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A COMPUTER PROGRAM 

FOR THE PREDICTION OF FRAGMENTATION 

IN THE FAST ATOM BOMBARDMENT MASS SPECTRA OF PEPTIDES 

Kev-words: FAB-MS, Peptides, Computer Program 

Federico M. Rubino 

lstituto di Tecnologle Biomediche Avanzate, CNR 

v.Ampere 56 1-20131 Milano (Italy) 

SUMMARY 

A computer program in BASIC language is described, which allows to 

calculate the masses of the sequence fragments in the positive-ion Fast 

Atom Bombardment spectra of peptides. 
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812 RUBINO 

INTRODUCTION 

Since its introduction in the early ~ O ' S ,  Fast Atom Bombardment ( I )  has 

become the technique of choice for the analysis of underivatized peptides 

by mass spectrometry (2,3). Sequence information is most commonly 

derived from analysis of the decomposition products of protonated peptide 

molecules (MH+) occurring either in the source or in the field-free region of 

a mass spectrometer. In both cases, open and closed-shell fragment ions 

are formed through fission of the bonds in the peptide backbone. 

(SCHEME 1) and their names are attributed according to a convention 

proposed by Roepsdorff and Fohlmann (4). 

We now describe a simple computer program which allows to calculate 

the mass of the backbone fragments expected for a peptide of given 

amino acid sequence. 

DESCRIPTION OF THE PROGRAM 

The PEPTIFAB program runs on a Commodore CBM64 home 

computer with minimal hardware requirement (tape or single disk drive 

and line printer) under the extended instruction set Simons Basic. The 

algorithm can be of course coded to run on any other computer, once the 

modifications relevant to the different BASIC dialects are performed. A 

flowchart of the main program routines is displayed in SCHEME 2 

The program allows to calculate the nominal (monoisotopic), precise 

and average mass of a protonated peptide molecule with up to 25 amino 

acid residues. The sequence may contain any of the standard protein 

amino acids, and many of the modified or non-natural ones, and this set 

can be enlarged at the need of the user, by just entering a new line into 

the appropriate program routine. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



COMPUTER PROGRAM FOR F A S T  ATOM BOMBARDMENT 813 

SCHEME 1 

Fragmentation Pattern of Peptides under Positive-ion FAB-MS 
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PRINT ON SCREEN 

* PUT INTO SEQUENCE REGISTER 

ADD TO ELEMENTAL COMPOSITION 
AND MASS COUNTERS 

RUBINO 

\ I  

SEARCH AGAINST 
AMINO ACID OR TERMINAL 

I WAIT FOR NEXT INPUT 

I 

CALCULATION OF THE MASSES OF SEQUENCE PEAKS 

Yl=MH Yn=Y,-1 -AAn- 1 

B1=MH-H20 

C1=B1 +NH3 

A1 =Bi-CO An=An-l -AAn-I 

PRINT ON SCREEN AND/OR LINE PRINTER 

SCHEME 2 

Flowchart of the PEPTIFAB Program 

The relevant data on the amino acid residues (-HN-CHR-CO-) are 

contained in a built-in database, and a similar, but separate database 

contains those of the N- and C-terminal group. The record of each amino 

acid contains the three-letter IUPAC-IUB code, the elemental formula and 

the precise residue mass. Additional fields contain the Bull&Breese 
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COMPUTER PROGRAM FOR F A S T  ATOM BOMBARDMENT 815 

hydrophobicity index and the Rekker fragmental constant (7), which 

both can be employed to calculate parameters related to discrimination in 

the FAB-MS examination of peptide mixtures (8) and to prediction of the 

RP-HPLC elution time. 

All operations in the program are menu-driven and a full explanation of 

the purpose and the directions for use are given in a brief HELP page. 

The user is at first asked to type a name for the peptide sequence to be 

elaborated (a 256-character string allows full description), then the 

program prompt asks for the first amino acid or terminal code. Each input 

is searched against the database and a new one is asked for, if the entry 

is mistyped or not accepted. Once a new input is accepted, the program 

shows the sequence hitherto, under its running title. As soon as the input 

of the sequence is terminated, the program calculates and displays the 

nominal, precise and average molecular weight of the peptide and the 

mass of the (M+H)+ species. A menu then asks if sequence peak 

calculation is required, and prints it as four columns of precise mass data. 

Calculation of the mass of the sequence peaks is performed by 

stepwise subtraction, from the i-th fragment of each type, of the mass of 

the amino acid residue at the i-th place, to yield the corresponding (i+l)-th 

fragment. The first Y-type fragment (Y1) is the molecular peak itself, while 

A1, B1 and C1 are calculated by subtracting 18u (-H20) or 46u (-H20- 

CO) to the mass of MH+, or respectively adding 17u (+NH3) to the mass 

of B1. It is straightfotward that C1 is only present (and has the same 

mass of Y1) when the C-terminal group of the peptide is an amide. 

DISCUSSION 

Several computer programs have been forwarded in the past (9-1 5, to 

aid the sequence interpretation of the source and CID MS/MS spectra of 
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FIGURE 1 
FAB spectrum of tridecapeptide SLSQSKVLPVPQK. Operating conditions: Finnigan MAT90 mass 

spectrometer with IonTech atom gun (Xe, 8 KeV, R>2000, scan 100-155Ou at 2Osldec) 
sample (about iOOug) in 5uL of glycerol(1M trifluoroacetic acid). 

peptides, while little information has been published on programs 

performing the opposite task, i.8. to predict the mass spectral 

fragmentation pattern for a given peptide sequence (l 5 s 1  6). 

The one here reported has been successfully employed by us for 

several years, for sequence checking of peptides of synthetic origin or 
derived from proteolytic digest of larger molecules (l 6-21) through 

analysis of their source spectra, and in some cases of the CID MS/MS 

ones. 
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COMPUTER PROGRAM FOR FAST ATOM BOMBARDMENT 817 

TABLE 1 Output of the PEPTIFAB Program 

SYNTHETIC TRIDECAPEPETIDE 

H-Ser-Leu-Ser-GIn-Ser-Lys-Val-Leu-Pro-Val-Pro-GIn-Lys-OH 

C63 H111 N17 019 SO 

Mass: Integer 1409 Precise 1409.8241 4 Average 141 0.6835 
Molecular peak: 1410.83196 

Y C B A 

1 1410.832 - 1392.821 1364.821 

2 1323.80 1281.753 1264.726 1236.726 

3 1210.716 1153.694 1136.668 1108.668 

4 1123.684 1056.642 1039.615 1011.615 

5 995.625 957.573 940.547 912.547 

6 908.593 860.521 843 494 815.494 

7 780.494 747.436 730.410 702.410 

I 8 681.430 648.368 631.342 603.342 1 
I 9 568.346 520.273 503.246 475.247 I 
110 471.293 433.241 416.215 388.214 I 
I 11 372.225 305.182 288.156 260.156 I 
12 275.172 218 -151 201.124 173. I24 

13 147.113 105.066 88.040 60.039 

A typical application of the PEPTIFAB program is exemplified in the 

structural characterization of the HPLC-purified synthetic tridecapeptide 

SLSQSKVLPVPQK. The source spectrum (FIGURE 1) was run from a 

glycerol matrix acidified with 1M trifluoroacetic acid and afforded the 
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818 RUBINO 

protonated molecule and several fragment ions. Precise mass 

measurement of the MH+ peak was also performed at a resolution of 

about 6000 and was in excellent agreement to the calculated value (Mr 

found: 1410.887). 

Under the experimental conditions employed by us, source and CID 

MS/MS spectra essentially yield the same type of fragments, so that the 

program can be applied to predict the fragments expected from both 

experiments. In particular, fragmentations leading to D- and W- type ions 

(which allow to discriminate isoleucine from leucine) are not detected, 

since these only appear in the MS/MS spectra obtained by high-energy 

collision induced decomposition on tandem high-resolution magnetic mass 

spectrometers (2321 1. 
TABLE 1 shows the printer output of the PEPTIFAB program once the 

sequence of the analyzed peptide is input. Checking of the fragments in 

the spectrum against the calculated ones allows to quickly confirm the 

proposed sequence. 
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