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Tutorial 1: Does a peptide have a cycle ? 

• Are y-ions observed in linear mode? No. 
• Are multiple overlapping series of b-ions 

observed in cyclic mode? Yes. 
• Are scrambled ions observed in cyclic mode?  

Yes. 
 

 The peptide likely contains a cycle. 



 

Example 1a 



Example 1a 



 

Example 1b 



Example 1b 

 



Example 1b 

 



Example 1b 

 



Tutorial 2: How to determine a tag ? 

• Detection of sequence tags must be enabled. 
 
 

• Proper scoring function must be chosen.  
(e.g., number of matched peaks,  
sum of relative intensities of matched peaks, 
number of b-ions or number of b-ions + 
dehydrated b-ions) 



Tutorial 2: How to determine a tag ? 

• A threshold of minimum relative intensity of 
peaks must be set high. 3 – 5 % 
 

• Maximum number of combined building 
blocks must be small. 1/1/1 



 

Example 2 



Example 2 
• Correct tag of Cyclosporin A “[NMe-Leu]-[Ala]-[Ala]-

[NMe-Leu]-[NMe-Leu]-[NMe-Val]” was reported as a 
top hit. 



Tutorial 3: How to determine a 
complete sequence ? 

• Mass-to-charge error tolerances must be small. 
1 – 2 ppm 
 
 

• Detection of sequence tags should be disabled. 
 



Tutorial 3: How to determine a 
complete sequence ? 

• Threshold of minimum relative intensity 
should be small. 
 

• Maximum numbers of combined building 
blocks must be increased. 
– proper values must be determined empirically  

from the gaps between peaks 



Tutorial 3: How to determine a 
complete sequence ? 

• Sequence tag(s) should be used. 
– sequences without the tag are skipped 

 
– sequences without the tag are processed and 

sequences with the tag are yellow 



Tutorial 3: How to determine a 
complete sequence ? 

• Examples of sequence tags: 
– [Val] one-block tag 
– [Val]-[Leu] two-block tag, etc. 
– ([Val]-[Leu]-*){2} [Val]-[Leu]-[Val]-[Leu] 
– ([Val]|[Leu]) [Val] or [Leu] 
– [Pro]-[Ile]-[Ile]\([Orn]-[N-Ac-Ile]\)[Phe]  

branching at [Orn], branch is formed from [N-Ac-Ile] 
– ECMAScript syntax is supported (except “[” and “]”) 

http://www.cplusplus.com/reference/regex/ECMAScript/ 

 

http://www.cplusplus.com/reference/regex/ECMAScript/


 

Example 3 



Example 3 
• Correct sequence of Cyclosporin A “[NMe-Bmt]-

[Abu]-[NMe-Gly]-[NMe-Leu]-[Val]-[NMe-Leu]-[Ala]-
[Ala]-[NMe-Leu]-[NMe-Leu]-[NMe-Val]” was 
reported as a top hit. 



Tutorial 4: How to determine  
a branched sequence ? 

• Look for sequence tags in linear mode. 
 
 

• If possible, look for a building block which may 
cause branching (lysine, ornithine, etc.). 



Tutorial 4: How to determine  
a branched sequence ? 

• Switch into the branched mode. 
 

• Use a sequence tag: 
– [Asp]-[Gln] sequence of blocks 
– [Ser].*[Asp]-[Gln] .* stands for unknown sequence 
– \([Lys] branching at [Lys] 
– \([Lys].*\)[Asp]-[Gln] partially known branched 

sequence  
• See also Tutorials 2 and 3. 



 

Example 4a 



Example 4a 

• Correct tag “[Asp]-[Gln]” was reported as a 
top hit. 

• Correct tag “[Ser]” was also reported. 



 

Example 4b 



Example 4b 

 



Example 4b 

 



Example 4b 

• Correct sequence “Acetyl[Glu]-[Ser]-[Leu]([Lys]-
[Asn]-[Phe]-[Ile])[Asp]-[Gln]-[Tyr]-[Gly]Amidated” 
was reported among 24 candidates with equal 
score (23 matched peaks). 

• All 24 candidates have the same mask “Acetyl[Glu]-
[xxx]-[xxx]([Lys]-[xxx]-[xxx]-[xxx])[Asp]-[Gln]-[Tyr]-
[Gly]Amidated”  branching at [Lys] 

• It is not easy to predict the numbers of combined 
blocks 2/4/1. 

• Acetyl, Amidated must be listed in a list of 
modifications. 



Tutorial 5: How to determine terminal 
modifications ? 

• Open a file with modifications in “Tools -> 
Modifications Editor”. 

• Remove unlikely modifications. 
• Configure settings and click “Search -> Run” in the 

main menu. 
• Detected modifications are shown in an output 

report. 

 



Example 5 

 



Example 5 

 



Example 5 

 



Tutorial 6: How to compare a 
theoretical spectrum with a peaklist ? 

• Select mode – Compare Peaklist with 
Spectrum of Searched Sequence. 
 

• Select a peptide type, peaklist file and 
database of building blocks. 



Tutorial 6: How to compare a 
theoretical spectrum with a peaklist ? 

• Define “N-/C-terminal Modifications File”. 
 

• Define peptide sequence. 
 
 
 

• Click “Search -> Run” in the main menu. 



 

Example 6 



Example 6 

 



Tutorial 7: How to search in a database  
of MS/MS spectra ? 

• Select mode – Compare Peaklist with 
Database – MS/MS data. 
 

• Select a peptide type, peaklist file and 
database of building blocks. 



Tutorial 7: How to search in a database  
of MS/MS spectra ? 

• Define “N-/C-terminal Modifications File”. 
 
 

• Define database of peptide sequences. 
 
 

• Click “Search -> Run” in the main menu. 



 

Example 7 



Example 7 

• Database of sequences. 



Example 7 

• Output. 



Tutorial 8: How to search MS spectrum 
against a database of compounds ? 

• Select mode – Compare Peaklist with 
Database – MS data. 
 

• Select a peaklist file and database of 
compounds. 



Tutorial 8: How to search MS spectrum 
against a database of compounds ? 

• Set a maximum charge of ions. 
 

• Select types of ions to be detected. 
 
 
 
 
 

• Click “Search -> Run” in the main menu. 
 



 

Example 8 



Example 8 

• Database of compounds/sequences. 



Example 8 

 



Tutorial 9: Draw Peptide Tool 

 



Tutorial 9: Draw Peptide Tool 

 



Tutorial 9: Draw Peptide Tool 

 



Tutorial 9: Draw Peptide Tool 

 



Tutorial 10: Identification of Branch-Cyclic 
Peptide with a Long-sized Branch 

• 3 ways of identification may be used for 
branch-cyclic peptides 
– short-sized branch (1-3 building blocks)  cyclic mode 
– long-sized branch (≥ 5 building blocks)  linear mode 
– medium-sized branch  branch-cyclic mode 

 

 



Tutorial 10: Identification of Branch-Cyclic 
Peptide with a Long-sized Branch 

• Tolaasin B 
• linear mode 

– simple & fast identification 
of the branch 

• branch-cyclic mode 
– more peaks are matched 

 
 

 
The spectrum of Tolaasin B is available at http://gnps.ucsd.edu/. 



Example 10a 
• Comparison of experimental spectrum of 

Tolaasin B with theoretical spectrum in linear 
mode 

• Select peptide type – linear 
 

• Enable cyclic C-terminus 
– i.e., mass of H2O is subtracted when C-terminal 

fragment ions are generated 
– mass of b-ion is equal to mass of (y-H2O)-ion 

 
 



Example 10a 
• Enter peptide sequence in “linear” format 

– “linear” format 
• the branch is red 
• [C8:0-OH(3)]-[dhAbu]-[D-Pro]-[D-Ser]-[D-Leu]-[D-Val]-

[D-Ser]-[D-Leu]-[D-Val]-[Val]-[D-Gln]-[Leu]-[D-Val]-
[dhAbu]-[D-aThr]-[Lys]-[D-Dab]-[D-Hse]-[Val] 
 

– “branch-cyclic” format 
• [Val]-[D-Hse]-[D-Dab]-[Lys]\([D-aThr]-[dhAbu]-[D-Val]-

[Leu]-[D-Gln]-[Val]-[D-Val]-[D-Leu]-[D-Ser]-[D-Val]-[D-
Leu]-[D-Ser]-[D-Pro]-[dhAbu]-[C8:0-OH(3)]\) 



Example 10a 
 
 



Example 10a 
• 9 b-ions found + 11 (y-H2O)-ions found 

 



Example 10b 

• Comparison of experimental spectrum of 
Tolaasin B with theoretical spectrum in 
branch-cyclic mode 

• Select peptide type – branch-cyclic 
 

• Enter peptide sequence in “branch-cyclic” 
format 

 

 



Example 10b 

 
 



Example 10a + 10b 

 
 



Example 10a + 10b 
• Comparison in linear mode 

– 9 b-ions found 
– 11 (y-H2O)-ions found  11 b-ions found 
– 20 b-ions found in total 

• Comparison in branch-cyclic mode 
– 21 b-ions found  
– 1 y-ion found 

• false hit (branch is N-terminated, y-ions cannot be 
found) 

 
 



Example 10c 
• Detection of peptide sequence tag from the 

branch in linear mode 
 



Example 10c 
• Sequence tag was found [D-Pro]-[D-Ser]-[D-

Leu]-[D-Val]-[D-Ser]-[D-Leu]-[D-Val]-[Val] 
 



Tutorial 11: Identification of Peptide Family 
using Similarity Search 

• Suitable when a searched peptide is not 
included in a sequence database but its 
analogue is included (i.e., one or more 
building blocks are different) 
 



Tutorial 11: Identification of Peptide Family 
using Similarity Search 

• Define peptide type and peaklist file 
 

• Select a database of building blocks 
 

• Select N-/C-terminal Modifications File 
 

• Enable Similarity Search 
– this option disables filtering of peptide sequence 

candidates by precursor mass 



Tutorial 11: Identification of Peptide Family 
using Similarity Search 

• Select mode – Compare Peaklist with 
Database – MS/MS data 
 

• Select a database of sequences 



Tutorial 11: Identification of Peptide Family 
using Similarity Search 

• … 
 



Tutorial 11: Identification of Peptide Family 
using Similarity Search 

• Gramicidin C and 2 other analogs were found 
 



Tutorial 12: Identification of Siderophores 
in MS/MS data 

• CycloBranch can identify siderophores in 
– MS/MS data 

• linear, cyclic, branched, and branch-cyclic NRP 
siderophores 

• linear and cyclic polyketide siderophores 

– MALDI-MS and LC-MS data 
– imaging mass spectra (MSI) 
– various biometals are supported  - Li, Na, Mg, Al, 

K, Ca, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga) 



Example 12a: Identification of Fe-TAFC 

• ferri-form of triacetylfusarinine C (Fe-TAFC) 
• precursor ion adduct must be defined 

– [M+Fe-2H]+  FeH-2 
 

– other examples: 
• [M+H]+  empty or H 
• [M+Fe-3H+Na] +  FeH-3Na 
• [M+Al-2H]+  AlH-2 
• [M+Zn-H]+  ZnH-1 

 



 

Example 12a: Identification of Fe-TAFC 



• Fe-TAFC was reported among candidates 1-8 
belonging to 4 groups 

Example 12a: Identification of Fe-TAFC 



• a group corresponds to a path in the de novo graph, 
i.e., the 8 sequence candidates were generated from 
4 paths by permutations of building blocks 

Example 12a: Identification of Fe-TAFC 



Example 12b: Identification of  
desferri-ferrioxamine B 

• linear polyketide must be selected 
 

• database of ketide blocks must be defined 
 

• ketide terminal modifications must be defined 
 
 



Example 12b: Identification of  
desferri-ferrioxamine B 

 



Example 12b: Identification of  
desferri-ferrioxamine B 

• desferri-ferrioxamine B was reported as the top 
hit (6 peaks were matched) 



Example 12b: Identification of  
desferri-ferrioxamine B 



Example 12c: Identification of  
ferri-ferrioxamine B 

• precursor ion adduct must be defined 
 



Example 12c: Identification of  
ferri-ferrioxamine B 

 



Example 12c: Identification of  
ferri-ferrioxamine B 



Tutorial 13: Identification of Siderophores 
in MALDI-MS and LC-MS data 

• select MS mode 
 

• select a database of compounds 
 

• select ion types to be detected 



Tutorial 13a: Identification of Siderophores 
in MALDI-MS data 

 



Tutorial 13a: Identification of Siderophores 
in MALDI-MS data 

 



Tutorial 13a: Identification of Siderophores 
in MALDI-MS data 

 



Tutorial 13b: Identification of Siderophores 
in LC-MS data 

• select a file with LC-MS data 
 



Tutorial 13b: Identification of Siderophores 
in LC-MS data 

 



Tutorial 13b: Identification of Siderophores 
in LC-MS data 

• each row corresponds to a scan 
• spectrum ID = scan ID 



Tutorial 13b: Identification of Siderophores 
in LC-MS data 

• Summary Table of Matched Peaks – matched 
peaks from all scans are listed (ID = scan ID) 



Tutorial 13b: Identification of Siderophores 
in LC-MS data 

• chromatogram 



Tutorial 13: Identification of Siderophores 
in MALDI-MS and LC-MS data 

• List of currently supported ions: 
– [M+H]+, [M+Na]+, [M+K]+, [M-H]-, [M+Fe-2H]+, [M+Fe-

3H+Na]+, [2M+Fe-2H]+, [2M+Fe-3H+Na]+, [3M+Fe-2H]+, 
[3M+Fe-3H+Na]+, [3M+2Fe-5H]+, [3M+2Fe-6H+Na]+, 
[M+Fe-4H]-, [2M+Fe-4H]-, [3M+Fe-4H]-, [3M+2Fe-7H]-, 
[M+Li]+, [M+Mg-H]+, [M+Mg-2H+Na]+, [M+Mg-3H]-, 
[M+Al-2H]+, [M+Al-3H+Na]+, [M+Al-4H]-, [M+Ca-H]+, 
[M+Ca-2H+Na]+, [M+Ca-3H]-, [M+Cr-2H]+, [M+Cr-
3H+Na]+, [M+Cr-4H]-, [M+Mn-H]+, [M+Mn-2H+Na]+, 
[M+Mn-3H]-, [M+Co-H]+, [M+Co-2H+Na]+, [M+Co-3H]-, 
[M+Ni-H]+, [M+Ni-2H+Na]+, [M+Ni-3H]-, [M+Cu-H]+, 
[M+Cu-2H+Na]+, [M+Cu-3H]-, [M+Zn-H]+, [M+Zn-2H+Na]+, 
[M+Zn-3H]-, [M+Ga-2H]+, [M+Ga-3H+Na]+, [M+Ga-4H]- 
 



Tutorial 14: Identification of Siderophores 
in Imaging Mass Spectra 

• standard imzML file format is supported 
– processed or continuous data format 
– m/z values and intensities must be stored as 

32/64-bit floats 
– no compression 
– profile or centroided spectra 

• profile spectra are automatically converted to 
centroided spectra using OpenMS (www.openms.de) 

– see also www.imzml.org 



Tutorial 14: Identification of Siderophores 
in Imaging Mass Spectra 

• the single spectra are batch-processed 
• X and Y coordinates are reported for each 

single spectrum 
• Summary Table of Matched Peaks – matched 

peaks from all single spectra are listed 
• Image Window – visualization of matched 

compounds 



Tutorial 14: Identification of Siderophores 
in Imaging Mass Spectra 

• select imzML file 
 

• set up the minimum threshold of rel. int. 
 

• set up FWHM (for profile spectra only) 



Tutorial 14: Identification of Siderophores 
in Imaging Mass Spectra 

• select MSI mode 
 

• select a database of compounds 
 

• select ion types to be detected 



Tutorial 14: Identification of Siderophores 
in Imaging Mass Spectra 

 



Tutorial 14: Identification of Siderophores 
in Imaging Mass Spectra 

 



Tutorial 14: Identification of Siderophores 
in Imaging Mass Spectra 

 



Tutorial 14: Identification of Siderophores 
in Imaging Mass Spectra 

 



Tutorial 14: Identification of Siderophores 
in Imaging Mass Spectra 

• Image Window 
– open image 
– set up “Max X” and “Max Y” 

• coordinates of the image bottom-right corner 
• the values must be determined manually in FlexImaging 

(Bruker) to correctly map the spectra into the image 
• R00X451Y321 means 

Max X = 451 
Max Y = 321 



Tutorial 14: Identification of Siderophores 
in Imaging Mass Spectra 

• Image Window 
– point corresponds to single mass spectrum 
– standard HSL (hue, saturation, lightness) color 

model 
 

– the most intensive point  in a selected region is 
red 

– zero intensity points are violet 
 



Tutorial 14: Identification of Siderophores 
in Imaging Mass Spectra 

• Image Window 
– color represents  

• sum of intensities of matched peaks in single mass 
spectrum 

• intensity of a specific compound if it was filtered by its 
name in “Summary Table of Matched Peaks” 



Tutorial 14: Identification of Siderophores 
in Imaging Mass Spectra 
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