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Introduction 

De novo is Latin for, "over again", or "anew".  A popular definition for "de novo peptide sequen-
cing" is, peptide sequencing performed without prior knowledge of the amino acid sequence. 
Usually this rule is imposed by Edman degradation practitioners who perform de novo sequencing 
day in and day out, and perhaps feel a little bit threatened by that half million dollar mass 
spectrometer sitting down the hall, that can supposedly sequence peptides in a matter of seconds, 
and not days.  Actually, any research project should be started with as much information as pos-
sible, there should never be a need to restrict your starting knowledge, unless of course you are 
performing a clinical trial or some other highly controlled experiment.  Mass spectrometers do have 
the advantage when it comes to generating sequence data for peptides in low femtomole quantities.  
However, Edman degradation will always enjoy the advantage when pmol quantities of a peptide 
are available.  At higher pmol quantities (2-10 pmol), Edman will often provide the exact amino 
acid sequence without ambiguity for a limited run of amino acids, 6-30 amino acids, usually taking 
30-50 min per cycle of the sequencer.  However, at lower quantities, gaps and uncertainties are 
often encountered, even with Edman sequencing.  MS/MS enjoys sensitivity, and speed, and does 
not require an external standard for each amino acid or amino acid variant. MS/MS sequencing does 
have difficulty with isobaric or near isobaric masses, for example telling K from Q on low 
resolution, low mass accuracy mass spectrometers.  Another advantage is that MS/MS sequencing 
is never stopped by a blocked amino terminus, as is the case for Edman degradation. 

Edman practitioners will often blast MS/MS sequencing on it deficiencies. We do need to approach 
de novo sequencing with our eyes wide open to all of its challenges and also to all of it's 
advantages.  As scientists we need to have faith in the derived de novo sequence without knowing 
the sequence ahead of time, I guess this is at the heart of de novo.  Especially when software is in-
volved, we need to be confident enough to point to the top ranked output sequence and say, "Yes, 
this is the most correct sequence!"  It is appropriate to test your skills or the skills of  a software 
package with blinded but know sequences.  Throughout the tutorial we will look at some known 
and some blinded sequences to demonstrate some of the de novo sequencing principles and also to 
test your newly learned de novo sequencing skills. 

This tutorial leans heavily on a de novo sequencing course that was presented in 1992 at the 
University of Virginia, taught by Professor Donald F. Hunt.  Dr. Hunt and his colleagues have 
generously taught this course for many years, educating generations of mass spectroscopists.  It is 
impossible to calculate the enormity of the contribution that Dr. Hunt and his teaching efforts have 
made to countless research projects, both influencing basic, and medical, and drug research.  One of 
the most notable early applications was the sequencing of peptides bound to MHC molecules.  This 
was truly ground breaking work by the Hunt lab at the University of Virginia.  

Let's Start: 

A common question when one begins to talk about peptide fragmentation is, "What are b and y 
ions?"  First we will look at the classical nomenclature, and then we will look at our first example 
peptide 
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Peptide Fragmentation Nomenclature 

b, y and a ions 

   

 

 

References:  

1. Roepstorff P, Fohlman J. Proposal for a common nomenclature for sequence ions in mass  
spectra of peptides. Biomed Mass Spectrom. 1984 Nov;11(11):601.  

2. K. Biemann In: J.A. McCloskey, Editor, Methods in Enzymology 193, Academic, San  
Diego (1990), pp. 886–887.  

3. Biemann K. Contributions of mass spectrometry to peptide and protein structure.   
Biomed Environ Mass Spectrom. 1988 Oct;16(1-12):99-111.   

The most common peptide fragments observed in low energy collisions are a, b and y ions, as 
described in the figure above.  The b ions appear to extend from the amino terminus, sometimes 
called the N-terminus, and y ions appear to extend from the carboxyl terminus, or C-terminus.  
While readily observed and diagnostic for b ions, a ions occur at a lower frequency and abundance 
in relation to b ions. The a ions are often used as a diagnostic for b ions, such that a-b pairs are 
often observed in fragment spectra.  The a-b pairs are separated by 28u, the mass for the carbonyl, 
C=O.   

The fragment types listed above are the most common fragments observed with ion trap, triple 
quadrupole, and q-TOF mass spectrometers.  Follow the link to see the fully annotated 
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fragmentation nomenclature as proposed by Biemann.  An important note: an earlier nomenclature 
was proposed by Roepstorff and Fohlman and later modified by Biemann.  The Biemann adaptation 
has been widely accepted.   

More on b and y ions 

Peptides do not fragment sequentially, that is to say, the first fragmentation event does not start at 
the amino terminus and proceed sequentially one residue at a time down the amino acid chain.  The 
fragmentation events are somewhat random and definitely not sequential.  In addition, some 
fragmentations are preferred over others as noted by the variation in the abundance of observed 
peaks in the spectrum below. Most of us can recognize a peptide fragment spectrum just by 
glancing at it.  The peaks will appear to differ by the approximate mass of an amino acid residue as 
shown below.  

 

 

Figure 1. This is an MS/MS spectrum of the tryptic peptide GLSDGEWQQVLNVWGK. This data 
was collected on an ion trap mass spectrometer.  This spectrum will be the subject of our first 
unblinded de novo sequencing example.    

 The mess of peaks normally observed in a fragment spectrum are a reflection of the population of 
fragment ions produced in the collision cell of a mass spectrometer.  The sequence of the peptide is 
determined by the mass difference between these peaks.  To complicate matters there will be y and 
b ions intermixed that may allow you to to establish a sequence, both forward and backward. 

Those fragment peaks that appear to extend from the amino terminus are termed "b ions".  Figure 2. 
below demonstrates the ladder or family of "b ions" that may be observed in the fragment mass 
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spectrum for this tryptic peptide. The b fragment peaks are labeled from the amino to the carboxyl 
terminus.  The fragment containing only the amino terminal amino acid is termed b1. The fragment 
containing the first two amino terminal amino acids is termed the b2 ion, and so forth.  The 
nomenclature is very simple to follow.  

Figure 2.  

 

  

Below is a closer look at the generic structure of the first six amino terminal b ions.  You can 
calculate the mass of any b ion,  basically it is the mass of the shortened peptide (M)-17 (OH) = b 
ion m/z  or or more simply M-17 = b ion m/z. To keep it simple this is the calculation for a singly 
charged b ion.     
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Figure 3. 

 
Figure 3.  Shows the first six b ions in a little bit more detail.  The b ion m/z value is basically the 
mass of the peptide minus OH, or -17u.    
 
Similarly, groups of peptide fragment ions appear to extend from the C-terminus, these peaks are 
termed, "y ions". The y ion series for our example peptide GLSDGEWQQVLNVWGK is illustrated 
below in Figure 4.    
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Figure 4.  
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Below in Figure 5 the first six y ions are illustrated in some detail.  To calculate the m/z value for 
the y ions just calculate the (M+H)1+  for the shortened peptide.  

Figure 5  

 

 

Figure 5. The first six y ions are illustrated.  The calculated masses are shown above each y ion in 
bold numbers.   

-    
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y and b ion mnemonic: 
To remember which are y ions and which are b ions you can remember that b ions are the series 
that extend from the amino terminus, or the front of the peptide.  To us, it would make more sense if 
the b ions extended from the back or C-terminus, but just the opposite is true, b ions extend from 
the front of the peptide, the amino terminus.    

The screen shot below is the output of a free on-line calculator provided by the Institute of Systems 
Biology.  All you need to do is paste in the sequence of your peptide and it will output the expected 
y and b ions. The URL for this resource is 
http://db.systemsbiology.net:8080/proteomicsToolkit/index.html  

You can use these masses to casually match up the masses to the peaks in Figure 1, at the top of the 
page. 

Figure 6.  

 

  

   

De Novo sequencing seems petty simple right?  Well, before we proceed onto our first example we 
should learn some of the rules and observations that scientists have previously made that will help 
us when we start looking at real data. 
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The Rules 

(the observations) 

Before we go though our first MS/MS example we should take a look at some of the rules that are 
generally applied to de novo sequencing. These rules or observations were adapted from a 1991 de 
novo sequencing course taught at the University of Virginia by Professor Donald F. Hunt and Dr. 
Jeffrey Shabanowitz.  Here are a few of the rules and observations that were introduced in that 
course.    

 
The Rules  

Loss of Ammonia and Water 

1. y and b ion fragments containing the amino acid residues R, K, Q, and N may appear to lose 
ammonia, -17. 
-  

2. y and b ion fragments containing the amino acid residues S, T, and E may appear to lose 
water, -18.  In the case of glutamic acid, E must be at the N-terminus of the fragment for this 
observation to be made. 

Spectral Intensity Rules 

1. b ion intensity will drop when the next residue is P, G or also H, K, and R. 
-  

2. Internal cleavages can occur at P and H residues.  An internal cleavage fragment is a 
fragment that appears to be a shortened peptide with P and or H at its amino terminus, for 
example the peptide EFGLPGLQNK may display the b ions PGLQNK, PGLQN, PGLQ, 
etc.  These are the result of a double cleavage event.  The y ion intensity will often be the 
most prominent peak in the spectrum.  
-  

3. It is common for b and y ions or y and b ions to swap intensity when a P is encountered in a 
sequence. This can also be true when the basic residues H, K, or R are encountered in the 
sequence. 
-  

4. When a cleavage appears before or after R, the -17 (loss of ammonia) peak can be more 
prominent than the corresponding y or b ion. 
-  

5. When encountering aspartic acid in a sequence, the ion series can die out. 

Amino Acid Composition 

1. It is possible to observe immonium ions at the low end of the spectrum that can give a clue 
to the amino acid composition of a peptide.  One caveat is that if you do not see an 
immonium ion for a particular amino acid, this does not mean that that amino acid is absent 
from the sequence.  You can follow this link to learn more about immonium ions. 

Isobaric Mass 
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1. Leucine and Isolucine have isobaric masses and cannot be differentiated in a low energy 
collision. When we see this mass difference in a spectrum we will label it X or Lxx, 
adopting the Hunt nomenclature. 
-  

2. Lysine and Glutamine have near isobaric masses, 128.09496 and 128.05858 respectively. 
The delta mass is 0.03638 this difference can be used to differentiate K from Q on a mass 
spectroneter capable of higher mass accuracy and resolution, such as a  q-TOF mass 
spectrometer. Usually triple quadrupole or ion trap mass spectrometers are incapable of this 
feat.  On a lower mass accuracy mass spectrometers an acetylation can be performed to shift 
the mass of lysine by 42u.  If you like to live dangerously, and we do not, one can assume 
that a 128 mass shift internally on a tryptic peptide is a glutamine unless followed by a 
proline or sometimes aspartic acid.  Other instances of internal lysines left standing after a 
tryptic digest (this is our personal observation) is when double lysines occur in a sequence, 
so be careful. 
-  

3. There are instances where two residues will nearly equal the mass of a single residue, or a 
modified residue will nearly equal the mass of another amino acid. For more examples, see 
the following table.  

-More Rules 

1. When starting a de novo sequencing project, start at the high mass end of the spectrum; the 
lower number of peaks at this end often makes it easier to start sequencing. 
 - 

2. The region 60 u below the parent mass can be confounded by multiple water and ammonia 
losses, be careful.  Realize that glycine may be your first amino acid and may fall in this 
region.  
-  

3. Do you want to know if your tryptic peptide ends in a K or an R?  Look for the diagnostic 
y1 ions at the low end of the spectrum, you may observe 147 for K or 175 for R. 
-  

4. The b1 fragment is seldom observed making it difficult to determine the order of the first 
two N-terminal amino acids in a peptide sequence.  Solutions for this problem can include a 
one step Edman degradation or an acetylation. 
-  

5. Once you know the mass of a b or y ion the corresponding y or b ion can be calculated using 
the following formulas. 
-  
y = (M+H)1+ - b +1 
-  
b = (M+H)1+ - y +1 
-  
Once you observe a y or b ion, calculate the mass of the corresponding b or y ion and go 
look for it in the spectrum!  

You have learned the rules or at least know where to look for them, so now you can take a look at 
the basic protocol we use for de novo, when we sequence by hand. 
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The Protocol 

  

Following the b Ion Series  

 

1. If you are working with a tryptic peptide, look for the arginine or lysine y1 ion at the low 
end of the spectrum: 147 indicates a lysine, and a 175 indicates an arginine.  This may give 
you a clue to the C-terminal residue of your tryptic peptide. Use this information to calculate 
the  b ion that is the result of losing the C-terminal amino acid. 
 
Use this formula for Arginine      (M+H)1+ - 18 -156 = penultimate b ion  
 
Use this formula for Lysine         (M+H)1+ - 18 -128 = penultimate b ion  
 
                                           (protonated peptide - 18 - AA residue mass = penultimate b ion) 
 
or you could use the standard formula for calculating the corresponding b ion once the y ion 
is known. 
                                                   (M+H)1+ - y1+1      = penultimate b ion 
 
If you are using an ion trap you may not be able to observe the low end of the spectrum, and  
in this case, you will need to do both of these calculations 
 
Go back to the high end of the spectrum and look for this b ion that you just calculated. 

2. Whenever you identify a b ion look for an a ion at -28u.  This gives some assurance that 
your assignment is correct.  Also look for ammonia and water losses, -17 and -18u 
respectively.  Whenever you identify a b ion do the math to find the corresponding y ion.  
 
y = (M+H)1+ - b +1 
 
Go and look for this calculated y ion.  All of this data should fit together to help firm up 
your assignments. 

3. Look for the next b ion residue in the series.  Use the amino acid residue masses to look for 
the next peak, see  table. Soon you will have the residue masses memorized.  Take the 
smallest amino acid jump possible to search for the next b ion.  It is important to make the 
smallest jump because some residue combinations equal the mass of a single residue, for 
example GG = N, see our conflicting masses table.  Label the b ion that you find and look 
for the related a ion, and calculate the corresponding y ion.  You will not always be able to 
find an a ion, however, sometimes you can, and it is an assurance that you are on the right 
track.     

4. Continue to follow the b ions down to the low end of the spectrum.  Once you reach the low 
end and cannot go any further construct the b ion series.  Since you will not see a b1 ion you 
will often need to calculate the mass residue combinations that compose the gap at the end, 
in which case you will not be able to determine the order of these two amino terminal amino 
acids.  
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5. Since you have calculated all of the corresponding y ions go ahead and work up the y ion 
series that you have observed in the spectrum.  It may be possible that you can determine the 
order of the amino terminal residues as you work the sequence back towards the high mass 
end.  Hind sight being 20:20, even though you have calculated and observed the y ion series, 
it is always best to try to call the corresponding y or b ion sequence "de novo", in this case 
the y ion series.  This may save you from calling a GG as an N.   

  
-  

Following the y Ion Series It may not always be easy to follow the b ion series when dealing with 
tryptic peptides.  Tryptic peptides tend to be more basic at the C-terminus and may have a more 
prominent y ion series, this is definitely the case for the q-TOF data we will be looking at.  If this is 
the case go to the high end of the spectrum and look for the next to last y ion. Here is the method for 
finding and following a y ion series from the high end of the spectrum.  

   

1. Use the formula below to calculate the y ion formed by the loss of the amino terminal amino 
acid.  You will need to plug in each of the common amino acid masses, then look for the 
peak in the mass spectrum. 
 
(M+H)1+ - AA = penultimate y ion 
 
Or you could look at the spectrum and find a prominent peak, then do the math to see if it 
corresponds to one of the common amino acids. This y ion should be found between the 
smallest and the largest amino acid residue mass, between 57-186 u. 
 
(M+H)1+ - observed ion = AA  

2. Once a y ion is found, calculate the corresponding b ion and look for it, and label it in the 
spectrum.   
 
b = (M+H)1+ - y +1 

3. As outlined above, in the b ion series protocol, continue to follow the y ion series down to 
the low end of the mass spectrum. 
-  

4. Once you hit the end of the sequence, construct a y ion series from your observations.  
Again from your calculated and observed b ion series construct a b ion sequence. 

Conclusion:  It is pretty rewarding calling a peptide sequence using de novo sequencing 
techniques.  It is hard, and you do need to be careful because there are pitfalls, like isobaric residues 
and residue combinations.  Still you can get to be good at it.  It is a puzzle and can be fun. Continue 
on to the examples and exercises and try to complete them without looking at the answers until you 
are done, you will be impressed at your newfound ability.  Even if you will be using de novo 
sequencing software, it is good to know how it all works. 
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Example Spectrum part one, low mass 

 For this example we will start at the low end of the spectrum and work our way up to the high end.  
This is just an example spectrum used for illustrative purposes.  We will basically know the ions we 
are looking for and go look for them, and also we will learn what we can learn.   Later on with the 
exercises we will follow the rules of our protocol and start at the high end of the spectrum.  Below, 
in Figure 1, are six of the b ions described previously for the tryptic peptide 
GLSDGEWQQVLNVWGK.  You may notice that we have annotated the serine and glutamic acid 
blocks with the notation -18, this is to remind us that these residues may be associated in the 
spectrum with water losses.  In Figure 2 we have made a screen shot of the low end of the MS/MS 
spectrum to look for some of the predicted b ions and their associated fragment ions.    

b Ion Details 

  

Figure 1. 
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Figure 1. We have taken the first 6 amino acids from the peptide GLSDGEWQQVLNVWGK to 
show in detail, b ions 1-6.  The calculated b ion masses are noted in bold numbers below the block 
figures.  

   

In Figure 2 below, it is easy to see the that the b ion series is not the predominant series.  Data was 
not acquired below m/z 240 because this is ion trap data, and traps typically have a low mass cutoff, 
sometimes called the 1/3 rule.  Due to this fact we have lost our diagnostic low mass immonium 
ions and several other important diagnostic ions.  We were easily able to observe b ions 4, 6 and 7.  
Ion b5 was too low to call, most likely due to to the overall low abundance of the b ion series at the 
lower end of this spectrum.  Calling a true de novo sequence with this b ion data would have been a 
challenge with these low ion intensities.  There is an interesting feature in this spectrum that 
confirms that we are looking at a b ion series, which is that we observe a ions associated with b6 
and b7.  The loss of C=O or 28 u is the characteristic mass difference for the a / b pair.  One can 
also observe water losses for b ions 4, 6 and 7 as predicted by the presence of serine and glutamic 
acid in this sequence.    

  

Figure 2. 
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Why did the b5 ion drop out in Figure 2?  It looks like there was a significant water loss with a peak 
at m/z 412 which could have diminished the already small peak at m/z 430?  Or, it could be the de 
novo sequencing rule, "b ion intensity may drop when the next residue is P, G or also H, K, and R", 
pretty cool, huh!  

Figure 3.  

  

 

   

Figure 3 above illustrates the y ion series.  Again note that we have annotated the lysine and 
asparagine  blocks with -17.  This is to remind us that these residues appear to lose ammonia, and 
for the majority of y ions observed below in Figure 4,  we also observe a peak that is 17 u lower.  
The apparent loss of ammonia is diagnostic for these residues. 

   

Figure 4.  
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So far we have discussed b and y  ions, and for simplicity we have relegated ourselves to the 
terminal 6 or 7 amino acids.  We will detail the entire spectrum in the following slides.  It is 
apparent that the amino terminal sequence may be difficult to determine from the b ion series, one 
because of the relative abundance, and two because of the limitations of the ion trap.  At the end of 
this tutorial we will provide spectra obtained on a q-TOF mass spectrometer for you to practice 
with, which does not share the same ion trap low mass limitation.  

If you are interested in following this sequence proceed onto the next page.  It is getting kind of 
interesting, isn't it? I wonder what will happen next?  

19 



http://ionsource.com/tutorial/DeNovo/introduction.htm 

  

Reference Figures 

 

b and y Ion Table 
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Full Fragment Spectrum 
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Example Spectrum part two, mid mass 

  

As we move into the mid spectrum range the intensity of the b ions increase, see Figure 1 below.  
The b ions in Figure 1 are losing water and ammonia which is consistent with S (-18) and Q (-17) 
residues.  Peaks consistent with a ions are also observed at -28u from two of the b ions.  

Figure 1. 

 

  

The predominant ion in the mid range is the y ion.  Notice that only ammonia loss (-17)  is noted for 
the y ions in Figure 2. The -17u loss is consistent for fragments containing the residues K, Q and N.  
Also note that the greatest ammonia loss is observed for fragment y9 which contains the greatest 
number of these residues. 

Figure 2. 
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Shall we proceed onto the high mass range of the spectrum?  Let's. 
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Reference Figures 

 

b and y Ion Table 
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Full Fragment Spectrum 
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Example Spectrum part three, high mass 

 At the high end of the spectrum, the b ions increase dramatically in intensity as compared to the b 
ion intensity at the low end of the spectrum.  In addition, y ion intensity has greatly decreased.  It is 
as if the y and b ion intensity have swapped.  

  

Figure 1.  
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Figure 2.  

 

Figure 2 shows the greatly diminished y ion intensity at the high end of the spectrum.  This occurs 
as we encounter an E.  The reduction in peak intensity is pretty dramatic.  Out of curiosity we 
plotted the pIs of the y and b ions, take a look.  Amazing, between the y and b ion coverage we 
have accounted for almost all of the major peaks.    

Feeling pretty bold?  Proceed on to the next page for a true de novo example.  
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Reference Figures 

 

b and y Ion Table 
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Full Fragment Spectrum 
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1st De Novo Exercise  

 
Here is an MS/MS spectrum for you to test out your newly acquired de novo skills.  Below we have 
an MS/MS spectrum acquired on an ion trap mass spectrometer.  The first figure is the full fragment 
spectrum; the spectrum is then divided into three sections to make the details easier for you to see.  
Try not to be intimidated, just follow the simple protocol that we have described previously.  Start 
with the high end of the spectrum, see Figure 2.  We have made a pdf file for you so that you can 
download  the spectrum and print them out so that you can get a pencil and a calculator and start 
sequencing.  To download the spectra, right click on the link and save the pdf document to your 
computer.  

 Here are the hints:   

1. This is a tryptic peptide ending in K or R. 
2. The Parent [M+H]1+ mass is 1379.4 
3. Since this is ion trap data, mass accuracy should be within 0.8u 

 Figure 1.  

Here is a zoom in on the high end of the mass spectrum.  
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Figure 2.  

 

Figure 3. 
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Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Once you have done your best you can proceed onto the answer page to check out the known 
sequence and see some of the issues we ran into with this spectrum.  
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1st De Novo Exercise  the answer page  

  The correct sequence for this peptide is,   

HGTVVLTALGGILK 

or more accurately the best that low energy CID can do 

HGTVVXTAXGGXXK 

 The first thing that we did was to do the math to determine the penultimate b ion.   

If we could determine the C-terminal residue from the observed immonium ions we could calculate 
the penultimate b ion using the formulas below.  

   1379.4 - 18 -156 = 1205.4 for Arginine 

1379.4 - 18 -128 = 1235.4 for Lysine 

Since we could not observe the low end of the ion trap spectrum we had to do the math for both 
likely tryptic peptide C-terminal residues. We found that the C-terminal residue matched for 
Lysine.  The b ion series extended all of the way into the low end of the spectrum.  The a ion type 
fragments did accompany some of the b ions down the spectrum giving us some confidence that we 
were following the correct sequence.  For the b ion series, once we got down to the low end of the 
spectrum we had to use mass and amino acid residue combinations to determine the last two amino 
terminal residues.  From the observed b ion series we could not determine the order of the 
remaining two amino terminal amino acids.  Once the b ions were determined we calculated the 
expected y ion series using the formula [M+H]+ - observed b ion + 1 = corresponding y ion.  We 
then went through and redid the delta masses on all of the calculated and observed y ions, obtaining 
the y ion sequence.  The y ions were more abundant and let us determine the order of the two amino 
terminal amino acids as well as removing the N-X ambiguity that we observed in the b ion series.  
We had this N-X ambiguity because the b ion series was much less abundant that the y ion series, 
and a more accurate mass was easier to determine for the y ion series  With the b ion series, we still 
missed the G-G sequence and substituted an asparagine, a rookie mistake. 

Here is the sequence that we determined (called) from both the b and y ion series.  
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All considered, we feel that we did pretty good. We did mistake the double glycine for an 
asparagine. The peak that would have indicated the glycine in the b ion series was very small and 
we fell into the N = GG trap.  Once this mistake was made we missed the glycine peak in the y ion 
series even though the peak was fairly observable.  Even though one can calculate the 
corresponding y or b ion once a b or y ion is observed we would suggest calling both the y and b 
series independently to remove any bias.  This would have saved us from calling GG as an N.   
Perhaps we could do better with q-TOF data, let's see as we proceed onto the next exercise. Still, we 
did pretty good; hope you did too. Don't let anyone tell you that trap data is bad for de novo, you 
just need to try a little harder and be a little wary. 

If you would like to see the scribbling of a mad man, as I marked my spectrum up in this exercise: 
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2nd De Novo Exercise  q-TOF Data  

 
Here is an MS/MS q-TOF spectrum for you to test your de novo skills on.  The first figure is the 
full fragment spectrum, the spectrum is then divided into four sections to make the details easier for 
you to see.   Start with the high end of the spectrum, Figure 2.  We have made a pdf file for you so 
that you can download  the spectra and print them out so that you can get a pencil and a calculator 
and start sequencing.  To download the spectra, right click on the link and save the pdf document to 
your computer.  

Once you have done your best you can proceed onto the answer page to check out the known 
sequence and see some of the issues we ran into with this spectrum. 

Here are several hints 

1. The parent ion is m/z 636.33 which is a doubly charged ion, [M+2H]2+ . 
2. This is a tryptic peptide ending in K or R 
3. Since this is q-TOF data start by following the y ion series, try to start at the high mass end. 
4. Another note is, y ions dominate this set of q-TOF data. 
5. Mass accuracy will be on your side, mass accuracy should be better than 30 mmu, that's 

0.030u. 

Figure 1. 

 

- 
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Figure 2. 
 
 
 
 
 

Figure 3. 
.  

 

-  
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Figure 4.  

-  

Figure 5.  
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2nd De Novo Exercise  the q-TOF answer page  

  The correct sequence for this peptide is, LFTGHPETLEK 

The first thing that we did was to look at the low end of the spectrum for low mass clues.  We saw 
the immonium ions for H, F, and K, which let us know that we may encounter these amino acids in 
the sequence. 

We did the math to determine the next to last y ion.   

1271.66 - AA residue mass = penultimate y ion 

We then proceeded to look for the next amino acid residue and labeled the peaks.  We then did the 
calculation to determine the corresponding b ion and looked for a ions to confirm.  With this data 
set, as long as you start with the y ion series the going is pretty straightforward.  The mass accuracy 
of the q-TOF helps because you know that any amino acid call should be within 30 mmu.   

If you tried to follow the b ion series your going would be tougher, because there are gaps that 
would force you to make several double amino acid jumps, and that's pretty hard, but still easier 
than with ion trap or triple quad data..  We don't have a lot of experience with q-TOF data, but it 
appears that the y ion series is dominant.  Luckily we were able to determine the b1 ion which was 
a good surprise. 

  

Here is the correct sequence 

LFTGHPETLEK     
Here is the sequence that we determined from the y ion series 

XFTGHPETXEK  
  

We determined the entire sequence, yippee!   Hopefully you got it right too!.  If you would like to 
look at our scribblings,  
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De Novo Tables  
Common Amino Acids 

AA Codes Mono. AA Codes  Mono. 

Gly  G 57.021464 Asp D 115.02694
Ala  A 71.037114 Gln Q 128.05858

Ser  S 87.032029 Lys K 128.09496
Pro  P 97.052764 Glu E 129.04259
Val  V 99.068414 Met M 131.04048
Thr T 101.04768 His H 137.05891
Cys C 103.00919 Phe F 147.06841
Leu L 113.08406 Arg R 156.10111
Ile I 113.08406 CMC  161.01467

Asn N 114.04293 Tyr Y 163.06333

Trp W 186.07931

Conflicting Masses 

Amino 
Acids Mono   Mono delta mass

Val 99.068414 acetyl-Gly 99.032034 0.03638 
Leu 113.08406 Ile 113.08406 0 
Lxx 113.08406 acetyl-Ala 113.047684 0.036376 
Asn 114.04293 Gly-Gly 114.04298 0.000002 
Gln 128.05858 Lys 128.09496 0.03638 
Gln  128.05858 Gly-Ala 128.058578 0.000002 
Lys 128.09496 Gly-Ala 128.058578 0.036382 
Glu 129.04259 acetyl-Ser 129.042599 0.000009 
Phe 147.06841 Met Sulfoxide 147.0354 0.033 
Arg 156.10111 Val-Gly 156.089878 0.011232 
Arg 156.10111 acetyl-Asn 156.0535 0.04761 
Tyr 163.06333 Met Sulfone 163.0303 0.033 
Trp 186.07931 Ala-Asp 186.064054 0.015256 
Trp 186.07931 Ser-Val 186.100443 0.021133 
Trp 186.07931 Gly-Glu 186.064054 0.015256 
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Di-peptide Table 
 
Note: Where di-peptides conflict with single amino acid the masses are noted in blue. 
         Masses in red are notations where di-peptides conflict with other di-peptides. 

G A S P V T C L I N D Q K E M H F R CMC Y W

 57 71 87 97 99 101 103 113 113 114 115 128 128 129 131 137 147 156 161 163 186

G 57 114 128 144 154 156 158 160 170 170 171 172 185 185 186 188 194 204 213 218 220 243

A 71 128 142 158 168 170 172 174 184 184 185 186 199 199 200 202 208 218 227 232 234 257

S 87 144 158 174 184 186 188 190 200 200 201 202 215 215 216 218 224 234 243 248 250 273

P 97 154 168 184 194 196 198 200 210 210 211 212 225 225 226 228 234 244 253 258 260 283

V 99 156 170 186 196 198 200 202 212 212 213 214 227 227 228 230 236 246 255 260 262 285

T 101 158 172 188 198 200 202 204 214 214 215 216 229 229 230 232 238 248 257 262 264 287

C 103 160 174 190 200 202 204 206 216 216 217 218 231 231 232 234 240 250 259 264 266 289

L 113 170 184 200 210 212 214 216 226 226 227 228 241 241 242 244 250 260 269 274 276 299

I 113 170 184 200 210 212 214 216 226 226 227 228 241 241 242 244 250 260 269 274 276 299

N 114 171 185 201 211 213 215 217 227 227 228 229 242 242 243 245 251 261 270 275 277 300

D 115 172 186 202 212 214 216 218 228 228 229 230 243 243 244 246 252 262 271 276 278 301

Q 128 185 199 215 225 227 229 231 241 241 242 243 256 256 257 259 265 275 284 289 291 314

K 128 185 199 215 225 227 229 231 241 241 242 243 256 256 257 259 265 275 284 289 291 314

E 129 186 200 216 226 228 230 232 242 242 243 244 257 257 258 260 266 276 285 290 292 315

M 131 188 202 218 228 230 232 234 244 244 245 246 259 259 260 262 268 278 287 292 294 317

H 137 194 208 224 234 236 238 240 250 250 251 252 265 265 266 268 274 284 293 298 300 323

F 147 204 218 234 244 246 248 250 260 260 261 262 275 275 276 278 284 294 303 308 310 333

R 156 213 227 243 253 255 257 259 269 269 270 271 284 284 285 287 293 303 312 317 319 342

CMC 161 218 232 248 258 260 262 264 274 274 275 276 289 289 290 292 298 308 317 322 324 347

Y 163 220 234 250 260 262 264 266 276 276 277 278 291 291 292 294 300 310 319 324 326 349

W 186 243 257 273 283 285 287 289 299 299 300 301 314 314 315 317 323 333 342 347 349 372
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Di-peptide Table, Out to Four Decimal Places 

G A S P V T C L I N D Q K E M H F R CMC Y W 

-  

57.0215 71.0371 87.0320 97.0528 99.0684 101.0477 103.0092 113.0841 113.0841 114.0429 115.0269 128.0586 128.0950 129.0426 131.0405 137.0589 147.0684 156.1011 161.0147 163.0633 186.0793 

G 57.0215 114.0429 128.0586 144.0535 154.0742 156.0899 158.0692 160.0307 170.1055 170.1055 171.0644 172.0484 185.0800 185.1164 186.0641 188.0619 194.0804 204.0899 213.1226 218.0361 220.0848 243.1008 

A 71.0371 128.0586 142.0742 158.0691 168.0899 170.1055 172.0848 174.0463 184.1212 184.1212 185.0800 186.0641 199.0957 199.1321 200.0797 202.0776 208.0960 218.1055 227.1382 232.0518 234.1004 257.1164 

S 87.0320 144.0535 158.0691 174.0641 184.0848 186.1004 188.0797 190.0412 200.1161 200.1161 201.0750 202.0590 215.0906 215.1270 216.0746 218.0725 224.0909 234.1004 243.1331 248.0467 250.0954 273.1113 

P 97.0528 154.0742 168.0899 184.0848 194.1055 196.1212 198.1005 200.0620 210.1368 210.1368 211.0957 212.0797 225.1113 225.1477 226.0954 228.0932 234.1117 244.1212 253.1539 258.0674 260.1161 283.1321 

V 99.0684 156.0899 170.1055 186.1004 196.1212 198.1368 200.1161 202.0776 212.1525 212.1525 213.1113 214.0954 227.1270 227.1634 228.1110 230.1089 236.1273 246.1368 255.1695 260.0831 262.1317 285.1477 

T 101.0477 158.0691 172.0848 188.0797 198.1004 200.1161 202.0954 204.0569 214.1317 214.1317 215.0906 216.0746 229.1063 229.1426 230.0903 232.0882 238.1066 248.1161 257.1488 262.0624 264.1110 287.1270 

C 103.0092 160.0307 174.0463 190.0412 200.0620 202.0776 204.0569 206.0184 216.0933 216.0933 217.0521 218.0361 231.0678 231.1042 232.0518 234.0497 240.0681 250.0776 259.1103 264.0239 266.0725 289.0885 

L 113.0841 170.1055 184.1212 200.1161 210.1368 212.1525 214.1318 216.0933 226.1681 226.1681 227.1270 228.1110 241.1426 241.1790 242.1267 244.1245 250.1430 260.1525 269.1852 274.0987 276.1474 299.1634 

I 113.0841 170.1055 184.1212 200.1161 210.1368 212.1525 214.1318 216.0933 226.1681 226.1681 227.1270 228.1110 241.1426 241.1790 242.1267 244.1245 250.1430 260.1525 269.1852 274.0987 276.1474 299.1634 

N 114.0429 171.0644 185.0800 201.0750 211.0957 213.1113 215.0906 217.0521 227.1270 227.1270 228.0859 229.0699 242.1015 242.1379 243.0855 245.0834 251.1018 261.1113 270.1440 275.0576 277.1063 300.1222 

D 115.0269 172.0484 186.0641 202.0590 212.0797 214.0954 216.0746 218.0361 228.1110 228.1110 229.0699 230.0539 243.0855 243.1219 244.0695 246.0674 252.0859 262.0954 271.1281 276.0416 278.0903 301.1063 

Q 128.0586 185.0800 199.0957 215.0906 225.1113 227.1270 229.1063 231.0678 241.1426 241.1426 242.1015 243.0855 256.1172 256.1535 257.1012 259.0991 265.1175 275.1270 284.1597 289.0733 291.1219 314.1379 

K 128.0950 185.1164 199.1321 215.1270 225.1477 227.1634 229.1427 231.1042 241.1790 241.1790 242.1379 243.1219 256.1535 256.1899 257.1376 259.1354 265.1539 275.1634 284.1961 289.1096 291.1583 314.1743 

E 129.0426 186.0641 200.0797 216.0746 226.0954 228.1110 230.0903 232.0518 242.1267 242.1267 243.0855 244.0695 257.1012 257.1376 258.0852 260.0831 266.1015 276.1110 285.1437 290.0573 292.1059 315.1219 

M 131.0405 188.0619 202.0776 218.0725 228.0932 230.1089 232.0882 234.0497 244.1245 244.1245 245.0834 246.0674 259.0991 259.1354 260.0831 262.0810 268.0994 278.1089 287.1416 292.0552 294.1038 317.1198 

H 137.0589 194.0804 208.0960 224.0909 234.1117 236.1273 238.1066 240.0681 250.1430 250.1430 251.1018 252.0859 265.1175 265.1539 266.1015 268.0994 274.1178 284.1273 293.1600 298.0736 300.1222 323.1382 

F 147.0684 204.0899 218.1055 234.1004 244.1212 246.1368 248.1161 250.0776 260.1525 260.1525 261.1113 262.0954 275.1270 275.1634 276.1110 278.1089 284.1273 294.1368 303.1695 308.0831 310.1317 333.1477 

R 156.1011 213.1226 227.1382 243.1331 253.1539 255.1695 257.1488 259.1103 269.1852 269.1852 270.1440 271.1281 284.1597 284.1961 285.1437 287.1416 293.1600 303.1695 312.2022 317.1158 319.1644 342.1804 

CMC 161.0147 218.0361 232.0518 248.0467 258.0674 260.0831 262.0624 264.0239 274.0987 274.0987 275.0576 276.0416 289.0733 289.1096 290.0573 292.0552 298.0736 308.0831 317.1158 322.0293 324.0780 347.0940 

Y 163.0633 220.0848 234.1004 250.0954 260.1161 262.1317 264.1110 266.0725 276.1474 276.1474 277.1063 278.0903 291.1219 291.1583 292.1059 294.1038 300.1222 310.1317 319.1644 324.0780 326.1267 349.1426 

W 186.0793 243.1008 257.1164 273.1113 283.1321 285.1477 287.1270 289.0885 299.1634 299.1634 300.1222 301.1063 314.1379 314.1743 315.1219 317.1198 323.1382 333.1477 342.1804 347.0940 349.1426 372.1586 
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