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Introduction 

Mascot is a web-based tool for predicting protein sequences from PMF and MS/MS data.  The 

purpose of this lab is to familiarize you with the basic use of Mascot and the interpretation of 

Mascot results. 

 

Example 1: Mascot Peptide Mass Fingerprint Analysis 

A yeast fractionated sample has been treated with iodoacetamide (carbamidomethylation of the 

Cysteine residues) and then with 1-D SDS electrophoresis. One of the bands (about 75KDa) 

has been submitted to trypsin digestion followed by MALDI-TOF MS measurement. 

1. Open Netscape or Internet Explorer and go to http://gchelpdesk.ualberta.ca/ABRF2005/ 
and look for the ‘example1.txt' link.  Click on the link to view the file. Save the file to your 

home folder.   
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2. Go to the Mascot website (www.matrixscience.com).  This takes you to the Matrix Science 

homepage, which hosts Mascot. Click the 'Mascot' link on the top of the form to go to the 

Mascot home page.  Select the Peptide Mass Fingerprint Search Form.  This search uses 

MALDI-TOF spectra of peptide ion masses  from a protein digest to predict the protein 

sequence. 
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Fill in the fields as follows: 

Your name:  fill in with your name.  Nicknames are okay too. 

Email: your real email address.  Mascot will email your results to you if you get disconnected or 

time out. 

Search Title: use 'example 1' or some other descriptive title. 

Database: this selects the database for Mascot to search against.  Choose the NCBInr.  

Taxonomy: allows the searches to be restricted to a specific species or group of species. Use 

'All Species'. 

Enzyme:  the cleavage enzyme used to digest the protein into peptide fragments.  Choose 

'Trypsin'. 

Missed Cleavages:  often a sample is only partially digested, resulting in peptides with intact 

cleavage sites.  Increasing the number of missed cleavages increases the probability of 
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identifying missed cleavages in your sample, but it is computationally very expensive as the 

number goes beyond 2 or 3.  Choose '1' allowed missed cleavage site. 

Fixed modifications:  this table allows you to select modifications to the amino acids , peptide N- 

and C-teminii, etc.   The modification is applied to every instance of the modified group. This 

sample has been treated with iodoacetamide, so in the fixed modifications box, select 

'Carbamidomethyl (C)'.   

Variable Modifications:  like the fixed modifications, but Mascot here only 'considers' the 

modification;  unmodified masses are equally considered.  Leave the Variable Modifications list 

unselected. 

Protein Mass:  use 75 kDa. 

Peptide Tolerance:  this is a measure of the the mass spectrometer's ability to  precisely report 

the sample peptide masses. Use a tolerance of +/- 1 Da. 

Mass Values:  this option lets you choose whether the masses have been reported with the 

charged proton included (MH+) or without (Mr).  Choose MH+. 

Monoisotopic or Average:  The monoisotopic mass is the mass determined using the masses 

of the most abundant isotopes. The average mass is the abundance weighted mass of all 

isotopic components. Modern mass spectrometers can readily resolve the various isotope 

peaks of peptides and proteins, so choose Monoisotopic. 

Data File:  this is the ion peak table.  Click Browse, then select the example1.txt. 

Overview:  this adds some eyecandy but it not useful for mass fingerprint analyses, so leave it 

unchecked. 

Report top:  the number of hits to return.  Select 20. 

 

Your search form should now look like the one provided below.   
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4. START the Mascot Search (not all at once:  you'll crash the Mascot server!) 
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Mascot reports a top score of 69 for heat shock protein 26.  But is it significant?  Not according 

to Mascot.  Mascot reports a match as significant if it has a match with a less than 5% chance of 

being a random hit.  The top scoring matches here do not meet this criteria. 

The chance of getting a random hit is proportional to the number of sequences being searched.   

One way to reduce that chance, and therefore increase the significance of a hit is to reduce the 

number of sequences being searched by restricting the search to a specific group of species.  

We know the hit is derived from yeast, so we don’t need to search the entire NR database. 

 

5. Go back to the search form and select 'Fungi' from the taxonomy field. 

6. Rerun the search. 
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The Mascot score remains the same as before, but the hit is now significant.   

6.  At the bottom of the window, use the pull down box to change “Concise Protein Summary” to 

“Protein Summary” and press the ”Format As” button.  You should see a new screen 

generated on your browser (see below).  Scroll down and look at the peptides identified from 

the top scoring protein. 
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7. Click on the accession number of the top protein on the “Results List” to see the peptide 

coverage over the protein.  This will generate an image with the complete sequence of the 

protein and the identified peptides marked off in red as seen on the next page. 
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Example 2: MS-MS Fragment Ion Analysis. 

Human nuclei sample has been submitted to Iodoacetamide and migrated on 1-D SDS gel. One 

band has been excised at about 65KDa and processed with trypsin. The peptide mixture has 

been measured in duplicates with MALDI-TOF MS with a mass accuracy below 0.2 Da. The 

same sample has also been submitted to LC-MS/MS on a Q-TOF MS instrument. All obtained 

MS/MS spectra have been submitted to peak detection and concatenated into a single file. 

1. Open Netscape or Internet Explorer and go to http://gchelpdesk.ualberta.ca/ABRF2005/ 
and look for the ‘example2.dta' link.  Click on the link to view the file. Save the file to your 

home folder. 

2. Go to the Mascot Home and select the MS/MS Ion Search Form. 

3. Fill out the form as it appears below: 
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Some of the new fields you will see here are: 

MS/MS tol: This is the Error window for MS/MS fragment ion mass values. Leave at 0.8. 

ICAT:  this restricts the analysis to cysteine containing residues.  Leave unchecked. 

Data Format: Mascot can parse several.  Choose Sequest (DTA). 

Precursor:  The precursor mass from which the fragments are generated.  This information is 

provided in the DTA file, so leave blank. 

 

Instrument: the type of instrument used to acquire the MS/MS data.  Choose ESI-QUAD-TOF. 

4. Start the search. 
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Mascot appears by default with a 'Peptide Score '.  Scroll down and look at the protein score for 

the top hit. 
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For each protein, the first line contains the accession number (linked to the corresponding 

protein view, the protein molecular weight, and the total ions score (not including 

contributions from peptide mass matches), and the number of peptides matched. This is 

followed by a brief descriptive title, then a table summarising the matched peptides. The 

table columns contain:  

 

• Hyper linked query number (see below)  

• Experimental m/z value  

• Experimental m/z transformed to a relative molecular mass  

• Calculated relative molecular mass of the matched peptide  

• Difference (error) between the experimental and calculated masses  

• Number of missed cleavage sites  
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• The 5% significance level for the ions score  

• Ions score. If there are duplicate matches to the same peptide, then only the highest 

scoring match contributes to the total score. The lower scoring matches are shown in 

brackets.  

• Rank of the ions match (1 to 10, where 1 is the best match)  

• Sequence of the peptide in 1-letter code  

Mouse over the query '19' for the first hit. A pop  up appears. The popup displays the complete 

list of peptide matches for that query. 

 

 

Click the query '19' to bring up the peptide view. 
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Mascot also provides  a 'Proteins Summary Report' for MS/MS data. The protein summary 

report seeks to answer the question: "which single protein best matches the experimental 

data?".  In the case of a complex mixture of proteins, the hit list in a protein summary report 

tends to be dominated by those proteins which are well represented in the mixture. Proteins with 

just one or two peptide matches can be so far down the list they are never seen.  In this case, 

the Peptide Summary Report is more appropriate.   
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Example 3: MS-MS Fragment Ion Analysis of Neurosensin. 

A novel neuropeptide hormone induced by music/sound has been found in vertebrates.  It is 

likely a cleavage product of a larger protein.  Preliminary MS and NMR analysis suggests that 

there are no known or suspected PTMs (post-translational modifications).  MS/MS spectra were 

collected on an ion trap spectrum.  Your task is to identify what this hormone is (its sequence, 

parent protein, whatever). 

4. Open Netscape or Internet Explorer and go to http://gchelpdesk.ualberta.ca/ABRF2005/ 
and look for the ‘example3.mgf' link.  Click on the link to view the file. Save the file to your 

home folder. 

5. Go to the Mascot Home and select the MS/MS Ion Search Form. 

6. Fill out the form as it appears below: 
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7. Start the search.  Use the techniques and tricks you learned in the previous 2 examples to 

see if you can get a meaningful result.  This last problem is more open-ended and we won’t 

guide you through all the steps to get the answer. 

 

Appendix 

1. Resources 

i) Original Papers 

- Perkins, DN, Pappin, DJ, Creasy, DM and Cottrell, JS (1999) Probability-based 

protein identification by searching sequence databases using mass spectrometry 

data.  Electrophoresis  20:3551-3567. 
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- Pappin, DJC, Hojrup, P and Bleasby AJ, (1993) Rapid identification of proteins 

by peptide-mass fingerprinting. Curr. Biol. 3:327-32. 

ii) Web Sites: 

– Matrix Science:  http://www.matrixscience.com 
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