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The M-subunit primary structure of the reaction centre (RC) from Chloroflexus aurantiacus composed of 306 amino acid

residues has been determined by parallel analysis of the protein and corresponding DNA. The blocked N-terminus as

well as replacement of the essential histidine liganding Mg of an accessory bacteriochlorophyll in purple bacteria by
leucine distinguishes the M-subunit of Chloroflexus RC from that of purple bacteria.
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1. INTRODUCTION

The reaction centre (RC) is a protein-pigment
complex where the primary events of light energy
conversion into chemical energy occur. The reac-
tion centre of filamentous green bacterium
Chloroflexus aurantiacus, the smallest RC known
today, consists of two protein subunits [1]. The
primary structure of one subunit has been recently
determined in this laboratory by parallel analysis
of the protein and corresponding DNA [2]. The
homology between this subunit and L-subunits of
the RC of purple bacteria indicates that the func-
tional analogy of Chlorofiexus and Rhodospirilla-
ceae RC relies upon their structural similarity.
That is why one may propose the second subunit of
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The nucleotide sequence presented here has been submitted to
the EMBL/GenBank database under the accession no. Y00972

Chloroflexus RC to be homologous to the M-
subunit of the purple bacteria. This paper presents
the primary structure and tentative folding of the
polypeptide chain of the Chloroflexus RC M-
subunit.

2. MATERIALS AND METHODS

Experimental procedures applied for separation of highly
purified preparation of Chloroflexus RC, cleavage of the pro-
teins, separation of resulting peptides, and construction of the
genomic library and DNA sequence analysis are presented in a
previous paper [2] from this laboratory.

3. RESULTS

Clone pRCa9 from the Chloroflexus genomic
library was shown [2] to contain approximately
one third of the gene encoding the N-terminal se-
quence of the M-subunit. In order to identify the
clone that includes the missing sequence of this
subunit, the first genomic library of 20000
transformants was screened with oligonucleotide
probe 1b [2]. As a result the only positive clone,
pRCAS, was isolated (fig.1). The nick-translated
insert of this clone was used to screen 30000
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Fig.1. Location of insertions of isolated clones in restriction

map of the Chloroflexus RC M-subunit and sequencing

strategy. A, Avall; H, HindIIl; L, Alul; T, Taql; X, Xbal; V,
Aval.

transformants of the same library. Of seven
positive clones, the two, pRCM1 and pRCM2,
with the largest inserts were used for sequencing.

The nucleotide sequence of the gene encoding
the M-subunit and the deduced amino acid se-
quence are shown in fig.2. The sequences of pep-
tides derived from analysis at the protein and gene
levels match perfectly.
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Only one subunit of the RC preparation can be
identified by stepwise Edman degradation [2,4].
The sequence thus obtained corresponds to that of
the L-subunit. This indicates that the N-terminal
amino group of the M-subunit is posttranslational-
ly modified. Treatment of the RC preparation with
Staphylococcus aureus protease and trypsin results
in the two peptides with blocked N-termini. Ac-
cording to amino acid analyses these peptides cor-
respond to the sequences X-A-T-I-N-M-T-P-G-D-
L-E and X-A-T-I-N-M-P-G-D-L-E-L-G-R de-
duced from the DNA analysis. The difference in
60 Da was obtained when comparing the results of
FAB mass spectrometry and amino acid analysis of
both peptides. Chemical characterisation of the
blocking group is a subject for further studies.

The amino acid sequence preceding the termina-
tion codon of the M-subunit coincides with that of
the C-terminal peptide of this subunit (see [2]).
Thus the mature M-subunit of Chloroflexus RC
contains 306 amino acid residues and has a
molecular mass of 34982 Da (including the block-

ing group).
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Fig.2. Nucleotide sequence of the gene coding for the M-subunit and derived amino acid sequence. The positions of isolated peptides
are indicated by |——1; residues identified by Edman degradation are designated by ——. In the 3’-untranslated region the sequence
with features typical of Rho-independent terminator is underlined [3].
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AUR, X- ATINMTPGDLELGRDRGRIGKPIEIPLLENFGFDSQLGPFYLGFNNAVAY
VIR, ADYQTIYTQIQARGPHITVSGEWGDNDRVGKPFYSYWL-GKIGDAQIGPIYLGASGIAAF
SPH, AEYQNIFSQVQVRGPADLGMTEDVNLANRSGVGPFSTLLGWFGNAQLGPIYLGSLGVLSL
CAPS. AEYQNFFNQVQVAGAPEMGLKEDVDTFERTPAGMFNIL~-GWMGNAQIGPIYLGIAGTVSL
* % * % * % *4% #» *
AUR, ITGGIFTFIWLMVMFAQVNYNPVAFAKYFVVLQlDPPSSRYGLSF -PPLNEGGWWLIATF 109
VIR, AFGSTAILIILFNMAAEVHFDPLQFFRQFFWLGLYPPKAQYGMGI-PPLHDGGWWLMAGL 118
SPH, FSGLMWFFTIGIWFWYQAGTNPAVFLRDLFFFSLEPPAPEYGLSFAAPLKEGGLWLIASF 120
CAPS. AFGAAWFFTIGVWYWYQAGFDPFIFMRDLFFFSLEPPPAEYGLAI-APLKQGGVWQIASL 118
* *% * % » * % * * #*%
AUR, FLTVSIFAWYMHIYTRAKALGIKPYLAYGFTGAIALYLVIYIIRPVWMGDNSEAPAHGIK 169
VIR, FMTLSLGSWWIRVYSRARALGLGTHIAWNFAAAIFFVLCIGCIHPTLVGSWSEGVPFGIW 178
SPH, FMFVAVWSWWGRTYLRAQALGMGKHTAWAFLSAIWLWMVLGFIRPILMGSWSEAVPYGIF 180
CAPS., FMAISVIAWWVRVYTRADQLGMGKHMAWAFLSAIWLWSVLGFWRPILMGSWSVAPPYGIF 178
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SPH, SHLDWTNNFSLVHGNLFYNPFHGLSIAFLYGSALLFAMHGATILAVSRFGGERELEQIAD 240
CAPS, SHLDWTNQFSLDHGNLFYNPFHGLSIAALYGSALLFAMHGATILAVTRPGGERELEQIVD 238
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SPH. RGTAAERAALFWRWTMGFNATMEGIHRWAIWMAVLVTLTGGIGILLSGT-VVDNWYVWGQ 299
CAPS, RGTASERAALFWRWTMGFNATMEGIHRWAIWMAVMVTLTGGIGILLSGT-VVDNWYVWAQ 297
*
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VIR, KHGAAPDYPAYLPATPDPASLPGAPK«
SPH, NHGMAPLNs«
CAPS., VHGYAPVTP«

(R. SPH.), and R. capsulata (R. CAPS.) [2—6]. Stars above the sequence indicate a match. X = 60 Da.
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. Alignment of amino acid sequences of the RC M-subunits from Chloroflexus (C. AUR.), R. viridis (R. VIR.), R. sphaeroides
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Fig.4. Comparison of amino acid sequences of the L- and M-subunits from Chloroflexus. Positions of the putative transmembrane
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4. DISCUSSION as chromophore binding and electron transport.
Correctness of the designation of subunits is con-

Comparison of the M-subunit primary struc- firmed by their comparison (fig.4). Unlike M-
tures from Chloroflexus and purple bacteria subunits, L-subunits of purple bacteria ‘contain
demonstrates the high degree of homology. As two deletions: the first between membrane-
shown in fig.3, 77 amino acid residues are con- spanning helices A and B and the second between
served in four species. It should be noted that con- D and E [7]. Analogous deletions, although of dif-
siderable homology (52 conserved amino acid ferent size (the first is 3 amino acid residues
residues) is also observed when comparing the M- shorter; the second 3 amino acid residues longer)
subunit of Chloroflexus and L-subunits of purple are conserved in the Chloroflexus RC L-subunit.
bacteria (not shown). Designating Chloroflexus In fact, the M-subunit of Chloroflexus RC is
RC subunits L. and M similarly to those of purple several amino acid residues shorter than the L-
bacteria, we implied their similar functions, such subunit. This small difference in molecular masses
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Fig.5. Predicted folding of the amino acid sequence of the RC M-subunit from Chlorofiexus.
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may explain the observed comigration of these
subunits in PAGE [8].

Previously, we have suggested that the folding
of the L- and M-subunits of purple bacteria and
Chloroflexus should be similar (fig.5, see also fig.4
in [2]). If this is the case, a number of
characteristic features distinguishing M- from L-
subunits should also exist in Chloroflexus. In fact,
extension of the peptide loop between membrane-
spanning helices D and E is sufficient to form an
additional a-helical segment de’ (amino acid
residues 222—229) which does not exist in the L-
subunit [9,10). Furthermore, three amino acid
residues of the M-subunit participate in binding of
the iron atom (only two amino acid residues of the
L-subunit are ligands of non-haem iron). These
three amino acid residues (Hiszs, Alazs and
Hisyss) are conserved in the M-subunit of the
Chloroflexus RC. It is known from X-ray data that
Mg atoms of accessory bacteriochlorophylls are
liganded by histidine residues. In the L-subunit of
Chloroflexus RC the corresponding histidine
residue is conserved [2]. Moreover, in the
Chloroflexus RC one of the accessory bacterio-
chlorophylls is replaced by bacteriopheophytin
[11]. Moreover, analysis of spectroscopic data on
Chloroflexus RC indicates that this
bacteriopheophytin should be in the subunit
analogous to the M-subunit of purple bacteria
[12]. If this is true, the histidine residue liganding
Mg of accessory bacteriochlorophyll in the M-
subunit of purple bacteria could well be replaced
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by other amino acid residues in Chloroflexus. In-
deed, Leuy71 occupies the appropriate position in
the Chloroflexus M-subunit.
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