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The M-subunit primary structure of the reaction centre (RC) from ChloroJexus auruntiacus 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 [l]. 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 Chloroflexus and Rhodospirilla- 
ceae RC relies upon their structural similarity. 
That is why one may propose the second subunit of 

Correspondence address: N.G. Abdulaev, Shemyakin Institute 
of Bioorganic Chemistry, USSR Academy of Sciences, ul. 
Miklukho-Maklaya 16/10, 117871 GSP Moscow V-437, USSR 

+ Deceased 

The nucleotide sequence presented here has been submitted to 
the EMBL/GenBank database under the accession no. YO0972 

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 Chlorofexus 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 Chlorofexus 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 lb [2]. As a result the only positive clone, 
pRCA5, 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 Chlorofexus RC M-subunit and sequencing 
strategy. A, AvaII; H, HindHI; L, AluI; T, TaqI; X, XbaI; V, 

AvaI. 

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. 

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). 

1 ATG GCG ACA ATC MT ATG ACG CCG GGC GAT CTG Wu CTG GGT CGT GAT CGC GGT CGG ATC GGA MA CCA ATT wu; ATT CCG CTC CTG GAA 
1 (M), A T I N NT P G D L E,,L G R 0 R G RI GKPIEI P L L E 

t I 
91 AAC T;C G;C T;C y A;C C$ CTC GGC CCG TTC TAT CTC GGC TTT TGG MC GCA GTG GCT TAC A;C A;C Gy GF A;C TTT ACC TTT ATC 
30 N LGPFVLGFWNAVAV F T F I 

181 TGG CTG ATG GTG A;G T;T G;T CAG GTG MT TAC MT CCG GTG GCC TTT GCC AAG TAC TTT GTG GTC TTG CAA ATC GAT CCG CCG TCA TCA 
60 W L M V Q V N V N p V A F A K V F V V L Q I D.,P P S S 

1.':;:: I ;:: r:. . .'. . . - ' 7'. -. r 
271 CGC TAT GGC CTG AGC TTT CCG CCG CTG MT GAG GGT GGA TGG TGG CTC ATC GCG ACC TTC TTC CTG ACG GTC TCG ATC TTC GCG TGG TAT 
90 R+ VGLSFP P L N E G G W W L IATFFLTVSI F A W V 

361 ATG CAC ATC TAT AFC C;C G;c y G;G C:C Gr ATT AAG CCC TAC CTG GCT TAC GGC TTC ACC GGT GCG ATT GCG CTC TAC CTG GTG ATC 
120 M H I V I K P I.,, I I, V L A Y GFTGAI AL V L V I' 

451 TAT ATC ATT CGT CCG GTG TGG ATG GGT GAT TGG TCG GAA GCG CCG GCC CAC GGC ATC AAA GCG CTG CTC GAC TGG ACG AAT AAT‘GTG AGC 
l50 Y I I R P V UMGDWSEAPAHGIKALL DWTNNVS 

541 GTG CGT TAC GGC AAT TTC TAC TAC AAT CCG TTC CAC ATG CTC TCG ATC TTC TTC TTG CTC GGA TCA ACG TTG TTG CTG GCG ATG CAC GCC 
18O~YGNFYYNPFH M L S I F F L L GSTLLL A I4 H A 

631 GGT ACC ATT TiG GCA CTC GAA AAG TAC GCT GCC CAC GAG GAA TGG AAT GAG ATT CAG GCT CCC GGT ACC GGT ACC GAG CGT GCT CAG CTC 
210 G T I W A L E K Y A A H E E W N E ,I Q A PGTGTERAQL 

T 
721 TTC TGG CGC TGG TGC ATG GGC TTT AAC GCG AAT GCC TAC TCG ATC CAC CTG TGG GCA TTC TGG TTC GCC TGG TTG TGC GGT ATT ACC GGT 
240 F W RWCMGFNANAYSIHL W A F W F A U L C G I T G 

I 
811 GCA TTG GGT GTC TTC TTC TCA ATG CCC GAT TTT GTC AAT AAC TGG TTC CAA TGG GGT ATT GAA GCC GGC ATC AAC TAT CCG CAA GGT CCA 
270 A L G V F F S M P D F V N N U F Q W GIEAGINYPQGP 

901 ACG CCA CCG GTT TCA CTG CCG TAG ~GTT~GT~~A~TT~T~TA~~TT~CT~~~GG~~T~TCG~~~GT~ATCA~CGGG~~~GGTTGT~ATTG~A~G~~~GGT~~ 
300 T P P V S L P stop 

I 
1112 TATCTGAAGACTGGTGTATCAAATCTGGCTTCATMCAGTCATTGCACGCCGTTTTCAGGTGTGCCACCG~GCGTCGGTGGCTTGTTGTC~TG~CGGTAGG~ACG~T~CGT 

1231 GCCCCTACGCCTCCTGTCGTACCAGTAGAW\CGCATGCGTCGCCCCTACCAGCGTCCAGCGGT~~GTGTAGGTGCTGCATCAGGGG~TC 

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 I - I ; 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 , 
VIR, 
SPH, 
CAPS, 

X-ATINMTPGDLELGRDRGRIGKPIEIPL;ENFGFDS~L~~F~~~FwNAVAy 
ADYQTIYTQIQARGPHITVSGEWGDNDRVGKPFYSYWL-GKIGDAQIGPIYLGASGIAAF 
AEYQNIFSQVQVRGPADLGMTEDVNLANRSGVGPFSTLLGWFGNAQLGPIYLGSLGVLSL 60 
AEYQNFFNQVQVAGAPEMGLKEDVDTFERTPAGMFNIL-GWMGNAQIGPIYLGIAGTVSL 59 

AUR o IT~GIFTFIWLMVMFAQVNYN~VA:AKYFVVLQID~~SSR~~LSF-P~~NE~~~LI~TF 109 
VIR, AFGSTAILIILFNMAAEVHFDPLQFFRQFFWLGLYPPKAQYGMGI-PPLHDGG~LMAGL 118 
SPH, FSGLMWFFTIGIWFWYQAGTNPAVFLRDLFFFSLEPPAPEYGLSFAAPLKEGGLWLIASF 120 
CAPS, AFGAAWFFTIGVWYWYQAGFDPFIFMRDLFFFSLEPPPAEYGLAI-APLKQGGVWQIASL 118 

AUR, 
VIR, 
SPH, 
CAPS, 

FMTLSLGSWWIRVYSRARALGLGTHIAWNFAAAIFFVLCIGCIHPTLVGSWSEGVPFGIW 178 
FMFVAVWSWWGRTYLRAQALGMGKHTAWAFLSAIWLWMVLGFIRPILMGSWSEAVPYGIF 180 
FMAISVIAWWVRVYTRADQLGMGKHMAWAFLSAIWLWSVLGFWRPILMGSWSVAPPYGIF 178 

AUR , 
VIR, 
SPH, 
CAPS, 

ALL~~TNNV~VRY~~FY;N~F~ML~~FFLL~ST~~L~M~AG~~W~LEKYAAHE~WNE:QA 229 
PHIDWLTAFSIRYGNFYYCPWHGFSIGFAYGCGLLFAAHGATILAVARFGGDREIEQITD 238 
SHLDWTNNFSLVHGNLFYNPFHGLSIAFLYGSALLFAMHGATILAVSRFGGERELEQIAD 240 
SHLDWTNQFSLDHGNLFYNPFHGLSIAALYGSALLFAMHGATILAVTRPGGERELEQIVD 238 

AUR, 
VIR, 
SPH, 
CAPS a 

P~;GT;~~Q;;;~~CM~;~~NAYSI~L~AFWFAWLCGITGAL~VFFSMPDF~N~~FQ~GI 290 
RGTAVERAALFWRWTIGFNATIESVHRWGWFFSLMVMVSASVGILLTGT-FVDNWYLWCV 297 
RGTAAERAALFWRWTMGFNATMEGIHRWAIWMAVLVTLTGGIGILLSGT-VVDNWYVWGQ 2% 
RGTASERAALFWRWTMGFNATMEGIHRWAIWMAVMVTLTGGIGILLSGT-VVDNWYVWAQ 297 

AUR, 
VIR, 
SPH, 
CAPS, 

EA&NYPQGPTPPVSLP. 
KHGAAPDYPAYLPATPDPASLPGAPK+ 
NHGMAPLN+ 
VHGYAPVTP+ 

Fig.3. Alignment of amino acid sequences of the RC M-subunits from Chlorofrems (C. AUR.), R. viridis (R. VIR.), R. sphueroides 
(R. SPH.), and R. cupsulutu (R. CAPS.) [2-61. Stars above the sequence indicate a match. X = 60 Da. 

X-ATINMTPGDL;LGRDRGRI:KPIEIPLLENFG:;SQL 
SRAKAKDPRFPDFSFTVVEGARATRVPGGRTIEEIEPEYKIKGRTTFSAIFRYDPFDFWV 

+*a* s*+ * ti 

GPFYLGFWNAVAYITGG:FTFIWLMVMFAQV’-NYN;;VA;AKYFVVLQi~~~SSRY~~S~- 95 
GPFYVGFWGFVSVIGIIFGSYFYINETILKGPYSIPQNF----FAGRIDPPPPELGLGFA 116 

* l * ** 
P~LNE~GW~LIATF:LT~I;A~Y~HIYTRAK~iGIKPYL(AYGFTGAIALYLVI~~ 155 
APGEPGFAWQMTVLFATIAFFGWMMRQVDISMKLDMGYHVPIAFGVAFSAWLVLQVIRPI 176 

-B- 1 C- 

~~D~S;APAH~iKALi;;;TN~VSV~;G~:Y;~~:~MLSiFFiLG~i~i~M~AGTiWA~ 215 
A+GMWHEGFVLGIMPHLDWVSNFGYRYNNFFYNPFHAIGITGLFAST~LLACHGSLILSA 236 

l 

EK~AAHEEWNEIQAPGTZTERAQL;W~WCMGFNANI~LCGITGALGVF~ 275 
%QY ----------RGPEGGDIENVFFRDVQYYSVGESGVHRLGYIFA:GGILSADLCILL 296 
l * 

SMPDFVNNWFQWGIEAGINYPQGPTPPVSLPB 
SGWPVQDWVSFWNFWNNLPFWSGV+ 

Fig.4. Comparison of amino acid sequences of the L- and M-subunits from Chloroflems. Positions of the putative transmembrane 
helices are indicated by lines with letters indicating the corresponding helix. 
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4. DISCUSSION 

Comparison of the M-subunit primary struc- 
tures from Chloroflexus and purple bacteria 
demonstrates the high degree of homology. As 
shown in fig.3, 77 amino acid residues are con- 
served in four species. It should be noted that con- 
siderable homology (52 conserved amino acid 
residues) is also observed when comparing the M- 
subunit of Chforoj7exu.s and L-subunits of purple 
bacteria (not shown). Designating ChlorojZexus 
RC subunits L and M similarly to those of purple 
bacteria, we implied their similar functions, such 

as chromophore binding and electron transport. 
Correctness of the designation of subunits is con- 
firmed by their comparison (fig.4). Unlike M- 
subunits, L-subunits of purple bacteria ‘contain 
two deletions: the first between membrane- 
spanning helices A and B and the second between 
D and E [7]. Analogous deletions, although of dif- 
ferent size (the first is 3 amino acid residues 
shorter; the second 3 amino acid residues longer) 
are conserved in the Chforofexus RC L-subunit. 

In fact, the M-subunit of Chloroflexus RC is 
several amino acid residues shorter than the L- 
subunit. This small difference in molecular masses 

Fig.5. Predicted folding of the amino acid sequence of the RC M-subunit from Ch/oroflems. 
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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 
Chloroj7exus 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 Chloroj7exu.s. 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 (His.208, Ala223 and 
His& 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 
[l I]. 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 

by other amino acid residues in Chforofexus. In- 
deed, Leul-Ir occupies the appropriate position in 
the Chloroflexus M-subunit. 
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