d1ahua1:

There are two manual alignments for this pair. They differ in the mutual position or register of the two domains.

Alignment 1: I compared 1ahu with its homolog, 1i19, by superimposing the bound FAD. Then I looked at the side chains on the two middle strands, which are corresponding edge strands in ferredoxin fold. I found that 1ahu_A1 and 1i19_A2 have several identical residues: I311, R312 in 1ahu_A1 and I476, R477 in 1i19_A2; register1 is based on these clues; In addition, register1 has the side chains of T370 and T490 superimposed. But these may not be strong evidence to fix the alignment, for these residues are not conserved in the multiple alignment of this family.
Alignment 2 is in the same register as Dali alignment.
d1bp1_1:

Comparing Dali alignment and my alignment, I want to find out why Dali alignments are generally longer than mine.

1. At the end of the first helix, Dali treats E272 and A273 as insertion. I think they are not insertion and it is not worthwhile to open a gap here. Dali is wrong here.

2. In the last helix, there is a pi-helix in both duplicates and Dali opened two gaps for them. I didn't open any gaps. It is hard to say which way is better.

3. In the loop immediately after the last helix, Dali aligns FQtLPVMT to FP-LPTPA. Dali is probably right, since the identical pairs F-F, L-L, and P-P. But the conformation in this region is really loops. Although there seems to be a little conformational similarity, it may not justify the opening of a gap. 

d1c3ma__1:

d1c3ma__2:

d1c3ma__3:

There are 3 superfamilies in the beta-Prism I fold. As far as I know, only this superfamily, mannose-binding lectin, has been suggested to arise from duplication in the literature. There is an alignment of the three duplicates in several lectins in the paper for 1x1v (fig. 5). I think the most obvious characteristic of this fold is that there is a bulge in each of the two middle strands. The bulge is present in most of the duplicates in this fold, not only this lectin superfamily.

d1c9ya1:

In my original alignment, the last helix is not aligned. This mistake was found by comparing my alignment with Dali alignment. They have very different aligned length. To find out how to align the two swapped helices, I aligned the whole structure to itself. Or, I can re-cut the two duplicates so that the interaction between the last helix and the rest of the structure is preserved. Dali aligns the last helix in a different way, probably because the two duplicates are ill-cut so that the last helix is isolated.

d1d4va1:

A1 is actually diverged and not that similar to A2 and A3. 

d1dfca1:

This superfamily has two proteins. This one is low-resolution, and the other is NMR structure. I will only align the protein-level duplication and skip the three structural repeats on the fold-level.

d1dlpa1:

Scop has two levels of duplication: fold and protein. But I don't see the duplication of the fold level. Therefore, this is the only protein with the duplication, although it is low resolution.

d1f34b_:

Dali's alignment and my alignment agree ~50%. The major difference lies in the helix: Dali alignment has a one-turn shift compared to mine. In addition, the C-terminal Pro-rich part has a gap in Dali alignment, but not in mine. I believe my alignment is correct. For example, F41 and F107 are aligned in my alignment but not in Dali's, yet they have very similar side chain conformation and probably contribute to the hydrophobic core. Also, my alignment has fewer gaps than Dali's. The helix and the beta-sheet have different relative positions in B1 and B2. I think that is why Dali made the mistakes.

d1h16a_:

There are four families under this superfamily: PFL (1h16), class I ribonucleotide reductase or RNRI (3r1r), RNRII (1l1l) and RNRIII (1h7a, mutant G580A). According to 1h7a paper, PFL is the oldest one, present in RNA world. RNRIII is the oldest in the three RNRs, for it uses primitive metabolites as substrates. RNRI and RNRII are later enzymes.

In RNRI and RNRII, there are two active site Cys (119 and 419 in 1l1l; 225 and 462 in 3r1r) that provide the reducing equivalent by forming disulphide bond. Originally, I wanted to use these two Cys to hook up the register and serve as evidence for the homologous relationship between the two halves. But one Cys is missing in RNRIII and both are missing in PFL. Since RNRIII and PFL are older, the Cys pair looks more like an invention by the later enzymes than a trait inherited from their common ancestor.

For the RNRs, I am not sure how to align the two halves. So the original alignment 3r1ralign.seq is removed from the dataset. However, the two halves in PFL are more similar and have some clues for fixing the register, e.g. the connection between the first strand and its following helix can be tightly aligned (near 181 in A1 and 438 in A2); the connection after the second strand is also similar in A1 and A2, and can be aligned without gap. More importantly, PFL has two small beta-hairpins inside the barrel, both of which are after strand 5. This is strong evidence for the homology between the two halves. In RNR, the C-terminal small beta-hairpin can only be found in RNRIII.

From the alignment between 1h16_A1 and 1h16_A2 and that between 1h16 and 3r1r, the alignment between 3r1r_A1 and 3r1r_A2 can be deduced. But I don't want to use 3r1r, since the two halves in 3r1r have diverged too much to provide any clues for register and one of them lost the C-terminal small beta-hairpin. The superposition between 1h16 and 3r1r is not good, either.

Comparing my alignment and Dali alignment on this pair, Dali is partially correct and partially wrong. For example, dali aligns the first strand correctly, RGR-FGA; but it mis-aligns the following helix, LYG-LYA (there is a one-turn shift in Dali alignment).

d1hazb_:

1haz is from pig, the two barrels diverged a lot. 1te0 is from E. coli, the two barrels are more similar. Superimpose 1haz and 1te0, then superimpose the two barrels in 1te0. The alignment between the two barrels in 1haz can be deduced.

d1i1qa__1:

d1i1qa__2:

d1i1qa__3:

d1i1qa__4:

A1 and A3 are similar while A2 and A4 are similar. The register between A1A3 and A2A4 is fixed by the identical turn in A1(186-189) and A4(316-319). In addition, F25 in A1, F127 in A2, Y281 in A3, and Y417 in A4 have similar side chain conformation, maybe they are important in folding or packing. The last helix in A2 and A3 is difficult to align. The current alignment is based on deduction from the alignments of A1A2, A1A4, A3A4. Since each duplicate has two helices, the interaction between these two helices can also help the alignment of the last helix, i.e. superimpose the other helix well and see how the last helix falls on each other. It turned out that the alignment based on this way agrees with the current deduced alignment.

d1i31a_:

There are two registers for this pair. I think R1 is better, for it aligns the VVMKS motif in A1, strand 2 with the VVIKS motif in A2, strand 2. But this motif does not seem to be highly conserved in other homologs, as shown by psi-blast. Thus we provide two manual alignments corresponding to the two registers.

d1itkb1:

I tried to find out why Dali alignment is generally longer than mine.

Comparing Dali alignment 1itk.dalialn and my alignment, it seems that the extra regions Dali aligned are really random loops. They should not be aligned. Nick looked at this pair and didn't find local similarity for the extra regions Dali aligned. Those regions are basically random alignments.

d1kiza_:

1rqj has a rather symmetric metal-binding site. Compared to 1rqj, the metal-binding site in 1kiz is distorted a little, especially, D101 is farther from the metal. Anyway, from 1rqj_1kiz.psv, we can deduce that N225 and D226 should be aligned to E100 and D101. So the current alignment is correct.

d1msva_:

1tlu should mimic ancestral dimer, so I align 1i7c_A1 and 1i7c_A2 to 1tlu_A, respectively. 1i7c_A1 and 1i7c_A2 are more similar to 1tlu_A than to each other. Especially, 1i7c_A1 and 1tlu_A can be aligned by hooking up the catalytic residues (Ser68 in 1i7c_A1 and S63 in 1tlu_A). 

From their respective alignments to 1tlu_A, 1i7c_A1 and 1i7c_A2 can be indirectly aligned.

1i7c is replaced by 1msv, since 1msv is the uncleaved proenzyme and has only one chain. 1i7c has two chains, and may cause problem in future analysis.
d1n2ma_:

1. 1pya is replaced by 1n2m because 1n2m is the uncleaved proenzyme that has only one chain.

1pya has two chains and may cause problem in future analysis, e.g. pdb2fasta 1pya will give the sequence of the two chains separately. In addition, 1n2m is simpler than 1pya because 1n2m has less insertions.

2. No clue to fix the register when aligning 1n2m_A to itself (1n2m_A.psv).

No matter in what register, there is no symmetric correspondence like in d1vl4b_.

3. Align 1pya and 1n2m (only one end of the two helices are conserved, the other end is not), then align 1pya_B1 and 1pya_B2 (we should not pay attention to the unconserved helix ends), then deduce the alignment between 1n2m_A1 and 1n2m_A2. This is 1n2malign_3.psv. I like this alignment, for it has quite a few identical residue pairs. And this alignment agrees with Dali and Fast. Use this as the final alignment.

d1ocka_:

1gr8 is replaced by 1ock in PDB. However, 1gr8 is still in SCOP. And 1ock cannot be found in SCOP (it is too new). 

d1qlac_:

Comparing Dali alignment and mine, I want to find out why Dali alignments are generally longer. The second half of the first helix: Dali alignment is wrong. The helix should be aligned continuously (e.g. H44-H143), but Dali introduced a gap probably because the yellow helix bends over. The middle short helix (near V61 and S160) is aligned by Dali but not by me. This helix in the two duplicates are probably homologous, since they sit between the corresponding helices 1 and 3. But they are so far away from each other in the global superposition that there is no hint as to how to align them. Dali aligned them anyway, but Dali alignment may be wrong considering that there is not a single identical pair in this region.

d1rhza_:

The register is selected by: 1. G167 and G399, both are in unpopulated area in Ramachandran plot; 2. T30 and T216, both form H-bond with backbone NH group.
d1ttua3:

A2 lacks one hairpin, so only A1 and A3 are used. 

1ttu_A1_Dali.pdb is manually permutated to match A3's sequential order.

For beta-trefoil, sequence-based cut also gives compact duplicates, since the lower part is a barrel and  a strand in the barrel has similar H-bonds with its preceding or following strand. So in beta-trefoil, the sequence-continuous cut preserves as many interactions as the structure-compact cut. Since sequence-continuous cut is more convenient for running Dali and sequence analysis, I will use sequence-based cut for all beta-trefoil structures.

d1utaa_:

This protein provides evidence that ferredoxin fold arose by duplication?

This IS the first ferredoxin structure with such a high seqID between the two structural repeats.

Nick mentioned that some other ferredoxins with two symmetric Fe-binding sites also have identical binding residues in the two structural repeats, thus rather high seqID.

d1s3na_:

Members in this superfamily all bind two identical metal atoms. This may be the strongest evidence for internal duplication. Otherwise, the two duplicates are quite different. 

Comparing different families in this superfamily, the residues involved in binding the two metals are highly, but not absolutely, conserved. 1ii7 can be viewed as a prototype of the binding site, with all seven binding residues present (See fig. 2 in 1ii7 paper). But other proteins lack one or two of them. For instance, His208 in 1ii7 is substituted by Q in 1ush and by V in 1jk7. His10 in 1ii7 is substituted by G in 1ute.
d1vkwa_:

Superposition 1 has the first helix aligned well, but the second helix seems to be shifted;

Superposition 2 has the second helix aligned well, but the first helix is not that good; I tried to find some evolutionary clues to determine the register, but failed.

SCOP notes that only one active site is conserved in this protein, so the two duplicates don't have corresponding active site residues to pin them together. I searched for other potentially conserved residues, no matter conserved for binding cofactor or packing, but there is no strong clue. The aligned WKI in superposition 1 is the reason why I choose this register. This structure does not have a FMN. From the bound SO4, it seems that three R are important in co-ordinate this cofactor. But all three are in loop regions and cannot help the register problem. The correct alignment can be deduced by superimposing 1vkw_A1 and 1vkw_A2, respectively, to one monomer in the dimer enzymes like 1kqd_A. Although 1vkw does not contain FMN, the bound SO4 is in the same position as the PO4 of FMN in 1kqd_A, see the superposition 1vkw_1kqd.psv. The 1kqd_AB dimer has two active sites, while only one is preserved in 1vkw_A.

The deduced alignment turned out to be the same as 1vkwalign_2.psv. I was wrong in choosing 1vkwalign_1.psv. Dali has two alternative alignments on this pair, and the first (or better) one is the same as the deduced alignment. So Dali beats me.

d1vl4b_:

1vl4 and 1vpb are surely homologs, as indicated by the blast result. 1vl4_A1 and 1vpb_A1 are similar to each other while 1vl4_A2 and 1vpb_A2 are similar to each other. Comparing the side chains on these four duplicates would potentially provide some clues on the register, since, e.g., residues mutated in 1vl4_A1 may be preserved in 1vpb_A1.

The current superposition is based on a detailed comparison between 1vl4_A1 and 1vpb_A2: S24-S153, L80-L218, F31-F160, R34-R163, L35-L164, T44-T173. Particularly, the turn connecting the two long strands are similar in these two duplicates: the H-bond, the NG motif. However, 1, identical residues in one pair of structures are meaningless, unless they are conserved in multiple alignment of the family; 2, similar turns are not helpful, because all the turns in that type have similar conformation and N, G are frequently found in those turns.

Nick suggested a way to solve the register problem: to compare 1vl4_A with itself. 1vl4_A is the active form, and it was once a symmetric dimer that can be aligned perfectly to itself. The strongest argument for the correctness of this superposition is that it is symmetric, i.e. orange R29 aligned to red V148 while red R29 aligned to orange V148. This superposition agrees with the current alignment 1vl4align.seq.

d1yua_1:

The correct alignment between the two duplicates is in Fig. 2 of the paper JMB 2000 299:1165-1177

d4csma_:

I think the current alignment is evolutionarily relevant, because there are several identical pairs with their side chains aligned, especially E123 and E236, both of which are in pi helix. But identical residue pairs are meaningless, unless they are conserved in the multiple alignment of the family due to functional or structural reasons. 

The dimer form 1ecm has two active sites. But yeast enzyme 4csm only has one active site, as indicated by the bound co-factor. Anyway, in cutting the two duplicates, I should preserve the interactions around the active sites, even one active site is deteriorated. In 1ecm, the symmetric middle point for cutting is between K20 and L21, since these two residues are the closest to their corresponding residues in the other monomer. According to the superposition between 1ecm and 4csm, the cutting point for 4csm can be determined. 

The binding residues are largely lost in the deteriorated active site in 4csm. However, R33 in 4csm seems like a remaining binding residue, since it has similar side chain conformation with R28 in 1ecm. So the superposition between 4csm_A1 and 4csm_A2 is based on R33 superimposed to R157. This alignment turned out to be the same as E123 aligned to E236.
