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Abstract: 
Tandem mass spectrometry (MS/MS) is an essential and reliable tool for biologists to identify peptide and protein 

sequences. Many approaches have been designed for peptide sequencing. One important class of these approaches is the 

de novo sequencing. Due to measurement errors in medium resolution spectrometry, a massive number of candidates will 

be produced, resulting in identification confusion. The isotope patterns of ions obtained in tandem spectrum can be used 

towards this confusion. The presented isotope patterns can help to accurately predict the molecular formulas of ions, which 

in turn, can help to improve the reliability of de novo method. Several methods and programs have been developed to 

predict formulas of molecular ions using isotope patterns. However, they cannot be generalized well to the prediction of 

molecular formulas of peptide fragment ions. 
 

We propose a new method, called FFP (Fragment ion Formula Prediction), specifically designed for predicting 

molecular formulas of peptide fragment ions. We first introduce the key concept of Isotope Pattern Vector (IPV), and 

convert the prediction of the best formulas to minimization of errors. Then we generate a "seed" or a good starting point 

using an efficient quadratic programming technique, and search the best candidates in the neighborhood of the starting 

point. We call this generate-and-search method "local search". This ensures that FFP can predict molecular formulas of 

ions within a large mass range with a low computation complexity. However, due to the errors in the intensities of isotope 

peaks, the local search may still end up with many elemental component formulas invalid in the real world. We then 

introduce and apply a novel multi-constraint filtering method which includes the mean isotope patterns, chemical 

constraint filtering and cross-validation, to discard as many invalid and improbably candidates as possible. More 

specifically, we have studied the influence of the atomic composition on the isotope intensities of fragment ions from the 

SWISS-PROT peptides, and obtained a set of theoretical mean mass-dependent and mass-independent isotope patterns. 

These mean isotope patterns and some chemical constraint filtering are deployed to filter invalid and improbable formulas. 

In addition, FFP uses the potential homology of ions to cross-validate the predictions. The experimental results show that 

FFP can not only predict formulas with a higher reliability, but also enjoy a lower computation complexity than the other 

methods. Finally, FFP is also can be used to help de novo to refine peptide sequencing in protein identification. 

 

I. An example of isotope pattern of ions (as shown in Figure and Table1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

Table 1. Examples of isotope peaks of peptide VLDALDSIK 
Partial Peptide Ion 

Type 

Molecular 

Formula 

Peak m/z 

 

Relative 

Intensity 

Experimental 

IPV

Theoretical 

IPV  

Match score 

VL a2 C10H21N2O1 185.1686 100% 185.1686  185.1654 0.0078 

 a2+1  186.1737 11.5942%  0.11594  0.12292 

 a2+2  187.1712 1.0495%   0.01049  0.00895 

VL b2 C11H21N2O2 213.1637 85.1074% 213.1637 213.160285 0.0093 

 b2+1  214.1647 11.0945% 0.13036 0.13449 

 b2+2  215.1692 1.6992%  0.01996 0.01242 

DALDSIK y7 C32H57N8O13 761.4211 82.2089% 761.4211 761.404415 0.0195 

 y7+1  762.4226 33.7331% 0.41033 0.40136 

 y7+2  763.4252 8.2459%  0.10030 0.10500 

VLDALDSIK  y9
++ C43H77N10O15 487.2959 70.4148% 973.58398 a) 973.556875  0.0374 

 (y9
++)+0.5  487.7951 39.1804% 0.55642 0.53570 

 (y9
++)+1  488.2901 13.1434% 0.18666 0.17132 

a) The observed mass value corresponding to the peak is calculated b 
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II. The performance of FFP compared with the other two methods: 

MS_Enumerate and AC (as shown in Figure2 and Table 2). 
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 (c) mass range: 500~800 u
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(d) mass range: 800~2000 u
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(a) mass range:  0~300 u
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(b) mass range: 300~500 u
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Figure 2 The performance curves of the cm_scores of FFP, MS_Enumerate and AC. 
 

Table 2. The predictive accuracy of FFP, MS_Enumerate, and AC on the 50 spectra  

Top 1 Top 5 Top 20 Top 1 Top 5 Top 20 Top 1 Top 5 Top 20

0~300 237 196 / 0.83 231 / 0.97 235 / 0.99 164 / 0.69 222 / 0.94 236 / 0.996 52 / 0.22 150 / 0.63 229 / 0.97
300~500 135 67 / 0.50 128 / 0.95 130 / 0.96 30 / 0.22 87 / 0.64 133 / 0.99 13 / 0.10 41 / 0.34 95 / 0.70
500~800 155 24 / 0.15 100 / 0.65 140 / 0.90 5 / 0.03 29 / 0.19 82 / 0.53 6 / 0.04 27 / 0.17 76 / 0.49

800~2000 199 17 / 0.09 66 / 0.33 143 / 0.72 0 / 0 9 / 0.05 26 / 0.13 2 / 0.01 11 / 0.06 38 / 0.19

count / cm_score  of  MS_Enumerate count / cm_score  of ACcount / cm_score  of FFP

Mass range Number of
groups

 
 

III. An example of the formula predictions by FFP from the spectrum of 

the peptide CCTESLVNR (as shown in Figure3 and Table 3) (a)  Major peaks corresponding to the y- , b-, or a-type ions have been labeled 

 
 
 
 
 
 
 
 
 
 
 

 
Table 3. The prediction of fragment ions by FFP from the spectrum of the peptide CCTESLVNR 

No Ion type Formula Ion Mass Rank (FFP) Peak Relative-Int % 

1 b9
++ C43H74N15O16S2 1120.48918 >20 36.1643 

2 y8 C38H68N13O15S1 978.4698 7 9.0032 

3 y7 C33H60N11O13 818.4371 5 94.3472 

4 y7-NH3 C33H57N10O13 801.4130 5 5.1427 

5 y7-H2O++ C33H58N11O12 800.42257 1 19.647 

6 y6 C29H53N10O11 717.3854 1 41.1416 

7 y6-H2O C29H51N10O10 699.3696 7 5.4598 

8 y5 C24H46N9O8 588.3403 3 62.6775 

9 y4 C21H41N8O6 501.3098 2 19.1921 

10 y3 C15H30N7O5 388.2260 1 29.9462 

11 y3-NH3 C15H27N6O5 371.1984 1 5.1841 

12 b2 C10H17N4O4S2 321.0693 1 47.1805 

13 y2 C10H21N6O4 289.163 1 30.1255 

14 ‘TE’-internal C9H15N2O5 231.0874 1 12.3397 

15 c1 C5H12N3O2S1 178.071 1 100 

16 a1 C4H9N2O1S1 133.0515 1 38.1084 

17 a1-NH3 C4H6N1O1S1 116.0272 2 4.0949 

 

Reference: 
[1] C. L. Do Lago and C. Kascheres, "NEW METHOD OF ISOTOPE PATTERN ANALYSIS", Comput. Chem 1991; 15:149. 
[2] J. A. Taylor and R. S. Johnson, "Implementation and Uses of Automated de Novo Peptide Sequencing by Tandem Mass Spectrometry", Anal. 

Chem., 2001; 73: 2594.

Figure3. MS/MS spectrum of peptide CCTESLVNR with major peaks corresponding to y- or b-type ions 

(Note:  Both the two amino acids ‘C’ are carbamidomethylated in this peptide) 

(b) The close-up view of isotopic resolution of a2-, b2-, y4-, y7 and y9
++-ions and peaks.

Figure1. MS/MS spectrum of peptide VLDALDSIK 
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