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Bioinformatics I:  Computers at the Interface of Life Sciences


Computer programs are important tools for making predictions based on observations of the natural world.  For example, meteorologists use programs to predict weather based on temperature, pressure, wind direction/speed and other factors.  In the same way, biologists use programs to help them make predictions based on information that they gather on topics such as animal communication, blood flow in the human brain, plant cell wall properties, or structure and function of proteins.

In this activity, you will learn to use internet-based programs to extract gene (nucleotide) sequence data from a public database; translate gene sequences into their corresponding protein (amino acid) sequences; predict whether these proteins stay inside the cell in which they are made or are shuttled (secreted) outside the cell; and identify similar protein sequences to the one you have selected.

Problem:  Your friend is reading the list of ingredients on her snack food wrapper and she doesn’t know what some of them are, especially a protein called ara h2.  She knows that it’s a protein (gene name is ara h2). Because of her allergy to peanuts, she must be careful about what she eats. Your task is to learn more about this protein and give your friend advice on whether her snack would be safe for her to eat!

Sequence Extraction:  Open a new internet browser window (e.g. Firefox, Explorer) and type http://www.ncbi.nlm.nih.gov/ to go to the website for the National Center for Biotechnology Information (NCBI).  At the top of this page, use the pull-down menu next to “Search,” select “Nucleotide” and type the gene name ara h2 in the box labeled “for.”  Wow!  You brought up 54 possible hits, but scroll down to the fifth one that begins with “Arachis hypogaea” and open the AY158467 link.  This new page contains the cDNA coding sequence for the ara h2 protein at the bottom, below “Origin,” so click and drag the cursor to highlight the entire sequence from “1atggc…” to “…tactaa.”  Now, right click the highlighted sequence and select “copy” to store it.

DNA-Amino Acid Translation:  Leave your first window open, but start a new internet window and type http://us.expasy.org/tools/dna.html to open the translation tool.  Right click the cursor in the box below “Please enter DNA…” and select “paste” to enter your ara h2 gene sequence.  To the right of “Output format,” select “Includes nucleotide sequence” from the pull-down menu and click “Translate Sequence.”  Now your results in 5'3' Frame 1 should show the amino acid sequence of the ara h2 protein in capital letters below the corresponding nucleotides of the gene (read from left to right, top to bottom).  Notice that the gene starts with “atg” and the corresponding amino acid below this triplet/codon is “M” for methionine.  Later, you will learn that all protein-coding DNA sequences begin with “atg” as a start codon or initiator methionine.  Similarly, all protein-coding DNA sequences end with a “taa” or “tag” stop codon.  How many additional atg/M codons can you find in the ara h2 sequence?______Now, click on 5'3' Frame 1 and click the link for the initiator methionine that you just discovered (how many other “M” links do you see?).  Just as you highlighted the ara h2 gene sequence, highlight the ara h2 protein sequence from “MAKL…” to “…RY” and right click to “copy” the sequence.

Signal Peptide Prediction, Inside or Outside?:  Leaving the first two windows open, start a new window and type http://www.cbs.dtu.dk/services/SignalP/ to open the SignalP tool.  “Paste” your ara h2 protein sequence in the box under “Submission” and click “Submit” below.  The graphical output should show a series of lines and peaks, with the tallest blue peak representing the most likely site for a signal peptide to be cut off from the end of the protein.  Under the graph, what is the “mean D” value?_______If a mean D value is close to 1.0, then the protein probably has a signal peptide that directs it through the endoplasmic reticulum, Golgi complex and into a vesicle for secretion outside the cell where it was synthesized.  Do you think that ara h2 is secreted?  What does the SignalP program predict?

Identifying Similar Proteins, BLASTing! Sequences:  Now that you have some information about the ara h2 protein sequence, you can open a fourth internet window (meanwhile, your friend is getting hungry and wants to know if she can eat this snack with ara h2 in it).  Type http://www.ncbi.nlm.nih.gov/BLAST/ and read the BLAST explanation at the top.  After reading this summary, what does BLAST mean to you?  Now, click “Protein-protein BLAST (BLASTp)” under “Protein” and right click to “paste” your ara h2 protein sequence into the box next to “Search.”  If you can’t paste your protein sequence, go back to your Translation window, select and copy the sequence again, and paste it into the box in the new BLAST window.  With your sequence entered, click “BLAST!” and click “Format!” in the next page.  You have just asked the BLAST program to search the entire NCBI protein database for matches to your ara h2 sequence…amazing!   The BLAST results page can be overwhelming, but the color-coded graph at the top shows the most similar sequences in red and other sequences that are less similar in magenta, green, blue and black.  Now, scroll down the list to see the alignments of your ara h2 sequence (“Query”) with each sequence from the database (“Subject”).  At positions where the two sequences have an identical amino acid, that letter appears between the two lines, but less similar matches have more spaces where there are fewer identical amino acids…look towards the bottom of the list to see these less similar alignments.

Finally, go back to the very top of the list just below the graph and select the third link for “allergen Ara h 2 isoform [Arachis hypogaea]” by clicking gi|31322017|gb|AAM78596.1|.  Under authors “Becker, W.-M.” and others, read the title describing the protein sequence entry.  What does it say?  Since your friend is still waiting to eat her food that contains the ara h2 protein, what question would you ask her to determine if this protein is safe for her to eat? (hint…allergens can cause allergic reactions in some people who are sensitive to them)

(Optional)

Try going through the steps above by extracting any of the following nucleotide sequences from the NCBI database:  SLE3, PIE1, PIE16 or PIE18

**Note:  When you translate these sequences, be sure to inspect the protein translations for an initiator methionine “M” followed by the longest amino acid chain that lacks internal stop codons “—.“  The correct translation won’t necessarily be in 5'3' Frame 1, so check carefully.
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