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Abstract

Using RecA as the phylogenetic marker, the relationships of the green sulfur bacterium Chlorobium tepidum and the green
non-sulfur bacterium Chloroflexus aurantiacus to other eubacteria were investigated. The recA genes of the two organisms were
cloned, and the resulting protein sequences aligned with 86 other eubacterial RecA sequences. Cb. tepidum was placed as the
nearest relative to the Cytophaga/Flexibacter/Bacteroides group, a relationship supported by results obtained with several
phylogenetic markers. Cf. aurantiacus was placed near Chlamydia trachomatis and the high-GC Gram-positives ; however, this
branching pattern was not strongly supported statistically by bootstrap analyses. Possible reasons for this ambiguity are
discussed. z 1998 Federation of European Microbiological Societies. Published by Elsevier Science B.V.
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1. Introduction

The green sulfur bacteria (also called Chlorobia-
ciae) and the green non-sulfur bacteria comprise a
relatively small number of identi¢ed genera which
have not been exhaustively characterized phyloge-
netically. Using sul¢de or sulfur as electron donors,
the green sulfur bacteria are obligately anaerobic and
photolithoautotrophic. Recently, the phylogeny of

several green sulfur bacteria was analyzed using
SS-rRNA sequences [1,2]. Chlorobium tepidum, the
only known thermophile of the genus Chlorobium,
was found to be placed near the Chlorobium limicola
cluster. The thermophilic nature of Cb. tepidum is
believed to result from rapid, divergent evolution
rather than from inherited growth characteristics de-
rived from an ancestral thermophilic relative [1].

The green non-sulfur bacteria are composed of
both phototrophic and non-phototrophic members.
Pierson and Castenholtz [3] have recently suggested
that the terms `green non-sulfur bacteria' and `glid-
ing green bacteria' should no longer be used, and
suggest the terms `phototrophic £exibacteria' or `¢l-
amentous anoxygenic phototrophs'. However, these
terms do not properly describe the closely related
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organism, Thermomicrobium roseum, which is neither
phototrophic nor ¢lamentous. The phototrophic
thermophile Chloro£exus aurantiacus is the best
characterized member of this grouping. This organ-
ism is very interesting from an evolutionary perspec-
tive due to its combination of characteristics that are
found in very di¡erent and diverse groups of photo-
trophic prokaryotes [3]. The phototrophic green non-
sulfur bacteria have chlorosomes as their light-har-
vesting antenna system, like the green sulfur bacteria
[4]. However, their reaction centers are similar to
those of the phototrophic proteobacteria and to pho-
tosystem II of the cyanobacteria [5], and di¡er sig-
ni¢cantly from those of the green sulfur bacteria, the
heliobacteria, and photosystem I of cyanobacteria.
The overall cell morphology, carotenoid composi-
tion, and mat-forming behavior of these organisms
resemble those of certain cyanobacteria [6]. Cf. au-
rantiacus also displays some features which are
unique among autotrophs, such as its autotrophic
CO2 ¢xation mechanism by the 3-hydroxypropionate
pathway [7].The RecA protein in Escherichia coli
takes part in a number of cellular processes, among
them homologous DNA recombination, SOS induc-
tion, and DNA damage-induced mutagenesis [8].
Although the RecA protein sequence and function
is highly conserved within bacteria, it is not abso-
lutely essential for cell survival in most organisms.
Related proteins have also been found in archaea
and eukaryotes [9]. Eisen [10] has shown that RecA
comparisons are informative in studies of molecular
systematics of bacteria. The molecule ful¢ls a num-
ber of criteria that make it a useful marker for phy-
logenetic analyses. Some of these are: the molecule is
of reasonable size, thus allowing statistical analyses
to be performed; some regions of RecA are con-
served between species and other regions are highly
variable, thus allowing comparisons between both
close and distant relatives; and the gene is relatively
easily cloned.

In this work the recA genes of Cb. tepidum and Cf.
aurantiacus have been cloned and analyzed phyloge-
netically. It was our goal to use RecA as a marker to
examine speci¢cally the placement of these two or-
ganisms within the eubacterial kingdom. Further-
more, we updated the previous phylogenetic tree de-
rived from RecA sequences [10] by including 26
additional eubacterial RecA sequences.

2. Materials and methods

2.1. Recombinant DNA procedures

Cb. tepidum was kindly provided by Dr. Michael
Madigan (Southern Illinois University, Carbondale,
IL), and Cf. aurantiacus J-10-£ kindly provided by
Dr. Beverly Pierson (University of Puget Sound, Ta-
coma, WA). Total chromosomal DNA from Cb. te-
pidum and Cf. aurantiacus was isolated as described
[11] with the inclusion of a CTAB (hexadecyl-tri-
methylammonium bromide) extraction. Clones con-
taining the recA genes were isolated by using size-
directed plasmid libraries as described [12]. DNA
sequences were determined by the dideoxy chain ter-
mination method [13], with the Sequenase Version
2.0 DNA sequencing kit from U.S. Biochemical
(Cleveland, OH) or were determined by an auto-
mated sequencer (Perkin-Elmer/Applied Biosystems,
Foster City, CA). Oligonucleotides for sequencing
were synthesized on a Model 392 Applied Biosys-
tems (Foster City, CA) automated DNA/RNA syn-
thesizer. Oligonucleotides for PCR were obtained
from Genset Corporation. Sequence data were ana-
lyzed with MacVector Sequence Analysis Programs
Version 6.0 (Eastman-Kodak, Rochester, NY).

2.2. Cloning of recA genes

Degenerate PCR primers were synthesized that
span conserved regions of the RecA protein corre-
sponding to amino acids 91^101 (primer sequence is
5P-GCITTYRTIGAYGCIGARCAYGCIYTIGAY-
CC-3P) and amino acids 206^212 (primer sequence
5P-CCICCIGKIGTIGTRTCIGG-3P) of E. coli [10].
The resulting PCR products were used as hybridiza-
tion probes to obtain genomic clones containing
the complete recA genes. Southern blots with digests
of Cb. tepidum and Cf. aurantiacus chromosomal
DNAs were hybridized with the respective PCR
products. Based on these hybridization experiments,
a 3.2 kb EcoRI fragment of Cb. tepidum was cloned
(see Fig. 1) to obtain the entire sequence of the recA
gene. A portion of the Cf. aurantiacus recA gene
was initially cloned on a 1.8 kb HincII fragment;
subsequently, a 0.5 kb KpnI-HincII fragment was
cloned to obtain the remaining coding region of
the gene (see Fig. 1). The DNA sequences for the
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Cb. tepidum recA gene and the Cf. aurantiacus recA
gene have been deposited in GenBank under the ac-
cession numbers AF037259 and AF037258, respec-
tively.

2.3. Phylogenetic analyses

In 1995 Eisen [10] aligned and analyzed phyloge-
netically 65 RecA sequences. Since then, 26 new se-
quences of RecA have been identi¢ed and deposited
in the databases. These 26 sequences, as well as the
sequences of Cb. tepidum and Cf. aurantiacus, have
been added to most of the alignment obtained pre-
viously [10]. The alignment is available at http://
www-leland.stanford.edu/Vjeisen/RecA/RecA.A-
lignment.html. The phylogenetic tree was generated
using algorithms available from the PHYLIP soft-
ware package [14]. The pairwise distances between
the RecA proteins were calculated with the protdist
program in PHYLIP, using the PAM matrix-based
distance correction [14]. The tree was generated by
the neighbor-joining methods [15] as implemented in
PHYLIP. Bootstrap replicates were carried out
100 times by the method of Felsenstein [16]. The
RecA sequences were also analyzed phylogenetically
using the parsimony inference method, as made
available in PHYLIP [14]. The resulting tree was
practically identical to the neighbor-joining tree
shown in Fig. 2 (data not shown).

3. Results and discussion

As shown in Fig. 1, the recA gene of Cb. tepidum
is £anked upstream by a gene with signi¢cant se-
quence similarity to dihydro£avonol-4-reductase
(dfr) and downstream by genes with signi¢cant se-
quence similarity to the nitrogen regulatory gene
nifR3 and to aspartate semialdehyde dehydrogenase
(asd). The Cb. tepidum recA gene predicts a protein
of 346 amino acids with a predicted molecular mass
of 37.1 kDa. No sequences with signi¢cant similarity
to genes in the databases were identi¢ed downstream
from the recA gene of Cf. aurantiacus ; the recA gene
of this bacterium predicts a protein of 351 amino
acids with a predicted mass of 37.8 kDa. The de-
duced protein sequences were aligned with 86 other
RecA sequences obtained from the databases. Fig. 2
shows the phylogenetic tree obtained for the RecA
sequences, using the procedures described in Section
2.

3.1. Green sulfur bacteria

Using RecA as the phylogenetic marker (Fig. 2),
Cb. tepidum is placed as the closest relative to the
Cytophaga-Flexibacter-Bacteroides group. Based on
the very close relationships of green sulfur bacteria
among themselves [1,2], it can be assumed that the
entire group will be closely related to the Cytophaga-

FEMSLE 8112 27-4-98

Fig. 1. Physical maps of the 3.2-kb EcoRI fragment encoding the recA gene of Chlorobium tepidum and of the 2.2-kb HincII fragment en-
coding the recA gene of Chloro£exus aurantiacus. The ORF found upstream of recA is homologous to dihydro£avonol-4-reductase (dfr)
sequences. The ORFs downstream of recA are homologous to nifR3 sequences and aspartate semialdehyde dehydrogenase (asd) sequences.
Abbreviations for restriction enzymes are: C, HincII; E, EcoRI; H, HindIII; K, KpnI; R, EcoRV.
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Flexibacter-Bacteroides group. The relationship be-
tween Cb. tepidum and the Cytophaga-Flexibacter-
Bacteroides group is very highly supported in the
RecA tree (bootstrap value of 100%), although the
position of this entire clade within the tree lacks
statistical signi¢cance (bootstrap value of 12%).
The green sulfur bacteria have also been placed as
the nearest relatives to the Cytophaga-Flexibacter-
Bacteroides group based on SS-rRNA data [17,18].
This association has been con¢rmed by further stud-
ies, using the ATP-synthase L subunit and EF-Tu as
markers, that included representative members of
both phyla [19]. In analyses using sigma factors as
the phylogenetic marker, the green sulfur bacteria
are seen to be most closely related to the green
non-sulfur bacteria (Gruber and Bryant, submitted);
however, this study did not include any sequence
from the Cytophaga-Flexibacter-Bacteroides group.
Thus, there appears to be a consensus based upon
several phylogenetic markers that the green sulfur
bacteria and the Cytophaga-Flexibacter-Bacteroides
group are close relatives.

All green sulfur bacteria have similar physiological
characteristics : all are strictly anaerobic, are obli-
gately phototrophic, and can use carbon dioxide as
the sole carbon source [20]. All species can use sul-
¢de, which is oxidized to sulfate with the intermedi-
ate accumulation to elemental sulfur globules outside
the cells, as the electron donor for growth. The Cy-
tophaga-Flexibacter-Bacteroides group is composed
of a mixture of physiological types [21]. The Bacter-
oides sp. are obligately anaerobic and primarily fer-
mentative organisms, while the Cytophaga and Flex-
ibacter sp. are heterotrophic gliding bacteria.

3.2. Green non-sulfur bacteria

The green non-sulfur bacteria are phylogenetically
interesting organisms because di¡erent molecular
markers place these organisms at di¡erent places in
the eubacterial tree (see below). The best studied
member of these organisms, Cf. aurantiacus, has

even been termed a `chimeric organism' due to its
unique set of phenotypic properties [22]. In the
present study using RecA as the marker, the position
of Cf. aurantiacus is unfortunately not resolved.
Although Cf. aurantiacus is placed nearest Chlamy-
dia trachomatis and the high-GC Gram-positives, it
may nevertheless still be fairly closely related to Cb.
tepidum (Fig. 2). However, the bootstrap values sup-
porting these relationships are low. In earlier studies
using SS-rRNA as the marker, the green non-sulfur
bacteria were placed as the closest relatives to the
Deinococcus/Thermus group [18], whereas later stud-
ies showed the group to be positioned between the
Thermotogales and the Planctomycetales [17]. In
both analyses based upon SS-rRNA, the green
non-sulfur bacteria were observed to diverge very
early within the eubacterial line of descent. In an
analysis using EF-Tu as the marker [19], the green
gliding bacteria were placed between the Deinococ-
cus-Thermus branch and the branch composed of the
green sulfur bacteria and the Cytophaga-Flexibacter-
Bacteroides. In a study using sigma factors, Cf. au-
rantiacus is the closest relative to Cb. tepidum, an
association that is fairly well supported by bootstrap
analyses (Gruber and Bryant, submitted). In a study
using reaction center proteins as phylogenetic
markers [22], it was unequivocally shown that the
type II reaction center of Cf. aurantiacus is most
closely related to the reaction centers of the photo-
trophic proteobacteria, in particular to Rhodopseudo-
monas viridis [22]. The reaction center of green non-
sulfur bacteria also shows very distant similarity to
Photosystem II of cyanobacteria, whereas green sul-
fur bacteria and heliobacteria have reaction centers
which share a closer evolutionary relationship with
Photosystem I of cyanobacteria [23]. There is also
evidence that the membrane-bound bacteriochloro-
phyll a-containing antenna complexes and the mem-
brane-bound cytochrome that donates electrons to
the reaction center are similar in the phototrophic
proteobacteria and Cf. aurantiacus [22]. Since none
of the phylogenetic markers employed to date sug-
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Fig. 2. Neighbor-joining tree for RecA. The distances were calculated using the protdist program of PHYLIP with a PAM matrix-
based distance correction. Bootstrap values were obtained after 100 replications and are indicated when over 40. (References for the
sequences used can be obtained in [9], in Genbank, in appropriate webpages of completed genome sequences, and at http://www-leland.
stanford.edu/Vjeisen/RecA/RecA.html)

T.M. Gruber et al. / FEMS Microbiology Letters 162 (1998) 53^6056



FEMSLE 8112 27-4-98

T.M. Gruber et al. / FEMS Microbiology Letters 162 (1998) 53^60 57



gest a close relationship between the proteobacteria
and Cf. aurantiacus, the simplest explanation for
these observed di¡erences is that a lateral gene trans-
fer event may have been responsible for the transfer
of these photosynthesis genes into or out of an an-
cestor of Cf. aurantiacus. In fact, in the phototrophic
proteobacteria these genes are clustered as a 46 kb
region [24], and a similar clustering of photosynthe-
sis genes has also recently been demonstrated in He-
liobacillus mobilis, a member of the low-G+C Gram-
positives (Dr. C. Bauer, personal communication).
Such clustering of photosynthesis genes has not
been observed in Cf. aurantiacus [25], Cb. tepidum
[25], or cyanobacteria [26,27]; however, transfer fol-
lowed by subsequent dispersal can not be excluded.
Sequence comparisons of some of the proteins found
in the chlorosomes of green sulfur bacteria and green
non-sulfur bacteria indicate an evolutionary related-
ness, albeit limited, between some proteins of the
antenna complexes of the two groups [28].

In the present study, Cf. aurantiacus is the only
member of the green non-sulfur bacteria included.
Before any consensus regarding the placement of
the green non-sulfur bacteria in phylogenetic trees
can be established, it will be necessary to include
more examples of the green non-sulfur bacteria,
both phototrophic and non-phototrophic, in the
phylogenetic analyses using various markers. Since
the photosynthetic apparatus appears to be chimeric
(or alternatively gave rise to di¡erent lineages
through divergence), it seems as if the components
of the photosynthetic apparatus are not appropriate
markers to represent the organism as a whole in
comparative phylogenetic studies. Di¡erent compo-
nents would give very di¡erent results ; and although
this is very intriguing, it would not be particularly
informative. It would be very interesting to include
non-phototrophic green non-sulfur bacteria, such as
T. roseum, in studies using the sigma factor marker.
Cf. aurantiacus is now the sole representative [12] in
such analyses, and it should be possible to determine
if the group would still be most closely related to the
green sulfur bacteria and the cyanobacteria. Due to
the apparently chimeric nature of Cf. aurantiacus, it
would be very useful to obtain the sequence of the
entire genome to examine completely the origins of
this sequence diversity. Such an analysis could help
to de¢ne speci¢cally the phylogeny of green non-sul-

fur bacteria, but might also provide more clues to
the origins and evolution of this puzzling genome.

3.3. Other phyla

A detailed description and discussion of the use of
RecA as a phylogenetic marker can be found in Ei-
sen [10]. More than half of the species displayed in
the tree (Fig. 2) belong to proteobacteria phylum. Of
the 26 newly added species to the alignment, 14 rep-
resent proteobacterial species. The general relation-
ships in the proteobacteria have not changed signi¢-
cantly due to these additions, and the ¢ve distinctive
subgroups (K, L, Q, N, and O) are maintained. Four
Gram-positive organisms have been added, and it is
notable that the Gram-positives still do not form a
monophyletic clade, as was observed in the previous
study using RecA [10]. Although the high-GC Gram-
positives cluster together, the low-GC Gram-posi-
tives do not cluster with the high-GC Gram-positives
and are not themselves monophyletic, consistent with
SS-rRNA phylogenies [29]. Clostridium perfringens is
not placed within the Gram-positive bacteria in the
RecA tree, whereas this organism is placed within
the low-GC Gram-positive organisms based on SS-
rRNA data [18]. The cyanobacteria form a coherent
group, with the nuclear-encoded chloroplast RecA
from Arabidopsis thaliana falling within this group.
The RecAs of Deinococcus radiodurans and two
Thermus species form a well supported group, which
is placed near the Aqui¢cales (as seen previously
[10]). A number of phyla are presently represented
by only one or two sequences (e.g. the Thermoto-
gales, Chlamydia, green-gliding bacteria, and green
sulfur bacteria) which contributes to the inability to
produce a meaningful and precise placement of some
of these organisms within the tree. This is re£ected
by relatively low bootstrap values for most of these
species. The placement of these groups should in-
crease in statistical signi¢cance once additional
RecA sequences have been analyzed.

3.4. Conclusions

The position of Cb. tepidum, the representative of
the green sulfur bacteria used in these studies, as the
closest relatives to the Cytophaga-Flexibacter-Bacte-
roides group, is very well supported in the phyloge-
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netic tree based on RecA sequences. This result is
consistent with a number of other analyses using
several phylogenetic markers. On the other hand,
the position of the green non-sulfur bacterium Cf.
aurantiacus remains highly ambiguous, and at the
present time no de¢nite conclusions regarding the
relationship of this organism to other eubacteria
can be drawn from the analyses using RecA or other
phylogenetic markers.

Acknowledgments

This work was supported by USPHS grant GM-
31625 and DOE grant DE-FG02-94ER20137 to
D.A.B. In addition, J.A.E. was supported in part
by Outstanding Investigator Grant CA44349 from
the National Cancer Institute to Philip C. Hanawalt.
We would also like to thank Alberto I. Roca for help
in tracking down unpublished RecA sequences and
Rob Wheeler for sharing the Caulobacter crescentus
RecA sequence prior to publication.

References

[1] Figueras, J.B., Garcia-Gil, L.J. and Abella, C.A. (1997) Phy-
logeny of the genus Chlorobium based on 16S rDNA sequence.
FEMS Microbiol. Lett. 152, 31^36.

[2] Overmann, J. and Tuschak, C. (1997) Phylogeny and molec-
ular ¢ngerprinting of green sulfur bacteria. Arch. Microbiol.
167, 302^309.

[3] Pierson, B.K. and Castenholz, R.W. (1995) Taxonomy and
physiology of ¢lamentous anoxygenic phototrophs. In: An-
oxygenic Photosynthetic Bacteria (Blankenship, R.E., Madi-
gan, M.T. and Bauer, C.E., Eds.), Vol. 2, pp. 32^47. Kluwer
Academic Publishers, Dordrecht.

[4] Gibson, J., Ludwig, W., Stackebrandt, E. and Woese, C.R.
(1985) The phylogeny of green photosynthetic bacteria: ab-
sence of a close relationship between Chlorobium and Chloro-
£exus. Syst. Appl. Microbiol. 6, 152^156.

[5] Pierson, B.K. and Olson, J.M. (1987) Photosynthetic bacteria.
In: Photosynthesis (Amesz, J., Ed.), pp. 21^42. Elsevier Sci-
ence Publishers B.V., Amsterdam.

[6] Pierson, B.K. and Castenholz, R.W. (1974) A phototrophic
gliding ¢lamentous bacterium of hot springs, Chloro£exus
aurantiacus, gen. and sp. nov. Arch. Microbiol. 100, 5^24.

[7] Strauss, G. and Fuchs, G. (1993) Enzymes of a novel auto-
trophic CO2 ¢xation pathway in the phototrophic bacterium
Chloro£exus aurantiacus, the 3-hydroxy propionate cycle. Eur.
J. Biochem. 215, 633^643.

[8] Kowalczykowski, S.C., Dixon, D.A., Eggleston, A.K.,

Lauder, S.S. and Rehrauer, W.M. (1994) Biochemistry of ho-
mologous recombination in Escherichia coli. Microbiol. Rev.
58, 401^465.

[9] Clark, A.J. and Sandler, S.J. (1994) Homologous genetic re-
combination: the pieces begin to fall into place. Crit. Rev.
Microbiol. 20, 125^142.

[10] Eisen, J.A. (1995) The RecA protein as a model molecule for
molecular systematic studies of bacteria: comparison of trees
of RecAs and 16S rRNAs from the same species. J. Mol.
Evol. 41, 1105^1123.

[11] de Lorimier, R., Bryant, D.A., Porter, R.D., Liu, W.-Y., Jay,
E. and Stevens, S.E. (1984) Genes for the K and L subunits of
phycocyanin. Proc. Natl. Acad. Sci. USA 81, 7946^7950.

[12] Gruber, T.M. and Bryant, D.A. (1997) Molecular systematic
studies of eubacteria, using c70-type sigma factors of group 1
and group 2. J. Bacteriol. 179, 1734^1747.

[13] Sanger, F., Nicklen, S. and Coulson, A.R. (1977) DNA se-
quencing with chain-terminating inhibitors. Proc. Natl. Acad.
Sci. USA 74, 5463^5467.

[14] Felsenstein, J. (1989) PHYLIP-Phylogeny Inference Package
(Version 3.2). Cladistics 5, 164^166.

[15] Saitou, N. and Nei, M. (1987) The neighbor-joining method:
a new method for reconstructing phylogenetic trees. Mol.
Biol. Evol. 4, 406^425.

[16] Felsenstein, J. (1985) Con¢dence limits on phylogenies: an
approach using the bootstrap. Evolution 39, 783^791.

[17] Pace, N.R. (1997) A molecular view of microbial diversity and
the biosphere. Science 276, 734^740.

[18] Olsen, G.J., Woese, C.R. and Overbeek, R. (1994) The winds
of (evolutionary) change: breathing new life into microbiol-
ogy. J. Bacteriol. 176, 1^6.

[19] Ludwig, W. et al. (1994) Phylogenetic relationships of bacteria
based on comparative sequence analysis of elongation factor
TU and ATP-synthase beta-subunit genes. Antonie Van Leeu-
wenhoek Int. J. Gen. Mol. Microbiol. 64, 285^305.

[20] Imho¡, J.F. (1995) Taxonomy and physiology of phototro-
phic purple bacteria and green sulfur bacteria. In: Anoxygenic
Photosynthetic Bacteria (Blankenship, R.E., Madigan, M.T.
and Bauer, C.E., Eds.), pp. 1^15. Kluwer Academic Publish-
ers, Dordrecht.

[21] Brock, T.D. and Madigan, M.T. (1984) Biology of Microor-
ganisms. Prentice Hall, Englewood Cli¡s.

[22] Blankenship, R.E. (1992) Origin and early evolution of photo-
synthesis. Photosynth. Res. 33, 91^111.

[23] Golbeck, J.H. and Bryant, D.A. (1991) Photosystem I. In:
Current Topics in Bioenergetics : Light Driven Reactions in
Bioenergetics (Lee, C.P., Ed.), Vol. 16, pp. 83^177. Academic
Press, New York.

[24] Young, D.A., Bauer, C.E., Williams, J.C. and Marrs, B.L.
(1989) Genetic evidence for superoperonal organization of
genes for photosynthetic pigments and pigment binding pro-
teins in Rhodobacter capsulatus. Mol. Gen. Genet. 218, 1^12.

[25] Shiozawa, J.A. (1995) A foundation for the genetic analysis of
green sulfur, green ¢lamentous and Heliobacteria. In: Anoxy-
genic Photosynthetic Bacteria (Blankenship, R.E., Madigan,
M.T. and Bauer, C.E., Eds.), pp. 1159^1173. Kluwer Academ-
ic Publishers, Dordrecht.

FEMSLE 8112 27-4-98

T.M. Gruber et al. / FEMS Microbiology Letters 162 (1998) 53^60 59



[26] Barry, B.A., Boerner, R.J. and de Paula, J.C. (1994) The use
of cyanobacteria in the study of the structure and function
of Photosystem II. In: The Molecular Biology of Cyanobac-
teria (Bryant, D.A., Ed.). Kluwer Academic Publishers,
Dordrecht.

[27] Golbeck, J.H. (1994) Photosystem I in cyanobacteria. In: The
Molecular Biology of Cyanobacteria (Bryant, D.A., Ed.).
Kluwer Academic Publishers, Dordrecht.

[28] Wagner-Huber, R., Brunisholz, R., Frank, G. and Zuber, H.
(1988) The BChl c/e-binding polypeptides from chlorosomes
of green photosynthetic bacteria. FEBS Lett. 239, 8^12.

[29] Ludwig, W., Bauer, S.H., Bauer, M., Held, I., Kirchhof, G.,
Schulze, R., Huber, I., Spring, S., Hartmann, A. and Schleifer,
K.H. (1997) Detection and in situ identi¢cation of representa-
tives of a widely distributed new bacterial phylum. FEMS
Microbiol. Lett. 153, 181^190.

FEMSLE 8112 27-4-98

T.M. Gruber et al. / FEMS Microbiology Letters 162 (1998) 53^6060


