
Andrea Heinz

Characterizing cross-links of the matrix protein 
elastin using MALDI-TOF/TOF-mass 
spectrometry and bioinformatics approaches 

Martin Luther University
Halle-Wittenberg

www.elastin.eu



2

• Cross-linked structure 
protein

• Very hydrophobic, insoluble 
in any solvent

• Soluble precursor 
tropoelastin (60 kDa – 70 
kDa)

• Tropoelastin exists in various 
isoforms (alternative 
splicing)

• Associated with various 
severe diseases (destruction 
of elastic fibers, release of 
bioactive peptides)

Elastin

Tropoelastin isoform 9
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Ageing

Williams syndrome

Solar elastosis

Cutis Laxa
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Elastin morphology
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Cross-linking in elastin

Hydrophobicity/Hydrophilicity plot of human tropoelastin (Swiss-

Prot accession number P15502, Isoform 9) calculated by the

method of Hopp and Woods (1981). 
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Cross-linking in elastin

Bifunctional

TrifunctionalTetrafunctional
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Analytical challenges

• Time-consuming proteolysis 
since elastin is very 
resistant towards enzymatic 
degradation

• Peptides mainly hydrophobic

• Many peptides with equal or 
same masses

• Many repetitive regions and, 
thus, high similarity 
between fragmentation 
patterns

• Cross-linked peptides cannot 
be sequenced with available 
software tools
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Ultraflex III (Bruker Daltonics)

LTQ Orbitrap XL 
(Thermo)

Voyager DE Pro
(ABSciex)

Synapt G2 HDMS
(Waters)

4800 MALDI TOF/TOF 
Analyzer (ABSciex)

Analytical methods

Q-TOF-2 (Waters Micromass)

• Mass spectrometry 

• Scanning electron 
microscopy
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Experimental design

1. Short elastin peptides

2. Elastin domains
EP20-24-24
Cross-linked using
pyrroloquinoline quinone

3. Tropoelastin
Cross-linked using
Aspergillus nidulans
amine oxidase

300 µm

20 µm

20 µm 20 µm

20 µm

2 µm2 µm
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Cross-linking of

short elastin peptides
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Possible types of cross-links
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MALDI full mass spectrum

Linear peptide
Intramolecular
cross-link

Bifunctionally
cross-linked
peptide

Tetrafunctionally
cross-linked
peptide



13

Involved
peptides

Type of cross-link Mass (Da)

P1 Dehydrolysinonorleucine 865.466

P2 Dehydrolysinonorleucine 1079.598

P1, P1 Dehydrolysinonorleucine 1748.942

P1, P1 Allysine aldol 1748.942

P1, P1 Dehydromerodesmosine 1730.931

P2, P2 Dehydrolysinonorleucine 2177.206

P2, P2 Allysine aldol 2177.206

P2, P2 Dehydromerodesmosine 2159.195

P1, P1, P1 Desmosine 2595.389

P2, P2, P2 Desmosine 3237.784

Identified cross-linked species

Bifunctional cross-link

Trifunctional cross-link

Tetrafunctional cross-link

Molecular dynamics simulation

Desmosine
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Fragment spectra

Linear peptides

Bifunctionally/trifunctionally cross-

linked peptides

Tetafunctionally cross-linked peptides
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Potential b and y ions 
resulting from the 
fragmentation of a 
peptide cross-linked via 
dehydrolysinonorleucine.

Labeled TOF/TOF fragment spectrum of cross-linked species containing 
dehydrolysinonorleucine with a precursor mass of 1749.94 Da.

TOF/TOF-MS2

Scoring
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Cross-linking of

elastin domains
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Elastin domains

EP 20-24-24 (Length: 199 amino acids, MW: 16,894.36 Da) 

FPGFGVGVGGIPGVAGVPGVGGVPGVGGVPGVGIPEAQAAAAAKAAKYGVGT
PAAAAAKAAAKAAQFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGVG
VAPGVGVAPAIGPEAQAAAAAKAAKYGVGTPAAAAAKAAAKAAQFGLVPGVGV
APGVGVAPGVGVAPGVGLAPGVGVAPGVGVAPGVGVAPAIGP

Exons tropoelastin: 20-21-23-24-21-23-24 

EP 20-24 (Length: 117 amino acids, MW: 9,916.48 Da)

FPGFGVGVGGIPGVAGVPGVGGVPGVGGVPGVGIPEAQAAAAAKAAKYGVGT
PAAAAAKAAAKAAQFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGVG
VAPGVGVAPAIGP

Exons tropoelastin: 20-21-23-24 
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Workflow

Pyrroloquinoline quinone

EP 20-24-24

Cross-linked
EP 20-24-24 

Incubation with PQQ

Digestion with
pancreatic elastase,
trypsin, chymotrypsin,
Lys-C

Peptide mixture

nanoLC/MALDI-
TOF/TOF-MS

HPLC 
fractionation and 

enrichment of 
cross-linked 

species 

MALDI-
TOF/TOF-MS
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1    FPGFGVGVGGIPGVAGVPGVGGVPGVGGVPGVGIPEAQAAAAAKAAkYGVGTPAAAAAkA
61    AAkAAQFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVGVAPGVGVAPGVGVAPAIGPEAQ

121    AAAAAKAAkYGVGTPAAAAAkAAAkAAQFGLVPGVGVAPGVGVAPGVGVAPGVGLAPGVG
181    VAPGVGVAPGVGVAPAIGP

Cross-linked EP 20-24-24

identified from digests of EP 20-24-24 with pancreatic elastase, trypsin and
chymotrypsin

Free allysine residues

6 of 8 lysine residues were found to be oxidized, however, non cross-linked

Low degree of cross-linking
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Intramolecular cross-link
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Desmosine detection

Degree of DES 

propionylation

Monoisotopic Mass

[Da]

0 526.29

1 582.31

2 638.34

3 694.37

4 750.39

Tetrapropionylated desmosine

Total 
hydrolysis

6 N HCl, 105 °C, 24 h

Totally hydrolyzed 
sample  

Propionylation using 
propionic anhydride

Evaporation of
solvent

MALDI-TOF/TOF-MS
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MALDI TOF/TOF tandem mass spectra of propionylated desmosine ([M+H] 750.39). 

Tetrafunctional desmosine

Desmosine reference

Desmosine detected in cross-linked elastin domain
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Cross-linked

tropoelastin
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1    MAGLTAAAPRPGVLLLLLSILHPSRPGGVPGAIPGGVPGGVFYPGAGLGALGGGALGPGG
61    kPLKPVPGGLAGAGLGAGLGAFPAVTFPGALVPGGVADAAAAYKAAKAGAGLGGVPGVGG

121    LGVSAGAVVPQPGAGVKPGkVPGVGLPGVYPGGVLPGARFPGVGVLPGVPTGAGVkPkAP
181    GVGGAFAGIPGVGPFGGPQPGVPLGYPIKAPkLPGGYGLPYTTGkLPYGYGPGGVAGAAG
241    kAGYPTGTGVGPQAAAAAAAkAAAKFGAGAAGVLPGVGGAGVPGVPGAIPGIGGIAGVGT
301    PAAAAAAAAAAKAAKYGAAAGLVPGGPGFGPGVVGVPGAGVPGVGVPGAGIPVVPGAGIP
361    GAAVPGVVSPEAAAKAAAKAAKYGARPGVGVGGIPTYGVGAGGFPGFGVGVGGIPGVAGV
421    PGVGGVPGVGGVPGVGISPEAQAAAAAKAAKYGVGTPAAAAAkAAAKAAQFGLVPGVGVA
481    PGVGVAPGVGVAPGVGLAPGVGVAPGVGVAPGVGVAPGIGPGGVAAAAkSAAKVAAkAQL
541    RAAAGLGAGIPGLGVGVGVPGLGVGAGVPGLGVGAGVPGFGAVPGALAAAKAAKYGAAVP
601    GVLGGLGALGGVGIPGGVVGAGPAAAAAAAKAAAKAAQFGLVGAAGLGGLGVGGLGVPGV
661    GGLGGIPPAAAAKAAkYGAAGLGGVLGGAGQFPLGGVAARPGFGLSPIFPGGACLGkACG
721    RKRK

Free allysine residues

identified in digests of pancreatic elastase, trypsin and chymotrypsin,
based on isoform 2 of tropoelastin

13 of 35 allysine residues were found to be deaminated
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Intramolecular cross-link
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Molecular dynamics simulations

Peptide Minimal distance [Å] Maximal distance [Å] Average distance ± SD [Å]

AAKVAAKAQ 5.2 21.5 15.7 ± 0.3

AAkVAAkAQ 3.4 18.2 10.3 ± 0.2

AAKVAAKAQ
AAkVAAkAQ
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Enrichment of cross-linked species

HPLC 
fractionation of 

enzymatic digest

Desmosine
detection

MALDI-
TOF/TOF-MS

Total hydrolysis &
propionylation
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o First attempt to elucidate the structure of elastin using mass 
spectrometry and bioinformatics methods based on model systems 
of different complexity

• Cross-linked elastin peptides
• Cross-linked elastin domains
• Cross-linked tropoelastin

o Based on fragment spectra of defined cross-linked species, it was 
possible to develop a software which is able to classify and 
sequence not only bifunctionally but also tri- and 
tetrafunctionally cross-linked species

o Further analysis aims to get insights into cross-linked species from 
enzymatic digests of mature elastin using similar approaches

Summary and outlook



29

• Dr. Christian Schmelzer, Christoph Schräder, Prof. Reinhard 

Neubert (Institute of Pharmacy, Martin Luther University Halle-

Wittenberg)

• Dipl.-Bioinf. Christoph Ruttkies (IPB Halle)

• PD Dr. Günther Jahreis (Max Planck Research Unit for Enzymology of

Protein Folding)

• Dr. Stéphanie Baud (Université de Reims Champagne-Ardenne, Reims, 

France)

• Prof. Fred W. Keeley (Hospital for Sick Children, Molecular Structure 

and Function, Toronto, Canada)

• Prof. Anthony Weiss (University of Sydney, Sydney, Australia)

• Dr. Arjen Sein (DSM, Leiden, Netherlands)

Acknowledgements


