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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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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. Iowa; 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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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 α-

helices and β-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 α-helices are shown in blue, with β-strands colored yellow. The dashed box depicts the α/β 

domain that encompasses β-strands B3 and B6, which are absent in the R. typhi TolC structure 

prediction.  
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Figure S4 

 

 
 

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 

WD0069 (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 

 

 

Figure S5. Recombinant protein expression and purification of RARP-1. E. coli C600/pTrc-

RT0218 (A) E. coli C600tolC/pTrc-RT0216-RT0217-RT0218(B), and E. coli Top10 cells 

harboring pTrc-RT0218 SS (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-1SS 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 SS (~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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TABLES 
 
 

Table S1. Primers used in the study. 

 

 
Primer Sequence ( 5’         3’) 

RT0218-SS F ATG TTA AAT AAA TTA TGT GAG ATA 

RT0218-R2 ATT ATA CCC CTT AGC TTT CAT TAA 

RT0218-F1 TCG CCT CCG CCA TTA CCA CAA TCA 

RT0218-R3 AAT ATC TTT ATT TTT ATT GAT ATC  

RT0216-F2 ATG AGT AAA TTA ACT ACA TTT ATT 

RT0216-F1 TCC GCA AGA GCC AGT TAT TC 

RT0216-R1 AAT CCT TCC CAC ACG CTA AC 

RT0218 RT-F1 TCA TTC TAC ACA GCC TAT AAC GAC 

RT0218 RT-R1 TGG GAT CAA CTA CAA GAA CTG G 

RT0218 RT-R2 ACT AAC ATC CTT ATC TTC CTT ATC TGG 

AZ5194-F TCT ATT ATT GGT GAC AGG GC 

AZ5195-R CAT CCT TAT CTT CCT TAT CTG G 

AZ4923 CTC CTG CCT TAG AAT CCA ACC C 

AZ4924 TTC CTT TAC ACT ATG CTT TTC ACC AG 

AZ2249-F ACA ATC TGT GTG GGC ACT CG 

AZ2248-R GGC TGA AAA TCT TCT CTC ATC CGC 
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Table S2. RT0218 homologs of Rickettsia spp. 

 

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 

protein 

 Rickettsia 

endosymbiont of 

Ixodes scapularis 

- 647 63% 

YP_004764027.1  Rh054_01760  Rickettsia 

heilongjiangensis  

054 586  59% 

YP_002844975.1 Ankyrin repeat protein  Rickettsia africae  

 

ESF-5 585  58% 

YP_247003.1  ankyrin repeat-containing protein 

RF_0987 

Rickettsia felis  URRWXCal

2 

580  59% 

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 

RrIowa_0373 

Rickettsia rickettsii  Iowa 568  58% 

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
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Table S3. TolC homologs of Rickettsia spp. 

Accession 

number 

Protein Homologue Rickettsial species Strain Bit 

score 

Locus tag of 

homolog 

YP_067180.1  Outer membrane protein TolC precursor  Rickettsia typhi Wilmington 921 RT0216 

NP_220612.1  Outer membrane protein TolC precursor   Rickettsia 

prowazekii 

Madrid E 827 RP224 

ZP_04699593.1 Type I secretion outer membrane protein 

TolC 

 Rickettsia 

prowazekii  

Rp22 850 ADE29736  

 

YP_247001.1  TolC family type I secretion outer 

membrane protein 

 Rickettsia felis  URRWXCal2 795 RF_0985 

YP_001493153.1 TolC family type I secretion outer 

membrane protein 

 Rickettsia akari   Hartford 792 A1C_01670 

ZP_04699596.1  Type I secretion outer membrane protein 

TolC 

Rickettsia 

endosymbiont of 

Ixodes scapularis 

 757 ZP_04699596 

 

YP_001499115.1 Type I secretion outer membrane protein 

TolC 

Rickettsia massiliae  MTU5 751 RMA_0312 

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 I 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 

heilongjiangensis  

054 745 Rh054_06640 

YP_002916267.1  Type I secretion outer membrane 

protein, TolC precursor 

Rickettsia peacockii  Rustic 744 RPR_01710 

YP_001494423.1 Outer membrane protein tolC precursor Rickettsia rickettsii  Sheila Smith 743 AIG_01745 

YP_001649672.1 Type I secretion outer membrane protein Rickettsia rickettsii  Iowa 743 RrIowa_0370 

YP_001491990.1  Outer membrane protein tolC precursor Rickettsia canadensis McKiel 720 AIE_01300 

YP_537404.1  Type I secretion outer membrane protein 

TolC 

Rickettsia bellii  RML369-C 659 RBE_0234 

YP_001496685.1 Type I secretion outer membrane protein 

TolC 

Rickettsia bellii  OSU 85-389 657 A1l_06660 

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
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Table S4. Primary and secondary antibodies used in the study.

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 IgG, HRP-linked, F 

(ab’)2 fragment 

Donkey 1:5000 GE Healthcare 

Rabbit IgG, Alexa Fluor 594-

conjugated 

Goat 1:300 Molecular Probes 

Rat IgG, Alexa Fluor 488-

conjugated 

Goat 1:200 Molecular Probes 

http://www.abcam.com/GAPDH-antibody-mAbcam-9484-HRP-Loading-Control-ab9482.html
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Table S5. Peptides identified in a unique immogenic band (approximately 80kDa) from cellular 

pellets and culture supernatant E. coli cells by mass spectrometry.  

 

 

 

 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. 

 

 

 

Sample  Identified peptides matching 

RARP-1 

Position 

(aa) 

Protein 

probabilit

y 

Number 

of 

peptides 

Purified RARP-1 

from C600-pTrc-

RT0218 

ALLDVYPILQEK 

SYPVSSSNVTLQK* 

KLVESFIK 

NNLFELR 

FISATNNEMYK 

LTEHATLEQMDMYGYIK 

LFNHDTNLNNVEK  

NSTGETLLTAAIYNDNYYLAK 

TAAIYNDNYYLAK  

LFLPDDDIVLGK* 

AAIYNDNYYLAK 

 

511-522 

386-398 

466-473 

504-510 

163-173 

434-450 

230-242 

523-543 

531-543 

422-433 

532-543 

0.99 

0.99 

0.99 

0.99 

0.99 

0.99 

0.88 

0.84 

0.30 

0.24 

0.84 

11 

Purified RARP-1 

from C600-pTrc-

RT0216-RT0217-

RT0218 

SYPVSSSNVTLQK 

ALLDVYPILQEK 

FISATNNEMYK 

VNNETSELAK 

KIDNDQIINNQAK 

SRPNSLALEK 

LTEHATLEQMDMYGYIK 

KIDNDQIINNQAK 

FISATNNEMYK 

LVESFIK 

NNLFELR 

FLVIR 

EAVLPNDYK 

ESQQIDPR 

386-398 

511-522 

163-173 

403-412 

373-385 

363-372 

434-450 

373-385 

163-173 

467-473 

504-510 

544-548 

174-182 

86-93 

0.99 

0.99 

0.99 

0.99 

0.99 

0.99 

0.99 

0.99 

0.99 

0.98 

0.96 

0.96 

0.94 

0.84 

14 

Concentrated 

culture supernatant 

from C600-pTrc-

RT0218 

SYPVSSSNVTLQK* 

YDIDINK 

NETQMLFLPDDDIVLGK* 

386-398 

474-480 

417-433 

 

0.99 

0.70 

0.85 

3 

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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