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Table 1. ABC transporter domains used in analysis. 

 Gene [PDBID] Organism Resolution 
(Å) 

Description 

CFTR [1XMI] H. sapiens 2.25 Monomeric NBD1 of the cystic 
fibrosis transmembrane conductance 
regulator [15] 

BtuCD [1L7V] E. coli 

 
3.20 Complete structure (two TMDs and 

two NBDs) of the Vitamin B12 
transporter. Both the TMD and NBD 
were used in the analysis [3] 

Mj0796 [1L2T] M. jannaschii 1.90 Dimeric structure of two NBDs, 
unknown substrate [6] 

HlyB [1XEF] E.coli 2.50 Dimeric structure of the NBDs of the 
alpha-hemolysin transporter [7] 

Tap1 [1JJ7] H. sapiens 2.40 Monomeric NBD of the peptide 
transporter Tap1 [14] 

MsbA [1Z2R] S. typhimurium 4.20 Complete structure of the lipid A 
exporter MsbA, which is homologous 
to human multidrug resistance 
transporters [13] 

 

The CFTR, BtuC (TMD), BtuD (NBD), Mj0796, HlyB, Tap1, MsbA (TMD) 

and MsbA (NBD) alignments contained 36 199 , 5 444,  36 608, 43 981, 44 134, 

28 251, 6 172 and 45 368 sequences, respectively. The alignments are available 

at http://salilab.org/~libusha/psb2007.  

2.2. Evolutionary conservation: sequence weights and residue position 

entropies 

We use Shannon entropy to measure the evolutionary conservation at each 

position (column) in our multiple sequence alignments [19].  Henikoff 

weighting [20] was used to ensure that entropy calculations were not skewed by 

large numbers of highly similar sequences, which can be a problem with large 

automatically generated alignments. In Henikoff weighting, each column is 

given an initial weight of 1, which is divided equally between distinct amino 

acid residues in the column. Within a column, the weight for each amino acid 

residue is divided equally by the number of times it occurs. Finally, the weight 

of any given sequence is the sum of the weights of all of the amino acid residues 

in the sequence. A Shannon entropy: 

 
  
H = ! Paa log 2Paa
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was calculated for each column where Paa is defined as:  
                                                                                       
 


