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Elastin

Cross-linked structure

protein

Very hydrophobic, insoluble

in any solvent

Soluble precursor
tropoelastin (60 kDa
kDa)

Tropoelastin exists in various

isoforms (alternative
splicing)

Associated with various
severe diseases (destruction
of elastic fibers, release of

bioactive peptides)
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AGAGLGAGLG AFPAVTFPGA LVPGGVADAA

......... . 7
AAYKAAKAGA GLGGVPGVGG
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PGGVLPGARF PGVGVLPGVP

2 G 13
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6
GVPGVPGAIP
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GTGETRGVGT
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IPVVPGAGIP GAAV;GVVSP
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PGVVGVPGAG

VPGVGVPGAG

EARARARARA

AKYGARBGVE

VGGIPTYGVG

AGGFPGFGVG VGGIPGVAGV

GAAGAGVL GGLVPGPQAA

. 24A*

PSVGGVPGVG

VPGVPGTGGV

GVPGVGISPE

21 ...
AQAAAAA"

ALLNLAGLVP GVGVAPGVGV

3 25

APGIGPGGVA

24
APGVGVAPGV GLAPGVGVAP GVGVAPGVGV

OLRARAG LGAGIPGLGV GVGVPGLGVG

AGVPGLGVGA GVPGFGAGAD EGVRRSLSPE LREGDPSSSQ HLPSTPSSPR

DU 27 re 28 ,e 29....

VPGALAAAKA AKYGAAVPGV LGGLGALGGV GIPGGVVGAG PAAAARAAKA
> 30 e s 31 g

AAKARQFGLV GAAGLGGLGV GGLGVPGVGG 1S TP PARAA YGAAGL

3 36
GGVLGGAGQF PLGGVAARPG FGLSPIFPGG ACLGKACGRK RK

Tropoelastin isoform 9
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Elastin morphology
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cartilage
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skin
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aorta

Tissue biopsy

A\ 4

NaCl extraction

\ 4

Organic solvents

A 4

CNBr digestion

A 4

Urea,
2-mercaptoethanol
extraction

Trypsin digestion

A 4

NaCl extraction

Elastin




Cross-linking in elastin
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Hydrophobicity/Hydrophilicity plot of human tropoelastin (Swiss-
Prot accession number P15502, Isoform 9) calculated by the
method of Hopp and Woods (1981).



Cross-linking in elastin
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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

gl
., Mass search results
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|j ¥ @ E T4 Erecis.(ppmj:l1 + Type:is Da i % &

E_I# Mass= Ch. Der. From- To Sequence
DSearching foar mwass: T11,3915 +/-0,0007

[0 o T11,3915 [1] O 573- 551 Abh AGLGAGIPG LG
[0 o 711,3915  [1] 0 548- 556 PG IGPGGVLARL ALK
[0 o 711,3915 [1] 0O 535- 543 AP GUGVAPGVG Wi
[0 o 711,3915 [1] 0O 529- 537 AP GVGVAPGVG Vi
[0 o 711,3915 [1] O 517- 525 AP GVGVAPGVG LA
[ o 711,3915 [1] O 511- 519 AP GVGVAPGVG WA
[ o 711,3915 [1] O 505- 513 WP GUVGVAPGVG WA
[0 o 711,3915 [1] 0O 672- 680 AL GGVGIPGEV VG
[0 o 711,3915  [1] 0 680- 688 GG VVGAGPLARL AR
[0 o 711,3915 [1] 0O 408- 416 GF GUGVGEIFPG Wi
[0 o 711,3915 [1] o 715- 723 GV GGLGVPGVG GL
[0 o 711,3915 [1] o 713- 721 GL GVGGLGVPG VG
[ o 711,3915 [1] o 719- 727 LG WPGWGELGGE IP
[ o 711,3915 [1] o 7158- 726 GL GVPGVGGLG oI
[ o 711,3915 [1] o 7i6- 724 WG GLGVPGVGEE LG
[0 o 711,3915  [1] 0o 277- Z85 PG WGGAGVPGV PG
[0 o 711,3915 [1] 0O 2e8- 276 FG AGRAGVLFG VG
[0 o 711,3915 [1] 0O 356- 364 WP GAGIPGLLAV PG
[0 o 711,3915 [1] 0O 338- 346 WP GAGVPGVGV PG
[ o 711,3915 [1] O 2ge7- 275 EKEF GAGRLAGVLP GV
[ o 711,3915 [1] 0O 332- 340 GP GUVWGVPGLAG VP
[ o 711,3915 [1] 0O 318- 326 ¥G AAAGLVPGG PG
[0 o 711,3915  [1] 0O 317- 325 EYV GARAGLVFPG GP
[0 o 711,3915 [1] 0o 114- 122 LG GUVPGVGGLG VW3
[0 o 711,3915 [1] O 113- 121 GL GGVPGVGGEL GV
[0 o 711,3915 [1] O 112- 120 AG LGGVPGVGEE LG
[ o 711,3915 [1] o 1i11- 119 GA GLGGVPGVGE GL
[ o 711,3915 [1] o 67— 75 PV PGCGLAGAGL GA
[ o 711,3915 [1] u} 50- 585 LG ALGGGALGP GG
[0 o 711,3915  [1] o 44— 52 FY PGAGLGLLG GG
O

[JNo modificacion list enabled
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» Mass spectrometry

e Scanning electron
Mmicroscopy

Ultraflex Il (Bruker Daltonics)

Q-TOF-2 (Waters Micromass)

Voyager DE Pro Synapt G2 HDMS LTQ Orbitrap XL 4800 MALDI TOF/TOF
(ABSciex) (Waters) (Thermo) Analyzer (ABSciex)



Experimental design

1. Short elastin peptides

3. Tropoelastin
Cross-linked using
Aspergillus nidulans
amine oxidase

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

pyrroloquinoline

uinone

IO
s



Cross-linking of
short elastin peptides
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MALDI full mass spectrum

Bifunctionally
cross-linked
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ldentified cross-linked species

Involved Type of cross-link Mass (Da)
peptides

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

Bifunctional cross-link
Trifunctional cross-link
Tetrafunctional cross-link

Desmosine

Molecular dynamics simulation



Intensity (%)

Fragment spectra

Linear peptides

Bifunctionally/trifunctionally cross-
linked peptides

Tetafunctionally cross-linked peptides

Intensity (%)

Intensity (%)

m/z

m/z




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



Cross-linking of
elastin domains



Elastin domains

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

Exons tropoelastin: 20-21-23-24

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



Workflow

EP 20-24-24

Incubation with PQQ

Cross-linked

EP 20-24-24
Digestion with
pancreatic elastase,

trypsin, chymotrypsin, Pyrroloquinoline quinone
Lys-C

Peptide mixture

HPLC

fractionation and MALDI
nanolLC/MALDI- enrichment of o TOF-MS
TOF/TOF-MS cross-linked / .

species




Cross-linked EP 20-24-24

Free allysine residues

1
61
121
181

FPG-FGVGVGCE PGVAGVPGVGCGVPGVGGEVPGYGE PEAQAAAAAKAAKYGVGT PAAAAAK A
AAK AAQFALVPGVGVAPGVGVAPGVGVAPGVALAPGVGVAPGVGVAPGVGVAPAI GPEAQ
AAAAAKAAK YGVGT PAAAAAK AAAK AAQFALVPGVGVAPGVGVAPGVGVAPGVALAPGVG
VAPGVGVAPGVGVAPAI GP

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

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

!

Low degree of cross-linking



% Intensity

Intramolecular cross-link
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Desmosine detection

Total

hydrolysis

6 N HCI, 105 °C, 24 h

Totally hydrolyzed
sample

Evaporation of
solvent

Propionylation using
propionic anhydride

MALDI-TOF/TOF-MS

Tetrapropionylated desmosine

Degree of DES Monoisotopic Mass

propionylation [Da]

1 582.31

3 694.37




Tetrafunctional desmosine
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Cross-linked
tropoelastin



Free allysine residues

61
121
181
241
301
361
421
481
541
601
661
721

MAGL TAAAPRPGVLLLLLSI LHPSRPGGVPGAI PGGVPGGVFYPGAGL GAL GGGAL GPGG
k PLKPVPGGLAGAGL GAGL GAFPAVTFPGAL VPGGVADAAAAYKAAKAGAGL GGVPGVGG
L GVSAGAVVPQPGAGVKPGK VPGVGLPGVYPGGVL PGARFPGVGVL PGVPTGAGVK Pk AP
GVGGAFAG PGVGPFGGEPQPGVPLGYPI KAPKkLPGGYALPYTTGKLPYGYGPGGVAGAAG
KAGYPTGI GVGPQAAAAAAAK AAAKFGAGAAGVL PGVGCGAGVYPGVPCGAI PA GE AGVGT
PAAAAAAAAAAKAAKY GAAAGL VPCGEPG-GCPGWGVPGAGYPGVGVYPGAG PVWPGAG P
GAAVPGVWWSPEAAAKAAAKAAKYGARPGVGVGEE PTYGVGAGE-PG-GVGYGEE PGVAGY
PGVGCGVPGVGGEVPGVAE SPEAQAAAAAKAAKYGVGT PAAAAAK AAAKAAQFALVPGVGVA
PGVGVAPGVGVAPGVGLAPGVGVAPGVGVAPGVGVAPA GPGGVAAAAK SAAKVAAK AQL
RAAAGLGAG PGLGVGVGVPGELGVGAGVPGEL GVGAGVYPG--GAVPGAL AAAKAAKYGAAVP
GVLGGELGALGGVAE PGGWGAGPAAAAAAAKAAAKAAQFGLVGAAGL CGEL GVGELGVPGY
GELGGE PPAAAAKAAK YGAAGL GGVL GGAGQFPLGGVAARPGFGL SPI FPGGACLGKACG
RKRK

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



Intramolecular cross-link
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Molecular dynamics simulations

L
Jf*‘
JL.'/ L ‘ 1 ‘\ . . ' ' J.
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*..‘5.73,
w4
. L
W
AAKVAAKA
Q AAKVAAKAQ
Peptide Minimal distance [A] | Maximal distance [A] | Average distance £ SD [A]
AAKVAAKAQ 5.2 21.5 15.7 £ 0.3
AAKVAAKAQ 3.4 18.2 10.3 £ 0.2




Enrichment of cross-linked species

HPLC
fractionation of
enzymatic digest

Desmosine
detection

Intensity [a.u.] (Bov. elastin)

Total hydrolysis &
propionylation

MALDI-
TOF/TOF-MS
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Summary and outlook

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

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

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