
INTERNSHIP REPORT 
 
 
 
 

Structural conservation of very distantly  
related proteins:  

A tr ip into the twilight zone 
 
 
 
 
 
 
 
 

Sumedha J. Gholba 
Computational Biosciences, 
Arizona State University, 

Tempe, AZ 85287-1604 USA 
 
 

Advisor: Dr. Robert E. Blankenship 
Department of Chemistry and Biochemistry  

And  
Center for the Study of Early Events in Photosynthesis, 

Arizona State University, 
Tempe, AZ 85287-1604 USA 

 
 
 
 

An internship report presented  
In partial fulfillment of requirement for the  

Degree of Master of Science. 
 
 
 

Report Number: 05-01 



ACKNOWLEDGEMENTS 

 

I would like to sincerely thank my advisor, Dr. Robert E. Blankenship for his 

guidance and support for this research. I could not have asked for a better role 

model to follow as a researcher and as a person. I’m also deeply appreciative to 

Dr. Jason Raymond and Dr. Rosemary Renaut for their help and encouragements 

as I began my career in the field of bioinformatics. 

 

Many thanks to the members of the Blankenship Lab for the countless help they 

rendered me for the research. I would like to thank Dr. Robert E. Blankenship, Dr. 

Rosemary Renaut and Dr. Jeffery Touchman for being my graduate committee 

members. 

 



 3 

ABSTRACT 

 

Photosynthesis was established on the earth more than 3 billion years ago. All 

available evidence suggests that the earliest photosynthetic organisms were 

anoxygenic and that oxygen-evolving photosynthesis is a more recent 

development. The reaction center complexes are integral membrane pigment-

proteins that span the membrane in vectorial fashion to carry out electron transfer 

reactions. The origin and extent of distribution of these proteins has been 

perplexing from a phylogenetic point of view, mostly because of extreme 

sequence divergence. Our study of both the sequences and structures of reaction 

center proteins from both the oxygenic photosystems and the anoxygenic reaction 

centers from bacteria reveal the conservation of certain key amino acids, as well 

as a surprisingly well conserved overall protein fold. The multiple sequence 

alignment and phylogenetic trees created from the proteins show high degree of 

conserved regions in photosystem-II and bacterial reaction center-II, implying 

common genealogy. Also, the similarity between photosystem-I heterodimers and 

reaction center I homodimer proteins, indicate them having a single precursor. It 

is seen that even though L-M and D1-D2 show a similar pattern of evolution with 

gene duplication, L-M proteins show a step-by-step diversification whereas the 

other branch bifurcates into D1s and D2s just at the end. The reaction center I 

homodimer is placed nearly at the center between the photosystem I and II 

portions of the tree, suggesting it to be perhaps closer to an ancestral type of 

reaction center. The structural alignment of these proteins depicts five well-
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aligned a-helices. Their structures show a striking amount of similarity in the 

hydrophobic domains forming the transmembrane helices, very strongly 

suggesting that all photosynthetic reaction centers are derived from a single 

ancestral form. The overall structural architecture of photosystems was apparently 

arrived at very early in their evolution and has changed remarkably little, despite 

extensive sequence divergence and functional specialization of the various types 

of photosystems. 

 

Keywords: Twilight zone, reaction center proteins, alignments, hydropathy,                 

        phylogenetic divergence.
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1. INTRODUCTION 

Photosynthesis – one of the most vital and complex physiological processes; which is 

brought about million times every second on this planet. The biochemical processes 

involved in photosynthesis are exceptionally complex, and yet an individual, diminutive 

cell can perform the complicated tasks many times over. Studies about this wonder- 

phenomenon started as early as 1772, when an English chemist, Joseph Priestley 

demonstrated that plants immersed in water give off a gas (oxygen), and that this gas is 

necessary for animals to live. Despite the discoveries that followed Priestley’s work, we 

still do not know some of the secrets of photosynthesis, even to this day and 

photosynthesis remains  a mystery in fields like evolutionary studies. 

 

Figure 1. Basic photosynthetic machinery 

 Adapted from http://kvhs.nbed.nb.ca/gallant/biology/biology.html. 
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In the case of a plant with leaves, the light strikes the leaf, penetrates the outer covering 

of the plant’s cells, and arrives at the first checkpoint of photosynthesis—the chloroplast. 

Chloroplasts, which specialize in photosynthesis, are often oval or disk-shaped organelles 

about two to ten micrometers long and have a double-membrane system. In the most 

common types, the inner membrane is the site where sunlight energy is trapped, and 

where adenosine triphosphate (ATP) is produced. The inner membrane is arranged as a 

system of stacked disks, called grana, which are surrounded by a semifluid matrix called 

the stroma. It is like a miniscule, bean-shaped structure that contains stacks of miniature 

pancakes inside of it. The individual pancakes that make up the grana are called 

thylakoid disks (Figure 1). It is at this location where photosynthesis does much of its 

work. 

 

 

Figure 2. Basic photosynthetic light reactions, also called as Z-scheme. 

 Adapted from http://www.life.uiuc.edu/govindjee/ZSchemeG.html 
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The outer portion of the thylakoid disks is where light becomes useful to the plant. There 

are many structures that function in absorbing the energy and converting it to a form that 

is useful to the cells. The complexity of energy synthesis soon becomes almost 

inconceivable. Once the pure light energy reaches the thylakoid membrane, it starts a 

chain reaction that ultimately will result in the production of energy for the cell. The 

beginning of these reactions constitutes the electron transport chain. The light reaction 

begins with photosystem II, when light excites a specific chlorophyll molecule known as 

P680 (Figure 2). The molecule absorbs the light energy and becomes excited, meaning it 

has more energy than usual. An electron “ jumps”  to a higher energy level in the molecule. 

Normally, the electron would immediately lose its additional energy and drop back down 

to its original position. However, it is transferred to an electron acceptor, Q, which sends 

the excited electron down a series of molecules known as an electron transport chain. As 

the electron is passed from one molecule to the next, a series of coupled redox reactions 

occurs. Some of the energy is eventually used to make ATP. The unexcited electron 

settles into a different chlorophyll molecule, known as P700, leaving behind a “hole”  

(electron deficiency) in P680.  

 

Photosystem I begins when a different molecule in P700 also absorbs light energy and 

becomes excited. It too jumps to a higher energy level, where it is met by the electron 

acceptor which is iron-sulfur cluster and it further sends the excited electron down a 

ferrodoxin chain, where coupled redox reactions occur. Meanwhile, back in photosystem 

II, the hole in P680 formed supplies the oxidizing energy used to split some molecules 

into their component hydrogen ions, electrons and oxygen molecules. The oxygen is 
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released into the air. One of its electrons is used to “plug”  the hole in P680. The hydrogen 

atoms are concentrated into the lumen forming proton gradient and this gradient is useful 

in synthesis of ATP. The reaction is mediated by ATP synthase enzyme. The ATP 

(adenosine triphosphate) molecules and the NADPH (reduced nicotine amide adenine di-

nucleotide) molecules are used to produce glucose in another set of reactions that do not 

require direct sunlight i.e. the dark reaction. 

 

 

 

Figure 3. Reaction Center Proteins. 

 Adapted from http://www.bio.ic.ac.uk/research/barber/psIIimages/PSII.html 
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The protein complex that is involved in the electron transfer mechanism is called reaction 

center protein complex (Figure 3). The reaction center complexes are integral membrane 

pigment-proteins that span the membrane in vectorial fashion to carry out electron 

transfer reactions. The origin and extent of distribution of these proteins has been 

perplexing from a phylogenetic point of view, mostly because of extreme sequence 

divergence. Photosynthesis was carried out in non-oxygenic manner by primitive 

organisms; evolution has resulted in oxygenic mode of photosynthesis. However the 

reaction center proteins in all the organisms are somewhat similar and hence intriguing 

from a phylogenetic and evolutionary viewpoint. The bacterial reaction centers (non –

oxygenic organisms other than Cyanobacteria) are similar either to photosystem I or II.  
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2. METHODS 

 

2.1 Selection of Sequences 
 
The apoproteins psaA (A1) and psaB (A2), of photosystem I, and the protein heterodimers 

psbA (D1) and psbD (D2), of photosystem II, were chosen from  

·  Cyanobacteria : (a)Synechocystis sp. PCC 6803, 

    (b)Nostoc sp. PCC 7120 

    (c)Gloeobacter violaceus PCC 7421  

    (d)Prochlorococcus marinus str. MIT 9313     

·  Rhodophyta :  Cyanidium caldarium 

·  Chlorophyta : Chlorella vulgaris  

·  Streptophyta : (a)Physcomitrella patens 

     (b)Arabidopsis thaliana  

 

The reaction center I protein homodimers were obtained from Chlorobium tepidum TLS 

(Chlorobi) and Heliobacillus mobilis (Firmicutes) while reaction center II proteins pufL and 

pufM were from  

·  Two green non-sulfur bacteria (Chloroflexi): Chloroflexus aurantiacus, Roseiflexus 

castenholzii  

·  Three a-proteobacteria: Blastochloris viridis, Rhodobacter sphaeroides, Erythrobacter sp. 

·  One b-proteobacteria: Rubrivivax gelatinosus   

·  One � -proteobacteria: Allochromatium vinosum  



 12 

 

Roseiflexus castenholzii has a single gene coding for pufL as well as pufM proteins. The total 

sequence is broken into these two proteins and individual sequence is used in this study. The 

C-terminal end of the psaB protein from Gloeobacter violaceus is cleaved (around 155 amino 

acids) [1]. This domain is associated with the outer membrane, not electron transfer mechanism 

and relates to the fact that the membrane organization in Gloeobacter violaceus is different 

from other organisms included in this study. Also, the first six N-terminal helices of psaA and 

psaB are cleaved off since they code for the antenna binding complex, not the electron transfer 

domain. The homodimeric proteins from Chlorobium tepidum and Heliobacillus mobilis have 

eleven helices, the last six similar to those in psaA or psaB. Only this portion is retained for 

analysis in this study. The investigation methodology is explained below. 

 

 

2.2 Sequence alignment 
 
In this study, multiple sequence comparison is the first step to recognize the sequence 

similarities. Subtle identities between sequences generally imply structural, functional, and 

evolutionary relationships among protein and DNA sequences. The protein sequences are 

much easier to align than the DNA sequences and hence are preferred for analyzing distantly 

related proteins. The sequences are obtained from protein database maintained at the National 

Center for Biotechnology Information (Bethesda, Maryland). The protein accession numbers 

are tabulated in Table 1. Pairwise alignments are computed using GONNET series matrix, to 

get pairwise scores. Further, for multiple alignments, proteins from same protein family are 

first aligned with each other. Then, protein families forming dimers in same photosystem, like 
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pufL-pufM, D1-D2, or A1-A2, are aligned forming protein family pairs. Alignment of these 

pairs from photosystem I and reaction center I was done next. This step is repeated for 

photosystem II and reaction center II. Finally, proteins from both systems were aligned to yield 

the overall similarity picture. Multiple alignments are done with Clustal W [2] using GONNET 

series matrix, as shown in the sequence alignment section.  

 

 

psbA (D1) psbD (D2) psaA(A1) psaB(A2) pufL pufM RC-I

Synechocystis sp. PCC 6803 CAA31899.1 PS0097 BAA17437.1 CAA41630.1 -- -- --
Nostoc sp. PCC 7120 BAB75441.1 BAB75989.1 BAB76853.1 BAB76854.1 -- -- --
Gloeobacter violaceus PCC 7421 NP_926090.1 BAC90264.1 BAC91379.1 BAC91380.1 -- -- --
Prochlorococcus marinus str. MIT 9313 CAE20594.1 CAE21354.1 CAE21945.1 CAE21944.1 -- -- --
Anabaena variabilis F2AI17 S42646 I39615 AAA18489.1 -- -- --
Arabidopsis thaliana CAA56270.1 AAO13251.1 BAA84385.1 BAA84384.1 -- -- --
Chlorella vulgaris BAA57842.1 BAA57876.1 BAA57926.1 BAA57928.1 -- -- --
Cyanidium caldarium AAB82694.1 CAA44459.1 AAF12880.1 AAF12881.1 -- -- --
Physcomitrella patens NP_904209.1 NP_904207.1 BAC05488.1 BAC05489.1 -- -- --

Chloroflexus aurantiacus -- -- -- -- CAA33102.1 CAA30694.1 --
Roseiflexus castenholzii -- -- -- -- BAC76414.1 BAC76414.1 --
Allochromatium vinosum -- -- -- -- BAA32740.1 BAA32741.1 --
Rubrivivax gelatinosus -- -- -- -- 2123297A BAA04101.1 --
Rhodobacter sphaeroides -- -- -- -- CAA44999.1 WNRFMS --
Blastochloris viridis -- -- -- -- CAA27550.1 CAA27551.1 --
Erythrobacter sp. -- -- -- -- CAA40818.1 CAA40819.1 --
Chlorobium tepidum TLS -- -- -- -- -- -- NP_662895.1
Heliobacillus mobilis -- -- -- -- -- -- T31454  

 

Table 1. Table showing accession numbers of photosystem-I and II and reaction center I and II proteins 

 

 

2.3 Phylogenetic Tree building 
 
From the results of sequence alignments, phylogenetic trees are built using MEGA2 

(Molecular Evolutionary Genetics Analysis) software [3], using neighbor-joining algorithm. 

Pairwise deletion is used for gap handing. Bootstrapping (500 times) is used as test of inferred 

phylogeny. The tree generated for all sequences depicts the same grouping as seen by trees for 

individual subunits. It is clear that the D1 - D2 cluster has an apparent ancient gene duplication 
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and then a very long edge followed by an explosion at the end, while the L - M data have quite 

a different edge length, despite the same overall topology. 

 

 

2.4 Structural alignment 
 
Alignment of multiple protein structures is the next and vital step for studying the similarity 

and homology between proteins. Although amino acid sequences of many proteins are 

available in databases, comparatively fewer protein structures are known. The coordinates for 

the three dimensional structures of the photosystem proteins are retrieved from Protein Data 

Bank (PDB) [4]. The PDB entry file names, PDB IDs, the protein chains studied and their 

resolution are enumerated below: 

·  a-proteobacteria:  

(a)Rhodobacter sphaeroides (1AIJ ), L,M chains, 2.20 Å [5]  (b)Rhodopseudomonas viridis 

(1DXR), L, M chains, 2.00 Å [6] 

·  � -proteobacteria :  

Thermochromatium tepidum (1EYS ), L,M chains, 2.20 Å [7] 

·  Cyanobacteria :  

(a)Thermosynechococcus elongatus (1S5L), D1,D2 chains, 3.50 Å [8] 

(b) Synechococcus elongatus (1JB0), A1, A2 chains, 2.50 Å [9] 

 

 

 Multiple structural alignments, based on conventional methods like CE [10] or DALI [11], use 

‘master-slave’  pairwise alignments. These multiple alignments are not done by all-to-all 
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comparison of proteins but by ‘pile-up’  of structural neighbors. Other methods, like 

HOMSTRAD [12] and CAMPASS [13] provide multiple alignments not for user-selected 

chains, but only for predefined protein families. Hence to overcome the above problems, the 

CE-MC server is used to generate the overlays. The alignments are generated using 

combinatorial extension (CE) algorithm and are iteratively optimized using Monte-Carlo (MC) 

simulations [14]. Structures from same protein family are first aligned with each other. Further, 

protein families forming dimers in same photosystem, like pufL-pufM, D1-D2, or A1-A2, are 

aligned forming protein family pairs. Alignment of these pairs from photosystem II and 

reaction center II is done next. Finally, proteins of both systems are aligned to yield the overall 

homology picture. The sequence alignments for these proteins are also generated as shown in 

sequence alignment section. 

 

Next, the structural alignments of entire dimer proteins were generated using MultiProt [15]. 

Figure 4 shows two alignments – one without photosystem I proteins and one with these 

proteins. 

 

2.5 Computation of RMS distances 
 
After aligning the structures, root mean square distances (RMSD) between the a-carbon atoms 

of the backbone chains of all possible protein pairs are calculated (Table 2). The RMSDs 

gradually increase along the breadth of rows, depicting good conformity between related 

families L-M or D1-D2 and modest degree of similarity between sequences form distant 

families. 
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Figure 4. Structural alignments of entire protein dimers 

 

 

R. Sphaeroides 
L

R. Viridis          
L

T. Tepidum       
L

R. Sphaeroides     
M

R. Viridis         
M

T. Tepidum      
M

T. Elongatus   
D1

T. Elongatus   
D2

S. Elongatus        
A

S. Elongatus        
B

R. Sphaeroides L -- 0.74 0.65 1.8 1.8 1.52 2.59 3.46 3.86 3.55
R. Viridis L 0.5836 -- 0.65 1.3 1.78 1.63 2.37 2.32 3.61 3.96
T.Tepidum L 0.6728 0.6654 -- 1.32 1.79 1.31 2.42 2.4 3.97 3.89
R. Sphaeroides M 0.342 0.368 0.3502 -- 1.24 1.2 2.26 2.19 3.9 3.44
R. Viridis M 0.3024 0.2702 0.2717 0.506 -- 1.09 3.99 3.38 3.24 3.37
T.Tepidum M 0.3305 0.3348 0.318 0.6494 0.6151 -- 3.61 3.42 4.11 3.28
T.Elongatus  D1 0.2146 0.2017 0.195 0.2208 0.1872 0.2174 -- 1.73 4 4.17
T.Elongatus  D2 0.205 0.205 0.2024 0.2161 0.2083 0.217 0.3698 -- 3.84 3.96
S.Elongatus A 0.0591 0.0699 0.0729 0.0677 0.0576 0.0838 0.0773 0.0674 -- 1.71
S.Elongatus B 0.0806 0.086 0.0838 0.099 0.089 0.089 0.0674 0.1146 0.4242 --  

 

Table 2. The table shows the root mean square distances (RMSD) between any pair of proteins in 

Angstrom units as upper triangular values. The lower triangular values are identities calculated from p-

distance. The RMSDs are calculated between the alpha carbon atoms forming the protein backbone. 

The values show good conformity among proteins from related families like L-M or D1-D2 and 

gradually increase for distant families.  
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2.6 Hydropathy plots 
 
Proteins consist of several amino acids held together by peptide linkages. These linkages bind 

the amino acids that can be hydrophobic or hydrophilic. The hydrophobicity of the amino acids 

determines where the amino acid will be located in the final structure of protein. Since the 

proteins studied here are all transmembrane proteins, it is anticipated that their intra-membrane 

a-helices show hydrophobicity. If all proteins are similar in structure, they are expected to 

show hydrophobicity at same domains in the aligned structures. The hydropathy plot, for the 

structural alignments generated with CE-MC, is calculated using Kyte-Doolittle algorithm [16] 

and it shows the expected trend. In these plots, the transmembrane regions are identified by 

peaks with hydropathy scores greater than 1.8. A window of size 19 is used in hydropathy 

algorithm. It is observed that there are five peaks above the threshold line of 1.8 (Figure 5). 

Comparison of these overshoots with structural overlays and sequence alignments reveal that 

these indeed correspond to the five aligned a-helices shown in Figure 5. 

 

2.7 Identity and RMSD plots 
 
From the CE-MC alignment results, variation of identity versus RMSD values was plotted as 

shown in (Figure 6). The plot was generated for all possible protein pairs. The identity values 

were calculated from p-distances evaluated using MEGA2 [3]. Another set of plots was 

generated showing the variation of amino acid statistics along the alignment length. Two 

examples are shown for alignments of R. sphaeroides pufM and pufL in (Figure 7) and T. 

elongatus D1 and D2 (Figure 8). 
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Figure 5. The figure shows Kyte and Doolittle©s hydropathy plots. The overshoots above the threshold 

of 1.8 values are highly hydrophobic regions and correspond to the membrane spanning helices. These 

appear to be well conserved in all proteins. 

 

These statistics were calculated using 3-D co-ordinates of alpha carbon atoms form CE-MC 

structural alignments and their sequences (fasta format) through Perl scripts and studied over a 

window of length 19. Over the entire length of alignment it was observed that as RMS between 

aligned alpha carbon atoms decreases, the identity increases. One may find the average identity 

from these plots lower than that portrayed by the plot of identity variation versus RMSD. This 

was because the latter one was calculated with pairwise deletion as well as deletion of spaces 

with gaps in one of the two aligned sequences. However, in the plots showing identity along 

the length, the calculations were done with pairwise deletion only. Positions with gaps in just 
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one of the two sequences were treated as dissimilarities and were not ignored since that would 

have led to wrong presentation of data along the sequence length. 

 

 

 

 

Figure 6. Plot of variation of identity between protein pairs with respect to RMSD values. 
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Figure 7. Variation of RMS and Identity between aligned carbon alpha atoms along the alignment 

length in R. sphaeroides pufL and pufM alignment 

 

 

 

 

Figure 8. Variation of RMS and Identity between aligned carbon alpha atoms along the alignment 

length in T. elongatus psbA and psbD alignment  
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3. RESULTS 

 

From pairwise alignments it was observed that D1-D2 proteins share around 15% identity with 

L-M proteins. Although this value is low, the conserved amino acids correspond largely to the 

binding sites of the photochemically active cofactors. The proteins psaA and psaB share very 

low identity with D1-D2 (6-7%) as well as with L-M (4-6%).  
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Figure 9. Neighbor-joining phylogenetic tree, with bootstrap values, depicting gene duplication between 

pufL-pufM and psbA (D1) - psbD (D2) proteins. The reaction center proteins L and M show gradual 

evolution as against the long branch of photosystem II exploding into D1-D2 at the end. 
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Figure 10. Phylogenetic tree, with bootstrap values, based on sequence alignments of photosystem-I and 

Reaction Center-I.  

 

 

From the multiple sequence alignments, it was observed that the two molecules of the 

heterodimeric reaction center of photosystem I i.e. psaA and psaB, are more closely related to 

each other than either is to any other protein family. In parallel, the high level of identity in 

amino acids between L and M or between D1 and D2 suggests that these pairs are results of 

two separate gene duplications. The proteins L, M, D1, and D2 show high degree of conserved 

regions, implying that these proteins of photosystem II and reaction center II had a common 

ancestor (Figure 9). Also, the similarity between A1, A2 and reaction center I homodimer 

proteins, indicate them having a single precursor (Figure 10).  
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The phylogenetic tree generated from the aligned sequence data (Figure 11), bring out the fact 

that even though L-M and D1-D2 show common topology of evolution with early gene 

duplication, L-M proteins show gradual diversification in contrast to the long-branch of D1-D2 

ancestral gene, exploding into D1s and D2s at the end. The position of the Heliobacillus 

mobilis and Chlorobium tepidum TLS branch is nearly at the center of the edge between the 

photosystem I and photosystem II/L-M portions of the tree. It suggests that it might be a more 

ancestral type of reaction center. Certainly the fact that these are the only homodimeric 

reaction centers is consistent with that conclusion. 
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Figure 11. Overview of the unrooted neighbor-joining phylogenetic tree created with MEGA2 software. 

The tree comprises of reaction center proteins from photosystem-I, photosystem-II and the bacterial 

photosystem -I and photosystem-II like reaction centers. Corresponding accesion numbers are given in 

the text 

 

 

The structural overlays portray likewise evolutionary drift. The five a helices align beautifully 

depicting good structural alignments and thereby functional similarity (Figure 12). These 

helices comprise of around 25-30 amino acids, mostly isoleucine, leucine, valine and 

phenylalanine. On careful observations it was seen that the fourth alpha helices were not as 

well aligned as other helices. Only the fourth alpha helices from pufLs, pufMs, D1 and D2 

proteins were very well aligned forming an almost straight helical structure while the fourth 

helices from A1 and A2 wound around this structure like creepers. This may be due to possible 

indels or pigment/cofactor arrangement in this region. Another reason can be protein-protein 

interactions constituting a selection pressure. This high similarity in the eight proteins from 

reaction centers and photosystem II was also evident in the dimer alignments (Figure 4). The 

alignments became less clear on addition of photosystem I proteins. Nonetheless, the overall 

protein structure fold was preserved over all ten dimer helices in all ten proteins. The sequence 

alignments of these proteins show high degree of similarity in the hydrophobic domains 

forming the intra-bilipid a-helices, which are the main functional regions. See sequence 

alignment section. The unaligned portions of certain proteins, corresponding to gaps in rest of 

the sequences, are large overhangs joining these helices. The trees generated from these 

alignments agree with the topology of those generated for the exhaustive sequence alignments 
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mentioned above (Figure Figure 13), showing early division into two branches, each 

diversifying into two offshoots of D1-D2 and L-M. 

 

 

 

 

Figure 12. The figure shows structural alignments of all proteins: alpha-proteobacteria: (a)Rhodobacter 

sphaeroides (1AIJ ), L,M chains, 2.20, (b)Rhodopseudomonas viridis (1DXR), L, M chains, 2.00 Å ; 

gamma-proteobacteria : Thermochromatium tepidum (1EYS ), L,M chains, 2.20 Å ; Cyanobacteria : 

(a)Thermosynechococcus elongatus (1S5L), D1,D2 chains, 3.50 Å, (b) Synechococcus elongatus (1JB0), 

A1, A2 chains, 2.50 Å. The proteins show highly conserved five transmembrane alpha-helices. The 

unaligned thread-like portions on the top and the bottom are the loops outside the membranes, joining 

these helices. The left figure shows the front-view with five aligned alpha helices while the right figure 

shows the side-view. 
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Figure 13. Phylogenetic tree based on the structural alignment results. 

 

 

The plot of identity variation versus RMSD (Figure Figure 6) shows inverse relation between 

these attributes. As the RMS distance increases, the identity decreases, portraying increase in 

dissimilar amino acids, as expected. The points - red diamond and red triangle corresponding 

to RMS of ~2.2 Ao depict the values for R. sphaeroides pufM protein and T. elongatus D1 and 

D2 respectively. These stand apart from points - red diamonds and red triangles at RMS of 

~3.3-4 Ao, corresponding to values for R. viridis pufM and T. tepidum pufM proteins with 

respect to T. elongatus D1 and D2. A possible reason for this discrepancy can be presence of 

certain cofactors in R. viridis pufM and T. tepidum pufM proteins thereby increasing the RMS 



 27 

values because of structure change. The identities for all three pufMs with respect to D1 and 

D2 are almost same i.e. ~20%. The other set of plots - Figure 7 and Figure 8 renders a similar 

drift in identity with respect to RMS along the length. However, on careful observation, it was 

seen that region 230-270 in Figure 7 and region 150-200 in Figure 8 do not agree with the 

expected trend. Although RMS is small in these regions, the identity is low. A possible 

explanation can be positive selection in these areas. Another reason can be presence of certain 

cofactors. The study of these issues is beyond the scope of this project. 

 

 

Although the proteins belong to the twilight zone [17] of sequence alignments, other heuristic 

approaches yield quite good information about the evolution of reaction center proteins. There 

is no definitive structural data available for proteins of the reaction centers of two important 

classes of bacteria, the heliobacteria and the green sulfur bacteria. It would be interesting to 

incorporate this data, when it becomes available, to extend our study to these bacterial phyla. It 

is a common understanding that all photosynthetic reaction centers can be divided into two 

groups, one with pheophytin and quinone as electron acceptors and other with iron-sulfur 

center as electron acceptor. The above results provide support to the theory that a single 

primordial reaction center, probably a homodimer, produced these two separate systems 

through subsequent divergence and multiple gene duplications [18].  Further gene duplication 

and divergence resulted in heterodimeric complexes, thus developing the bacterial and plant-

type reaction centers. 
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4. SEQUENCE ALIGNMENTS 

Sequence Alignments 1  
 
                                      10        20        30        40        50        60        70        80        90       100       110       120       130       140       150       160                        
                             . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . |  
L- R. gel at i nosus          1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MAMLSFEKKYRVRGGTLVGG- - - - DLFDFWVGPFYVG- - FFGVTTLFFSVLGTALI I WGASQGP- - - - - - - TWNLWQI SI APPDLKYGLG- - - - - - - - - - - - - VAPLMEGGLWQI I TVCAI GAFVS  
L- A. vi nosum              1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MAMLSFERKYRVRGGTLI GG- - - - DLFDFWVGPFYVG- - FFGVAGFFFALLGVLLI VWGATI GPNA- - ELQTYNI WQI SI APPDLSYGLG- - - - - - - - - - - - - MAPMTEGGLWQI I TI CAI GAFVS  
L- C. aur ant i acus          1   MSRAKAKDPRFPDFSFTVVEGARATRVPGG- - - - RTI EEI EPEYKI KGRTTFSAI FRYDPFDFWVGPFYVG- - FWGFVSVI GI I FGSYFYI NETI LKG- P- - YSI PQNFFAGRI DPPPPELGLGF- - - - - - - - - - - - AAPGEPGFAWQMTVLFATI AFFG  
L- R. cast enhol zi i          1   MS- AVPRALPLPSGETLPAEAI SSTGSQAASAEVI PFSI I EEFYKRPGKTLAARFFGVDPFDFWI GRFYVG- - LFGAI SI I GI I LGVAFYLYEGVVN- - - - - - EGTLNI LAMRI EPPPVSQGLN- - - - - - - - - - - - - VDPAQPGFFWFLTMVAATI AFVG  
L- B. vi r i di s              1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MALLSFERKYRVRGGTLI GG- - - - DLFDFWVGPYFVG- - FFGVSAI FFI FLGVSLI GYAASQGP- - - - - - - TWDPFAI SI NPPDLKYGLG- - - - - - - - - - - - - AAPLLEGGFWQAI TVCALGAFI S  
L- R. sphaer oi des          1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MALLSFERKYRVPGGTLVGG- - - - NLFDFWVGPFYVG- - FFGVATFFFAALGI I LI AWSAVLQG- - - - - - - TWNPQLI SVYPPALEYGLG- - - - - - - - - - - - - GAPLAKGGLWQI I TI CATGAFVS  
L- Er yt hr obact er . sp       1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MALLSFERKYRVRGGTLVGG- - - - DLFDFWVGPFYVG- - FFGVTTAFFALLGTI LI FWGASQQG- - - - - - - TFNPWLI NI APPDLSYGLG- - - - - - - - - - - - - LAPLLEGGLWQI I TI CATGAFI S  
M- R. gel at i nosus          1   - - - - - - - - MAEYQNI FTRVQVAGPAHMGVPLPEQ- - - - - - - DSPRTGKKPWQI HLLGRLG- MAQI GPI YLG- - PLGI LSI VFGSLAI MI I GFNMLASVGWNPI EFFRQFFWLALEPPSPKYGLKL- - - - - - - - - - - - P- PLNDGGWWLMAGLFLTI SI LL  
M- A. vi nosum              1   - - - - - - - - MPEYQNI FTTVQVRAPAYPGVPLPKG- - - - - - - SLPRI G- KPI FSYWAGKI G- DAQI GPI YLG- - FTGTLSI I FGFMAI FI I GFNMLASVDWNI I QFVKHFFWLGLEPPAPQYGLTI - - - - - - - - - - - - P- PLSEGGWWLMAGFFLTMSI LL  
M- C. aur ant i acus          1   - - - - - - - - MATI NMTPGDLELGRDR- - - - - - - - - - - - - - - - - - GRI GKP- I EI PLLENFGFDSQLGPFYLG- - FWNAVAYI TGGI FTFI WLMVMFAQVNYNPVAFAKYFVVLQI DPPSSRYGLSF- - - - - - - - - - - - - PPLNEGGWWLI ATFFLTVSI FA  
M- R. cast enhol zi i          1   - - - - - - - - VAGLSLLGVGLVLGRGRETPGPI DLHDEEYRDGLEGTI AKPPGHVGWMQRLLGEGQVGPI YVG- - LWGVI SFI TFFASAFI I LVDYGRQVGWNPI I YLREFWNLAVYPPPTEYGLSW- - - - - - - - - - - - NVPWDKGGAWLAATFFLHI SVLT  
M- B. vi r i di s              1   - - - - - - - - MADYQTI YTQI QARG- PHI TVSGEWG- - - - - - - DNDRVG- KPFYSYWLGKI G- DAQI GPI YLG- - ASGI AAFAFGSTAI LI I LFNMAAEVHFDPLQFFRQFFWLGLYPPKAQYGMGI - - - - - - - - - - - - P- PLHDGGWWLMAGLFMTLSLGS  
M- R. sphaer oi des          1   - - - - - - - - MAEYQNI FSQVQVRGPADLGMTEDVN- - - - - - - LANRSGVGPFST- LLGWFG- NAQLGPI YLG- - SLGVLSLFSGLMWFFTI GI WFWYQAGWNPAVFLRDLFFFSLEPPAPEYGLSF- - - - - - - - - - - - AAPLKEGGLWLI ASFFMFVAVWS  
M- Er yt hr obact er . sp       1   - - - - - - MMYPEYQNI FTQVQVRGTPEMGMDDAGNNM- - - - - MEERVG- KPFFSTLAGLFG- NGQI GPYYFG- - WTSI VAFGTGI AWFVI VGFNMLAQVGWSI PQFI RQLFWLALEPPSPEYGLSM- - - - - - - - - - - - P- PLNDGGWYI I ASFFLLVSVMT  
D1- P. pat ens              1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MTATLERRES- - ASLWGRFCDWVTSTENRLYI GWFGVLMI PTLLTATSVFI I AFI AAPPVDI DGI REPVSGSLLYGNNI I SAAI I PTSAAI GLHFYPI WEAAS- - - VDEWLYNGGPYELI VLHFLLGVAC  
D1- C. vul gar i s            1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MTAI LERRES- - ASLWARFCEWVTSTENRLYI GWFGVLMI PTLLTATSVFI I AFI AAPPVDI DGI REPVSGSLLYGNNI I SGAI I PTSNAI GLHFYPI WEAAS- - - LDEWLYNGGPYQLI VCHFFLGI CS  
D1- C. cal dar i um           1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MTVTLERRES- - TSLWERFCSWI TSTENRLYI GWFGVLMI PCLLTATTVFI I AFI AAPPVDI DGI REPVSGSLLYGNNI I TGAVVPTSNAI GLHLYPI WEAAS- - - LDEWLYNGGPYQLVVLHFLLGVAA  
D1- Synechocyst i s- 6803    1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MTTTLQQRES- - ASLWEQFCQWVTSTNNRI YVGWFGTLMI PTLLTATTCFI I AFI AAPPVDI DGI REPVAGSLLYGNNI I SGAVVPSSNAI GLHFYPI WEAAS- - - LDEWLYNGGPYQLVVFHFLI GI FC  
D1- Nost oc- 7120           1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MTTLLEQRSS- - ANLWHRFGNWI TSTENRMYVGWFGVLLI PTALTAAI VFI LAFI AAPPVDVDGI REPVSGSLLYGNNI I TATVVPTSAAI GLHLYPI WEAAS- - - LDEWLYNGGPYQMI VLHFLI AI YA  
D1- G. vi ol aceus- 7421      1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MTATLERRSS- - QGLWDRFADWVTSTNNRFYVGWFGVLMI PTLLSATI CFVVAFVAAPPVDMDGI REPI SGSLLYGNNI I TGAVI PSSNAI GLHFYPI WEAAS- - - MDEWLYNGGPYQLVVFHFLI GVFC  
D1- P. mar i nus- 9313        1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MTTTI RSGR- - - LSGWESFCNWVTSTNNRI YVGWFGVLMVPTLLAAAI CFTI AFI AAPPVDI DGI REPVAGSFLYGNNI I SGAVVPSSNAI GLHFYPI WEAAS- - - VDEWLYNGGPYQLVVFHFLI GI CC  
D1- A. t hal i ana            1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MTAI LERRES- - ESLWGRFCNWI TSTENRLYI GWFGVLMI PTLLTATSVFI I AFI AAPPVDI DGI REPVSGSLLYGNNI I SGAI I PTSAAI GLHFYPI WEAAS- - - VDEWLYNGGPYELI VLHFLLGVAC  
D2- P. pat ens              1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MTI AI GKSSKEPKGLFDSMDDWLR- RDRFVFVGWSGLLLFPCAYFSLGGWFTGTTFVTSWYTHGLAS- - - - SYLEGCNFLTAAVSTPANSLAHSLLLLWGPEAQGDFTRWCQLGGLWTFVALHGAFALI G  
D2- C. vul gar i s            1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MTI AI GK- TQEKRGLFDVVDDWLR- RDRFVFVGWSGLLLFPTAYLALGGWFTGTTFVTSWYTHGLAT- - - - SYLEGCNFLTAAVSTPANSMGHSLLFLWGPEAQGDFTRWCQLGGLWTFVALHGSFALI G  
D2- C. cal dar i um           1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MTI AI ERNI - - QRGLFDLVDDWLK- RDRFVFI GWSGLLLFPCSYLALGAWFTGTTFVTSWYTHGLAS- - - - SYLEGCNFLTAAVSSPANSMGHSLLFLWGPEAQGDFTRWCQI GGLWTFTALHGAFGLI G  
D2- Synechocyst i s- 6803    1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MTI AVGRAPV- ERGWFDVLDDWLK- RDRFVFI GWSGLLLFPCAFMALGGWLTGTTFVTSWYTHGLAS- - - - SYLEGANFLTVAVSSPADAFGHSLLFLWGPEAQGNLTRWFQI GGLWPFVALHGAFGLI G  
D2- Nost oc- 7120           1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MTI AVGRAP- - SRGWFDVLDDWLK- RDRFVFVGWSGI LLFPCAFLALGGWLTGTTFVTSWYTHGLAS- - - - SYLEGANFLTVAVSSPADSMGHSLLLLWGPEAQGDLTRWFQLGGLWPFVALHGAFGLI G  
D2- G. vi ol aceus- 7421      1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MTI AVGRSEQ- SQGWFDALDDWLK- KDRFVFI GWSGLLFFPTAYLAVGAWLTGTTFVTSWFTHGLAS- - - - SYLEGGNFLTVAVSSPADAMGHSLLLLWGPEAQGDFTRWCQI GGLWAFI SFHGALALMG  
D2- P. mar i nus- 9313        1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MTI AVGRAP- - QRGWFDVLDDWLK- RDRFVFVGWSGLLLFPTAYLALGGWFTGTTFVTSWYTHGI AS- - - - SYLEGCNFLSAAVSTPADAMGHSLLLLWGPEAQGDFVRWCQLGGLWTFVALHGSFSLI G  
D2- A. t hal i ana            1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MTI ALGKFTKDEKDLFDI MDDWLR- RDRFVFVGWSGLLLFPCAYFALGGWFTGTTFVTSWYTHGLAS- - - - SYLEGCNFLTAAVSTPANSLAHSLLLLWGPEAQGDFTRWCQLGGLWAFVALHGAFALI G  
psaA- C. cal dar i um         1   - - - - - - - - - - - - - - - - - - - - - - - - - - PSQHYNNVLDRLI RHRDALI SHLNWVCI FLGTHSFGLYI HNDTMRALGRSQDMFSDTAI QLQPI FAQWI QSLHTLAPA- NTAPNALAT- - - - - - - - - - TSYVFGG- - - EVVAVA- NKI AMMPMKLGTADFMVHH  
psaA- C. vul gar i s          1   - - - - - - - - - - - - - - - - - - - - - - - - - - PTNNYNNLLDRVLRHRDAMI SHLNWVCI FLGFHSFGLYI HNDTMSALGRPQDMFSDTAI QLQPVFAQWVQNTHFLAPG- FTAPNALAS- - - - - - - - - - TSPSWGG- - - DVVAVG- GKVAMMPI SLGTADFMVHH  
psaA- P. pat ens            1   - - - - - - - - - - - - - - - - - - - - - - - - - - PTTQYNNLLDRVLRHRDAI I SHLNWVCI FLGFHSFGLYI HNDTMSALGRPQDMFSDTAI QLQPVFAQWI QNTHALAPS- LTAPNATAS- - - - - - - - - - TSLTWGGG- - DLVAVG- GKVALLPI PLGTADFLVHH  
psaA- A. t hal i ana          1   - - - - - - - - - - - - - - - - - - - - - - - - - - PTNRYNDLLDRVLRHRDAI I SHLNWVCI FLGFHSFGLYI HNDTMSALGRPQDMFSDTAI QLQPVFAQWI QNTHALAPG- VTAPGETAS- - - - - - - - - - TSLTWGGG- - ELVAVG- GKVALLPI PLGTADFLVHH  
psaA- Synechocyst i s- 6803  1   - - - - - - - - - - - - - - - - - - - - - - - - - - PAKNVNNLLDRMLRHRDAI I SHLNWVCI FLGFHSFGLYI HNDTMRALGRPQDMFSDTAI QLQPI FAQWVQHLHTLAPG- ATAPNALAT- - - - - - - - - - ASYAFGG- - - ETI AVA- GKVAMMPI TLGTADFMVHH  
psaA- Nost oc- 7120         1   - - - - - - - - - - - - - - - - - - - - - - - - - - PVVNQNNVLDRVI RHRDAI I SHLNWVCI FLGFHSFGLYI HNDTMRALGRPQDMFSDTAI QLQPVFAQWVQNLHTLAPG- GTAPNALEP- - - - - - - - - - VSYAFGG- - - GVLAVG- GKVAMMPI ALGTADFLI HH  
psaA- G. vi ol aceus- 7421    1   - - - - - - - - - - - - - - - - - - - - - - - - - - PVTNQNNLLDRVLRHRDAI I SHLNWVTLFLGFHSFGLYVHNDTMQALGRPRDMFADFAI PLQPVFAQWI QNI HAAAPGGATAPWVGGTSPTWYTGALSSAATLQAN- - QVLALANDKI SI SPI HLGTADFMVHH  
PsaA- P. mar i nus- 9313      1   - - - - - - - - - - - - - - - - - - - - - - - - - - VSVHVDNVLDRMFKARDAI I SHLNWVCMFLGFHSFGLYI HNDSMRALGRSQDMFSDSAI QLQPVLAQWI QSLWASSI G- TSAVVGTTTG- - - - - LPGAVSDVFNG- - - SVVAVG- GKVALMAI PLGTADLMI HH  
psaB- A. t hal i ana          1   - - - - - - - - - - - - - - - - - - - - - - - - - - PEQNEDNVLARMLDHKEAI I SHLSWASLFLGFHTLGLYVHNDVMLAFGTP- - - - - EKQI LI EPI FAQWI QSAHGKTSYGFDVLLSSTSGPAFNAG- - - RSI WLPG- - - WLNAI NEN- SNSLFLTI GPGDFLVHH  
psaB- C. vul gar i s          1   - - - - - - - - - - - - - - - - - - - - - - - - - - PEANRGNVLARVLDHKEAI I SHLSWVSLFLGFHTLGLYVHNDVVQAFGTP- - - - - EKQI LI EPVFAQWI QAAHGKTVYGFDFLLSSATSAPSLAG- - - QSLWLPG- - - WLQGI NSD- TNSLFLTI GPGDFLVHH  
psaB- C. Cal dar i um         1   - - - - - - - - - - - - - - - - - - - - - - - - - - PKQNKDNVLYRMLEHKEAI I SHLSWVSLFLGFHTLGLYVHNDVVVAFGNP- - - - - EKQI LI EPI FAQWI QATSGKTLYGFNVLLASSSSSATQAA- - - QSLWLPN- - - WLEAI NNN- NNSLFLTI GPGDFLVHH  
psaB- P. pat ens            1   - - - - - - - - - - - - - - - - - - - - - - - - - - PEQNKDNVLARMLEHKEAI I SHLSWASLFLGFHTLGLYVHNDVMLAFGTP- - - - - EKQI LI EPVFAQWI QSAHGKALYGFDVLLSSADSPAFNAG- - - QTLWLPG- - - WLDAI NNN- SNSLFLTI GPGDFLVHH  
psaB- Synechocyst i s- 6803  1   - - - - - - - - - - - - - - - - - - - - - - - - - - PVANKDNVLARMLEHKEALI SHLSWVSLFLGFHTLGLYVHNDVVVAFGTP- - - - - EKQI LI EPVFAQWI QATSGKALYGFDVLLSNPDSI ASTTG- - - - AAWLPG- - - WLDAI NSG- TNSLFLTI GPGDFLVHH  
PsaB- P. mar i nus- 9313      1   - - - - - - - - - - - - - - - - - - - - - - - - - - PEANKDNVLARVLETKEALI SHLSWVCMLLGFHTLALYLHNDVVI AFGTP- - - - - EKQI LVEPI FAQFI QAASGKVMYGLDVLLANANSAPSLAA- - - - - AGMPGDHYWMDLI NASPEVSNFMPI GPGDFLVHH  
PsaB- Nost oc- 7120         1   - - - - - - - - - - - - - - - - - - - - - - - - - - PEQNKGNVLERVLQHKEAI I SHLSWVSLFLGFHTLGLYVHNDVVVAFGTP- - - - - EKQI LI EPVFAQFI QAAHGKVLYGLDTLLSNPDSVAYTAYPNYANVWLPG- - - WLDAI NSG- TNSLFLTI GPGDFLVHH  
PsaB- G. vi ol aceus- 7421    1   - - - - - - - - - - - - - - - - - - - - - - - - - - PKANENNVLARMLEHKEALI SHLSWVSLFLGFHTLGLYVHNDVMLAFGRP- - - - - EDQLLI EPVFAQFVQVQSGKI I EGI PALFGGPG- - VTAPG- - - - - EFLTG- - - WLGSVNAN- NSPI FLPI GPGDFLVHH  
P840- C. t epi dum- TLS       1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - GMYNQI KSI WI TKGRDQEVQVKI LGTVMALCFATMLSVYAVI VWNTI CELNI FGTN- - - - - - - I TMSFYWLKPLP- - - - - - - - - - - - - - - - - - - - - - I FQWMFADPSI NDWVMAHVI TA  
pshA- H. mobi l i s           1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - PKLAEALKDFKMLKRCYDHDFQKKFLALI MFGAFLPI FVSYGI ATHNTI ADLHHLAKAG- - - - - - MFANMTYI NI GTP- - - - - - - - - - - - - - - - - - - - LHDAI FGSHGTVSDFVAAHAI AG  
 
 
 
 

 
Mul t i pl e sequence al i gnment  of  puf L,  puf M,  psbA,  psbD,  psaA,  psaB and RC- I  pr ot ei n.  The al i gnment s ar e gener at ed 
t hr ough Cl ust al - W sof t war e usi ng Gonnet  ser i es mat r i x.  
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                                     170       180       190       200       210       220       230       240       250       260       270       280       290       300       310       320                
                             . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . |  
L- R. gel at i nosus          101 WALREVEI CRKLGMQYHVPI AFSFAI LAYVTLVVI RPI LMGAWGHGFPYGI FSHLDWVSNVGYQYLHFHYNPAHMLAI TFFFTTTL- - - - - - - - - - - - - - - - - - - - - - - - - AMSMHGGLI LSAANPKKG- - - - - - - EPMKTTDHEDTFFRDAVGYS- - - -   
L- A. vi nosum              106 WALREVEI CRKLGI GFHI PFAFAFAI GAYLVLVVVRPI LMGAWGHGFPYGI LSHLDWVSNVGYQFLHFHYNPAHMLAI TFFFTNCL- - - - - - - - - - - - - - - - - - - - - - - - - ALSMHGSLI LSVTNPQKG- - - - - - - EEVKTSEHENTFFRDI VGYS- - - -   
L- C. aur ant i acus          140 WMMRQVDI SMKLDMGYHVPI AFGVAFSAWLVLQVI RPI ALGMWHEGFVLGI MPHLDWVSNFGYRYNNFFYNPFHAI GI TGLFASTW- - - - - - - - - - - - - - - - - - - - - - - - - LLACHGSLI LSAAQY- - - - - - - - - - RGPEGGDI ENVFFRDVQYYS- - - -   
L- R. cast enhol zi i          139 WLLRQI DI SLKLDMGMEVPI AFGAVVSSWI TLQWLRPI AMGAWGHGFPLGI THHLDWVSNI GYQYYNFFYNPFHAI GI TLLFASTL- - - - - - - - - - - - - - - - - - - - - - - - - FLHMHGSAVLSEAK- - - - - - - - - - - RNI SDQNI H- VFWRNI LGYS- - - -   
L- B. vi r i di s              101 WMLREVEI SRKLGI GWHVPLAFCVPI FMFCVLQVFRPLLLGSWGHAFPYGI LSHLDWVNNFGYQYLNWHYNPGHMSSVSFLFVNAM- - - - - - - - - - - - - - - - - - - - - - - - - ALGLHGGLI LSVANPGDG- - - - - - - DKVKTAEHENQYFRDVVGYS- - - -   
L- R. sphaer oi des          101 WALREVEI CRKLGI GYHI PFAFAFAI LAYLTLVLFRPVMMGAWGYAFPYGI WTHLDWVSNTGYTYGNFHYNPAHMI AI SFFFTNAL- - - - - - - - - - - - - - - - - - - - - - - - - ALALHGALVLSAANPEKG- - - - - - - KEMRTPDHEDTFFRDLVGYS- - - -   
L- Er yt hr obact er . sp       101 WALREVEI CRKLGMGYHVPFGFAAAI I AYMTLVI FRPLLMGAWGHGFPYGI FSHLDWVSNVGYAYLHFHYNPAHMLAVTLFFTTTL- - - - - - - - - - - - - - - - - - - - - - - - - ALALHGGLI LSACNPEKG- - - - - - - EEAKTPDHEDTFFRDFI GYS- - - -   
M- R. gel at i nosus          130 WWVRMYTRARALGMGTHVAWAFAAAI WLYLVLGFI RPVLMGSWSEAVPFGI FPHLDWTAAFSLRYGNLFYNPFHALSI AFLYGATL- - - - - - - - - - - - - - - - - - - - - - - - - LFAMHGATI LAVSRFGGERELEQI ADRGTASERAQLFWRWTMGFN- - - -   
M- A. vi nosum              129 WWVRTYKRAEALGMSQHLSWAFAAAI FFYLSLGFI RPVMMGSWAEAVPFGI FPHLDWTAAFSI RYGNLYYNPFHMLSI AFLYGSAL- - - - - - - - - - - - - - - - - - - - - - - - - LFAMHGATI LAVSRFGGDREI DQI TDRGTAAERAAI FWRWTMGFN- - - -   
M- C. aur ant i acus          119 WYMHI YTRAKALGI KPYLAYGFTGAI ALYLVI YI I RPVWMGDWSEAPAHGI KALLDWTNNVSVRYGNFYYNPFHMLSI FFLLGSTL- - - - - - - - - - - - - - - - - - - - - - - - - LLAMHAGTI WALEKYAAHEEWNEI QAPGTGTERAQLFWRWCMGFN- - - -   
M- R. cast enhol zi i          139 WWARLYTRAKATGVGTQLAWGFASALSLYFVI YLFHPLALGNWSAAPGHGFRAI LDWTNYVSI HWGNFYYNPFHMLSI FFLLGSTL- - - - - - - - - - - - - - - - - - - - - - - - - LLAMHGATI VATSKWKSEMEFTEMMAEGPGTQRAQLFWRWVMGWN- - - -   
M- B. vi r i di s              128 WWI RVYSRARALGLGTHI AWNFAAAI FFVLCI GCI HPTLVGSWSEGVPFGI WPHI DWLTAFSI RYGNFYYCPWHGFSI GFAYGCGL- - - - - - - - - - - - - - - - - - - - - - - - - LFAAHGATI LAVARFGGDREI EQI TDRGTAVERAALFWRWTI GFN- - - -   
M- R. sphaer oi des          130 WWGRTYLRAQALGMGKHTAWAFLSAI WLWMVLGFI RPI LMGSWSEAVPYGI FSHLDWTNNFSLVHGNLFYNPFHGLSI AFLYGSAL- - - - - - - - - - - - - - - - - - - - - - - - - LFAMHGATI LAVSRFGGERELEQI ADRGTAAERAALFWRWTMGFN- - - -   
M- Er yt hr obact er . sp       133 WLLRAYLLAEQHKMGKHI FWGFAAAVWLFLVLGLFRPI LMGSWSEAVPYGI FPHLDWTTAFSI RYGNLYYNPFHCLSI VFLYGSVL- - - - - - - - - - - - - - - - - - - - - - - - - LFCMHGGTI LAVTRYGGDRELEQI YDRGTATERAALFWRWTMGFN- - - -   
D1- P. pat ens              126 YMGREWELSYRLGMRPWI AVAYSAPVAAATAVFLI YPI GQGSFSDGMPLGI SGTFNFMI VFQAEHN- I LMHPFHMLGVAGVFGGSL- - - - - - - - - - - - - - - - - - - - - - - - - FSAMHGSLVTSSLI RETTENESANAGYKFGQEEETYNI VAAHGYFGRLI   
D1- C. vul gar i s            126 YMGREWELSFRLGMRPWI AVAYSAPVAAATAVFI I YPI GQGSFSDGMPLGI SGTFNFMI VFQAEHN- I LMHPFHMLGVAGVFGGSL- - - - - - - - - - - - - - - - - - - - - - - - - FSAMHGSLVTSSLI RETTENESANEGYKFGQEEETYNI VAAHGYFGRLI   
D1- C. cal dar i um           126 YMGREWELSYRLGMRPWI CVAFSAPVAAATAVFLI YPI GQGSFSDGMPLGI SGTFNFMLVFQAEHN- I LMHPFHMAGVAGVFGGAL- - - - - - - - - - - - - - - - - - - - - - - - - FSAMHGSLVTSSLI RETTENESPNYGYKLGQEEETYNI VAAHGYFGRLI   
D1- Synechocyst i s- 6803    126 YMGRQWELSYRLGMRPWI CVAYSAPVSAATAVFLI YPI GQGSFSDGMPLGI SGTFNFMI VFQAEHN- I LMHPFHMLGVAGVFGGSL- - - - - - - - - - - - - - - - - - - - - - - - - FSAMHGSLVTSSLVRETTEVESQNYGYKFGQEEETYNI VAAHGYFGRLI   
D1- Nost oc- 7120           126 YMGRQWELSYRLGMRPWI PVAFSAPVAAATAVLLI YPI GQGSFSDGMMLGI SGTFNFMI VFSPEHN- I LMHPFHMI GVAGVFGGAL- - - - - - - - - - - - - - - - - - - - - - - - - FSAMHGSLVTSTLVRETSEVESANTGYKFGQEEETYNI VAAHGYFGRLI   
D1- G. vi ol aceus- 7421      126 YLGREWELSYRLGLRPWI CI AYSAPVAAAAAVFLI YPI GQGSFSDGMPLGI SGTFNFMFVFQAEHN- I LNHPFHMLGVAGVFGGSL- - - - - - - - - - - - - - - - - - - - - - - - - FSAMHGSLVTSSLI RETSMEESQNYGYKFGQEEETYNI I AAHGYFGRLI   
D1- P. mar i nus- 9313        125 WLGRQWELSYRLGMRPWI CVAYSAPLSAAFAVFLI YPVGQGSFSDGMPLGI SGTFNFMLVFQAEHN- I LMHPFHMI GVAGMFGGSL- - - - - - - - - - - - - - - - - - - - - - - - - FSAMHGSLVTSSLI RETTETESQNYGYKFGQEEETYNI VAAHGYFGRLI   
D1- A. t hal i ana            126 YMGREWELSFRLGMRPWI AVAYSAPVAAATAVFLI YPI GQGSFSDGMPLGI SGTFNFMI VFQAEHN- I LMHPFHMLGVAGVFGGSL- - - - - - - - - - - - - - - - - - - - - - - - - FSAMHGSLVTSSLI RETTENESANEGYRFGQEEETYNI VAAHGYFGRLI   
D2- P. pat ens              126 FMLRQFELARSVQLRPYNAI AFSGPI AVFVSVFLI YPLGQSGWFFAPSFGVAAI FRFI LFFQGFHN- WTLNPFHMMGVAGVLGAAL- - - - - - - - - - - - - - - - - - - - - - - - - LCAI HGATVENTLFEDG- DGANTFRAFNPTQSEETYSMVTANRFWSQI F  
D2- C. vul gar i s            125 FMLRQFEI ARSVKI RPYNAI AFSAPI SVFVSVFLI YPLGQSGWFFAPSFGVAAI FRFI LFFQGFHN- WTLNPFHMMGVAGVLGAAL- - - - - - - - - - - - - - - - - - - - - - - - - LCAI HGATVENTLFEDG- DGANTFRAFNPTQAEETYSMVTANRFWSQI F  
D2- C. cal dar i um           124 FCLRQFEI ARLVGI RPYNAI AFSGPI AVFVSVFLI YPLGQASWFFAPSFGVAAI FRFI LFLQGFHN- WTLNPFHMMGVAGI LGGAL- - - - - - - - - - - - - - - - - - - - - - - - - LCAI HGATVENTLFEDG- EAANTFRAFTPTQSEETYSMVTANRFWSQI F  
D2- Synechocyst i s- 6803    125 FMLRQFEI SRLVGI RPYNAI AFSGPI AVFVSVFLMYPLGQSSWFFAPSFGVAGI FRFI LFLQGFHN- WTLNPFHMMGVAGI LGGAL- - - - - - - - - - - - - - - - - - - - - - - - - LCAI HGATVENTLFEDG- EDSNTFRAFEPTQAEETYSMVTANRFWSQI F  
D2- Nost oc- 7120           124 FMLRQFEI ARLVGI RPYNALAFSAPI AVFVSVFLMYPLGQSSWFFAPSFGVAAI FRFLLFLQGFHN- WTLNPFHMMGVAGVLGGAL- - - - - - - - - - - - - - - - - - - - - - - - - LCAI HGATVENTLFEDG- EGANTFRAFNPTQSEETYSMVTANRFWSQI F  
D2- G. vi ol aceus- 7421      125 FMLRQFEI ARLI GI RPYNAI AFSAPI AVFVSVFLMYPLGQHSWFFGPSYGVNGI FRFLLFFQGFHN- WTLNPFHMMGVAGVLGGAL- - - - - - - - - - - - - - - - - - - - - - - - - LCAI HGATVENTLFEDG- EAPNTFKAFDPAQEEETYSMI LANRFWSQI F  
D2- P. mar i nus- 9313        124 FMLRQFEI ARLVGI RPYNALAFSGPVVVFLACFLI YPLGQHSWFFAPSFGVAAI FRFI LFLQGFHN- WTLNPFHMMGVAGI LGGAL- - - - - - - - - - - - - - - - - - - - - - - - - LCGI HGATVQNTLFEDG- AMSNTFKGFDPTQEEETYSMVTANRFWSQI F  
D2- A. t hal i ana            126 FMLRQFELARSVQLRPYNAI AFSGPI AVFVSVFLI YPLGQSGWFFAPSFGVAAI FRFI LFFQGFHN- WTLNPFHMMGVAGVLGAAL- - - - - - - - - - - - - - - - - - - - - - - - - LCAI HGATVENTLFEDG- DGANTFRAFNPTQAEETYSMVTANRFWSQI F  
psaA- C. cal dar i um         120 I HAFTI HVTLLI LLKGVLFARNSRLI PDKANLGFRFPCDGPGRGGTCQVSSWDHVFLGLFWMYNCI SVVI FHFSWKMQSDVWGTVS- QNSLVSHVVG- - - - - - - - - - - - - GNFSQSAI TI NGWLRDFLWAQASQVI QSY- - - G- - SSI SAYGLMFLA- - -   
psaA- C. vul gar i s          120 I HAFTI HVTVLI LLKGVLYARSSRLI PDKANLGFRFPCDGPGRGGTCQVSAWDHVFLGLFWMYNSI SI VI FHFSWKMQSDVWGTVS- ANG- VSHI TG- - - - - - - - - - - - - GNFAQSANTI NGWLRDFLWAQSSQVI QSY- - - G- - SALSAYGLI FLG- - -   
psaA- P. pat ens            121 I HAFTI HVTVLI LLKGVLFARSSRLI PDKANLGFRFPCDGPGRGGTCQVSAWDHVFLGLFWMYNAI SVVI FHFSWKMQSDVWGSI S- DQGVVTHI TG- - - - - - - - - - - - - GNFAQSSI TI NGWLRDFLWAQASQVI QSY- - - G- - SSLSAYGLLFLG- - -   
psaA- A. t hal i ana          121 I HAFTI HVTVLI LLKGVLFARSSRLI PDKANLGFRFPCDGPGRGGTCQVSAWDHVFLGLFWMYNAI SVVI FHFSWKMQSDVWGSI S- DQGVVTHI TG- - - - - - - - - - - - - GNFAQSSI TI NGWLRDFLWAQASQVI QSY- - - G- - SSLSAYGLFFLG- - -   
psaA- Synechocyst i s- 6803  120 I HAFTI HVTALI LLKGVLYARSSRLVPDKANLGFRFPCDGPGRGGTCQVSGWDHVFLGLFWMYNSLSVVI FHFSWKMQSDVWGTVS- PDGSVTHVTL- - - - - - - - - - - - - GNFAQSAI TI NGWLRDFLWAQAANVI NSY- - - G- - SALSAYGI MFLA- - -   
psaA- Nost oc- 7120         120 I HAFTI HVTVLI LLKGVLFARSSRLI PDKANLGFRFPCDGPGRGGTCQVSGWDHVFLGLFWMYNSLSI VI FHFSWKMQSDVWGTVD- AAGNVSHI TG- - - - - - - - - - - - - GNFAQSAI TI NGWLRDFLWAQASQVI NSY- - - G- - SALSAYGLMFLG- - -   
psaA- G. vi ol aceus- 7421    133 I FALCI HVTVLI LLKGVLFARSSRLI PDKANLGFRFPCDGPGRGGTCQSSAWDHVFLGLFWMYNTI SVVI FHFSWKMQSDVWGTVDRSTGAVNHI I GNTDVLLGGQTVALSQYAASSI NI NGWLRDFLWAQSSAVI NSY- - - G- - GPLSAYGLMFLG- - -   
PsaA- P. mar i nus- 9313      125 I HAFTI HVTCLI LLKGVLFARSSRLVPDKANLGFRFSCDGPGRGGTCQVSSWDHVFLGLFWMYNSLSMVI FYFSWKMQSDVWGTVN- SDGSVTHLVS- - - - - - - - - - - - - GNFAQSAI TVNGWFRDFLWAQSSQVLTSY- - - G- - TGLSGYGLLFLG- - -   
psaB- A. t hal i ana          123 AI ALGLHTTTLI LVKGALDARGSKLMPDKKDFGYSFPCDGPGRGGTCDI SAWDAFYLAVFWMLNTI GWVTFYWHWKHI TLWQGNVS- - - - - - - - - - - - - - - - - - - - - - - - - QFNESSTYLMGWLRDYLWLNSSQLI NGYNPFG- MNSLSVWAWMFLF- - -   
psaB- C. vul gar i s          123 AI ALGLHTTTLI LVKGALDARGSKLMPDKKDFGYSFPCDGPGRGGTCDI SAWDAFYLAVFWMLNTI GWVTFYFHWKHLGI WQGNVN- - - - - - - - - - - - - - - - - - - - - - - - - QFNESSTYLMGWLRDYLWLNSSQLI NGYNPFG- MNSLSVWAWMFLF- - -   
psaB- C. Cal dar i um         123 AI ALGLHTTTLI LVKGALDARGSKLMPDKKDFGYSFPCDGPGRGGTCDI SAWDAFYLGVFWMLNTI GWTTFYWHWKHI TI WQGNAS- - - - - - - - - - - - - - - - - - - - - - - - - QFNESSTYLMGWFRDYLWLNSSPI I NGYNPYG- MNNLSVWAWMFLF- - -   
psaB- P. pat ens            123 AI ALGLHTTTLI LVKGALDARGSKLMPDKKEFGYSFPCDGPGRGGTCDI SAWDAFYLAVFWMLNTI GWVTFYWHWKHI TLWQGNVA- - - - - - - - - - - - - - - - - - - - - - - - - QFNESSTYLMGWLRDYLWLNSSQLI NGYNPFG- MNSLSVWAWMFLF- - -   
psaB- Synechocyst i s- 6803  122 AI ALGLHTTALI LI KGALESRGSKLMPDKKDFGYSFPCDGPGRGGTCDI SAWDAFYLAMFWMLNTLGWLTFYWHWKHLGVWSGNVA- - - - - - - - - - - - - - - - - - - - - - - - - QFNENSTYLMGWFRDYLWANSAQLI NGYNPYG- VNNLSVWAWMFLF- - -   
PsaB- P. mar i nus- 9313      125 GI ALGLHTTALI LI KGALDARGSKLMPDKKDFGYAFACDGPGRGGTCDI SAWDSTYMAI FWALNTI AWATYYWHWKHLAAWQGNMA- - - - - - - - - - - - - - - - - - - - - - - - - QFNESSTHLMGWFRDYLWI NSSQI I NGYNPFG- I NNLSPWAYMFLA- - -   
PsaB- Nost oc- 7120         126 AI ALGLHTTTLI LVKGALDARGSKLMPDKKDFGYAFPCDGPGRGGTCDI SAWDSFYLSLFWALNTVGWVTFYWHWKHLGI WQGNVA- - - - - - - - - - - - - - - - - - - - - - - - - QFNENSTYLMGWFRDYLWANSAQLI NGYNPYG- VNNLSVWAWMFLF- - -   
PsaB- G. vi ol aceus- 7421    119 AI ALGLHTTTLI LVKGALDARGSKLMPDKKDFGFAFPCDGPGRGGTCDI SAWDAFYLAVFWMLNTI GWVTFYWHWKWI SI WGDNVA- - - - - - - - - - - - - - - - - - - - - - - - - QFNASSTYLMGWLRDYLWANSAPLI GGYSPSGGTNALSVWAWMFLF- - -   
P840- C. t epi dum- TLS       91  GSLFSLI ALVRI AFFAHTSPLWDDLGLKKNS- - YSFPCLGPVYGGTCGVSI QDQLWFAMLWGI KGLSAVCWYI DGAWI ASMMYGVP- - - - - - - - - - - - - - - - - - - - - - - - - AADAKAWDSI AHLHHHYTSGI FYYFWTETVTI FSSSHLSTI LMI G- - - -   
pshA- H. mobi l i s           96  GLHFTMVPLWRMVFFSKVS- PWTTKVGMKAKRDGEFPCLGPAYGGTCSI SLVDQFYLAI FFSLQVI APAWFYLDGCWMGSFVATSS- - - - - - - - - - - - - - - - - - - - - - - - - EVYKQAAELFKANPTWFSLHAVSNFTSEGYFSYI I SQTTRMFKYYDGHL  
 
 
 

 
Cont i nued mul t i pl e sequence al i gnment  of  puf L,  puf M,  psbA,  psbD,  psaA,  psaB and RC- I  pr ot ei n.  The al i gnment s ar e 
gener at ed t hr ough Cl ust al - W sof t war e usi ng Gonnet  ser i es mat r i x.  
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                                    330       340       350       360       370       380       390       400       410       420       430                 
                             . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . .  
L- R. gel at i nosus          224 - - - - - - I GSLGI HRLGLFLALSAAFWSAVCI VI SGP- - - - - - - - - - - - - - FWTRGWPEWWGWWLNLPI WSQWPLN- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
L- A. vi nosum              229 - - - - - - I GALAI HRLGLFLALSAVFWSAVCI VI SGP- - - - - - - - - - - - - - FWTRGWPEWWNWWLELPLW- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
L- C. aur ant i acus          260 - - - - - - VGESGVHRLGYI FAI GGI LSADLCI LLSG- - - - - - - - - - - - - - - WPVQDWVSFWNFWNNLPFWSGV- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
L- R. cast enhol zi i          257 - - - - - - I GEI GI HRVAFWTGAASVLFSNLCI FLSG- - - - - - - - - - - - - - - TFVKDWNAFWGFWDKMPI WNGVGQGAL- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
L- B. vi r i di s              224 - - - - - - I GALSI HRLGLFLASNI FLTGAFGTI ASGP- - - - - - - - - - - - - - FWTRGWPEWWGWWLDI PFWS- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
L- R. sphaer oi des          224 - - - - - - I GTLGI HRLGLLLSLSAVFFSALCMI I TGT- - - - - - - - - - - - - - I WFDQWVDWWQWWVKLPWWANI PGGI NG- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
L- Er yt hr obact er . sp       224 - - - - - - VGTLGI HRLGYLLAI NAGLWSAI CI I I SGP- - - - - - - - - - - - - - VWTAGWPEWWNWWLDMPI WGEPI AVI GGM- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
M- R. gel at i nosus          260 - - - - - - ATTESI HRWAWWFAVLCPLCGGI GI LLSG- - - - - - - - - - - - - - - TVVDNWYLWAVKHGVAPSYPAVFAPTI D- - PATLQGVK- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
M- A. vi nosum              259 - - - - - - ASMESI HRWAWWCAVLTVI TAGI GI LLTG- - - - - - - - - - - - - - - TVVENWYLWAI KHGVAPAYPEVVTAVDP- - YATATGVTQ- - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
M- C. aur ant i acus          249 - - - - - - ANAYSI HLWAFWFAWLCGI TGALGVFFSMP- - - - - - - - - - - - - - DFVNNWFQWGI EAGI NYPQGPTPPVSLP- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
M- R. cast enhol zi i          269 - - - - - - ANSYNI HI WAWWFAAFTAI TGAI GLFLSG- - - - - - - - - - - - - - - TLVPDWYAWGETAKI VAP- WPNPDWAQYVFR- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
M- B. vi r i di s              258 - - - - - - ATI ESVHRWGWFFSLMVMVSASVGI LLTG- - - - - - - - - - - - - - - TFVDNWYLWCVKHGAAPDYPAYLPATPD- - PASLPGAPK- - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
M- R. sphaer oi des          260 - - - - - - ATMEGI HRWAI WMAVLVTLTGGI GI LLSG- - - - - - - - - - - - - - - TVVDNWYVWGQNHGMAPLN- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
M- Er yt hr obact er . sp       263 - - - - - - ATMEGI HRWAWWFAVLTPI TGGI GI LLTG- - - - - - - - - - - - - - - TVVDNWFI WAQEHHFAPMYDGSYGYEDYGSYEAFI GKEN- - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
D1- P. pat ens              260 FQYASFNNSRSLHFFLAAWPVVGI WFTALGI STMAFNLNGFNFN- QSVVDSQGRVI NTWADI I NRANLGMEVMHERNAHNFPLDLA- - - - - - - SVEAPSVNG- - - - - - - - - - - - - - - -   
D1- C. vul gar i s            260 FQYASFNNSRSLHFFLAAWPVVGI WFTALGI STMAFNLNGFNFN- QSVVDSQGRVI NTWADI I NRANLGMEVMHERNAHNFPLDLA- - - - - - - VVEAPAVNG- - - - - - - - - - - - - - - -   
D1- C. cal dar i um           260 FQYASFNNSRALHFFLGLWPVVGI WLTSI GI STMAFNLNGLNFN- QSI VDSQGRVI NTWADI I NRANLGI EVMHERNAHNFPLDLADNSLLPVASSSPSI NS- - - - - - - - - - - - - - - -   
D1- Synechocyst i s- 6803    260 FQYASFNNSRSLHFFLGAWPVI GI WFTAMGVSTMAFNLNGFNFN- QSI LDSQGRVI GTWADVLNRANI GFEVMHERNAHNFPLDLASGEQAPVALTAPAVNG- - - - - - - - - - - - - - - -   
D1- Nost oc- 7120           260 FQYASFNNSRSLHFFLAAWPVI GI WFAALGI STMSFNLNGFNFN- NSI LDHQGRTI DTWADLLNRANLGI EVMHERNAHNFPLDLASGEVQPI ALTAPAI AS- - - - - - - - - - - - - - - -   
D1- G. vi ol aceus- 7421      260 FQYASFNNSRSLHFFLAAWPVI GI WFTALGI SVMAFNLNGFNFN- SSI VDSQGRAI YTWADI VNRANLGMEVMHERNAHNFPLDLAGTESAPVAVGNADLNG- - - - - - - - - - - - - - - -   
D1- P. mar i nus- 9313        259 FQYASFNNSRSLHFFLAAWPVI CI WI TSLGI STMAFNLNGFNFN- QSVLDAQGRVVPTWADVLNRSNLGMEVMHERNAHNFPLDLAAAESTPVALI APAI G- - - - - - - - - - - - - - - - -   
D1- A. t hal i ana            260 FQYASFNNSRSLHFFLAAWPVVGI WFTALGI STMAFNLNGFNFN- QSVVDSQGRVI NTWADI I NRANLGMEVMHERNAHNFPLDLA- - - - - - - AVEAPSTNG- - - - - - - - - - - - - - - -   
D2- P. pat ens              259 G- - VAFSNKRWLHFFMLFVPVTGLWMSAI GVVGLALNLRAYDFVSQEI RAAEDPEFETFYTKNI LLNEGI RAWMAAQDQ- PHENLVFPEEVLPRGNAL- - - - - - - - - - - - - - - - - - - -   
D2- C. vul gar i s            258 G- - VAFSNKRWLHFFMLFVPVTGLWMSAI GVVGLALNLRAYDFVSQEI RAAEDPEFETFYTKNI LLNEGI RAWMAAQDQ- PHEKLVFPEEVLPRGNAL- - - - - - - - - - - - - - - - - - - -   
D2- C. cal dar i um           257 G- - VAFSNKRWLHFFMLFVPVTGLWTSSI GI I GLALNLRAYDFVSQELRAAEDPEFETFYTKNLLLNEGI RAWMATQDQ- PHENFVFPEEVLPRGNAL- - - - - - - - - - - - - - - - - - - -   
D2- Synechocyst i s- 6803    258 G- - I AFSNKRWLHFFMLFVPVTGLWMSSVGI VGLALNLRAYDFVSQELRAAEDPEFETFYTKNI LLNEGMRAWMAPQDQ- PHENFI FPEEVLPRGNAL- - - - - - - - - - - - - - - - - - - -   
D2- Nost oc- 7120           257 G- - I AFSNKRWLHFFMLFVPVTGLWMSAVGI VGLALNLRAYDFVSQELRAAEDPEFETFYTKNI LLNEGI RAWMAPQDQ- PHEKFVFPEEVLPRGNAL- - - - - - - - - - - - - - - - - - - -   
D2- G. vi ol aceus- 7421      258 G- - I AFSNKRWLHFFMLFVPVTGLWMASI GI I GVALNLRAYEFVSQEI RAAQDPEFETLYTANI LI NEGI RAWMGPYDQNYDETLKFPEEVLPRGNAL- - - - - - - - - - - - - - - - - - - -   
D2- P. mar i nus- 9313        257 G- - I AFSNKRWLHFFMLFVPVMGMWTPSVGI VGLAVNLRAYDFVSQEVRAAEDPEFETFYTKNVLLNEGI RAWMSVADQ- PHENFVFPEEVMPRGNAL- - - - - - - - - - - - - - - - - - - -   
D2- A. t hal i ana            259 G- - VAFSNKRWLHFFMLFVPVTGLWMSALGVVGLALNLRAYDFVSQEI RAAEDPEFETFYTKNI LLNEGI RAWMAAQDQ- PHENLI FPEEVLPRGNAL- - - - - - - - - - - - - - - - - - - -   
psaA- C. cal dar i um         257 - - - - - - AHFI WAFSLMFLFSGRGYWQELI ESI VWAHS- - - - - - - - - - - - KLKI APTI - - - - QPRALSI TQGRAVGAAHYLLGGI ATTWAFFLSRAI SI G- - - - - - - - - - - - - - - - - - -   
psaA- C. vul gar i s          256 - - - - - - AHFVWAFSLMFLFSGRGYWQELI ESI VWAHN- - - - - - - - - - - - KLKVAPAI - - - - QPRALSI TQGRAVGVAHYLLGGI ATTWSFFLARI LAVG- - - - - - - - - - - - - - - - - - -   
psaA- P. pat ens            258 - - - - - - AHFVWAFSLMFLFSGRGYWQELI ESI VWAHN- - - - - - - - - - - - KLKVAPAI - - - - QPRALSI VQGRAVGVAHYLLGGI ATTWAFFLARI I SVG- - - - - - - - - - - - - - - - - - -   
psaA- A. t hal i ana          258 - - - - - - AHFVWAFSLMFLFSGRGYWQELI ESI VWAHN- - - - - - - - - - - - KLKVAPAT- - - - QPRALSI I QGRAVGVTHYLLGGI ATTWAFFLARI I AVG- - - - - - - - - - - - - - - - - - -   
psaA- Synechocyst i s- 6803  257 - - - - - - GHFVFAFSLMFLFSGRGYWQELI ESI VWAHN- - - - - - - - - - - - KLNVAPAI - - - - QPRALSI I QGRAVGVAHYLLGGI VTTWAFFLARSLSI G- - - - - - - - - - - - - - - - - - -   
psaA- Nost oc- 7120         257 - - - - - - AHFVWAFSLMFLFSGRGYWQELI ESI VWAHN- - - - - - - - - - - - KLKVAPAI - - - - QPRALSI TQGRAVGVAHYLLGGI ATTWAFFHAHI LSVG- - - - - - - - - - - - - - - - - - -   
psaA- G. vi ol aceus- 7421    284 - - - - - - AHFI WAFSLMFLFSGRGYWQELI ESI VWAHN- - - - - - - - - - - - KLKVAPAI - - - - QPRALSI TQGRAVGVAHYLLGGI ATTWAFFLARFLALP- - - - - - - - - - - - - - - - - - -   
PsaA- P. mar i nus- 9313      262 - - - - - - GHFVWAFSLMFLFSGRGYWQELFESI I WAHN- - - - - - - - - - - - KLKLAPTI - - - - QPRALSI TQGRAVGVTHFLFGGI VTTWAFFHARLLGLG- - - - - - - - - - - - - - - - - - -   
psaB- A. t hal i ana          253 - - - - - - GHLVWATGFMFLI SWRGYWQELI ETLAWAHE- - - - - - - - - - - - RTPLANLI RWKDKPVALSI VQARLVGLAHFSVGYI FTYAAFLI ASTSGKFG- - - - - - - - - - - - - - - - - -   
psaB- C. vul gar i s          253 - - - - - - GHLI YATGFMFLI SWRGYWQELI ETLAWAHE- - - - - - - - - - - - RTPLANLVRWRDKPVALSI VQARLVGLTHFSVGYVLTYAAFLI ASTSGKFG- - - - - - - - - - - - - - - - - -   
psaB- C. Cal dar i um         253 - - - - - - AHLVWATGFMFLI SWRGYWQELI ESLVWAHE- - - - - - - - - - - - RTPLANLI TWKDKPVALSI VQARLVGLVHFSVGYVLTYAAFVI ASTAGKFN- - - - - - - - - - - - - - - - - -   
psaB- P. pat ens            253 - - - - - - GHLVWATGFMFLI SWRGYWQELI ETLAWAHE- - - - - - - - - - - - RTPLANLVRWKDKPVALSI VQARLVGLAHFSVGYI FTYAAFLI ASTSGKFG- - - - - - - - - - - - - - - - - -   
psaB- Synechocyst i s- 6803  252 - - - - - - GHLVWATGFMFLI SWRGYWQELI ETI VWAHE- - - - - - - - - - - - RTPLANLVRWKDKPVALSI VQARLVGLAHFTVGYVLTYAAFLI ASTAGKFG- - - - - - - - - - - - - - - - - -   
PsaB- P. mar i nus- 9313      255 - - - - - - GHLVWATGFMFLI SWRGYWQELI ETLVWAHQ- - - - - - - - - - - - RSPI ANLVGWRDKPVALSI VQARLVGVTHFAVGNI FTFGAFVI ASTASKFG- - - - - - - - - - - - - - - - - -   
PsaB- Nost oc- 7120         256 - - - - - - GHLVWATGFMFLI SWRGYWQELI ETLVWAHE- - - - - - - - - - - - RTPI ANLVRWKDKPVALSI VQARVVGLAHFTVGYVLTYAAFLI ASTAGKFG- - - - - - - - - - - - - - - - - -   
PsaB- G. vi ol aceus- 7421    250 - - - - - - GHLVWATGFMFLI AWRGYWQELI ETLVWAHE- - - - - - - - - - - - RTPLANLVRWKDKPVAMSI VQGRLVGLAHFTI GYI LTYAAFLI ASTAALYP- - - - - - - - - - - - - - - - - -   
P840- C. t epi dum- TLS       219 - - - - - - - HLVWFI SFAVWFEDRGSRLEGADI QTRTI RWLGKKFLNRDVNFRFPVLTI SDSKLAGTFLYFGGTFMLVFLFLANGFYQTNSPLPPPVSHAAVSGQQMLAQLVDTLMKMI A  
pshA- H. mobi l i s           230 VQALLGAHFI WAFTFSMLFQYRGSRDEGAMVLKWAH- - - - - - - - - - - - - - EQVGLGFAGKVYNRALSLKEGKAI GTFLFFKMTVLCMWCLAMV- - - - - - - - - - - - - - - - - - - - - - - - -   
 
 
 

 
Cont i nued mul t i pl e sequence al i gnment  of  puf L,  puf M,  psbA,  psbD,  psaA,  psaB and RC- I  pr ot ei n.  The al i gnment s ar e 
gener at ed t hr ough Cl ust al - W sof t war e usi ng Gonnet  ser i es mat r i x.  
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Sequence Alignments 2 
 
                                 10        20        30        40        50        60        70        80        90       100       110       120       130       140       150       160                        
                        . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . |  
T. t epi dum: L         1   AMLSFEKKYRVRGGTLI GGDLFDFWVG- - - - - - - - - - - - - - - - - PFYVGFFGVVGFCFTLLGVLLI VWG- ATI GP- - - - - - - - - - - - T- GPTSDLQTYNLWRI SI APPDLSYGLRM- - - A- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
R. sphaer oi des: L     1   ALLSFERKYRVPGGTLVGGNLFDFWVG- - - - - - - - - - - - - - - - - PFYVGFFGVATFFFAALGI I LI AWS- AVLQ- - - - - - - - - - - - - - - - - - - - - GTWNPQLI SVYPPALEYGLGG- - - A- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
R. vi r i di s: L         1   ALLSFERKYRVRGGTLI GGDLFDFWVG- - - - - - - - - - - - - - - - - PYFVGFFGVSAI FFI FLGVSLI GYA- ASQG- - - - - - - - - - - - - - - - - - - - - PTWDPFAI SI NPPDLKYGLGA- - - A- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
R. sphaer oi des: M     1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - PI YLGSLGVLSLFSGLMWFFTI GI W- FWYQ- - - - - - - - - - - - - - AGWNPAVFLRDLFFFSLEPPAPEYGLSFA- - A- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
R. vi r i di s: M         1   - - - HI T- VSGEWGD- - - - - - - - NDRVGKPFYSYWLGKI GDAQI GPI YLGASGI AAFAFGSTAI LI I LFN- MAAE- - - - - - - - - - - - - - VHFDPLQFFRQFFWLGLYPPKAQYGMGI - - - P- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
T. t epi dum: M         1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - PI YLGLTGTLSI FFGLVAI SI I GFN- MLAS- - - - - - - - - - - - - - VHWDVFQFLKHFFWLGLEPPPPQYGLRI - - - P- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
T. el ongat us: D1      1   - - - - - - - - - - - - - - - - - - CNWVTSTDN- - - - - - - - - - - - - - - - - RLYVGWFGVI MI PTLLAATI CFVI AFI AAPPVDI DGI RE- - - - P- VSGSLLYGNNI I TGAVVPSSNAI GLHFYPI W- - - - - - - - - - - - EAASLDE- - - - - - - - - - - - - - - - - - - - -   
T. el ongat us: D2      1   - - - - - - - - - - - - - - - - - LDDWLKRDRF- - - - - - - - - - - - - - - - - - VFVGWSGI LLFPCAYLALGGWLTGTTFVTS- - - - - - - - WYTHG- LASSYLEGCNFLTVAVSTPANSMGHSLLLLW- - GPEAQGDFTR- - - - - - - - - - - - - - - - - - - - - - - - - - - -   
S. el ongat us: psaA    1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I SHLNWVCI FLGFHSFGLYVHN- DTMR- - - - - - - - - - - - - - - AFGRPQDM- - - - - - - - - - - - - - - - - - - FSDT- G- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
S. el ongat us: psaB    1   - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I SHLSWVSLFLGFHTLGLYVHN- DVVV- - - - - - - - - - - - - - - - AFGTPEK- - - - - - - - - - - - - - - - - - - QI LI E- - - - - - - - - - - - - - - - - - PVFAQFI QAAHGKLLYGFDTL  
 
                                170       180       190       200       210       220       230       240       250       260       270       280       290       300       310       320                
                        . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . |  
T. t epi dum: L         86  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - PLTEGGLWQI I TI CAAGAFI SWALREVEI CRKLG- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
R. sphaer oi des: L     78  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - PLAKGGLWQI I TI CATGAFVSWALREVEI CRKLG- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
R. vi r i di s: L         78  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - PLLEGGFWQAI TVCALGAFI SWMLREVEI SRKLG- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
R. sphaer oi des: M     59  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - PLKEGGLWLI ASFFMFVAVWSWWGRTYLRAQALG- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
R. vi r i di s: M         90  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - PLHDGGWWLMAGLFMTLSLGSWWI RVYSRARALG- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
T. t epi dum: M         58  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - PLSEGGWWLI AGLFLTLSI LLWWVRTYKRAEALG- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
T. el ongat us: D1      87  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - WLYNGGPYQLI I FHFLLGASCYMGRQWELSYRLG- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
T. el ongat us: D2      86  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - WCQLGGLWTFI ALHGAFGLI GFMLRQFEI ARLVG- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   
S. el ongat us: psaA    39  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I QLQPVFAQWVQNLHTLAPGGTAPNAAATASVAFGGDVVAVGGKVAMMPI - - - VLGTADFMVHHI HAFTI HVTVLI LLKGVLFA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - RSSRLI PDKA  
S. el ongat us: psaB    60  LSNPDSI ASTAWPNYGNVWLPGWLDAI NSGTNSLFL- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - T- - - I GPGDFLVHHAI ALGLHTTTLI LVKGALDARGSKLMPDKKDFGYAFPCDGPGRGGTCDI S- - - - - - - - - -   
 
                                330       340       350       360       370       380       390       400       410       420       430       440       450       460       470       480                
                        . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . |  
T. t epi dum: L         120 - - - - - - - - - - - - - - - - - - - - - - I GFHVPFAFSFAI GAYLVLVFVRPLLMGA- - - - - - - - - - - - - - - - - - - - - WGHGFPYGI LSHLDWVSNVGYQFLHFH- - - - - - - - - - YNPAHMLAI SFFFTNCLALSMHGSLI LSVTNPQRGEP- - - - - - - - - - - - - -   
R. sphaer oi des: L     112 - - - - - - - - - - - - - - - - - - - - - - I GYHI PFAFAFAI LAYLTLVLFRPVMMGA- - - - - - - - - - - - - - - - - - - - - WGYAFPYGI WTHLDWVSNTGYTYGNFH- - - - - - - - - - YNPAHMI AI SFFFTNALALALHGALVLSAANPEKGKE- - - - - - - - - - - - - -   
R. vi r i di s: L         112 - - - - - - - - - - - - - - - - - - - - - - I GWHVPLAFCVPI FMFCVLQVFRPLLLGS- - - - - - - - - - - - - - - - - - - - - WGHAFPYGI LSHLDWVNNFGYQYLNWF- - - - - - - - - - YNPGHMSSVSFLFVNAMALGLHGGLI LSVANPGDGDK- - - - - - - - - - - - - -   
R. sphaer oi des: M     93  - - - - - - - - - - - - - - - - - - - - - - MGKHTAWAFLSAI WLWMVLGFI RPI LMGS- - - - - - - - - - - - - - - - - - - - - WSEAVPYGI FSHLDWTNNFSLVHGNLF- - - - - - - - - - YNPFHGLSI AFLYGSALLFAMHGATI LAVSR- - - - - - - - - - - - - - - - - - - -   
R. vi r i di s: M         124 - - - - - - - - - - - - - - - - - - - - - - LGTHI AWNFAAAI FFVLCI GCI HPTLVGS- - - - - - - - - - - - - - - - - - - - - WSEGVPFGI WPHI DWLTAFSI RYGNFY- - - - - - - - - - YCPWHGFSI GFAYGCGLLFAAHGATI LAVAR- - - - - - - - - - - - - - - - - - - -   
T. t epi dum: M         92  - - - - - - - - - - - - - - - - - - - - - - MSQHLSWAFAAAI FFYLVLGFI RPVMMGS- - - - - - - - - - - - - - - - - - - - - WAKAVPFGI FPHLDWTAAFSI RYGNLY- - - - - - - - - - YNPFHMLSI AFLYGSALLFAMHGATI LSVSR- - - - - - - - - - - - - - - - - - - -   
T. el ongat us: D1      121 - - - - - - - - - - - - - - - - - - - - - - MRPWI CVAYSAPLASAFAVFLI YPI GQGS- - - - - - - - - - - - - - - - - - - - - FSDGMPLGI SGTFNFMI VFQAEH- NI L- - - - - - - - - - MHPFHQLGVAGVFGGALFCAMHGSLVTSSLI R- - - - E- - - - - - - - - - - - - -   
T. el ongat us: D2      120 - - - - - - - - - - - - - - - - - - - - - - VRPYNAI AFSAPI AVFVSVFLI YPLGQSS- - - - - - - - - - - - - - - - - - - - - WFFAPSFGVAAI FRFLLFFQGFH- NWT- - - - - - - - - - LNPFHMMGVAGVLGGALLCAI HGATVENTLF- - - - QDGEGASTFRAFNPTQ  
S. el ongat us: psaA    131 NLGFRFPCDGPGRGGTCQVSGWDHVFLGLFWMYNCI SVVI FHFSWKMQSDV- - - - - - WGTVAPDGTVSHI TGGNFAQSAI TI NGWLRDFLWAQASQVI GSY- - - - - GSALSAYGLLFLGAHFI WAFSLMFLFSGRGYWQEL- - - - - - - - - - - - - - - - - - -   
S. el ongat us: psaB    156 - - - - - - - - - - - - - - - - - - - - AWDAFYLAMFWMLNTI GWVTFYWHWKHLGVWEGNVAQ- - - - - - - - - - - - - - - FNESSTYLMGWLRDYLWLNSSQLI NGYNPFGTNN- - - LSVWAWMFLFGHLVWATGFMFLI SWRGYWQEL- - - - - - - - - - - - - - - - - - -   
 
                                490       500       510       520       530       540       550       560       570       580       590       600       610             
                        . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . . | . . . .  
T. t epi dum: L         213 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - VKTSEHENTFFRDI VGYSI G- - - ALAI HRLGLFLALSAAFWSAVCI LI SGPFWTRGWPEWWNWWLELPLW  
R. sphaer oi des: L     205 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MRTPDHEDTFFRDLVGYSI G- - - TLGI HRLGLLLSLSAVFFSALCMI I TGTI WFDQWVDWWQWWVKLPWW  
R. vi r i di s: L         205 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - VKTAEHENQYFRDVVGYSI G- - - ALSI HRLGLFLASNI FLTGAFGTI ASGPFWTRGWPEWWGWWLDI - - -   
R. sphaer oi des: M     180 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - FGGERELEQI ADRGTAAERAALFWRWTMGFNAT- - - MEGI HRWAI WMAVLVTLTGGI GI LLSGTVVDN- WYVWGQN- - - - - - -   
R. vi r i di s: M         211 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - FGGDREI EQI TDRGTAVERAALFWRWTI GFNAT- - - I ESVHRWGWFFSLMVMVSASVGI LLTGTFVDNWYLWCVKHG- - - - - -   
T. t epi dum: M         179 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - FGGDREI DQI THRGTAAEGAALFWRWTMGFNAT- - - MESI HRWAWWCAVLTVI TAGI GI LLSGTVVDN- WYLWAVKHG- - - - -   
T. el ongat us: D1      209 - TTETESANYGYKFGQE- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - EE- - - - TYNI VAAHGYFGRLI FQYASFNNSRSLHFFLAAWPVVGVWFTALGI STMAFNLN- - - - - - - - - - - - - - - -   
T. el ongat us: D2      223 A- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - EE- - - - TYSMVTANRFWSQI FGI AFS- - NKRWLHFFMLFVPVTGLWMSAI GVVGLALNLR- - SYDFI S- - - - - - - -   
S. el ongat us: psaA    260 - - - - - - - - - - - - - - - - - I - - - - - - - - - - - - - - - - - - ESI VWAHNKLKVAPA- - - - - - - - - - - - - - - - I QPRA- - - - - - - - LS- I - - - - I QGRAVGVAHYLLGGI ATTWAFFLARI I SV- - - - - - - - - - - - - - - -   
S. el ongat us: psaB    259 - - - - - - - - - - - - - - - - - I ETLVWAHERTPLANLVRW- - - - - - - - - - - - - - - - - - - K- - - - - - - - - - - DKPVA- - - - - - - - LS- I - - - - VQARLVGLAHFSVGYI LTYAAFLI ASTAAK- - - - - - - - - - - - - - - -   
 
 
 
 
 

Sequence al i gnment s of  pr ot ei ns t hat  ar e st r uct ur al l y  al i gned.  The l ar ge gaps cor r espond t o t he over hangs and b-
sheet s of  t he t r ansmembr ane phot osynt het i c pr ot ei ns,  connect i ng t he i nt r a bi l i pi d l ayer  a- hel i ces.  The boxes encl ose 
t he st r uct ur al l y  al i gned hel i ces.  
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