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ABSTRACT 

In recent years the use of mass spectrometers in protein studies has proven extremely 
useful. It enables scientists to get analysis of a sequence, the composition of a complex 
solution or even the 3-D structure of a protein. During matrix-assisted laser 
desorption/ionization (MALDI –TOF) protein research at the Uni. Iceland Science institute 
the well known problem of “middle range ion suppression” has caused considerable problem 
in MALDI –TOF MS/MS analysis of proteins. In an effort to combat this problem, we made 
a comparison of tryptic digested bovine serum albumin (BSA) MS and MS/MS spectra 
from selected parent ions using LIFT with or without argon collision induced disassociation 
(CID). We observed that the resulting MS/MS spectra were practically superimposable and 
that there was no conclusive difference between the analysed peptide sequences. For MS 
spectra however, the BSA CID spectra showed improvement in both intensity of the signal 
and signal to noise ratio. These results lead to speculation on the laser of the MALDI 
producing metastable ions possessing a large amount of internal energy, capable of 
promoting fragmentation processes in the time window corresponding to the flight time 
between ion source and the acceleration electrode placed after the collision. The strikingly 
similar MS/MS spectra for BSA obtained with CID and without, suggest that collision 
induced decay does not play a significant role in CID-LIFT experiments. 

 

 

 

ÚTDRÁTTUR 

Á seinustu árum hefur notkun massagreina við próteinrannsóknir sannað gildi sitt. Hún gerir 
vísindamönnum kleift að greina raðir, samsetningu flókinna blandna og jafnvel 3-D byggingu 
áhugaverðra próteina. Próteingreiningar við Raunvísindastofnun Háskóla Íslands hafa leitt í 
ljós að hið þekkta „mið massasviðs jónabælingar” vandamál hefur valdið vandræðum við 
matrix-assisted laser desorption/ionization (MALDI –TOF) MS/MS próteingreiningar. Til 
að ráða bót á þessum vanda gerðum við athugun á hverskonar róf fást þegar argon fylltur 
árekstrarklefi er notaður og þegar hann er ekki notaður. Til samanburðarins var notast við 
blæði MS og MS/MS mælingar á trypsín melltu bovine serum albumin. Í ljós kom að fyrir 
MS/MS rófin með CID og án ásamt greindri peptíðröð var nánast enginn munur, en fyrir 
MS rófin var marktækur munur á bæði styrkleika rófs sem og merki á móti suð hlutfallinu. 
Þessar niðurstöður vekja upp spurningar um hvort laserinn sem notaður var hafi búið til 
jónir með svo mikla innri orku að þær hafi brotnað niður áður en þær ná að komast til 
nemans. Líkindin með MS/MS rófum með CID og án eru það mikil að líklegt er að árekstrar 
virkt niðurbrot spilar ekki áhrifamikið hlutverk í CID-LIFT tilraunum. 
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1. Introduction 
 
Since its introduction in 1985-1988, matrix-assisted laser desorption ionization (MALDI) 

has revolutionized biological mass spectrometry and is one of the most powerful 

techniques for research in the field1.The technique underwent fast development in the 

following years, resulting in changes in the preferred laser wavelength,2,3 discovery of 

new matrixes,4 and preparation methods.5 Among the strengths of MALDI technique are 

high sensitivity, the ability to analyze complex mixtures of biomolecules6 and its 

tolerance to relatively high concentrations of contaminants7. These factors are the reason 

why MALDI time of flight spectrometry is considered to be one of the most powerful 

techniques in large scale research of proteins.  

During peptide analysis at the University, scientists have been encountering a 

problem. A region in the MS-MS spectra generally does not show as well as it should. 

Previous measurements at the Science Institute have shown that MS-MS spectra obtained 

shows well small and large peptide fractions, from small masses 100-700 mass/charge ratio 

and up to large masses of the parent ion. The region between small and large ions in MS-

MS spectra, does not show expected peaks from theoretical breakdown of peptides 

measured, but theoretical breakdown better predicts peaks for small and large peptide 

fragments. The reason for this project was to tackle this well known problem of ion 

suppression for ions of middle mass/charge ratio for MS-MS measurments.This missing 

region plays an important role in peptide sequencing and leads to difficulty in database 

searches and higher probability of false positives from corresponding analysis. The purpose 

of this project was to find a way to combat this “MS-MS missing middle spectra” problem 

as well as to find a way for optimizing sample preparations for MS-MS measurements. One 

way of increasing intermediate ions in MS-MS spectra acquisition, could be to increase the 

parent peptide breakdown by employing collision induced decay, or in general, the 

question can be asked, does an argon filled collision cell play a relevant role in peptide 

fragmentation? This questions and discussion there of are the project theme. 
                                                   
1 Karas, M.; Bachmann, D.; Hillenkamp, F. (1985).. Anal. Chem. 57: 2935–9.. 
2 Beavis et. Al Rapid commun mass spectrom 1989 3, 436-438 
3 Karas et al. Anal chem. Acta 1990 241, 175-185 
4 Beavis et al. rapid commun mass pectrom 1989 3, 233-237  
5 Vorm,O. Anal chem.. 1994,66, 3281-3287. Gobo, J et al. J.Mass Spectrom 1999, 34, 105-116 
6 Karas,M; anal chem. Acta 1990 241,175-185 
7 Mormann, M J.Am.Soc. samm spectrom 2000 11, 544-552 
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2. Theory 
 
In this chapter the theory of science involved is introduced. First we will take a look at 

how and why ions are made in MALDI analysis, and then we lay the theoretical 

foundation for the separation of ions according to mass which is the heart of any mass 

analyser. Finally we take a short look at how whole proteins are pre separated by mass in 

a gel prior to MALDI analysis.    

 

 

MALDI-TOF-MS 
 
MALDI TOF MS or, Matrix Assisted Laser Absorption Time Of Flight Mass 

Spectrometry is a mass spectrometer where the analyte ions are formed by a laser, then 

accelerated into a high vacuum field free region and fly to the detector at the other end. 

The time that it takes for the ions to reach the detector at a known distance is measured. 

This time will depend on the mass-to-charge ratio of the particle (lighter particles reach 

higher speeds) and that provides the basis for separating ions with different mass/charge 

ratios.8 

 

MALDI-TOF in general 
The MALDI technique is based on fireing a 

laser at the sample and matrix molecules to 

bring about sample ionization (Fig 1). The 

sample is spotted on a metal plate along with a 

matrix that shows absorbtion in the region of 

the laser light employed. The solvent is mixed 

with the matrix and allowed to dry on the 

target plate. The matrix compound crystallizes 

as it dries and the analyte molecules are 

included into the matrix crystals.  

                                                   
8 Protein sequencing and identification using tandem 
mass spectrometry by Michael Kinter and Nicholas 
 E. Sherman, 2000 wiley interscience New York p: 2 

Fig 1 – In MALDI a laser ionises the analyte 
and accelerates them to mass analyser 
           Source: www.magnets.fsu.edu  
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The sample plate is inserted into a vacuum lock and transferred into a vacuum chamber 

(ion source). A laser is then fired on to each sample spot. The matrix compound has a pi-

bond resonance system that absorbs the energy of the laser and excites the electrons in 

the pi-bond system. This brings about ionization in the matrix molecule. The matrix is 

then thought to transfer part of its charge to the analyte molecules.9 The energy from the 

laser is converted into excitation energy, and or heat for the sample, which leads to 

sputtering of analyte and matrix ions from the surface of the mixture10. The ionization of 

the analyte then occurs in the resulting plume of excited matrix and analyte molecules. In 

this way energy transfer is efficient and the sometimes sensitive analyte molecules are 

spared excessive direct energy stream that may otherwise cause unwanted decomposition.  

MALDI produces mainly singly-charged metastable ions11. A metastable ion is 

“an ion which is formed with sufficient excitation to dissociate spontaneously during the 

ions flight from the ion source to the detector”12. The decay of a metastable ion to a 

product ion along the flight path of a TOF mass spectrometer leads to well defined peak 

structure in the mass spectrum. Through interference, these daughter ion peaks can 

reduce the detection limits and lead to uncertainties in both the true peak area intensity 

and the peak position13.  

If the ion flight path is made to carry positive ions, a general mass shift of +1 m/z 

is observed for all analyte ions. The form of this ion type is denoted [M+H]+ meaning the 

ionization from the process in which a proton is exchanged from matrix to analyte. This 

ionization is vital to the mass analysis process and occurs by protonation in the acidic 

environments produced by the acidity of most matrix compounds or by the addition of 

dilute acid to the samples.14
 After the analyte molecules are ionized, they are drawn from 

the ionization chamber into the mass analyzer (TOF part of the instrument) by the voltage 

applied across the chamber as seen in Fig 1 here above.  

 

                                                   
9 Protein sequencing and identification using tandem mass spectrometry by Michael Kinter and Nicholas E. 
Sherman, 2000 wiley interscience New York p: 38 
10 Goborn J. et al.; Analytical Chemistry, 2001 (73):434-438 
11 Karas M, Hillenkamp F; Analytical chemistry, 1988 (60):2299-2301 
12 IUPAC Compendium of Chemical Terminology 2nd Edition (1997) 1991, 63, 1549 
13 I. S. Gilmore* and M. P. SeahApplied Surface Science Volumes 144-145, April 1999, Pages 26-30.  
14 M.Kinter, N.E. Sherman, Protein sequencing and identification using tandem mass spectrometry , Wiley 
interscience2000 p.37 
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TOF part 
 
 

  

A time-of-flight mass spectrometer (TOF) uses the differences in travelling time through 

a high vacuum, field-free drift region to separate ions of different velocities, which under 

the conditions employed in a TOF mass spectrometer is directly proportional to the m/z 

ratio of the ions in question. An electric field, after the ion source, accelerates all ions 

into a field-free drift region with a kinetic energy of zV where z is the ion charge and V is 

the applied voltage. This acceleration results in an ion having the same kinetic energy as 

any other ion that has the same charge with the velocity of the ion depending on the 

mass-to-charge ratio (m/z) as we can see from equations 1 to 4 here below15.    

 
 

 

 

                                                   
15 M.Kinter, N.E. Sherman, Protein sequencing and identification using tandem mass spectrometry , Wiley 
interscience2000 canada p.37 

Fig 2 – Ions with different m/z ratio are separated in the time of flight tube 
Source: www.proteomicsnijmegen.nl 
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We know that                                           21
2

m v zV             (1) 

so               2zVv
m

           (2) 

The transit time (t) through the drift tube is /L v  where L is the length of the drift tube.                     

           

                     
2
Lt
zV
m

           (3) 

                   
2

2

2m Vt
z L
          (4) 

For the instrument in question, L and V are constants. The time is measured and 

therefore we can calculate the m/z ratio according to eq. (4). Since all ions go through the 

same voltage gradient for acceleration, V, and a vast majority of them is singly charged, 

they all the get same kinetic energy equal to 1/2 mv2 eq. (1), the lower the ion's mass, the 

greater the velocity and shorter its flight time. If a linear TOF instrument is used the ions 

fly through the field free region and hit the detector. This would all be fine if not for the 

simple fact that when ions are made in the ion source, different molecules have different 

velocities do to the chaotic energy distribution from the laser to the analyte and the 

resulting expansion of the gas plume. This does not bode well for the mass analysis 

process so we need some way of correcting for this initial difference in kinetic energies 

of identical ions. This In Fig. 2 we see a TOF instrument with a reflectron. The reflectron 

is basically an ion mirror that applies a static electric field, reversing the direction of ions 

entering it and lengthening the flight path. A reflectron improves mass resolution by 

assuring that ions of the same m/z but different kinetic energy arrive at the detector at the 

same time16. This increase in mass resolution comes at the cost of signal intensity due to 

more time of flight and therefore more time for metastable decay of ions.  

 This balance between the length of flight providing more separation and better 

resolution versus the longer the time of flight the more metastable decay occurs, is a 

delicate one and requires finely tuned instruments. 

 

                                                   
16 Mamyrin, B. A.; Karataev, V. I.; Shmikk, D. V.; Zagulin, V. A. Sov. Phys. JETP, 1973, 37, 45. 
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Separation of proteins by SDS-PAGE 
 

What follows is a brief description of SDS-PAGE protein separation process.  

Sodium dodecyl sulfate polyacrylamide gel electrophoresis is a technique for in gel 

separation of proteins according to weight. 

Gel electrophoresis is a technique in which 

charged molecules, such as proteins and 

peptides, are separated according to physical 

properties as they are forced through a gel 

by an electrical current. In SDS-PAGE the 

proteins are separated by size and no other 

physical feature17. Sodium dodecyl sulphate 

or SDS is a detergent that can dissolve 

hydrophobic molecules but also has a 

negative charge. The effect on proteins is 

that they denature e.g they lose their 3-D 

structure and the denaturated protein is then in 

the form of a single stranded rod18. The SDS 

detergent covers the protein with a large 

negative charge that enables it to move to the positive pole when put in an electric field.  

SDS-Polyacrylamide gel electrophoresis, or SDS-PAGE, is when a SDS treated protein 

is drawn by an electrical current through a polyacrylamide gel. Small proteins travelling 

through the polyacriamide gel move easily through the strands of polyacrilamide but the 

bigger ones encounter more resistance and therefore take a longer time moving through. 

This provides the basis for the separation of proteins according to size, Fig 319. After a 

time the current to the gel is cut of and the protein bands are stained, with f.x silver20, so 

they can be seen, cut out of the gel and further processed for mass spectrometry or other 

purposes. 

                                                   
17 Shapiro AL, Viñuela E, Maizel JV Jr. (September 1967). Biochem Biophys Res Commun. 28 (5): 815–
820. 
18 Proteins Sequencing and identification using tandem mass spectrometry. Michael Kinter and Nivholas E. 
Sherman publisher Wiley-interscience 2000 p: 119 
19 Fig 3: Proteins Sequencing and identification using tandem mass spectrometry. Michael Kinter and 
Nivholas E. Sherman publisher Wiley-interscience 2000 p: 120 
20 Shevchenko, et. anal.chem 1996,68,850-858 

Fig 3 – Separation of molecules according to mass 
(in kDalton) in a SDS-PAGE gel. Each ellipse 
represents a protein band of certain weight 
 Sourece: Protein Sequencing by Michael Kinter 
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3. Instrument peptide fragmenting – from sample to sequence 
 

When MALDI analysis of a peptide is desired, many options are available. If the scientist 

requires information on the identity of a protein or wants to determine the amino acid 

sequence of an unknown protein, different things are needed from the MALDI TOF 

instrument. For the scientist who needs to identify proteins, acquiring a peptide mass 

fingerprint (PMF) from MS spectra and comparing the PMF with databases will suffice, 

but in the case of sequencing an unknown peptide, MS-MS LIFT spectra is a powerful 

tool. If combined MS-MS and PMF spectra information are at hand then accuracy of 

identification and the probability of false positive matches are at an optimum21. 

 Here follows an explanation of the instrumental parts applied in this study for the 

purpose of MS-MS spectra acquisition. First we will take a look at the term Post Source 

Decay (PSD) which describes fragmentation of a molecule, in a MALDI-TOF 

instrument. Then we see how peptides fragment under controlled circumstances in a 

Collision cell, and finally we get to know the LIFT mechanism which selects an ion, 

fragments it and delivers for separation according to the m/z ratio.  

 

                                                                                                                                                                                                                                    

                                                                                                                                                                                                                                
 

 

 

 

 

                                                   

21 Jimmy K. Eng, Ashley L. McCormack and John R. Yates, III JASMS, Volume 5, Issue 11, November 
1994, Pages 976-989 
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PSD Post source decay 
 
Post-source decay is a generic instrumental term describing the effects of all 

fragmentation phenomena such as; metastable ion decay, low-energy collision induced 

dissociation, high-energy collision-induced or CID fragmentation (described later), 

within a TOF spectrometer. 

PSD analysis is an extension of MALDI/MS that allows observation and 

identification of structurally informative fragments from decaying of ions taking place in 

the field free region after leaving the ion source of a MALDI TOF instrument.  

Once through the ion source, most of the ions are still unfragmented parent 

molecular ions and some of them are metastable. A parent ion is a gas phase ion that 

undergoes a chemical reaction to form particular product ions or fragments. During the 

parents flight through the field-free drift region they have a relatively long time available 

for post source decay into product ions compared to the reaction time it takes to 

fragment22.  

The high sensitivity of MALDI-PSD is partly because of the long time available 

for ions to decay from the time they leave the ion source and until they enter the ion 

reflector.23 Because of the relatively long time frame, the resulting fragment ion pattern is 

more thermodynamically controlled rather than kinetically controlled24. This means that 

certain fragment patterns or cleavage sites of the parent, possibly a peptide, are more 

probable than others. These more probable cleavage sites for a peptide are marked as we 

can see in Fig 7 on page 12. Another important and characteristic side-effect of this 

behavior for peptides is the detection of some peptide fragments from inside the amino 

acid chain. These ions must therefore be the products of multiple fragmentation of a 

single peptide.25 

 

                                                   
22 Proteins Sequencing and identification using tandem mass spectrometry. Michael Kinter and Nivholas E. 
Sherman publisher Wiley-interscience 2000 p: 80 
23 Protein sequencing and identifivation usin tandem mass spectrometry by Michael Kinter and Nicholas E. 
Sherman, 2000 wiley interscience New York p: 50-51 
24 Post-source Decay Analysis in Matrix-assisted Laser Desorption/Ionization Mass Spectrometry of 
Biomolecules, Bernhard Spengler*,JOURNAL OF MASS SPECTROMETRY, VOL. 32, 1019-1036 
(1997) 
25 G. Moneti et al. J. Mass Spectrom 2007; 42 117-126 
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CID Collision Induced Decay 
 

If high-energy collisions of ions happened at different places in the ion beam path, 

the result would be a measurable peak broadening in measured spectra26. This is why it is 

important to have high vacuum in the TOF flight path. Collision cells, placed on the 

flight path of the ions, have been designed to contain gases at low pressures. The 

accelerated ions collide with gas atoms in the collision cell and that causes fragmentation 

of ions via high-energy collisions. The gain from this controlled disassociation of the 

parent ion is that the fragments and fragment patterns provide greater information on the 

parent ion than its detection alone would do.27 In fig 4 here below we see an illustrated 

figure of a CID cell in action, courtesy of Paul Gates, University of Bristol 

 

 

 

 
 

                                                   
26 D.C. Reiber, T.A. Grover et al. Anal. Chem., 70(4), 673 (1998 
 
27: Bernhard Spengler et.al. j. mass. Spectrm.32 1019-1036 1997  

Fig 4 – A CID cell. The selected parent ion enters the cell and collides with the 
gas. It is then activated through a high energy collision and fragments 
Source: www.chm.bris.ac.uk/ms/images/cid-schematic ©2005 Paul Gates Uni.Bristol 
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LIFT 
LIFT or MALDI LIFT-TOF/TOF MS cell is a string of mechanisms in the ion flight path. 

Combined they select a parent ion after the source, reaccelerate it and form its fragments 

after the source (post-source decay, or PSD) so that on the basis of flight time, they can 

bee separated. The LIFT mechanism can be operated with a CID cell or without one. 

LIFT is done by two TOF regions28. In the first TOF region, the selection of parent ions 

(or sometimes called precursor ion) is carried out by the application of an "ion gate", an 

ion gate is a series of wires with alternating voltages which, when switched on, prevents 

the transmission of any ions by deflection. After the ion gate, the parent ion travels 

through the collision cell if a collision cell is applied29. In the collision cell, some of the 

parent ions collide with argon atoms and fragment further into smaller fragments as 

described above. The surviving parent and fragment ions are then re-accelerated, with a 

second voltage gradient, in to the second TOF region, and are focused on the detector 

after passing through the reflectron (Fig 5). 

 
 

 
 

 

 

 
                                                   
28 Suckau D, et al. Anal Bioanal Chem. 2003 Aug; 376(7):952-65 
29 Proteins Sequencing and identification using tandem mass spectrometry. Michael Kinter and Nivholas E. 
Sherman publisher Wiley-interscience 2000 p: 56 

Fig 5 – Ion gate selects the parent ion, it enters the collision cell, then it and its fragments 
are reaccelerated after the collision sell into the second drift region by V4. The purpose of 
V3 is to hinder entrance of unwanted fragments into the collision cell   
Source: www.giga.ulg.ac.be de l'Université de Liège Belgium 
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The ion gate can be tuned to select an ion of a specific m/z ratio, by switching off the 

deflecting gate at the estimated time of arrival of that ion. After the parent ion selection 

only one type of ion after the gate remains, and analysis of those ions and their fragments 

is possible. In effect this selection, although somewhat crude, converts a regular TOF MS 

into a double mass spectrometer30. By using metastable decay, further information for a 

specific mass to charge ratio ion can be obtained as long as the fragments can be 

separated. This is to extensive benefit in protein fingerprint analysis because this added 

fragment information for each peptide peak provides basis for analysing the sequence of 

amino acids behind each peak thus adding a second dimension to the spectra and thereby 

the analysis.31 In Fig 6 is a classic MS-MS spectrum that has a parent ion of 1567m/z 

selected by a LIFT mechanism. The figure also depicts focus of the project well, which is 

small peaks in the middle range of the spectra.  
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30 Gloriano Moneti, J.mass spectrom 2007; 42: 117-126 
31 Bruker daltonics, technical littarture 

Fig 6 – The 1567m/z tryptic BSA peak was selected as a parent ion and measured 
with the LIFT mechanism. The resulting spectrum was obtained using a DHB matrix 
according to experimental and shows well the lack of middle range peaks.  
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Interpretation of spectra and de novo sequencing  
 

Here we will give a brief introduction to de novo sequencing of MS-MS spectra. This 

introduction will be limited to certain aspects of the method and is meant to give the 

reader enough information to understand the fundamentals of de novo sequencing. For 

further information on the subject, there are many good internet tutorials available.32,33  

 

For many years biochemists have used Edman degeneration to sequence peptides. 

This method is well known and widely applied. Edman degeneration is based on a 

chemical reaction cyclus which labels the amino acid at the amino terminal and cleaves it 

of34. This approach works well for pico-mole level quantities of peptides, and higher, but 

is sensitive to changes in the amino terminal. It also requires an external standard for each 

amino acid or amino acid variant and sequencing takes up to a few days for a single 

peptide35. MS-MS sequencing is never stopped by a blocked amino terminus, which can 

happen for Edman degeneration, and is highly sensitive as well as being able to sequence 

large peptides in a matter of seconds. De novo is Latin, meaning “again” or “anew”36 and 

implicates the fact that in de novo sequencing of a peptide we do not need any prior 

knowledge of the sequence, though it helps. When a peptide disassociates, its fragments 

are called by specific names corresponding to the bond that broke to form the ion. The 

most thermodynamically stable fragments, and therefore represent the most intense 

peaks, are the b and y ions pictured in Fig 7 here below. The b ions appear from a broken 

peptide bond on the amino terminus side, sometimes called the N-terminus. The y ions, 

on the other end, come from the carboxyl terminus of the peptide chain, or C-terminus37. 

If a particular bond is the preferred fragmenting site of a peptide the b and y ions 

corresponding to that bond would be highest in intensity. 

  

                                                   
32 http://www.ionsource.com/tutorial/DeNovo/introduction.htm 
33 http://www.weddslist.com/ms/maldi.html 
34 Proteins Sequencing and identification using tandem mass spectrometry. Michael Kinter and Nivholas E. 
Sherman publisher Wiley-interscience 2000 p: 10-12 
35 Proteins Sequencing and identification using tandem mass spectrometry. Michael Kinter and Nivholas E. 
Sherman publisher Wiley-interscience 2000 p: 14 - 15 
36 http://www.merriam-webster.com/dictionary/de%20novo 
37 Hanno Steen & Matthias Mann. Nature Reviews Molecular Cell Biology, 5:699-711, 2004. 
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Not all peptide fragments are formed by cleavage at the b-y fragmenting site. 

Other ions that form from breaking of other bonds in the molecule, have names such as a-

series ions and c-series ions: They have x-series and z-series ions as their respective 

counterparts just as b-series ions cohere with y- series ions (Fig 7). 

 

  
 

This fragment pattern is better described elsewhere.38,39 Once the b and y ion 

series have been established it is a matter of calculating the m/z difference between 

consecutive b and y fragment where each difference in mass can only be correspond to 

one amino acid. Except in the case for Lysine, Glutamine and Leusin, Isoleusin for they 

have near isobaric masses, 128.09496 and 128.05858 and the same mass respectively. 

With this in mind we can follow the rules of peptide sequencing40 and produce the 

sequence of the fragmented peptide.  

 

                                                   
38 Bar Samyn, et.al j. Amsoc mass spectrum 2004,15,1838-1852   
39 Roepstorff P, Fohlman J (1984). Biomed. Mass Spectrom. 11 (11): 601 
40 Hanno Steen & Matthias Mann. Nature Reviews Molecular Cell Biology, 5:699-711, 2004 

Fig 7 – Here the named peptide cleavages are shown as proposed 
by Roepstorff P. Source: Biomed. Mass Spectrom. 11 (11): 601 
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Fragmented ions are often accompanied by so called satellite ions. Satellite ions 

are peptide fragments identical to their parent ion but have lost a relatively small neutral 

molecules, such as yi,bi-16 from loss of hydroxyl group, yi,bi-17 from loss of ammonia 

and yi,bi-18 from loss of water41. This often forms a second y or b series of all satellite 

ions, though less common than the b-y fragmentation.42 Other disassociated groups that 

play an important role in sequencing peptides are for example imonnium ions. Immonium 

ions have the structure 2H N CHR , and are at the low mass end of the spectrum. The 

immonium ions are important because their observation can be used as an indicator of the 

presence of that amino acid in the peptide43.  

 

 

                                                   
41 Proteins Sequencing and identification using tandem mass spectrometry. Michael Kinter and Nivholas E. 
Sherman publisher Wiley-interscience 2000 p: 78-79 
42 Bart Samyn et.al j.am.soc mass spectrum) 2004,15,1838-1852 
43 Proteins Sequencing and identification using tandem mass spectrometry. Michael Kinter and Nivholas E. 
Sherman publisher Wiley-interscience 2000 p: 14 - 15 

Fig 8 – A classic LIFT MS-MS spectra of a parent mass 1567.895m/z, with de novo 
annotation. The entire y-ion series is visible as well as the b-ion series from b1 to b8  
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 As discussed above, fragmentation of the peptides often results in a complex 

fragmentation pattern consisting of N-terminal a, b and c-ions, C-terminal x, y z-ions and 

internal fragments ions as well as numerous types of other fragments. These spectra 

would be difficult to interpret de novo, so for our simple comparisons of spectra, in the 

discussion and results chapter, we will let the y and b-ion series suffice. 

De novo sequencing has proven to bee a very powerful tool for sequencing whole 

proteins piece by piece, although it must be stressed, that when computer programs are 

made to give a specific amino acid sequence from spectral data the given sequence is the 

most likely one but not necessarily the correct one. De-novo sequencing of a completely 

unknown peptide is not easily automated and still requires considerable skill on the part 

of the scientist.44 

 

4. Experimental 

Materials  
 2,5-dihydroxybenzoic acid (DHB), matrixes α-cyano-4-hydrocycinnaamic acid 

(CHCA), Trypsin digested Bovine Serum Albumin (BSA) and Peptide Calibration 

Standard, were obtained from Bruker, (Bremen, Germany).45 All the water used was 

purified on an Easy Pure Rody from Barnstead (18MΩ). Trypsin (T6567), proteomic 

grade was purchased from Sigma, St. Louis, MO. ORF proteins were obtained from ORF 

Genetics (Keldnaholt, Iceland). ACN solvent was HPLC grade (Acros Organics, Geel 

Belgium). All chemicals were used as received without further purification.  

 

ORF protein preparation 
 
ORF samples were seperated by 1-D SDS-PAGE analysis. 

Briefly, the ORF samples, IL-18, IL-21 and TGF-a, were dissolved in a SDS buffer46 (se 

appendix, page 7) and run on a 10%T PAGE gel (see appendix, page 7). The gel was held 

at a constant current, 45mA, for 2hours.  

                                                   
44  Shevchenko et al. Anal.chem.2001,72,1917-1923 
45 http://www2.bdal.de/data/care-online_data/206195/PI_206195_Peptide%20Cal%20Stand_V2.pdf 
46 Laemmli, U.K Nature 227, 680-685   
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ORF protein spots were cut from the1-D SDS-PAGE gel and short silver nitrate 

stained,47,48 see Fig 1 in appendix. After silver staining, the gel protein spots were cut out 

and subjected to in-gel trypsin digestion according to Shevchenko et al.49, with the minor 

adjustment of using 5ng/µL of trypsin in stead of 10ng/µL. The gel pieces were soaked in 

a digestion buffer containing 50mM 4 3NH HCO  and 5ng/µL of trypsin in an ice bath. 

After 30min the supernatant was removed and discarded, 20µL of 50mM 4 3NH HCO  

were added to the gel piece and the digestion allowed to continue at 37°C overnight. The 

supernatant was then submitted for MALDI analysis. Typical MS spectra of ORF trypsin 

digested samples can be found in appendix, Figs 2,3 and 4.  

 

SAMPLE PREPARATION of BSA 
 
Four different matrix preparations were tried with two different matrix compounds. 2.9M 

CHCA and 29M DHB in a 50:50+0.1%FA solution of water:ACN respectively were 

prepared as diluted matrixes as well as their saturated counterparts.  In all cases 0.5 uL of 

matrix solution was spotted onto a stainles steel target plate and allowed to dry. Then 0.5 

or 1 microL of 1:100, 1:50 or 1:10 of analyte were spotted and allowed to dry using the 

dried droplet method.50 Three spots of each combination of matrix and analyte were 

spotted to determine the reproducibility of the procedure and homogeneity of the 

samples. Typical MS spectra from BSA on both CHCA and DHB matrixes, diluted and 

concentrated, are in appendix figs 5 to 8. 

Instrumetation 
  

The MALDI-TOF mass spectrometer employed was AUTOFLEX III smartbeam 

(Bruker, Daltonics, Bremen, Germany). The AUTOFLEX was equipped with a collision 

induced dissociation (CID) chamber filled with argon gas at a pressure of about 5x10-5 

mbar. Matrices and analyte, were deposited on a MTP 384 MALDI ground steel plate. 

All experiments were conducted with the ion sorce1 at 6.02kV and ion sorce2 at 5.32kV, 

                                                   
47 Blum H, et al. 1987;8:93–99. 
48 Chevallet, M., S.Luche and T.. Rabillud, Nat Protoc, 2006.1(4):p.1852-8 
49 Shevchenko, et. anal.chem 1996,68,850-858 
50 E. Nordhoff et al. Int. j. mass. spectrom 226 2003 163-180 
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LIFT1 19.20kV, LIFT2 3.8kV, reflector at 27.14kV and without delay extraction. The 

instrument was calibrated using Bruker Peptide calibration standard (calibrates from 

~1000 to 3500m/z) prior to all spectra acquisitions.51 For peptide sequencing analysis the 

RapidDeNovo Bio Tools (Bruker Daltonics Bio Tools vers. 3.0) software was 

employed.52 All measurements were made to detect positive ions (TOF positive mode). 

 

5. RESULTS AND DISCUSSION 
 

Here the results of MS-MS LIFT experiments are presented.  

Each spectra collected is a sum of 1000 shots on the sample with DHB matrix. In 

most cases it was necessary to search for the “sweet spot” of the crystallised sample. The 

“sweet spot” is a term describing the sometimes necessary, time consuming maneuvering 

of the sample target to direct the laser at a well crystallized spot on the sample that gives 

a good spectrum. This search was far often necessary for CHCA matrix than for DHB 

matrix witch lead to discontinued usage of CHCA and diluted matrix sample preparation 

methods. Another finding that lead to the use of DHB matrix for the LIFT experiments 

was that it seemed harder to match the BSA spectra, obtained with CHCA matrix, to the 

BSA amino sequence through database searches. Most of the LIFT experiments were 

carried out to investigate the effects of a argon filled collision cell on the middle region of 

the spectra (700 to 3000 m/z) using Bovine Serum Albumin or BSA as the test sample 

(see appendix I for amino acid sequence). Results of the LITF measurements are reported 

in Table 2 on page 20.  

COMPARISON OF LIFT SPECTRA, CID 
 

In the coming chapter comparison of the LIFT MS-MS spectra obtained with the argon 

filled CID cell and spectra collected without the CID cell is reported. For the comparison 

three parent ions, with the masses 1479m/z, 1567m/z and 1880m/z, were selected from a 

MS BSA spectra and how the parent ions fare in LIFT MS-MS acquisition with or 

without CID analysed. The spectra are given names corresponding to the mass of the 

                                                   
51 http://www2.bdal.de/data/care-online_data/206195/PI_206195_Peptide%20Cal%20Stand_V2.pdf 
52 http://www.bdal.de/products/bioinformatics/biotools.html 
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parent ion and if CID was used or not as seen in table 1. These parent ions were selected 

because they were high in intensity, had high s/n ratios and represent a known amino acid 

sequence53 as described in table 2. The comparison of spectra will be twofold, 

comparison of the MS-MS spectra, (peaks and intensity), followed by comparison via Bio 

Tools software de novo analysis. 

 

Peaks and intensity 
 

Comparing the spectra themselves can be achieved in many ways. Two different spectra 

of the same sample, though seeming identical, may differ in things such as accurate 

positioning of peaks, area under the peaks and intensity of the signal. In spectra acquired 

through MCP (multichannel plate) detector, the area under a peak corresponds to the 

quantity of ions hitting the detector at a certain time. In MALDI spectra we see that for 

most light peaks (small m/z ratio) the area under the peak is practically the same as the 

intensity. For this reason the intensity was used for comparison rather than the area: The 

comparison was made by a MATLAB script (seen in appendix). A short summary of the 

script is as follows.  

The script compares two spectra by finding matching peaks by m/z positions and 

collecting statistics on peak intensity and signal-to-noise. A relative margin of error is 

employed in matching the peaks in order to account for slight variations in recorded m/z 

from one spectra to the other and also to account for increased variation with higher 

masses. The script returns the average relative intensity between peaks and average 

relative signal-to-noise ratio.  It also counts the number of peaks in the first spectra that 

are larger than their counterparts in the second spectra as well as those having a higher 

signal-to-noise ratio.   

The results of the comparison for the three peptides in question are presented in 

Table 1 here below.  

 

 

 

                                                   
53 
http://www2.bdal.de/data/careonline_data/217498/PI_217498_Tryptic%20Digest%20of%20BSA_V3.pdf 
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Spectra 1 Spectra 2 Number of 
higher peaks 

Average ratio 
of peak heights  

Number of 
peak s/n ratio  

Average of s/n 
ratio difference  

S1479CID S1479 48/49 3.4816 27/49 1.0749 

S1567CID S1567 47/47 6.6093 30/47 1.8469 

S1880CID S1880 21/74 0.9444 34/74 1.0693 

 

From Table 1 we see that for comparison of both 1479 spectra a vast majority of peaks 

have more intensity for the CID with the peaks being 3.4 times more intense on average 

than the intensity of the non-CID, the signal-to-noise ratio is however almost the same. 

The same is true for the 1576 peptide comparison, where on average the peaks with CID 

are 6.6 times higher than without CID. Some different results come from comparison for 

the 1880 spectra. There, most of the peaks have more intensity for 1880 in respect to 

1880CID or 53 peaks out of 74, although the average ratio of peak height is similar. This 

is in contrast to the other two comparisons. 

Basing conclusions on only three comparisons is not desirable, and even less so if 

they are not in agreement, but they may supply a basis for further discussion and testing. 

From these three comparisons of spectra deriving a few things is possible. For one, that 

lighter peptides get better spectra (higher peaks, more signal to noise ratio) with CID 

applied spectra acquisition. 

Looking at the results of table 1 it is obvious that peptide 1880 is in opposition to 

the other two peptides with respect to signal intensities of the breakdown products. This 

result also contradicts the theory that CID cells are able to fragment parent ions further 

and therefore causing more intense fragmentation peaks. The other two comparisons 

support the theory. 

Table 1 – The results of comparison between MS-MS spectra obtained using an argon 
filled CID cell and MS-MS spectra acquired without the CID cell. Number of higher 
peaks represents the number of matched peaks that are higher in Spectra 1 compared to 
Spectra 2 out of total number of matched peaks. Average ratio of peak heights is the 
average ratio of height difference between matched peaks from Spectra 1 compared to 
Spectra 2. Number of peak s/n ratio describes the number of matched peaks from 
Spectra 1 that have more signal-to-noise ratio than their corresponding peaks from 
Spectra 2 and the Average of s/n ratio difference is the ratio there of. 
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Sequence analysis   
 

To further compare the results, each spectrum was RapidDeNovo Sequenced using Bio 

Tools (Bruker Daltonics Bio Tools vers. 3.0). Each BSA peak examined had a known 

amino acid sequence obtained from Bruker.54 Bio Tools compared each spectrum with 

the theoretical fragmentation of the known peptide sequence and labeled each peak from 

the spectra that matched with a b-ion or y-ion theoretical fragment. By simple manual 

calculations of the differences between the adjacent y-ion fragments, or by using Brukers 

Bio Tools, the amino acid sequence from consecutive y-ion series can easily be 

determined. The comparison between spectra and de novo sequence coverage can be 

found in table 2 and on the following pages. 

 

 
 

 

Spectra Sequence Location in 
protein 

# y-ions/total # b-ions/total 

S1479 LGEYGFQNALIVR 421 – 433 7/13 6/13 

S1479CID LGEYGFQNALIVR 421 – 433 9/13 6/13 

S1567 DAFLGSFLYEYSR 347 – 359 13/13 8/13 

S1567CID DAFLGSFLYEYSR 347 – 359 10/13 8/13 

1880 RPCFSALTPDETYVPK 508 – 523 N/A N/A 

1880CID RPCFSALTPDETYVPK 508 – 523 3/16 3/16 

 

Folowing is coverage on each spectra and comparison of spectra that have the same 

parent ion selected but differ in CID employment. 

 

 

                                                   
54 http://www2.bdal.de/data/care-
online_data/217498/PI_217498_Tryptic%20Digest%20of%20BSA_V3.pdf 

Table 2 – The results of automated sequencing from the Bio Tools program. Each 
parents sequence was known beforehand and is shown in the table as well as the 
sequences location in the overall BSA protein. The number of matched y and b ions 
for the parents sequence is shown out of a total number of possible y and b ions. 
Matches by the program for the 1880m/z parents known sequence were none.   
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1479m/z 

In the LIFT analysis, the smallest peptide tested, at 1479.683m/z, yielded a y-ion 

series from y6 to y1 with additions of ions y10 and y13 from an automated analysis of the 

program (Fig 10). Analysis also yields b-ion series from b2 to b5 with small peaks of b7 

and b9 ions. 

 

 

 
         

 

 

 

 

 

    

 

Fig 10 – MS-MS spectra of parent ion 1479m/z with sequencing 
notaion 
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1479m/z CID 

 The parent at 1479.683m/z with CID (Fig 11), yielded a more complete b-ion 

sequence, with only the b4 ion missing from b2 to b9 and y-ion series from y1 to y6 as 

well as the y9, y10 and y13 ions. 

 

 

 
  

 

 

 

 

 

 

         

 

 

Fig 11 – MS-MS CID spectra of parent ion 1479m/z with sequencing 
notaion 
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1479 comparison 

In the spectra for the 1479.683m/z parent without CID, b4 is labeled at 356.994m/z, but 

the b4 CID peak is at 357.003m/z with intensity 2269.963arb. units and with s/n ratio of 

2.3324, yet the program does not pick it as the peak for the b4-ion for CID. This is 

probably due to program settings as under normal circumstances an experienced scientist 

would not hesitate to tag the peak as present. 

The y-ion series for the 1479.683m/z CID spectra is the same as for the non CID 

spectra except fort the appearance of the y-9 ion at 1017.272m/z. Visual comparison of 

the spectra shows that this peak is also slightly apparent in the non CID spectra but yet it 

does not show up in the mass list. For both CID and none CID LITF spectra of the parent 

1479.683m/z, both y- and b-ion sequences are relatively low in intensity as well as in s/n 

ratios except for the y-1 and parent ion. This suggests that no peptide bond cleavage of 

the sequence LGEYGFQNALIVR is preferred over another or some sort of ion 

suppression for fragments takes place. However, both spectra show the b3 ion as the 

major ion which indicates that the bond easiest to break is the bond between amino acids 

E (Glutamic acid) and Y (Tyrosine) or that the b3 ion and it corresponding y10 are the 

most stable ions formed.  

 

1567m/z 

For the spectra of parent mass 1567.906m/z (Fig 13), we see the complete y-ion 

series from y1 to y13 and the b-ion species from b1 to b8. Observing the spectrum a trend 

becomes apparent. The biggest peaks represent either the parent mass ion or an ion that 

has lost an amino acid on either end of the peptide chain. The peaks then get less intense 

for middle range ions.  

 From this we can speculate that the easiest bonds to break are the bonds on either 

ends of the peptides or here we are seeing the original problem that we started out to see 

if CID could fix, in action, mainly an ion suppression of middle range ions. For the 

1567m/z as for 1479m/z spectra described above we see that both b3-ions and the y3-ions 

are the largest species except for the y1 and y13 parent ion. This would describe the 

breakage of the F-L bond for the b3 ion (Phenylalanine- Leucine) and E-Y for the y3 

from the DAFLGSFLYEYSR sequence. This can be better visualized in Fig 12.  
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Fig 12– Named cleavage sites for the peptide measured 1567.895m/z. 

Fig 13 – MS-MS spectra of parent ion 1567m/z with sequencing 
notaion 
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1567m/z CID 

 The CID spectra for the 1567.906m/z parent (Fig 13) shows the same detected b-

ion sequence, from b1 to b8 as for the non CID spectra. For the y-ions we have the whole 

y-ion series apart from y10 and y11. 

 

 

 

       
 

 

 

 

 

 

 

 

 

Fig 13 – MS-MS CID spectra of parent ion 1567m/z with sequencing 
notaion 
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1567 comparison 

 The b-ion series from b2 to b8 are the same for both 1567 spectra. Complete y-

ion series is present for the 1567m/z spectra but the series is missing the y10 and y11 ions 

in the CID spectra.  Through visual comparison we can see a small peak not picked up by 

the program at 1234.423m/z, with s/n ratio of 7.330 and intensity 3588.228, which shows 

up in the mass list for the spectra. This would correspond to the 1234.564m/z y10 labeled 

peak in the 1567 none CID. The y11 labeled in the none CID, is marked at 1381.692m/z 

and some evidence of this peak can be seen visually in the CID spectra.  

 

1880 spectra 

For the 1880.766m/z parent ion spectra (Fig 14), there was no suggested Bio 

Tools sequence that matched the right sequence of the peptide provided by Brueker.55 For 

the CID spectra of the parent ion 1880.766m/z the program matched a few b- and y-ions. 

b1, b5 and b15 were detected and y1, y16 and y17. Despite substantial effort, the 

program was unable to identify the large peak in the middle of the spectra, see Fig 7 in 

appendix (at 1145.257m/z). 

 
      

                                                   
55 http://www2.bdal.de/data/care 
online_data/217498/PI_217498_Tryptic%20Digest%20of%20BSA_V3.pdf) 

Fig 14 – MS-MS CID spectra of parent ion 1880m/z with sequencing 
notaion 
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To summarize the de novo sequencing, we can say that no significant difference is 

seen between the spectra with CID and without CID and therefore confirm Gloriano 

Monettis results of “the collision of a CID-LIFT device do not affect in a significant way 

the decomposition pattern observed for a linear peptide”.56 Furthermore we see that MS-

MS spectra can not always provide sufficient information for peptide sequencing. On the 

other hand it has been shown that it is possible to obtain a complete y-ion series with the 

instrumentation available.  

ORF 
Another aspect of the project was to sequence an unknown protein. For that 

purpose, three different samples were obtained. They were believed to contain 

Recombinant human growth factor alpha-138 (TGF-a), Recombinant human IL-18 (IL-

18) and Recombinant human IL-21 (IL-21). These proteins were digested and prepared 

for mass spectrometry (see experimental). After initial measurements only four samples 

from the mass spectrometric preparation process, were deemed pure and usable. The 

results of the electrophoresis and the stained bands corresponding to the positions of 

usable samples from the 1D SDS-PAGE electrophoresis gel are marked 1, 3, 5 and 7 on 

Fig 1 in appendix. Their MALDI TOF spectra can be found in appendix Figs 2,3 and 4. 

The spectra all show lots of lower mass peaks (100 -500m/z) and a few peaks in the 

higher mass range.  

The SDS-PAGE electrophoresis results, Fig 1 in appendix, show that the TGF-a 

sample is drawn in to two components, ~9kDalton and the other one heavier or 

~11kDalton. This is a surprise and calls for further study. The IL-18 band is well defined 

and clear. The IL-21 band is smudged over a large mass range and that suggests two or 

more components in the sample or some kind of decomposition. 

Comparing the obtained MS spectra with the theoretical digestion of TGF-a, IL-

18 and IL_21 respectively fails to confirm the purported proteins. Theoretical digestion of 

TGF-a, IL-18 and IL-21 dos not predict any peaks under 800m/z. The mass lists from 

obtained ORF spectra gave no mach with theoretical digestion of the proteins. This may 

mean that the samples obtained did not contain the purported proteins or more likely that 

the digestion of the proteins went wrong in some manner. This is strongly supported by 

                                                   
56 Gloriano Moneti, J.mass spectrom 2007; 42: 117-126 
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MALDI TOF measurements of unmodified intact sample of IL-18 seen in Fig 15 here 

below. There we see the spectra for undigested IL-18 sample. The peak 18032.604m/z 

corresponds to the main chain of the protein (See appendix). The smaller peak at 

9016.151m/z is the double charged ion (m/z, mass/charge ratio). This confirms the work 

of Arjen R Companjen et.al where the mass of IL-18 in a human adult is measured.57 

 

 

 
The preconceived IL-18 sample is deemed highly likely to be IL-18, based on that 

the measured mass of 18032.604m/z agrees with the calculated mass of 18216.78Da for 

the protein. This agreement between the measured mass and calculated mass is based on 

the fact that the MALDI-TOF instrument was not calibrated for lineal measurements of 

this m/z range. From this hypothesis we can question on the integrity of the sample 

preparation method. Enquiry in the lab where the preparation took place suggests that the 

stain development buffer used was defected which led to the samples were exposed to 

long to the buffer giving formaldehyde to much time to crosslink the protein fragments 

and croslinking them, binding them in the gel making extraction difficult.58 The time the 

gel in question here spent in this staining solution is thought to borderline too much. 

These factors as well as the results from the spectra strongly suggest a redo of the ORF 

protein study. 

                                                   
57 Arjen R Companjen et.al Journal of Investigative Dermatology (2000) 114, 598–599. 
58 Chevallet, M., S.Luche and T.. Rabillud, Nat Protoc, 2006.1(4):p.1852-8 
 

Fig 15 – A spectra of undigested IL-18 protein from ORF genetics. The 18032m/z peak 

corresponds to the main chain of the IL-18 protein. 9016m/z peak matches also the main 

amino acid chain but shows half the m/z ratio du to a double charge. 
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6. Conclusion 

The results presented here are in agreement with previous findings mentioned in the text. 

The CID cell does not seem to cause further fragmentation of a selected parent and does 

not make de novo sequencing easier although it seems to produce more intense ions.      

Experiments performed with the LIFT method on BSA trypsin digested peptides, in 

presence or absence of collision gas in the collision cell give spectra that seem practically 

superimposable. This supports the findings of Gloriano Moneti et al, namely that a CID 

cell does not affect the fragmentation of a parent ion in a significant way.59 Since the 

collision cell does not seem to fragment the selected parent ion into smaller fragments, it 

must be considered plausible that the high intensity of the laser used in this experiments 

can cause all the fragmentation from highly metastable ions to happen before they reach 

the LIFT mechanism (e.g in the source chamber). This would mean that the parent 

metastable ions that do get through the collision cell do not get the sufficient energy to 

become metastable from the collisions with the argon gas and fragment. This again raises 

the question of what will happen if the laser intensity is kept low, or what if the pressure 

of argon in the collision cell is increased? The LIFT mechanism it self however has 

proven to be a powerful tool in obtaining valid structural information for peptides.  

Future work on this program will include obtaining new samples from ORF 

Genetics and digesting them in a different way than described here and continuing to 

work out the well known problem of middle mass range peaks not being detected,60 as 

well a optimizing the CID aspect of the LIFT mechanism. This project creates some 

exciting questions, such as if an unidentified protein can be entirely sequenced with the 

instruments at hand, and work on this has already begun.  

 

 

 

 

Henrik Cornelisson van de Ven 

University of Iceland  

 

                                                   
59 G. Moneti, Journal of Mass Spectrometry (2007) 42: 117-126 
60 Serguei Ilchenko, Robert J. Cotter, Int. J. Mass Spectrom. 265, Issues 2-3, Sep 2007,372-381.. 
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Spectra and figures  
 
 
 

 
 
Fig 1 electrophoresis of ORF samples 
 
Fig 1. Electrophoresis gel with two rows of ORF samples. The TGF-a samples marked 1 
to 4 came from 50microL of sample. The band breaks in two, a lighter component and 
heavier one, drawn 9kDa and more than 11kDa respectively. This was unexpected and 
cause for further study. IL-18 bands marked 5 and 6 came from 50microL of sample and 
are a single band. IL-21 bands marked from 7 – 10 came from 50 microL of sample and 
were drawn in to a wide band around 25kDalton. TGF-a with samples marked 11 to 14 
are identical to the TGF-a bands marked 1 – 4 except came from 25microL. The same is 
true for the IL-18 15 and 16 samples as well as for IL-21 marked 17-20.    
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Fig 2 IL-21 tryptic digest  
 
IL-21 tryptic digest MS spectra from sample 7 in fig 1. The spectra was acquired on a 
Bruker Aoutoflex III using DHB matrix. The spectra shows small mass peaks and a 
unidentified strange peak row and the mass list was unusable for sequence analysis.  
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Fig 3 IL-18 tryptic digest 
 
IL-18 tryptic digestion MS spectra from sample 5 in fig 1. The spectra was acquired on a 
Bruker Aoutoflex III using DHB matrix. The spectra shows small mass peaks and some 
small peaks for larger masses. The mass list was unusable for sequencing. 
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Fig 4 TGF-a tryptic digest  
 
TGF-a tryptic digest MS spectra from sample 1 in fig 1. The spectra was acquired on a 
Bruker Aoutoflex III using DHB matrix. The spectra shows small mass peaks and the 
mass list was unusable for sequencing 
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Fig 5 A classic BSA sample on DHB matrix 
 A classic MS spectra BSA sample on DHB matrix. MASCOT score 122, easily obtained 
and the comparison between the CID and no CID results for this type of sample can be 
found in table 1 on page 19. The spectra was acquired on a Bruker Aoutoflex III with 
setting as specified in experimental chapter. 
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Fig 6 A classic BSA sample on CHCA dilute matrix 
 
Typical MS spectra of BSA on 29M CHCA matrix. The signal is little in the area of 

interest (800m/z and above) where we expect large peaks and this is the reason for the 

discontinued usage of CHCA matrix as well as the dilute matrix approach. The spectra 

was acquired on a Bruker Aoutoflex III. 
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Fig 7 A classic BSA sample on DHB dilute matrix 
Typical MS spectra of BSA on 29M DHB matrix. The spectra is low in intensity for most 

ions although they are measured. Concentrated DHB matrix gave better results (Fig5). 

The spectra was acquired on a Bruker Aoutoflex III. 
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Fig 8 A classic BSA sample on CHCA matrix 
A classic MS spectra of BSA sample on CHCA matrix. The spectra was acquired on a 

Bruker Aoutoflex III. The sample did not score against BSA in the MASCOT data base 

and was besides hard to obtain.  
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SDS-PAGE gel 
The composites of the SDS-PAGE gel 
 
Buffers: 
A: 1.5M Tris-HCl pH 8.9 
B: 0.5M Tris-HCl pH 6.8, 10ml/L TEMED,  
Solutions: 
C: 30% acrileamide, 2.6%bis-acrileamide 
Pe: 10% ammonium persulfate 

5x SDS buffer 
60mM tris-HCl ph 6.8 
5% (w/v) SDS 
10%(w/v) succarose  
0.02% Bromophenyl blue 
10mM DTT 
 

Staking gel  
Buffer B: 2.5mL 

Solution C:1.5mL 

H2O 6.5mL 

Solution Pe: 0.5mL 

 

Resolving gel 10% 
Buffer A: 9.0mL 
Solution C: 12.0mL 
Solution Pe: 0.2mL 
H2O              14.8mL 
TEMED        50µL 
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Supplementary information  

IL-18 main chain1 
 
IL-18 chain Bold=main chain 
     10         20         30         40         50         60  
MAAEPVEDNC INFVAMKFID NTLYFIAEDD ENLESDYFGK LESKLSVIRN LNDQVLFIDQ  
 
        70         80         90        100        110        120  
GNRPLFEDMT DSDCRDNAPR TIFIISMYKD SQPRGMAVTI SVKCEKISTL SCENKIISFK  
 
       130        140        150        160        170        180  
EMNPPDNIKD TKSDIIFFQR SVPGHDNKMQ FESSSYEGYF LACEKERDLF KLILKKEDEL  
 
       190  
GDRSIMFTVQ NED  
 
 
Number of residues: 157  
Molecular weight: 18216.78Da 

BSA amino acid sequence2 
 
BSA chain Bold=main chain 
 
       10         20         30         40         50         60  
MKWVTFISLL LLFSSAYSRG VFRRDTHKSE IAHRFKDLGE EHFKGLVLIA FSQYLQQCPF  
 
        70         80         90        100        110        120  
DEHVKLVNEL TEFAKTCVAD ESHAGCEKSL HTLFGDELCK VASLRETYGD MADCCEKQEP  
 
       130        140        150        160        170        180  
ERNECFLSHK DDSPDLPKLK PDPNTLCDEF KADEKKFWGK YLYEIARRHP YFYAPELLYY  
 
       190        200        210        220        230        240  
ANKYNGVFQE CCQAEDKGAC LLPKIETMRE KVLASSARQR LRCASIQKFG ERALKAWSVA  
 
       250        260        270        280        290        300  
RLSQKFPKAE FVEVTKLVTD LTKVHKECCH GDLLECADDR ADLAKYICDN QDTISSKLKE  
 
       310        320        330        340        350        360  
CCDKPLLEKS HCIAEVEKDA IPENLPPLTA DFAEDKDVCK NYQEAKDAFL GSFLYEYSRR  
 
       370        380        390        400        410        420  
HPEYAVSVLL RLAKEYEATL EECCAKDDPH ACYSTVFDKL KHLVDEPQNL IKQNCDQFEK  
 
       430        440        450        460        470        480  
LGEYGFQNAL IVRYTRKVPQ VSTPTLVEVS RSLGKVGTRC CTKPESERMP CTEDYLSLIL  
 

                                                   
1 http://www.uniprot.org/uniprot/Q14116 
2 http://www.uniprot.org/blast/?about=P02769[25-607] 
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       490        500        510        520        530        540  
NRLCVLHEKT PVSEKVTKCC TESLVNRRPC FSALTPDETY VPKAFDEKLF TFHADICTLP  
 
       550        560        570        580        590        600  
DTEKQIKKQT ALVELLKHKP KATEEQLKTV MENFVAFVDK CCAADDKEAC FAVEGPKLVV  
 
 
STQTALA  
 
 
Number of residues: 607  
Molecular weight: 69323.4 Da 
 
 

 

MATLAB code 
 
Keyr.m 
 
-This script was made to simplify input of data into the Samanb.m script. 
 
-Here all mass lists are loaded. 
 
%hér er allt lesið inn 
load 1567mz.txt; 
load 1567mzcid.txt; 
load 1567i.txt; 
load 1567icid.txt; 
load 1567sn.txt; 
load 1567sncid.txt; 
load 1880mz.txt; 
load 1880mzcid.txt; 
load 1880i.txt; 
load 1880icid.txt; 
load 1880sn.txt; 
load 1880sncid.txt; 
load 1479mz.txt; 
load 1479mzcid.txt; 
load 1479i.txt; 
load 1479icid.txt; 
load 1479sn.txt; 
load 1479sncid.txt; 
 
-Here all lists used are given names to use in function and the comparison error margin d 
is determined. 
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%hér er það tekið til sem bera á saman 
x1=X1479mz,x2=X1479mzcid,y1=X1479i,y2=X1479icid,sn1=X1479sn,sn2=X1479snci
d,d=0.001; 
% 
%x1=X1880mzcid,x2=X1880mz,y1=X1880icid,y2=X1880i,sn1=X1880sncid,sn2=X188
0sn,d=0.001; 
% 
 
-This calls for the script Samanb.m 
 
 
[hyy,snhl]=samanb(x1,x2,y1,y2,sn1,sn2,d); 
 
 
 
Samanb.m 
 
%FORRIT sem tekur inn x og y gildi tveggja rófa og ef x gildin passa innan 
% delta (d) þá tekur það hlutfallið af toppunum og hlutfall af Sn hlutfalli 
 
 
 
 
 
 
-Here we read the info from keyr.m and start the comparison 
 
-If the program finds a peak in spectra 2 that falls within the margin of error from the 
mass list of spectra 1 it calculates the ratio of intensity and signal to noise ratio 
 
function[hyy,snhl]=samanb(x1,x2,y1,y2,sn1,sn2,d); 
m = 1 ; 
    for i=1:length(x1); 
        for j=1:length(x2); 
            delta=x2(j)*d; 
            if x1(i)<x2(j)+delta && x1(i)>x2(j)-delta; 
                hyy(m)=(y2(j)/y1(i)); 
                snhl(m)=(sn2(j)/sn1(i)); 
                m=m+1; 
            end; 
        end; 
    end; 
    ; 
l = hyy>1; 
hvemy2stey1=sum(l) 
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k = snhl>1; 
hvemy2mrsny1=sum(k) 
 
methlutfalslhaidarmunar = (sum(hyy)/length(hyy)) 
methlutfalslsnmunar= (sum(snhl)/length(snhl)) 
 
length(hyy) 
 
- The script puts out average intensity ratio and average signal to noise ratio, as well as 
the number of peaks that matched within the margin of error. 


