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Survey Course in Bio Crystallography and Bioinformatics 
Lima, Peru, March 17-29, 2009 

 
BLAST and MSA tutorial. 
 
Outline of document: 

1. How do we identify orthologs of FABG from Mycobacterium tuberculosis? 
2. Once we find orthologs how do we compare them? 
3. What can we learn from about the evolution of FABG by comparing orthologs? 
4. What locations on FABG that are more important then others? 

 
How do we identify orthologs of FABG from Mycobacterium tuberculosis? BLAST: 
Basic local alignment search tool 

0. Go to “NCBI” (www.ncbi.nih.gov) 
1. click BLAST-> Protein Blast 

 
 
 
 
 
 

                          
2. Paste your sequence of FABG in the box ensure non-redundant database is selected. 

 
 
 
 
 
 
 
 
 
 

3. Blast 
4. The return page contains 100 sequences that show homology with our protein. Each 

hit contains a reference link (ref) and a gene bank (gb) number that identifies each hit. 
They are ordered by an e-value, a chance value that the query protein and the protein 
identified from the database match by chance.  The smaller the e-value the less likely 
the 2 proteins were matched by change.  A good e-value cutoff of homology is 10-5.  

5. What is the first hit?  How is this different then the next hit? 
6. Find the FABG from “Mycobacterium ulcerans Agy99”  

• (don’t close this window) 
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8. Open ref link in a new window/ tab  
 
 
 
 
 
 

 
 
 
 
 
 
 
9. Obtain the amino acid sequence of this protein in FASTA format. (save this in your 

notebook) 
• Change “Desplay GenPept => Display FASTA” 

 

 
 

• Copy and paste fasta file 
 
 

Once we find orthologs how do we compare them?  
1. Go to “expasy.org” 
2. Click on “Alignment” link under Tools and software packages, this will link you to the page 

with all the alignment tools. 

                      
3. Click: SIM + LALNVIEW. A binary 2 sequence alignment tool 
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4. Put the FABG sequence of Mycobacterium Tuberculosis in as “Sequence 1” and the 

Mycobacterium ulcerans as “Sequence 2”. 
 
 
tub sequence 
 
 
ulc sequence 
 
 
 
 

5. Submit these sequences for alignment and save the alignment in your notebook 
6. Go back to the SIM+LALNVIEW homepage 
7. Manipulate the default gap opening and extension penalties to find optimum alignment.  

Set the open penalty to 0 and extension penalty to 0. 

 
 
 
 

 
8. When we adjust the parameters what happens to the alignments? 

 
What can we learn about the evolution of FABG from M. tuberculosis? (Multiple 
sequence alignment MSA) 
9. Open a new browser window 
10. Go to the expasy home page, www.expasy.org 
11. Click alignment 
12. Go back to BLAST search results 

• Select 20 sequences from different mycobacterium species and other genus. Select 
sequences that have approximately the same length as our inputted sequence.   

• Select “get sequences” 
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• This will bring you to NCBI results page 
• On the NCBI results page at the top click 

• Change Display =[fasta]  
       [send to]= file  

• Save the sequence.fasta file to your folder 
 

       
• Open the sequences file in a text editor. 

 
 

On the expasy site:  
• Open a new window/ tab with each of these sites. 
 

 
 
 
 
 
 
 
 
 
 

• Click on:       Clustalw-> EMBnet-CH 
MUSCLE-> Berkeley  

    T-coffee->EBI 
• Copy and Paste the 20 FABG sequences, in fasta format, into the online forms.  
• Goal of alignment: You should minimize the amount of large gaps and maximize the 

amount of conserved regions. 
• Download and save the alignment from the ClustalW site ”clustalw (aln)”. The 

alignments from the other sites are used to answer the questions below. Where we 
will continue to use the clustalw alignment file for further analysis.  

Output from clustalW at EMBnet-CH 

     
 
Answer these questions: 
13. Where are gaps opened and closed? 
14. What regions of the sequence alignment are conserved? 
15. What regions are variable? 
 
Are there sites in the sequence that have a high evolutionary rate? MSA Sequence 
analysis 
 

• From expasy.org 
• Click ->Alignment analysis -> SVA (Sequence Variability Analyzer) 
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•  
•  
 
 
• Paste your alignment file sequence into the text box or upload it. 
• Click go  

1. Where are the alignment Differences 
2. Where are the alignment Similarities 
3. Save results in lab book. 

 
What does this conservation look like on a structure? 

• Go to http://consurf.tau.ac.il/ 

 
 
• You know from searching the PDB that the FABG from M. tuberculosis is 1UZL 

(1UZM). 
•  
• Step 1/2: Enter PDB ID: 1UZM with Chain A. ignore any precompiled results that 

pop up. 
• Step 3: Enter the MSA file (alignment file from clustalw) 
• Step 4: Enter the ID of the first value in the sequence alignment 
• Step 5: Enter email address.  
• Step 6:Submit. 

  
• Give the submission some time. It will be done when it says “ConSurf job status page 

–Finished”. 

Step 1 
Step 2 

Step 3 

Step 4 

Step 5 
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• Click on “view consurf results with First glance in Jmol” 
• Wait for the webpage to load. 

 
 
 

Jmol Commands 
16. Left mouse button to rotate the molecule. 
17. All the options to manipulate the molecule are under a menu through the Right mouse 

button. 

 
 
Conservation of amino acids are plotted by color onto the structure.  
Where are the highly conserved amino acids located? 
 
Where are the least conserved amino acids located? 
 
Can we build a fingerprint that represents these sequences? 
FABG belongs to a larger family of proteins called Short Chain Oxidoreductase enzymes.  
These enzymes share a structural motif called the Rossmann fold. Which is used to bind 
the NAD(P) cofactors.  They also have many sequence-conserved motifs in common. 
Table below describes some of these motifs: 

SCOR conserved motifs  
Motifs Usage 
TGxxxGxG Nucleotide binding 
VxNAG Structural, catalytic 
YxxxK Catalytic 
PGxxxT Catalytic 
GG Structural 

Each amino acid is denoted by a single letter code, the x indicates any amino acid. The 
usage column defines what the motif is used for. 
 

1. Identify these 5 motifs in your sequence alignment.  
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2. Approximately where are they? 

 
3. How many amino acids between the TGxxxGxG motif and VxNAG motif? How 

many between VxNAG and YxxxK? YxxxK and PGxxxT? PGxxxT and GG? 
TGxxxGxG [______] VxNAG 
VxNAG[ _____] YxxxK 
YxxxK[_____] PGxxxT 
PGxxxT[ _____] GG 

  
4. Compare these motifs with those generated from SVA analysis. 

 
 

5. Since we know the motifs are present in our sequence and we know how many 
positions between each motif we can generate a fingerprint for this family that can 
be used to search for other members.  

 
 
 
 
 
 
 
 
 
 
 
 
 


