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A Common Origin of Rickettsiae and Certain Plant Pathogens

Abstract. On the basis of ribosomal RNA sequence comparisons, the rickettsia
Rochalimaea quintana has been found to be a member of subgroup 2 of the o
subdivision of the so-called purple bacteria, which is one of about ten major
eubacterial divisions. Within subgroup a-2, R. quintana is specifically related to the
agrobacteria and rhizobacteria, organisms that also have close associations with
eukaryotic cells. This genealogical grouping of the rickettsiae with certain plant
pathogens and intracellular symbionts suggests a possible evolution of the rickettsi-

ae from plant-associated bacteria.
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The Rickettsiaceae (1) are small
Gram-negative bacteria that, with few
exceptions, are capable of growth only
inside eukaryotic cells. They are associ-
ated with arthropods or other inverte-
brate hosts and often infect vertebrates.
The group as taxonomically defined con-
tains well-known human pathogens,
such as the agent of epidemic typhus
(Rickettsia prowazekii), Rocky Moun-
tain spotted fever (Rickettsia rickettsii),
and Q fever (Coxiella burnetii), as well
as animal pathogens, such as agents of
tropical canine pancytopenia (Ehrlichia
canis) and tick-borne fever of sheep and

cattle (Ehrlichia phagocytophila). A few
species are epicellular in their natural
environment and can be grown axenical-
ly (for example, Wolbachia melophagi
and the genus Rochalimaea); others in-
vade and grow in the cytoplasm of their
host cells (genus Rickettsia); still others
remain in the phagosome but do not
stimulate a lysosomal response (genus
Ehnrlichia); and others are adapted to
grow in the phagolysosome (Coxiella
burnetii). The designation ‘‘rickettsia”
or ‘‘rickettsia-like’’ is sometimes applied
more broadly to include certain of the
endosymbionts of protozoa, insects, and
other invertebrates (2), as well as certain
plant pathogens, such as the agent of
Pierce’s disease of grapevines (3). It is
not known whether rickettsiae in this
broadened definition thereof constitute a
phylogenetically coherent (monophylet-
ic) grouping. Nucleic acid hybridization
studies (4) leave no doubt, however, that
the genera Rickettsia and Rochalimaea
are related to one another.

Table 1. Homology measurements for the sequences in Fig. 1. The lower left triangular section
shows the percentage of total positions wherein any two sequences differ. Only those positions
in the Fig. 1 alignment represented in all of the sequences are used in this analysis, a total of
1477. The upper right triangular section represents the number of positions (from the 1477) in
which composition is both common and unique to a given pair of sequences.

. R. quin- A. tume- . B. sub- A. nidu-

Species tana faciens E. coli tilis lans
R. quintana ---- 94 6 10 17
A. tumefaciens 7.1 .--- 8 4 11
E. coli 20.5 20.2 ---- 27 46
B. subtilis 20.0 20.4 21.1 - 63
A. nidulans 21.3 21.7 219 19.0 ----
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Because of the difficulty associated
with the culture of pathogens such as the
rickettsiae, relatively little is known
about their biochemistry and molecular
biology. If free-living, readily culturable,
close relatives of the rickettsiae can be
found, many of their properties might be
easily studied in these more readily ma-
nipulated systems.

Comparisons of nucleic acid se-
quences provide the best method for
ascertaining microbial phylogenies. Par-
tial sequencing of ribosomal RNA’s
(rRNA’s) has, over the last decade, be-
gun to reveal the evolutionary relation-
ships among the bacteria (5). If one uses
full sequencing methods (6), these rela-
tionships can be further refined and the
deeper ones, such as the branching order
among the various eubacterial divisions,
can now be determined. A precise phylo-
genetic placement of Rochalimaea quin-
tana, the subject of this report, demon-
strates the power of sequencing ap-
proaches to (microbial) taxonomy.

Figure 1 shows the sequence of the R.
quintana 165 rRNA gene aligned with
four other eubacterial sequences, from
Agrobacterium tumefaciens (7), Esche-
richia coli (8), Bacillus subtilis (9), and
Anacystis nidulans (10). The percent dif-
ference between the various pairs of
sequences is shown in the lower left
triangular portion of Table 1. The num-
bers in the upper right triangular portion
are tallies of the specific homology be-
tween them, that is, the number of posi-
tions in which composition is both com-
mon and unique to a given pair of se-
quences. (These numbers are basically a
measure of derived characters, charac-
ters specific for particular lines of de-
scent.)

The R. quintana and A. tumefaciens
sequences (7 percent difference between
the two) are much closer to one another
than any of the other pairings in Table 1
(19 percent difference or more). This
nearly threefold difference makes it obvi-
ous, without any formal analysis, that R.
quintana and A. tumefaciens are specific
relatives of one another. The count of
‘“‘derived”’ characters (upper right por-
tion of Table 1) shows this specific rela-
tionship as well.

Agrobacterium tumefaciens and E.
coli are members of the purple bacteria,
which is one of about ten major divisions
of eubacteria (5). Agrobacterium tume-
faciens represents the so-called a subdi-
vision of the purple bacteria (/1) and E.
coli its -y subdivision (12). Thus, not only
are the rickettsiae typical eubacteria but
also they can be placed in a particular
subdivision, a, of a particular eubacterial
division, the purple bacteria.

SCIENCE, VOL. 230



quintana UUCAAUAUGAGA GUUUGAUCCU GGCUCAGAAC GAACGCUGGC GGCAGGCUUA ACACAUGCAA GUCGAGCGCA CUCUsessse «eUUUceces  «+o.AGAGUG

R

A tumefaciens CUCAACUUGAGA GUUUGAUCCU GGCUCAGAAC GAACGCUGGC GGCAGGCUUA ACACAUGCAA GUCGAACGCC CCivseseee  <oGCAAL...

E coli ++AAAUUGAAGA GUUUGAUCAU GGCUCAGAUU GAACGCUGGC GGCAGGCCUA ACACAUGCAA GUCGAACGGU AACAGGAAGA AGCUUGCUUC UUUGCUGACG 100
B subtilis .UUUAUCGGAGA GUUUGAUCCU GGCUCAGGAC GAACGCUGGC GGCGUGCCUA AUACAUGCAA GUCGAGCGGA CAGGUGGGAG ..CUUG...C UCCCGAUGUU

A nidulans +CAAAAUGGAGA GUUUGAUCCU GGCUCAGGAU GAACGCUGGC GGCGUGCUUA ACACAUGCAA GUCGAACGGG CUCeevesss +2UUCGesss oosesGAGCU

R quintana AGCGGCAAAC GGGUGAGUAA CGCGUGGGAA. UCUACCCAUC UCUACGGAAU AACACAGAGA AAUUUGUGCU AAUACCGUAU ACGUCCCUC..eesssseessssUG GGAGAAAGA.
A tumefaciens AGUGGCAGAC GGGUGAGUAA CGCGUGGGAA. UCUACCGUGC CCUGCGGAAU AGCUCCGGGA AACUGGAAUU AAUACCGCAU ACGCCCUA. «++CG GGGGAAAGA.
E coli AGUGGCGGAC GGGUGAGUAA UGUCUGGGAA. ACUGCCUGAU GGAGGGGGAU AACUACUGGA AACGGUAGCU AAUACCGCAU AACGUCGCaeoseessssesesssAA GACCAAAGAG
B subtilis AGCGGCGGAC GGGUGAGUAA CACGUGGGUAA CCUGCCUGUA AGACUGGGAU AACUCCGGGA AACCGGGGCU AAUACCGGAU GGUUGUUUGAACCGCAUGGUUCAAA CAUAAAAGGU
A nidulans AGUGGCGGAC GGGUGAGUAA CGCGUGAGAA. UCUGCCUACA GGACGGGGAC AACAGUUGGA AACGACUGCU AAUACCCGAU G.UGCCGAsessesssssssssoGA GGUGAAACA.
R quintana eeeeessUUU A......UCG GAGGUGGAUG AGCCCGCGUU GGAUUAGCUA GUUGGUGAGG UAAGGGCUCA CCAAGGCGAC GAUCCAUAGC UGGUCUGAGA

A tumefaciens eeceeesUUU A......UCG GGGUAUGAUG AGCCCGCGUU GGAUUAGCUA GUUGGUGGGG UAAAGGCCUA CCAAGGCGAC GAUCCAUAGC UGGUCUGAGA

E coli GGGGACCUUC GGGCCUCUUG CCAUCGGAUG UGCCCAGAUG GGAUUAGCUA GUAGGUGGGG UAACGGCUCA CCUAGGCGAC GAUCCCUAGC UGGUCUGAGA 300
B subtilis GGC....UUC GG..CUACCA CUUACAGAUG GACCCGCGGC GCAUUAGCUA GUUGGUGAGG UAACGGCUCA CCAAGGCAAC GAUGCGUAGC CGACCUGAGA

A nidulans eeeesssUUU A......UGG CCUGUAGAUG AGCUCGCGUC UGAUUAGCUA GUUGGUGGGG UAAGGGCCUA CCAAGGCGAC GAUCAGUAGC UGGUCUGAGA

R quintana GGAUGAUCAG CCACACUGGG ACUGAGACAC GGCCCAGACU CCUACGGGAG GCAGCAGUGG GGAAUAUUGG ACAAUGGGGG CAACCCUGAU CCAGCCAUGC

A tumefaciens GGAUGAUCAG CCACAUUGGG ACUGAGACAC GGCCCAAACU CCUACGGGAG GCAGCAGUGG GGAAUAUUGG ACAAUGGGCG CAAGCCUGAU CCAGCCAUGC

E coli GGAUGACCAG CCACACUGGA ACUGAGACAC GGUCCAGACU CCUACGGGAG GCAGCAGUGG GGAAUAUUGC ACAAUGGGCG CAAGCCUGAU GCAGCCAUGC 400
B subtilis GGGUGAUCGG CCACACUGGG ACUGAGACAC GGCCCAGACU CCUACGGGAG GCAGCAGUAG GGAAUCUUCC GCAAUGGACG AAAGUCUGAC GGAGCAACGC

A nidulans GGAUGAUCAG CCACACUGGG ACUGAGACAC GGCCCAGACU CCUACGGGAG GCAGCAGUGG GGAAUUUUCC GCAAUGGGCG CAAGCCUGAC GGAGCAACGC

R quintana CGCGUGAGUG AUGAAGGCCC UAGGGUUGUA AAGCUCUUUC ACCGGUGAAG AUAA... essessessU GACGUUAACC GGAGAAGAAG

A tumefaciens CGCGUGAGUG AUGAAGGCCU UAGGGUUGUA AAGCUCUUUC ACCGGAGAAG AUAA.cceeee sescescsee osissecessU GACGGUAUCC GGAGAAGAAG

E coll CGCGUGUAUG AAGAAGGCCU UCGGGUUGUA AAGUACUUUC AGCGGGGAGG AAGG.GAGUAA AGUUAAUACC UUUGCUCAUU GACGUUACCC GCAGAAGAAG 500
B subtilis CGCGUGAGUG AUGAAGGUUU UCGGAUCGUA AAGCUCUGUU GUUAGGGAAG AACAAGUACCG UUCGAAUAGG GCGGUACCUU GACGGUACCU AACCAGAAAG

A nidulans CGCGUGGGGG AGGAAGGUUU UUGGACUGUA AACCCCUUUU CUCAGGGAAG AAGA.ceeeees sosessscee seeessAAGU GACGGUACCU GAGGAAUAAG

R quintana CCCCGGCUAA  CUUCGUGCCA GCAGCCGCGG UAAUACGAAG GGGGCUAGCG UUGUUCGGAU UUACUGGGCG UAAAGCGCAU GUAGGCGGAU AUUUAAGUCA

A tumefaciens CCCCGGCUAA CUUCGUGCCA GCAGCCGCGG UAAUACGAAG GGGGCUAGCG UUGUUCGGAA UUACUGGGCG UAAAGCGCAC GUAGGCGGAU AUUUAAGUCA

E coli CACCGGCUAA CUCCGUGCCA GCAGCCGCGG UAAUACGGAG GGUGCAAGCG UUAAUCGGAA UUACUGGGCG UAAAGCGCAC GCAGGCGGUU UGUUAAGUCA 600
B subtilis CCACGGCUAA CUACGUGCCA GCAGCCGCGG UAAUACGUAG GUGGCAAGCG UUGUCCGGAA UUAUUGGGCG UAAAGGGCUC GCAGGCGGUU UCUUAAGUCU

A nidulans CCUCGGCUAA UUCCGUGCCA GCAGCCGCGG UAAUACGGGA GAGGCAAGCG UUAUCCGGAA UUAUUGGGCG UAAAGCGCCU GCAGGCGGUU AAUCAAGUCU

R quintana GAGGUGAAAU CCCAGGGCUC AACCCUGGAA CUGCCUUUGA UACUGGAUGU CUCGAGUGUG GAAGAGGUGA GUGGAAUUCC GAGUGUAGAG GUAAAAUUCG

A tumefaciens GGGGUGAAAU CCCAGAGCUC AACUCUGGAA CUGCCUUUGA UACUGGGUAU CUUGAGUAUG GAAGAGGUAA GUGGAAUUCC GAGUGUAGAG GUGAAAUUCG

E coli GAUGUGAAAU CCCCGGGCUC AACCUGGGAA CUGCAUCUGA UACUGGCAAG CUUGAGUCUC GUAGAGGGGG GUAGAAUUCC AGGUGUAGCG GUGAAAUGCG 700
B subtilis GAUGUGAAAG CCCCCGGCUC AACCGGGGAG GGUCAUUGGA AACUGGGGAA CUUGAGUGCA GAAGAGGAGA GUGGAAUUCC ACGUGUAGCG GUGAAAUGCG

A nidulans GUUGUCAAAG CGUGGGGCUC AACCUCAUAC AGGCAAUGGA AACUGAUUGA CUAGAGUAUG GUAGGGGUAG CGGGAAUUCC AGGUGUAGCG GUGAAAUGCG

R quintana UAGAUAUUCG GAGGAACACC AGUGGCGAAG GCGGCUCACU GGUCCAUUAC UGACGCUGAG GUGCGAAAGC GUGGGGAGCA AACAGGAUUA GAUACCCUGG

A tumefaciens UAGAUAUUCG GAGGAACGCC AGUGGCGAAG GCGGCUUACU GGUCCAUUAC UGACGCUGAG GUGCGAAAGC GUGGGGAGCA AACAGGAUUA GAUACCCUGG

E coli UAGAGAUCUG GAGGAAUACC GGUGGCGAAG GCGGCCCCCU GGACGAAGAC UGACGCUCAG GUGCGAAAGC GUGGGGAGCA AACAGGAUUA GAUACCCUGG 800
B subtilis UAGAGAUGUG GAGGAACACC AGUGGCGAAG GCGACUCUCU GGUCUGUAAC UGACGCUGAG GAGCGAAAGC GUGGGGAGCG AACAGGAUUA GAUACCCUGG

A nidulans UAGAUAUCUG GAAGAACACC AGCGGCGAAA GCGCGCUACU GGGCCAUAAC UGACGCUCAU GGACGAAAGC UAGGGGAGCG AAAGGGAUUA GAUACCCCUG

R quintana UAGUCCACGC CGUAAACGAU GAAUGUUAGC CGUCGGGUGG .UUUA.CUACU CGGUGGCGCA GCUAACGCGU UAAACAUUCC GCGUGGGGAG UACGGUCGCA

A tumefaciens UAGUCCACGC CGUAAACGAU GAAUGUUAGC CGUGGGGCAG .UAUA.CUGUU CGGUGGCGCA GCUAACGCAU UAAACAUUCC GCCUGGGGAG UACGGUCGCA

E coli UAGUCCACGC CGUAAACGAU GUCGACUUGG AGGUUGUGCC CUUGA.GGCGU GGCUUCCGGA GCUAACGCGU UAAGUCGACC GCCUGGGGAG UACGGCCGCA 900
B subtilis UAGUCCACGC CGUAAACGAU GAGUGCUAAG UGUUAGGGGG UUUCCGCCCCU UAGUGCUGCA GCUAACGCAU UAAGCACUCC GCCUGGGGAG UACGGUCGCA

A nidulans UAGUCCUAGC CGUAAACGAU GAACACUAGG UGUUGCGUGA AUCGACCCGCG CAGUGCGGUA GCCAACGCGU UAAGUGUUCC GCCUGGGGAG UACGCACGCA

R quintana AGAUUAAAAC UCAAAGGAAU UGACGGGGGC CCGCACAAGC GGUGGAGCAU GUGGUUUAAU UCGAAGCAAC GCGCAGAACC UUACCAGCCC UUGACAUCCC

A tumefaciens AGAUUAAAAC UCAAAGGAAU UGACGGGGGC CCGCACAAGC GGUGGAGCAU GUGGUUUAAU UCGAAGCAAC GCGCAGAACC UUACCAGCUC UUGACAUUCG

E coli AGGUUAAAAC UCAAAUGAAU UGACGGGGGC CCGCACAAGC GGUGGAGCAU GUGGUUUAAU UCGAUGCAAC GCGAAGAACC UUACCUGGUC UUGACAUCCA 1000
B subtilis AGACUGAAAC UCAAAGGAAU UGACGGGGGC CCGCACAAGC GGUGGAGCAU GUGGUUUAAU UCGAAGCAAC GCGAAGAACC UUACCAGGUC UUGACAUCCU

A nidulans AGUUGGAAAC UCAAAGGAAU UGACGGGGGC CCGCACAAGC GGUGGAGUAU GUGGUUUAAU UCGAUGCAAC GCGAAGAACC UUACCAGGGU UUGACAUCCC

R quintana GAUCGCGGAAGG UGGAGACACC UCCCUUCAGUU AGGCUGGAUCG GUGACAGGUG- CUGCAUGGCU GUCGUCAGCU CGUGUCGUGA GAUGUUGGGU - UAAGUCCCGC

A tumefaciens GGGUUUGGGCAG UGGAGACAUU GUCCUUCAGUU AGGCUGGCCCC AGAACAGGUG CUGCAUGGCU GUCGUCAGCU CGUGUCGUGA GAUGUUGGGU UAAGUCCCGC

E coli CGGAAGUUUU.. CAGAGAUGAG AAUGUGCC.UU CG.GGAACCGU GAGACAGGUG CUGCAUGGCU GUCGUCAGCU CGUGUUGUGA AAUGUUGGGU UAAGUCCCGC 1100
B subtilis CUGACAAUCC.. UAGAGAUAGG ACGUCCCC.UU CG.GGGGCAGA GUGACAGGUG GUGCAUGGUU GUCGUCAGCU CGUGUCGUGA GAUGUUGGGU UAAGUCCCGC

A nidulans CCGAAUCUCU.. UGGAAACGAG AGAGUGCC.UU CG.GGAGCGGG GAGACAGGUG GUGCAUGGCU GUCGUCAGCU CGUGUCGUGA GAUGUUGGGU UAAGUCCCGC

R quintana AACGAGCGCA  ACCCUCGCCC UUAGUUGCCA UCAUUAAGU. UGGGCACUCU AGGGGGACUG CCGGUGAUAA GCCGAGAGGAA GGUGGGGAUG ACGUCAAGUC

A tumefaciens AACGAGCGCA ACCCUCGCCC UUAGUUGCCA GCAUUUAGU. UGGGCACUCU AAGGGGACUG CCGGUGAUAA GCCGAGAGGAA GGUGGGGAUG ACGUCAAGUC

E coli AACGAGCGCA  ACCCUUAUCC UUUGUUGCCA GCGGUCCGGC CGGGAACUCA AAGGAGACUG CCAGUGAUAA ACUG.GAGGAA GGUGGGGAUG ACGUCAAGUC 1200
B subtilis AACGAGCGCA ACCCUUGAUC UUAGUUGCCA GCAUUCAGU. UGGGCACUCU AAGGUGACUG CCGGUGACAA ACCG.GAGGAA GGUGGGGAUG ACGUCAAAUC

A nidulans AACGAGCGCA  ACCCACGUUU UUAGUUGCCA UCAUUCAGU. UGGGCACUCU AGAGAAACUG CGGGUGACAA ACCG.GAGGAA GGUGUGGACG ACGUCAAGUC

R quintana CUCAUGGCCC UUACGGGCUG GGCUACACAC GUGCUACAAU GGUGGUGACA GUGGGCAGCG AGACCGCGAG GUCGAGCUAA UCUCCAAAA. GCCAUCUCAG

A tumefaciens CUCAUGGCCC UUACGGGCUG GGCUACACAC GUGCUACAAU GGUGGUGACA GUGGGCAGCG AGACAGCGAU GUCGAGCUAA UCUCCAAAA. GCCAUCUCAG

E coli AUCAUGGCCC UUACGACCAG GGCUACACAC GUGCUACAAU GGCGCAUACA AAGAGAAGCG ACCUCGCGAG AGCAAGCGGA CCUCAUAAAG UGCGUCGUAG 1300
B subtilis AUCAUGCCCC UUAUGACCUG GGCUACACAC GUGCUACAAU GGACAGAACA AAGGGCAGCG AAACCGCGAG GUUAAGCCAA UCCCACAAAU CUGUUCUCAG

A nidulans AUCAUGCCCC UUACAUCCUG GGCUACACAC GUACUACAAU GCUCCGGACA GCGAGACGCG AAGCCGCGAG GUGAAGCAAA UCUCCCAAAC CGGGGCUCAG

R quintana UUCGGAUUGC ACUCUGCAAC UCGAGUGCAU GAAGUUGGAA UCGCUAGUAA UCGUGGAUCA GCAUGCCACG GUGAAUACGU UCCCGGGCCU UGUACACACC

A tumefaciens UUCGGAUUGC ACUCUGCAAC UCGAGUGCAU GAAGUUGGAA UCGCUAGUAA UCGCAGAUCA GCAUGCUGCG GUGAAUACGU UCCCGGGCCU UGUACACACC

E coli UCCGGAUUGG AGUCUGCAAC UCGACUCCAU GAAGUCGGAA UCGCUAGUAA UCGUGGAUCA GAAUGCCACG GUGAAUACGU UCCCGGGCCU UGUACACACC 1400
B subtilis UUCGGAUCGC AGUCUGCAAC UCGACUGCGU GAAGCUGGAA UCGCUAGUAA UCGCGGAUCA GCAUGCCGCG GUGAAUACGU UCCCGGGCCU UGUACACACC

A nidulans UUCAGAUUGC AGGCUGCAAC UCGCCUGCAU GAAGGCGGAA UCGCUAGUAA UCGCAGGUCA GCAUACUGCG GUGAAUACGU UCCCGGGCCU UGUACACACC

R quintana GCCCGUCACA CCAUGGGAGU UGGUUUUACC CGAAGGUGCU GUGCUAAGC.G CAA.GGAGGCA GGCAACCACG GUAGGGUCAG CGACUGGGGU GAAGUCGUAA

A tumefaciens GCCCGUCACA CCAUGGGAGU UGGUUUUACC CGAAGGUAGU GCGCUAACC.G CAA.GGAGGCA GCUAACCACG GUAGGGUCAG CGACUGCGGU GAAGUCGUAA

E coll GCCCGUCACA CCAUGGGAGU GGGUUGCAAA AGAAGUAGGU AGCUUAACC.U UCG.GGAGGGC GCUUACCACU UUGUGAUUCA UGACUGGGGU GAAGUCGUAA 1500
B subtilis GCCCGUCACA CCACGAGAGU UUGUAACACC CGAAGUCGGU GAGGUAACCUU UU.AGGAGCCA GCCGCCGAAG GUGGGACAGA UGAUUGGGGU GAAGUCGUAA

A nidulans GCCCGUCACA CCAUGGAAGU UGGCCAUGCC CGAAGUCGUU ACCCUAACCGU UCGCGGAGGGG GGCGCCGAAG GUAGGGCUGA UGACUGGGGU GAAGUCGUAA
R quintana CAAGGUAGCC GUAGGGGAAC CUGUGGCUGG AUCACCUCCUUUCU
A tumefaciens CAAGGUAGCC GUAGCGGAAC CUGCGGCUGG AUCACCUCCUUUCU

E colt CAAGGUAACC GUAGGGGAAC CUGCGGUUGG AUCACCUCCUUA.. 1542
B subtilis CAAGGUAGCC GUAUCGGAAG GUGCGGCUGG AUCACCUCCUUUCU
A nidulans CAAGGUAGCC GUACCGGAAG GUGUGGCUGG AUCACCUCCUUU..

Fig. 1. Sequence alignment for the 165 rRNA of R. quintana and other eubactéria. Rochalimaea quintana strain Fuller DNA was cleaved with
Bgl Il restriction endonuclease, and the resulting fragments were inserted into the Bam HI site of phage lambda L47 by standard techniques (/6).
We selected a fragment of approximately 10 kilobase pairs, using radioactively labeled R. quintana 16S rRNA as a hybridization probe.
Appropriate fragments were subcloned into phage M13 mp8 and mp9, and the single-stranded phage DNA’s were used as templates for dideoxy
sequencing of the ribosomal RNA gene (/7). Both the usual M13 primer and primers specific for ribosomal RNA genes were used (7). At least 85
percent of the sequence was determined for both DNA strands. The alignment procedure was that used by Yang er al. (7).
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Table 2. The relationship of R. quintana to selected members of the a subdivision of the purple
eubacteria (/1). The ribonuclease T1-type (G ending) oligonucleotide segments contained in the
R. quintana sequence have been compared to their counterparts determined directly from the
16S TRNA’s of various a purple bacteria (11). The total number of bases in oligonucleotides
(hexamer and larger) of iderntical composition in any pair of these catalogs is shown. The
numbers in parentheses are these counts divided by 3.09; this normalization brings most of the
entries in the a-2 group to values near 100 and thereby facilitates their comparison. For the a-1
(seven species) and «-3 (five species) subgroups of the o subdivision (/1), the counts are
presented as average values between each of these groups and individual species of the a-2

subgroup. Genus abbreviations not listed in Table 1 are as follows: Rh., Rhizobium; Rps.,
Rhodopseidomonas, and Rm., Rhodomicrobium. :

Speci R. quin- A. tume- Rh. legu- Rps. Rps. Rm. van-

pecies ; . . g L e
tana faciens minosarum  palustris viridis nielii

R. quintana ~ °  --------

A. tumefaciens 362(117)  -------=

Rh. leguminosarum  377(122)  440(142)  --------

Rps. palustris 293 (95) 294 (95) 329(106)  -----=--

Rps. viridis 334(108)  321(104) 306 (99) 308(100)  --------

Rm. vannielii 309(100) 303 (98) 295 (95) 284 (92)  337(109)

a-1 265 (86) 247 (80) 247 (80) 226 (73) 267 (86) 252 (81)

a-3 248 (80) 263 (85) 272 (88) 238 (77) 250 (81) 230 (74)

The clos¢ relationship between the R.
quintana and A. tumefaciens 16S rRNA
sequences prompts an investigation of
the possible relationships of R. quintana
to other species in the o subdivision.
Partial 165 rRNA sequerices, in the form
of oligonucleotide catalogs, exist for
over 350 eubacterial species; 100 of these
are from the purple bacteria (11, 12), and
21 from the o« subdivision (/1). This
partial sequence information permits a
localization of the phylogenetic position
of Rochalimaea within the o subdivi-
sion, and it rules out previously suspect-
ed relationships to organisms such as
Xanthomonas and Legionella (12, 13).

Table 2 shows the similarity of R.
quintana to representatives of the three
subgroups of the & subdivision, a-1, a-2,
and «-3. [Similarity here is defined in
terms of oligonucleotide catalogs, that is,
as the nuniber of bases in oligonucleo-
tides (hexamer and larger) that are com-
mon to each pair of catalogs (11).] It can
be seen that R. quintana is a member of
the a-2 subgroup and within that unit
clusters specifically with the agrobac-
teria and rhizobacteria.

It is interesting that the closest rela-
tives of R. quintana and the rickettsia
itself are all associated somehow with
eukaryotic cells, often intracellularly
(14). This correlation is perhaps made
more significant by the finding that the
mitochondrion too seems to have origi-
nated from within the a subdivision (9).

The fact that R. quintana groups with
bacteria that dre associated with plants,
not with animals, suggests that rickettsi-
ae may have arisen as plant-associated
bacteria, possibly plant pathogens, and
through the plant-insect bridge may have
evolved to be associated with mammals.
The resemblance of some plant patho-
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gens to rickettsiae (3) may turn out to be
miore than superficial, and the finding of
agrobacteria in humari clinical specimens
now takes on new significance (15).
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Coronary Vasoconstrictor Effects of Atriopeptin 11

Abstract. Atrial natriuretic peptides lower arterial pressure, cardiac filling pres-
sure, and cardiac output. In isolated, Langendorff-perfused guinea pig hearts,
atriopeptin I, the 23-amino acid atrial natriuretic peptide, is also a potent coronary
vasoconstrictor. The median effective dose for atriopeptin Il in guinea pig hearts is
26 nanomoles, the threshold constrictor dose is 5 nanomoles, and flow nearly ceases
at a dose of 100 nanomoles in perfused hearts at constant pressure. Similar
concentrations of atriopeptin II also cause coronary vasoconstriction in rdt and dog
heart preparations. The disulfide bridge is necessary for vasoconstrictor activity;
reduction of this bridge abolishes the activity, as it does the other biological

activities of atrial natriuretic peptides.
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Mammalian cardiac atria contain se-
cretory granules. Peptides associated
with granule-rich fractions have been
isolated from atria that produce natriure-
sis and diuresis, relax vascular and intes-
tinal smooth muscle, and lower arterial
pressure (/). Several of these peptides
have been purified, their amino acid se-
quences have been detérmined, and they
have been synthesized (2). Because
atrial extract and atrial natriuretic pep-
tides (ANP) relax vascular smooth mus-
cle, it is reasonable to assume that they
lower arterial pressure by relaxation of
arteriolar (resistance vessel) smooth
muscle (2). However, we have discov-
ered that the pure 23-amino acid ANP
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