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Bioinformatics II:  Understanding the Biology Behind the Programs


In Bioinformatics I, you practiced with some of the tools that researchers use to analyze DNA (nucleotide) and protein (amino acid) sequences.  Sometimes, computer-based research tools can be very tedious, but they can also be very powerful in helping you address specific biological questions and hypotheses.  For example, you were given the gene name ara h2 for the corresponding protein, and you were able to identify it as a peanut allergen as well as predict that it is a protein that is synthesized inside cells of the peanut plant and then secreted from them.  What genes and proteins interest you?  Think about that question during this activity, and consider the following concepts as you go through it:  Reading frame, types of mutations, protein primary sequence.

1) Nucleotide triplets in mRNA encode amino acids that make up a peptide chain or protein.  Recall your translation skills, type the hypothetical mRNAs below into the tool at http://us.expasy.org/tools/dna.html and remember to choose “Includes nucleotide sequence” for your output format.  Record the 5'3' Frame 1 translation (substitute START for “M” and STOP for dashes) for each mRNA and note the “frame” that reads almost the same as the first translation.

   


mRNA #1: AUG ACC CAC AGG UCA GAC GCA UAC UAA

5'3' Frame 1 Translation:

       


mRNA #2: AUG A ACC CAC AGG UCA GAC GCA UAC UAA

5'3' Frame 1  Translation:

Best Translation #1 Frame:

       


mRNA #3: AUG CC CAC AGG UCA GAC GCA UAC UAA

5'3' Frame 1  Translation:

Best Translation #1 Frame:

       


mRNA #4: AUG CCC CAC AGG UCA GAC GCA UAC UAA

5'3' Frame 1  Translation:

Best Translation #1 Frame:

Answer questions on reverse or on a separate sheet, as needed:

1a) If the first mRNA is correct and encodes a peptide (small protein) that functions normally in a cell, what do you think would happen if any of the other mRNAs were translated instead in 5'3' Frame 1?

1b) How are the other mRNAs and translations different from the first example?  What would you call these differences?  How else could you make variations on the first mRNA?  Write out some predicted mRNAs and record your translations.  Do all of your variations change the original translation?

1c) Explain why changing a single amino acid or creating an inappropriate stop codon in the middle of a protein might affect the protein’s function.  How might this happen in nature?  Which of these alterations do you think would have a more profound effect on the protein’s function and why?

2) If you identify a new protein and you don’t know what its biological function is, BLAST searching in the NCBI database for similar proteins that are better understood can give you some important clues about your protein of interest.  Since some organisms are more thoroughly studied than others, we can sometimes make inferences about their functional similarities when we compare genes or proteins at the nucleotide or amino acid (primary structure) sequence level.

Refer to your Bioinformatics I sheet to help you extract the cDNA for “SLE18” then translate it to a protein sequence and select the correct reading frame (longest amino acid chain that begins with an initiator methionine “M” and lacks internal stop codons ”—“).  With the correct SLE18 protein sequence, perform a BLASTp search to identify similar proteins in the NCBI database.  **Remember to use separate browser windows for each action (extraction, translation, BLAST) so that you can go back to them if you have difficulties.

Look at the list of  “sequences producing significant alignments” with SLE18 and scroll down to the section labeled “alignments.”  For each alignment, if your SLE18 translation is the query and the subject is another protein being compared to it, consider how well the aligned sequences match and what this might mean.

Answer questions on reverse or on a separate sheet, as needed:

2a) When you click on the link for the best result (first hit) to bring up its database entry, what is the name of the organism (binomial and common) that makes the protein?  Is this the same organism as for SLE18?  Do you think SLE18 and this first hit are the same protein?  Why?

2b) What is the definition/name of the protein in this first hit?  Scroll down the list and select three other BLAST hits, each from a different organism, and record the binomial/common names and corresponding protein names.  What process do you think SLE18 is involved in?  Why do you think there are so many BLAST hits matching it?

2c) Perform the same analysis for “PIE19” as you did for SLE18 and answer the questions posed in 2a.  What organism contains all of the best BLAST hits for PIE19?  Are there any hits that don’t fit with the others?

2d) What protein have you decided to study using these bioinformatics tools?  Why?  What do you know about it already and what do you predict about its subcellular localization (internal, membrane-associated, secreted) or its similarity to other proteins?
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