.nlm.nih.gov/protein/15892229?report=genbank&log$=prottop&blast_rank=8&RID=76WXGC2901R
http://www.ncbi.nlm.nih.gov/protein/229586472?report=genbank&log$=prottop&blast_rank=9&RID=76WXGC2901R
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TolC
YP_004764024.1 | Outer membrane protein tolC Rickettsia 054 745 Rh054_06640
heilongjiangensis
YP_002916267.1 | Type | secretion outer membrane Rickettsia peacockii Rustic 744 RPR_01710
protein, TolC precursor
YP_001494423.1 | Outer membrane protein tolC precursor | Rickettsia rickettsii Sheila Smith | 743 AlG_01745
YP_001649672.1 | Type | secretion outer membrane protein | Rickettsia rickettsii lowa 743 Rrlowa_0370
YP_001491990.1 | Outer membrane protein tolC precursor | Rickettsia canadensis | McKiel 720 AIlE_01300
YP_537404.1 Type | secretion outer membrane protein | Rickettsia bellii RML369-C 659 RBE_0234
TolC
YP_001496685.1 | Type | secretion outer membrane protein | Rickettsia bellii OSU 85-389 | 657 All_06660

TolC



http://www.ncbi.nlm.nih.gov/protein/341583533?report=genbank&log$=prottop&blast_rank=10&RID=76WXGC2901R
http://www.ncbi.nlm.nih.gov/protein/238650415?report=genbank&log$=prottop&blast_rank=11&RID=76WXGC2901R
http://www.ncbi.nlm.nih.gov/protein/157828181?report=genbank&log$=prottop&blast_rank=12&RID=76WXGC2901R
http://www.ncbi.nlm.nih.gov/protein/157803441?report=genbank&log$=prottop&blast_rank=13&RID=76WXGC2901R
http://www.ncbi.nlm.nih.gov/protein/91205049?report=genbank&log$=prottop&blast_rank=14&RID=76WXGC2901R
http://www.ncbi.nlm.nih.gov/protein/157827621?report=genbank&log$=prottop&blast_rank=15&RID=76WXGC2901R
http://blast.ncbi.nlm.nih.gov/Blast.cgi#157827621

Table S4. Primary and secondary antibodies used in the study.
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Antibody target Host animal Dilution Antibody Source
RT0218 Rabbit (polyclonal) 1:500 This study

EF-Ts (R. typhi) Rabbit (polyclonal) 1:2000 This laboratory (8)
GAPDH Mouse (monoclonal) 1:1000 Abcam

R. typhi Rat (serum) 1:500 This laboratory
Mouse IgG, HRP-linked Sheep 1:5000 GE Healthcare
Rabbit 1gG, HRP-linked, F Donkey 1:5000 GE Healthcare
(ab”), fragment

Rabbit IgG, Alexa Fluor 594- | Goat 1:300 Molecular Probes
conjugated

Rat 19G, Alexa Fluor 488- Goat 1:200 Molecular Probes

conjugated



http://www.abcam.com/GAPDH-antibody-mAbcam-9484-HRP-Loading-Control-ab9482.html
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Table S5. Peptides identified in a uniqgue immogenic band (approximately 80kDa) from cellular
pellets and culture supernatant E. coli cells by mass spectrometry.

Sample Identified peptides matching Position | Protein Number
RARP-1 (aa) probabilit | of
y peptides
Purified RARP-1 ALLDVYPILQEK 511-522 | 0.99 11
from C600-pTrc- SYPVSSSNVTLQK* 386-398 | 0.99
RT0218 KLVESFIK 466-473 | 0.99
NNLFELR 504-510 | 0.99
FISATNNEMYK 163-173 | 0.99
LTEHATLEQMDMYGYIK 434-450 | 0.99
LFNHDTNLNNVEK 230-242 | 0.88
NSTGETLLTAAIYNDNYYLAK 523-543 | 0.84
TAAIYNDNYYLAK 531-543 | 0.30
LFLPDDDIVLGK* 422-433 | 0.24
AAIYNDNYYLAK 532-543 | 0.84
Purified RARP-1 SYPVSSSNVTLQK 386-398 | 0.99 14
from C600-pTrc- ALLDVYPILQEK 511-522 | 0.99
RT0216-RT0217- FISATNNEMYK 163-173 | 0.99
RT0218 VNNETSELAK 403-412 | 0.99
KIDNDQIINNQAK 373-385 | 0.99
SRPNSLALEK 363-372 | 0.99
LTEHATLEQMDMYGYIK 434-450 | 0.99
KIDNDQIINNQAK 373-385 | 0.99
FISATNNEMYK 163-173 | 0.99
LVESFIK 467-473 | 0.98
NNLFELR 504-510 | 0.96
FLVIR 544-548 | 0.96
EAVLPNDYK 174-182 | 0.94
ESQQIDPR 86-93 0.84
Concentrated SYPVSSSNVTLQK* 386-398 | 0.99 3
culture supernatant | YDIDINK 474-480 | 0.70
from C600-pTrc- NETQMLFLPDDDIVLGK* 417-433 | 0.85

RT0218

Deamidated amino acid residues are shown in red.

*The peptides found both in the culture supernatant and purified protein from the cellular pellets

are shown in bold.



http://h.thegpm.org/thegpm-cgi/peptide.pl?ltype=&npep=0&path=/tandem/archive/MS_RT0218%20120328_1_LB.xml&uid=144654&label=gi%7C51473425%7C&homolog=144654&id=1513.1.1&proex=-1
http://h.thegpm.org/thegpm-cgi/peptide.pl?ltype=&npep=0&path=/tandem/archive/MS_RT0218%20120328_1_LB.xml&uid=144654&label=gi%7C51473425%7C&homolog=144654&id=2996.1.1&proex=-1
http://h.thegpm.org/thegpm-cgi/peptide.pl?ltype=&npep=0&path=/tandem/archive/MS_RT0218%20120328_1_LB.xml&uid=144654&label=gi%7C51473425%7C&homolog=144654&id=1879.1.1&proex=-1
http://h.thegpm.org/thegpm-cgi/peptide.pl?ltype=&npep=0&path=/tandem/archive/MS_RT0218%20120328_1_LB.xml&uid=144654&label=gi%7C51473425%7C&homolog=144654&id=1825.1.1&proex=-1
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