
Escobar et al.  SUPPORTING MATERIAL PART 1.  

Utility of characteristic QTOF MS/MS fragmentation for MHC class I peptides. 

Supporting Figure 1.  

Immonium ion presence. Spectra of peptide MPDVDLHL from HLA allele B3501 where the Histidine 

immonium ion is clearly present inside the peptide at m/z 110. 
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Supporting Figure 2.   

Decreased proline cleavage. A. This peptide from HLA-B3501 shows the effect of basic amino acids close to 

N-terminus generating abundant b-type ions that affect both cleavage of N-terminus to proline in this case by 

impossibility of b1 formation from protonated ozaxolone, also the small peak C-terminal to proline is affected 

and is not evident. B. Peptide extracted from H2-Kd generate abundant b-type ions in gaseous phase collision 

by absence of basic residue inside the sequence. It is observed  increased cleavage toward C-terminus in 

aliphatic residues as Leu, Ile  and Tyr with Asn weak bond helping the process, all effects together lead to 

suppression of cleavage N-terminus to proline and C-terminal to proline. 
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Supporting Figure 3.  

Cleavage at Arginine residue is suppressed. Some sequences with peptides containing Arg showed 

absence or marked decrease in fragmentation around this basic residue. In this spectrum, the y-type mono-

charged ions from cleavage surrounding Arg are absent; with only low intensity peaks for b5 and y5
++ visible. 

When the basic residue is inside the sequence, it is more common to find spectral patterns with peak-wave 

behavior in the y-type and b-type series – an important clue when confirming validity of algorithm matched 

sequences.  
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Supporting Figure 4. Position of basic amino residues enhance certain cleavages. In these three spectra 

(from HLA-B*3501, H2-Dd and H2-Kd), the increase of b-ions is seen by the basic residues proximity toward 

N-terminus, also non-polar and polar residues located at C-terminus produce intense peaks. 
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Supporting Figure 5. Presence of basic residues suppress cleavage of non-polar and polar residues.  

(A) Intense y-ions fragments  are generated  on C-terminus when basic residues are  located close to N-

terminus but (B) they show decrease in peak  intensity when the  basic amino acid approaches to C-terminus. 

(C) Presence of arginine close to C-terminus also suppress completely the common fragmentation y1 and y2 in 

this peptide extracted from HLA-B4403.   
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Supporting Figure 6. Non-polar and polar ions can lead CID fragmentation. These three spectra (from 

MHC class I peptides) show abundant generation of b-ion with intense y-type fragmentation in non-polar 

residues as Val, Ser, Thr, Tyr, Phe, Ala, Ile and Leu.  In some cases even exceeding the enhanced 

fragmentation N-terminal to Pro which disappears in these spectra. 
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Supporting Figure 7. Immonium ions and related fragments in peptides from MHC class I. This graph 

shows the trend for immonium ions by the most common amino acids found in the type of peptides studied. 

Some of them are more likely to be present in the spectrum so they can be a good guide to confirm 

sequences. Residues such as aspartic acid generate very poor immonium peak signal. 
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Supporting Figure 8. Impact of scoring defined by the algorithm. The values assigned for the presence of 

y-type and b-type ions within the algorithm is defined by different appraises for each of them, thus giving 

preference when a tryptic peptide was detected in the mass spectrometer. This can unfairly modify the scoring 

and fail in the report of the most probable sequences given by the algorithm search when abundant b-ions are 

generated (as is common in MHC class I  peptides) with basic residues located away of C-terminus or when 

these basic amino acids are absent. In this study we modified the scoring set of parameters for b-ions and y-

ions in the algorithm equalizing the values for both at 1.0 units.   
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Supporting Table 1, 2, 3. Basic residues suppress cleavage in endogenous non-tryptic peptides. For 

different peptides extracted from MHC class I alleles with basic residues  inside the main fragment peaks for y-

type and b-type ions are detailed here with the following indicative forward-slashes into the sequence: blue b-

type ions; red y-type ions; purple vertical lines both y- and b- ions. The trend is suppression of cleavage around 

basic residues with marked trend with arginine followed by histidine and last lysine. The presence of internal 

ions generated by Arg show few peaks but they tend to increase when residues as Asn and/or Gln are present 

maybe for the facile breaking bond presented by these amino acids.. 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supporting Table 1 
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Supporting Table 2 
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Supporting Table 3 
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Supporting Table 4.  No basic residues present influence the  b-type ions generation n MHC class I 

peptides. As well as  occur with histidine and lysine,  the absence of basics residues   produce abundant 

internal ions, also the trend to generate b-ions is strong with this sequences as shown in the last column with 

more than 50% of b-type ions comparing with  y-ions in the spectrum. 
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Supporting Table 5.  Presence of glutamine and asparagine increase internal ions and fragmentation 

inside peptide. These data show the impact of these two residues in the cleavage in MHC class I. First always 

there are y-type and or b-type ions generated from this residues in the listed  peptides and second the internal 

ions found in the QTOF analysis are generated in more than 40% of the time from these residues as may be 

detailed in the last column. The presence of several residues inside the sequence increase the internal ion 

generation.  
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Supporting Table 6. Summary of internal ion generation with presence and absence of  residues. This 

data is a summary of tables I,II, III and IV in terms of internal ions presence There is a clear trend  for arginine 

to yield less ions comparing with the other basic residues or when they are absent.  

Mean STDV
No presence 30 23 13

Arginine 35 7 3
Histidine 35 15 4
Lysine 35 21 10

Basic residue Peptides 
analyzed

fragments by peptide 

Summary data presence internal ions per peptide  
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Supporting Table 7. False discovery rate. 
 
 
 

 
 
 
Formulation: 
# Sequences: Total of assignments over score threshold 
False positive: passing reverse search assignment 
True positive: passing assignments – false positives 
False Negatives: False positives passing manual validation assignments 
True negatives: False Positives – False negatives 
FDR%: 100* False positives/ (#sequences-False positives) 
True FDR%: 100*True negatives/ (#sequences-True negatives) 
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Practical application example: 

In the search of the correct sequence for one peptide extracted from MHC class I molecule for the Allele HLA-

B3501 we found the following report from the mass spectrometer algorithm: 

 

A. The first and second options are suspicious by the high unmatched ions and few internal ions content 

detected in the spectra. When there are no basic residues, we have found generation of internal ions greater 

than 7 ions , in this example the spectra shows for the first and second sequence options only four internal ions 

and one internal ion, respectively. Then both sequences can be discarded. 

 
1.YFVQTVEVDQL 
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2.YFVPPPYELSE

 

 
B. Third option  gave one sequence with two basic residues close to N-terminal justifying the presence of 

abundant b-ions in the spectra but the high error in ppm for this b-type ions with majority of them over 20ppm 

(last line of report) forces to discard it: 

3.AKELREGFVEY 

 

 

 

C. Finally the fourth option seems comfortable by the presence  of Arg  closer to N-terminus and supporting the 

abundance in b-ions which principal fragments present error less than 20. Also two internal ions match with the 
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trend of few internal ions when Arg are inside the peptide. Then this sequence is accepted as valid and 

additionally it contains the motif characteristic of the HLA-B3501. The reason of the poor score for this peptide 

compared with the first three is focused on the difference in value assignment to b-ion and y-ions by the 

algorithm. If the values were equal for both ions in the calculations the score the fourth option would have been 

17.5 units, one excellent score in the scale for this algorithm.  

 
4.SPEGRLYQVEY 

 

 
 
 
 
 
 
 
 
 
 
 
 
Escobar et al.  SUPPORTING MATERIAL PART 2.  

Utility of characteristic QTOF MS/MS fragmentation for MHC class I peptides. 

A. QTOF spectra MHC class I peptides containing Histidine. y‐ions, b‐ions and internal ions C‐terminus to His 
 
(Please note the software design does not default display all ion signals in the follow spectra. Complete or specific count 
of ions may require additional manipulations.) 
 
HLA‐B4405 
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 Strong y6.  Arg and Gly presence.  

 
 
Weak y3, PH 

 
 
Weak y2, PHIH, LPH 

 
 
Absence y1,b8, FDH 

 
 
 
Weak y3, PH, HQ 
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Weak y1, H, SH, VGSH, FVGVSH 

 
 
Weak y1, SH, ISH, IISH 

 
 
Weak b5, ANH 

 
 
Weak b5, HT, GIH, GIHT 

 
 
 
 
Weak b6, H, GH, PGH 
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Weak y8 

 
 
HLA‐B4402 
 
Weak y2 

 
 
Weak y2 

 
 
Strong y2, weak b7 

 
 
Absent y2, b6 
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Absence y3, b6 

 
 
Absence y2, b9 

 
 
HLA B0702 
 
Weak y2, b7++ 

 
 
HLA‐B3501 
Weak y2, IH 

 
Weak y2,b6, IH, EIH, VEIH 
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Weak y2,b7, NIH 

 
 
Weak y2,b7, DEIYH, PDEIYH, YH 

 
 
Weak y2 

 
 
Weak y2,b9 

 
 
 
 
Weak b4 

 



25 
 

 
Moderate y4,b5, EEH, PEEH 

 
 
Weak WLVDH 

 
 
Absence y1, b11 and internal ions H to C terminus 

 
 
Absence y3,b6, PDH 

 
 
 
 
Weak y2, EH, DEH, LDEH, WLDEH 
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Weak b8, DGNH 

 
 
Absence y6,b3 and internal ions fragments H to C terminus 

 
 
Weak INH 

 
 
Weak SLAH, LAH 

 
 
 
 
Weak b4 



 
 
Weak b3,PH 

 
 
Absence y9 

 
 
Weak y4, b6++ 

 
 
Absence y8 
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eak b5,  LEH, EH W

 
 
Weak EH 

 
 
Weak EH, LEH 

 
 
Absence y8 

 
 
 
bsence y8 A
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Weak y4, b6++ 

 
 
H2‐Db 
 
Weak y2,b9. R presence 

 
 
Very weak y1, NPVRVH. R presence 

 
 
Absence y1, b10 or internal ions. R presence 

 
 
Weak y6, b3. R presence 



 
 
Very weak y1 and  PSRVH. R presence 

 
 
Weak ENH, EENH, SEENH 

 
 
Very Weak y1, PEH, FPEH, SNFPEH 

 
 
Weak y2, IENIIH, NIH, ENIH 

 
 
Weak y2 
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Weak NH, VNH, PVNH 

 
 
Weak y2, b7, NIH, GIENIH 

 
 
Weak DH,  IDH, LLDIDH 

 
 
Weak H,AH, HI, GDH, HIDGDH 

 
 
Weak NH 
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Weak PYKDH, NPYKDH 

 
 
Weak y1, ANYIH, LANYIH 

 
 
Weak b8++, GH, VGH, QNVGH 

 
 
Weak TH, SNLTH, LSNLTH 

 
 
Weak y2, GTH 
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Weak y1, EH, ENILEH 

 
 
Weak y1, DH 

 
 
Weak b9, NH 

 
 
Weak y1, VNH 

 
 
Weak y2 
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Weak ENSWIH, IENSWIH 

 
 
Weak DNIDH, VDNIDH 

 
 
Weak AH 

 
 
Weak NH, ENH 
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Absence y2, b9 or internal ions 

 
 
 
 
Weak ENSWIH, IENSWIH 

 
 
Weak y2, NIH, ENIH, IENIH 

 
 
Weak AH, IAH 

 
 
Weak NH, VNH.  
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Weak y2 

 
 
 
Weak NSWIH, ENSWIH, IENSWIH 

 
 
 
HLA‐B4402 
 
Weak y2, VVH 

 
 
H2‐Dd 
Weak  PAH 

 
 
Weak PNH 
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Weak y4,b6 

 
HLA‐B3508 
 
Weak YLEH 
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B. QTOF spectra peptides MHC class I without basic residues inside. 
(Please note the software design does not default display all ion signals in the follow spectra. Complete or specific count 
of ions may require additional manipulations.  When a spectrum is repeated to show additional signals both are 
emphasized in one box).  
 
  
HLA‐B3501 
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HLA‐B4402 

 
 
HLA‐B4405 
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H2‐Db 
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H2‐Dd 
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H2‐Ld 
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C.  QTOF spectra  MHC class I peptides containing Arginine. 
(Please note the software design does not default display all ion signals in the follow spectra. Complete or specific count 
of ions may require additional manipulations.  When a spectrum is repeated to show additional signals both are 
emphasized in one box).  
 
HLA‐B4405 
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HLA‐B4402 
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HLA‐B0702 
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HLA‐B3501 
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D. QTOF spectra  MHC class I peptides containing Lysine. 
Not.e. By the software tool design not all the signals would be visible in the following  spectra. A  complete or specific 
count of them may  require additional manipulations. When a  spectrum is repeated to show additional signals both 
are emphasized in one box.  
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