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«E. Fox: INBIGHTS INTO THE PHYL 1GENETIC POSITIONS OF
PHOTOSYNTHETIC BACTERIA OBTAINED FROM S3 rRNA AND 1468 rRNA SEQUENCE
DATA

Comparisons of complete 1658 ribcsomal +ibonucleic acid
{rRNA) sequences have established that the secondary structure of
these molecules iz highly conserved. Earlier work with 35 rRNA
secondary structure revealed that when structural conservation
exists the alignment of sequences is straightforward.

Furthermore the constancy of structure implies minimal functional
change. Under these conditions a reasonably uniform evolutionary
rate can be expected so that conditions are favorable for
phylogenetic tree construction.

The sequences of all the 1465 ribozsomal RNA oligonucleotides
produced by complete digestion with ribonuclease Tl allows
the congtruction of rRNA "catalogs" from & large variety of
organisms. Binary comparisons of these catalogs are used to
generate a matrix of association coefficients (Sam values)
from which dendrograms, thought to be partial phylogenies, can be
constructed. Complete 55 rRNA sequences exist for many of the
same organisms such that separate dendrograms can be made from 55
rRNA data.

The major finding of these studies is that three
well -separated evolutionary lines of descent can be detected
which are at present represented by eukaryotes, archaebacteria,
and eubacteria (Fig. 1-7). PFPresumably, all three lines of
cescent have diverged from the same ancestral bacterial
populations. This branching may have occurred, however, before
the evolution of the genetic apparatus was complete. These three
lineages differ in morphology of the small ribosomal subunit as
well (Fig. I-8).

Within the two prokaryotic lines of descent at least twelve
major groups are detected; two archaebacterial and ten
eubacterial. Five of the eubacterial groups contain
photosynthetic organisms so that it is apparent that the various
types of photosynthesis are polyphyletic (Fig. I-9). Only seven
species of cyanobacteria are represented but even so it is clear
that this cyanobacterial lineage includes both Prochloron and
the rhodoplast of Porphyridium. The plant and Exglena
chloroplasts share a common 2nhcestry with those seven
cyanobacteria as they are cur-ently represented on these trees.
Together then the cyanobacteria and chloroplasts define a single
major group of photosynthetic eubacteria. The photosynthetic
flexibacterium Chloroflexus aurantiacus and the Chlorobiaceae
apparently represent unrelated groups. The recently discovered
Heliothrix belongs to the Gram positive bacteria and for the
firat time brings photosynthesis to that order. The noncul fur



purple photosynthetic bacteria cluster exclusively into the fifth
group with many non-photosynthetic respiring bacteria (Fig.
I-10),

The three best-characterized branches of the purple bacteria
are referred to as the alpha, beta, and camma subgroups. The
majority of the Rhodospirill aceae contain lamellar or vesicular
intercytopl asmic membranes and are in the alpha subgroup where
they can be further subdivided according to criteria such as
helical form, asymmetric cell division, and the presence of a
split 23S rRNA. Each of the subgroups contains
non-photosynthetic genera, suggesting that photosynthesis has
been gained and/or lost several times during bacterial evolution.
The Rhodospirillaceae with tubular intracytoplasmic membranes are
similarly interspersed among non-photosynthetic organisms in the
“beta" subgroup (Fig. I-10). The Chromatiaceae, including
members of the genera Chromatium, Thiocapsa, and
Ectothicrhodospirae are localized in the "gamma" subgroup.

The purple group is of special interest because several of
its members have been ~uggested as being involved in
endosymbiotic relationships which ultimately gave rise to
eukaryotic mitochondria. 5S rRNA sequence has already given
strong support for the origin of plant mitochondria from the
alpha subgroup. Mitochondria are, however, probably of
polyphyletic origin, as they can be readily divided between those
with tubular cristae and those with flattened (lamellar or
vesicular) cristae. Since the alpha and beta subgroups of the
purple bacteria can be distinguished by the same criteria, it
geems likely that each zubgroup may have separately given rise to
some eukaryotic mitochondria. In the fu.ure it may be possible
to localize mitochondrial origing in these two subgroups with
even greater precision.
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ORIGINAL PRGZ S
OF POOR QUALITY

v FIVE S RNA SEQUENCES
COMPOSITION OF BACTERIAL RIBOSOMES
Subunits Type of Nusber of Size of
solecules molecules subunits
508 23S rRNA 1 2900 nuclevtides
58 rRNA 1 120 nucleotides
proteins 34 . ifferent proteins
(i-122)
165 rRNA ) § 1540 nucleotides
308 proteins 22 different proteins

{81-~522)

Figure I-7. Coaparison of ribosomal msacromolecules. Five 5
riboscemal RiA sequences showing structures of (left) a
nematade (€. =legsns) and £. coli, a eubacterium.

A summaryv of toe structure and macromolecular composition
of bacter.wl riboscmes is shown at the bottom. {(Right) Five
S RNA from five "archaebacteria.” Note the 108 nucleotide

inserti- in H¥alococcus. nearly tne =size of the | 25t of
the 5SS 1.4 olecule.
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Table I-4.
ARCHAEBACTERIA

Defining Criteria o Archaebacterial Prokaryotes

Major lipids are ether linked with phytanal side
chaiis (Czo). In other bacteria and
eukarvotes major lipids are ester linked.

Rased un 16S riboscmal RNA oligonucleotide
catalogues these organisms are more closelv
related to each other than they are to
eukaryotic or other bacterial 165 RN&s. (168
rRNA from small ribcsomal subunits is about 1540
nucleotides long).

Eased on the sequence of nucleotides in SS
ribosomal RNA these organisms are more closely
related to each other than thev are to
eukaryotic or other bacterial S5 RNAs. (55 rRNA
from large ribosomal subunit is about 12¢
nucleotides long, Fig. I-7).

Archaebacteria lack pept:idoglycan 1n their cell
walls.

A single DNA dependent—-RNA polymerase with complex
subunit structure (more than 6 subunits) is

present in archaebacteria.

Archaebacteria ribosomes have a distinctive shape.
{Fiq. I—S).(Lake. 1983.)

Archaebacteri1a include!

All methanogenic bacteria
Halophilic and thermoacidophilic bacteria:

Sul folobus Halococcus
Thersoproteuas Halobacterium
Desul furococcus Thervopl asea acidophilu»
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Table I-4,
continued

Ranges ot Saw values: 145 ribosomal RNA

The lower limit of the range of Sab values from
oligonucleotide catalogues amongst the
archaebacteria are 0.18 to 0.24, amonast the
eubacteria .17 - 0.22. The data for the
chloroplasts (0.28 - 0.32 with cvanobacteria)
and rhodoplasts (0.40 - 0.43 with cvanobacteria)
are 1ncluded. The Sab values between the
archuebacteria and eubacteri1a are between U.0o

to .10, between the eukaryotes and
archaebacteria 0.07-2.10, and between the
eukarvyotes and eubacteria 0.05 — Q.10
C are available for about 400 genera.
Figure I-8.
RIBOSOME MORFPHOL.OGBY
heaa
bi11 @ SMAL L
platfors
body RIBOSOMAL
" lobes SURUNITS
Comparative
morphology of
the 305 ribosomal
subunit.
BACTERIA
ARCHAEBACTERIA EucARYOTES]
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oriagin of eucarvotic cells. In E£volutzon Todav.
Proc. 2nd Intn. Cong. of Svsé. and Evel. Brel..
(Scudder and Reveal, eds.), Univ. Maryland fress,
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POLYPHYLY OF PHOTOBYNTHESIS

Figure I-9. Partial phylogenies based on 165 RNA comparative data
suggest that photosynthesis evolved separately in different
bacterial lineages. It probably evalved at least three times
(green photosynthetic vacteria, e.q.. Chlaorobirus (left),
purple pbhotosynthe ic bacteria (left and right) and
cyanobacteria/plastids (left and right). The relationship
between certain respiring and their presumeu photosynthet:ir
relatives is shown in more detail at right.
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PHUTOBYNTHETIC AND RELATED REBPIRING BACTERIA

Figure I-10. Based on 165 RNA oligonuclentide catalogues there
are at least three groups of photosynthetic/respiring

bacteria.

One of which

{(Rhodomicrobium,

and many Rhaodopseuadoronas species,.
membranes) is shown in detail here.

the beta group

{lower right),

Paracoccus
those with flattened

Another presumed linecage,

has tubular membhranes.

Mitochondria of eukaryotes are thought to derive from these

barmterial

those with flattened cristae
from the alpha group and those with tubular cristae

lineages.

(€.Qay

animals and plants)

ciliates,chrysophyvtes) from the beta agroup.
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Most likely they too are polyphyletic,
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