Lab Exercise for Part 2 of Mutant Analysis

Goals

The goals of this exercise are to introduce sequence analysis tools for 

predicting where a protein is likely to reside in the cell

predicting protein domains that likely span a cellular membrane

predicting amino acid sequences likely to be highly antigenic

In addition, the exercise will allow students to compare outputs from the different programs

Background

You analyze your tagged gene sequence and find that it encodes an “unknown” or “hypothetical” protein.   What tools are available for characterizing your protein in silico?

The programs used in this exercise are all prediction methods based on algorithm and are subject to erroneous results.  All programs used can be found at www.expasy.org except 2Dsweep.  

A.  Review of NCBI Resources

The sequence below is an unknown gene sequence.  Use the BLAST algorithm at NCBI to gather (http://www.ncbi.nlm.nih.gov/BLAST/) more information about the gene sequence.  There are many forms of the BLAST algorithm listed.  Click the nucleotide-nucleotide BLAST (blastn) link.  Paste the sequence below in the text box labeled search.  A new page will appear; click format.  The BLAST algorithm may take a few minutes.  Please be patient.  For more information on BLAST, refer to BLAST FAQs (http://www.ncbi.nlm.nih.gov/BLAST/blast_FAQs.shtml).

Example 1 (nucleotide)

ATGGTGCACGGGAAGCTGGAGGTCCTCCTCGTCTCCGCCAAGGGACTCGAGGACACCGATTTCCTCAATAACATGGACCCCTTCGTGATCCTTACCTGCCGCACCCAAGAGCAGAAAAGCAGCGTCGCAAATGGAGCAGGAAGCGAGCCCGAATGGAACGAGACCTTCGTCTTCACCGTCTCCGACGACACCCCGCAGCTGCACCTCAAGATCATGGACAGCGACCTCACCAACGACGATTTCGTCGGCGAACGAACCATCCCCCTGGAGGCCGTGTTTCAGGAAGGCAGCCTTCCCCCGGCGGTTCACCCGGTCGTCAAGGAGGAGAAGTACTGCGGAGAGGTCAAGCTCGCGCTCACCTTCACTCCAGCAGCGGAAACTCGCCGCCCTGATGACAACGAGGAGGGGCCGCCTTACAGCAGCTGGAGTTGA

Scroll down the page.  There will be a graphical representation of the best BLAST matches.  Continue to scroll down the page.  Observe the alignments of query (sequence above) and subject (sequence identified by BLAST).  The best match is an exact match to the sequence above.  Click on the link gi|1498054|gb|U64437.1|ZMU64437 (Zea mays novel protein mRNA, complete cds) to see the nucleotide sequence file.  

The sequence file is in Genbank format.  Note that the accession number is U64437 and this sequence is an mRNA sequence.  The nucleotide sequence U64437 is annotated as Zea mays novel protein mRNA, complete cds.  The CDS link shows only the protein coding sequence. There is also a link to the predicted protein sequence (AAB06331.1).  

Use the following links to retrieve a protein sequence from NCBI.

Example 1 (protein) AAB06331.1
The sequence file is in Genpept format.  The accession number is AAB06331, and the protein is annotated or definied as a novel protein.  The protein source organism is Zea mays.  The CDS link will provide the nucleotide sequence that codes the AAB06331 protein.  There is a BLink link at the top right corner of the sequence file.  BLink (Blast Link) is a quick way of finding homologues from a protein sequence file.  BLink AAB06311 by clicking the BLink link.  The top hit is an exact match to AAB06331.  To see a graphical representation and alignment, click the unknown Zea mays score (659) in the score column.  The accession and gi links will show the protein file.  Check the second hit OSJNBa0032F06.15 from Oryza sativa by clicking on the corresponding score (594).  Return to AAB066331 protein file by clicking the back button.  Click the domain link (beside the BLink link) to see putative domains in AAB06331.  Click on the graphical representation of the domain to see alignments and descriptions of the domain.  Return to the AAB06331 file.

To find the fasta format, click on the default scroll beside the display button.  Choose fasta and click the display button.   The sequence is now in fasta format.  Paste the sequence in fasta format below. 

Retrieve the following maize protein sequence from NCBI.

Example 2 http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=protein&val=2529340
	Protein Accession
	

	Annotation
	

	Source Organism
	

	Nucleotide Accession
	

	Oryza sativa Homologue
	

	Domains
	


Paste the sequence in fasta format below. 

For more information on NCBI Resources

· About NCBI http://www.ncbi.nlm.nih.gov/About/index.html
· Wheeler DL, Church DM, Edgar R, Federhen S, Helmberg W, Madden TL, Pontius JU, Schuler GD, Schriml LM, Sequeira E, Suzek TO, Tatusova TA, Wagner L.  (2004) Database resources of the National Center for Biotechnology Information: update. Nucleic Acids Res. Jan 1;32 Database issue:D35-40.

B.  Predicting Subcellular Localization 

B1.  TargetP

Goal:  Evaluate the subcellular localization in TargetP (http://www.cbs.dtu.dk/services/TargetP/) of some or all of the examples listed below.  Use the following links to retrieve protein sequences in fasta format from NCBI.

TargetP can analyze multiple sequences together.  Therefore, paste all sequences into the text box entitled sequence (one letter code) in fasta format.  Under customize the run, change the origin of sequence to Plant.  Finally, click the submit sequence/file button.  

Example 1 http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=protein&val=1498055
Example 2 http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=protein&val=2529340
Example 3 http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=protein&val=17082482
Example 5 http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=protein&val=20977606
Example 7 http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=protein&val=22195
Example 10 http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=protein&val=22252
Example 12 http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=protein&val=14719293
Example 14 http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=protein&val=7271125
Interpretation of Results:  cTP (chloroplast transit peptide), mTP (mitochondria targeting peptide), SP (signal peptide), and other (anywhere else) scores are neural network output scores that are not probabilities. According to TargetP, the highest score is the expected localization.  RC (reliability class) measures the difference between the highest and second highest score.  RC1 contains sequence with the largest differences between the first and second highest scores.  Therefore, RC1 has the most reliability because the scores are the least similar.  For a more detailed interpretation of TargetP results click interpret link under the results.  

Fill in the prediction column below as mitochondria, chloroplast, or secretory for each example.

	Sequence
	Prediction 

	Example 1
	

	Example 3
	

	Example 5
	

	Example 7
	

	Example 10
	

	Example 12
	

	Example 14
	


B2. SignalP

SignalP (http://www.cbs.dtu.dk/services/SignalP-2.0/) uses neural networks and Hidden Markov models to predict the presence and cleavage site of a signal peptide. 

Predict signal peptides for Example 1, 10, and 12.  SignalP can analyze multiple sequences together.  Therefore, paste the sequences into the text box labeled sequences in fasta format and click the submit sequence button.  

Interpretation of results:

C-score = raw cleavage site score

S-score = signal peptide score

Y-score = combined cleavage site score.

If a protein has a putative signal peptide, the C- and Y-scores will be peak immediately after the signal peptide cleavage site.  The S-score will be high before the C/Y peak and low after the peak.  A non-secretory protein will have low scores throughout the sequence.  

At the bottom of the results page, there is an overall prediction, probability of SP, and putative cleavage site.   For a more detailed interpretation of SignalP results click Explanation of the output link at the top of the page.  

Fill in the prediction column below as mitochondria, chloroplast, or secretory for each example.

	Sequence
	Prediction
	SP Probability

	Example 1
	
	

	Example 10
	
	

	Example 12
	
	


B3.  MITOPROT

Use MITOPROT (http://www.mips.biochem.mpg.de/cgi-bin/proj/medgen/mitofilter) to predict mitochondria targeting sequences for Examples 1, 12, and 14.  Paste example 1 protein sequence into the text box and click the submit sequence button.  Repeat instruction above until each example has been analyzed.    

Interpretation of Results:  The net charge is the proteins isoelectric point.  The cleavages site is the position of cleavage while the actual sequence is presented in the signal sequence row.  H17 is the maximum hydrophobicity.  The probability is a probability that the protein has a mitochondria targeting signal.  For a more detailed interpretation of MITOPROT results click [HELP] link at the bottom of the page.

Fill in the prediction column below as mitochondria, chloroplast, or secretory for each example.

	Sequence
	Probability
	Prediction

	Example 1
	
	

	Example 12
	
	

	Example 14
	
	


B4.  ChloroP

Use ChloroP (http://www.cbs.dtu.dk/services/ChloroP/) to predict transit peptide signals for Example 1, 5, and 12.  ChlorolP can analyze multiple sequences together.  Therefore, paste the sequences into the text box in fasta format and click the submit button.  

Interpretation of results:  The score is a second neural network score that determines the cTP results (Y = presence of chloroplast transit peptide; “-“ = no chloroplast transit peptide).  CS-score is the score for the suggested cleavage site.  CTP-length is the predicted length of the transit peptide.  For a more detailed interpretation of ChloroP results click Explain link at the bottom of the page.

Fill in the prediction column below as mitochondria, chloroplast, or secretory for each example.

	Sequence
	Prediction

	Example 1
	

	Example 5
	

	Example 12
	


Complete the table below and compare the results of all prediction made by the programs used.  Fill in the prediction column below as mitochondria, chloroplast, or secretory for each example.

	Sequence
	TargetP
	SignalP
	MITOPROT
	ChloroP
	Overall

	Example 1
	
	
	
	
	

	Example 3
	
	
	
	
	

	Example 5
	
	
	
	
	

	Example 7
	
	
	
	
	

	Example 10
	
	
	
	
	

	Example 12
	
	
	
	
	

	Example 14
	
	
	
	
	


C.  Predicting Transmembrane Domains

Use the following links to retrieve a protein sequence from NCBI in fasta format.

Example 9 http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=protein&val=575731
Example 10 http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=protein&val=22252
Example 11 http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=protein&val=7489754
Example 12 http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=protein&val=14719293
Example 13 http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=protein&val=14719278
C1.  TMHMM

Use TMHMM (http://www.cbs.dtu.dk/services/TMHMM-2.0/) to predict transmembrane domains.  Paste sequences in fasta format into the text box and click the submit button.

Interpretation of Results:  The result page includes the number of predicted transmembrane domains and the expected number of amino acids per transmembrane domain.  If there is a predicted transmembrane domain in the first 60 amino acids that does not span the entire region (< than 60 amio acids) there will be a warning that this region may be a signal sequence and not a transmembrane domain.  The total probability of N-in is the probability of the N-terminus being located on the cytoplasmic side of the membrane.  For a more detailed interpretation of TMHMM results click HELP link at the bottom of the page.

The graphical representation of the protein shows posterior probabilities of the amino acid being located inside or outside of the membrane or within the transmembrane helix.  

	Sequence
	Number of Transmembrane Domains

	Example 9
	

	Example 10
	

	Example 11
	

	Example 12
	

	Example 13
	


C2.  SOSUI

Use SOSUI (http://sosui.proteome.bio.tuat.ac.jp/cgi-bin/sosui.cgi?/sosui_submit.html) to predict transmembrane domains.  Paste one sequence in fasta format into the text box and click the submit button.  This program will not analyze multiple sequences.  

	Sequence 
	Number of Transmembrane Domains

	Example 9
	

	Example 10
	

	Example 11
	

	Example 12
	

	Example 13
	


Complete the table below and compare the results of all prediction programs used.  

	Sequence
	TMHMM Prediction
	SOSUI Prediction
	Overall

	Example 9
	
	
	

	Example 10
	
	
	

	Example 11
	
	
	

	Example 12
	
	
	

	Example 13
	
	
	


D.  Predicting Antigenic Regions

Often it is useful to make an antibody against your protein.  This can be done with a short peptide (usually 15-25 amino acids long).  You would like to avoid having hydrophobic residues in the peptide.  The following exercise allows you to predict peptides with high antigenicity indices.

Use the following links to retrieve a protein sequence from NCBI in fasta format.

Example 4 http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=protein&val=18092341
Example 6 http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=protein&val=24637227
Example 8 http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=protein&val=22293
Use 2DSweep (http://genius.embnet.dkfz-heidelberg.de/menu/cgi-bin/w2h-open/w2h.open/w2h.startthis) to predict antigenic regions of example 4, 6, and 8.

Click 2Dsweep beside the OpenHusar title.  Next, paste example 2 into the text box and click start below the OpenHusar. A new page will appear.  Now, click the run button.  The program takes a few minutes so be patient.  Click the Go to Main Page tab at the top of the page.  Paste example 6 in the text box and click start.  On the next page, click run.  Click the Go to Results Page tab at the top of the page.  The status of the files will be either running or queued.  Again, click the Go to Main Page tab and paste example 8 in the text box.  Click start and then click run on the new page.  Open the Output file link when the status of the file changes to done.  

Interpretation of Results:  Move the mouse over the graphical representation of the antigenic index to observe the antigenic index value at individual amino acid positions.  Click Show Legend (below the graphical overview) to interpret the results.  Click on the antigenic index graph to see a text version.  The column AI-Ind represents the antigenic index values for each amino acid.  The higher the antigenic index the more antigenic the amino acid.  (Note:  even with a high AI, many peptides still do not stimulate production of high titer antibodies.)

	Sequence
	High Antigenicity Peptide 
	Low Antigenicity Peptide

	Example 4
	
	

	Example 6
	
	

	Example 8
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