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Core protein of elastic fibers
— Elastin

Very hydrophobic and highly cross-linked
fiber protein, insoluble in any solvent

Soluble precursor: tropoelastin elastic fiber
(60 kDa — 70 kDa), undergoes extensive
alternative splicing L

High reversible extensibility

Half-life: ~70 years
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Tropoelastin

B [P 1550221 P15502-2 (LN, HUMAN)

mEX]

- f262351Da Mo.  75.03Da (229] %= 71 A -3 Qryrogen Freeadd @ | cose
fPRPGﬁfLLLLL SI LHP SRPGGUP.G%IPGGWJPGGW YPGAG LG

1 MAGLTAFR

51 LGGG&LGPGGIPLIFTPGGL&GﬂGLGﬂGLGﬂFPﬁ?TFPG%LvPGGEa AR,
AR ﬁG&GLGGUPGUGGLGU53GﬁUUPQ@GﬂGU.PGIvPGUGLPGUY

101 AR
b=
201
251 §

301 PAI
351

451 QycvCTEARAAA

501 UGH%P@UGUAPG?G%&P@EGPGGwﬁ:—

Fal
601
651
701

AR FG%G%%G?LPG?GG%GHPG?PGﬁiRGIGGI%GHGT
) YG%ﬁEELHPFGPGFGPGUUG?PG%GUPGUGUPG%G

401 ﬁGGFPGFFVGHGGIPGU&G?PSHGGHPGUGGvPGUGISPEﬁ f AT




Structure of elastic fibers

Cartilage

Skin

Aorta
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Elastin - a mere structure protein?

Elastases

(serine proteases,

matrix metalloproteinases)

Cmasilink

Tropoeiastn monomae

Cross-linked elastin

Biological effects of matrikines
» Expression of MT-MMP-1, MMP-1
and MMP-2
 Chemotaxis
» Proliferation
» Induction of apoptosis
e Induction of angiogenesis
» Vasorelaxation and NO
liberation
+ Osteogenesis

Matrikines
bioactive ligands that
exist as part of an
extracellular matrix

e Th-1 polarization

Cell types: fibroblasts, endothelial cells, lymphocytes, monocytes, smooth muscle cells

protein
-, 7/
)X y
’___

Cell

surface l

Signal cascade

Elastin peptides,
some containing the
xGxxPG motif

Interaction with
elastin receptor
complex

Caz*

« EBP: Elastin-binding
protein

* PP: Protective protein

 NM: Neuraminidase




Isolation of elastin

A
Vi)

Gullagen fibers '




Isolation of elastin

NaCl extraction

Organic solvents

CNBr digestion

Urea,
2-mercaptoethanol
extraction

Trypsin digestion

NaCl extraction

Elastin

One week
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Morphological characterization




Molecular-level characterization

= Degradation of isolated elastin by porcine pancreas elastase
= Qualitative analysis by nanoHPLC-MS/MS and nanoLC/MALDI-TOF/TOF

Elastin from human skin Elastin from human skin

(after Starcher and Galione)

(isolated using a less destructive

method)
Identified precursors InChorus | jentified precursors  IMChorus
Score Score
Tropoelastin 99 9% Tropoelastin 99 9%

Collagen Type I a-1 99 %

Collagen Type I a-2 99 9%

Collagen Type III 99 %

" -. S.Taddese, M. C. Jung, C. Ihling, A. Heinz, R. H. H. Neubert, and C. E. H. Schmelzer, MMP-12 catalytic domain recognizes and
cleaves at multiple sites in human skin collagen type | and type lll, Biochim Biophys Acta 1804 (2010) 731-739.



The turnover of elastic fibers

~35 years ~90 years
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Elastases

L
L
.
i

Human leukocyte

elastase (HLE)

/

Stored in ;
azurophilic H
granula of

human i
neutrophils E

"l

Proteinase 3
(PR3)

Released in
response to
inflammation
processes,
degradation of
pathogens

F

Cathepsin G
(CG)

« Chronic obstructive
pulmonary disease

e Pulmonary emphysema

» Atherosclerosis

“-.----I---"

e Tumor progression
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A. Heinz, M.C. Jung, L. Duca, W. Sippl, S. Taddese, C. lhling, A. Rusciani, A.S. Weiss, R.H.H.
Neubert, C.E.H. Schmelzer, Degradation of tropoelastin by matrix metalloproteinases: cleavage 16

site specificities-and-release-of matrikines,-FEBS Journal , 277(8), 1939-1956, 2010.

Cleavage behawor

e KT YV T R T AR A K AR T YT N GAIPGGVPGG VFYPGAGLGA 50
I— Slgna[sequence S 4 4 :i i fi

1 -LGGGALGPGG KPLKPVPGGL AGAGLGAGLG AFPAVTFPGA LV'PGGVADAA 100

‘ .......... f‘ ......................... S — T T— S —— A MMP-7: 84 peptides

101 AAYKAAKAGA GLGGVPGVGG‘LGVSAGAWP OPGAGVKPGK VBGVGLPGVY 150

wn

i Y
151 PGGVLPGARE PGVGVLQOGVP TGAGVKPKAP GV@GJ&'A@IP GVGEFGGPOP 200 A MMP-9: 74 peptldes
A
— - S ————————————————— [ [ — .
201 GVPLGYP];KA PKLPGGYGLP YiTTGKLPY‘GY GPGG{AGAAG KAGYPTGTIGV 250 A MMP_12 132 pe ptldeS
T L e .
251 GPQAAAAAA? KAAAKFGAGA AGVLPGVGGA GVPGVPGAIPGIGGIAGVGT 300

30 L _PMAWM WG}&% GLVPGGP@FG PGWGVPGAG VPGVGVPG&G:EE

b A A H
351 :IPVVPGAGIP GAAVPGVVSP EAAAKAAAKA AKYGARPGVG VGGIPTYGVG 3400 Sequence Coverages

: il B DI s MMP-7: 71 %
401 "AGCGFPEFGVE VEGGIPGVAGY PSVGGVEGVE GVPGVGISPE Aﬁm”&‘w”"’“ :4 50

23 L 24 e MMP-9: 60 %
451 :M*C—,?GTPJQ}}L ﬁé&ﬁéﬁ.ﬁ,ﬁuﬁ‘ﬂ POTVPOVEUL PCV C?E&PC‘! el VAPCGVELAPE 1500

= i i i A . .

eebedaeteata e MMP-12: 81 %
501 v.é&.'lé&év.".é&élvx'é&'éllp.dé? .f.'.SI.IIII...III’I.L .'-....L.G:i'.. 55[]

. Y e
551 BELGVGVGVE GLGVGAGVEG LGVGAGVEGE GAVPGALAAA KAAKYGAAVE 600
28 i 29 t at

601 GVLGGLGALG GVGIPGGYVG AGPAARAAAA KAAAKAAGFS LVGARGLGGL 050

*t*:*io N D S -
651 GVGGLGVEGY GGLOGIPPAA ARKAAKYGAA GLGGVLGGAG OFBLSGVARR 700

' SN S sk .

--------------- L ..‘.---n"-.“n-..
701 PGFGLSPIFP GGACLGKACG RKRK <_[—l\fll\/lP—?r' ]

Y — - <—wmves  Tropoelastin (IF 2)

MMP-12



~ A. Heinz, M.C. Jung, L. Duca, W. Sippl, S. Taddese, C. lhling, A. Rusciani, A.S. Weiss, R.H.H.

==° Neubert, C.E.H. Schmelzer, Degradation of tropoelastin by matrix metalloproteinases: cleavage 17
site-specificities-and release-of matrikines, FEBS Journal , 277(8), 1939-1956, 2010.

Cleavage site preferences

A

v 9| 6

] 13| 6

| 2| 1

F ol 0

Y 2| o

K 3] 1

P 2_3?-_2__4E1

-
mmp- [ 7[ o[ 12] 7] of12] 7[ o[12] 7] of12] 7] 912 7[ o[ 12] 7] 9o[12] 7] I 12

Occurrence of different amino acids at the substrate positions P, - P, and P," - P,” after
digestion with MMP-7, MMP-9, and MMP-12. Values are based on the number of cleavage
sites identified upon mass spectrometric analysis of the digests.



A. Heinz, M.C. Jung, L. Duca, W. Sippl, S. Taddese, C. lhling, A. Rusciani, A.S. Weiss, R.H.H.
Neubert, C.E.H. Schmelzer, Degradation of tropoelastin by matrix metalloproteinases: cleavage 18

site-specificities-and release-of matrikines, FEBS Journal , 277(8), 1939-1956, 2010.

Molecular modeling

P 1,

1 VMEGTTARAPR BGVLILLLST THPSRPGGVE GAIPGGVPG{:iVFYiP GiL:G:Ai
—_— Srgnalsequence —! A
- N . t

51 LGGGALGPGG KPLKWPGGL AGAGLGAGLG AFPAV‘I‘FPGA LVPGGVADAA 100

-‘.l, "& : 5 A i A
101 AAYKRAAKAGA G‘LGGVPGVGG‘LGVSAGAWP QPGAGVKPGK VPGVGLPGVY 150
a=dd
10 .. 11

151 PGGVLPGARF "PGVGVLPGVP TGAGVKPKAP GVGGA.FAGIP GVGPFGGPQP 200

-
12 13 .. 14
201 GVELGYBIKA PKLPGGYGLP YTTG}WVAGAAG KAGYPTGTGV

7SN S o S S S
............................... LTS [ <

251 QI?AAAAA KAAAKFGAGA AGVLPGVGGA GVPGVPGAIP GIGGIAGVGT 300
i1 T

%]
o
=

18 .
301 DAAAAAAAAA AKAAKYGAAA ‘GLVPGGPGFG PGVVGVPGAG VEGVGVEGAG 350
A 19 .
N

A A A A A & A
20 .. 21

101 AGGFPGFGVG VGGIDPGVAGV PSVGGVPGVG GVPGVGISDE AQAAAAAKAA 450
y
TR 24
151 KYGVGTPAAA AAI{AAAKAAQ "FGLVPGVGVA PGVGVAPGVG VAPGVGLAPG 500

o d—baa—=t-ata

501 VGVAPGVGVA PGVGVAPGIG PGGVAAAAKS AAKVAAKAQIL RAAAGLGAGI 550

. i b

551 PG‘L‘G:"VGVGVP GLGVGAGVPG LGVGAGVPGF GAVPGALAAA KAAKYGAAVP 600
:,i:' or :i A-‘

601 GVLGG GALG GVGIPGGVVG AGPAAAAAAA KAAAKAA%FG LVGAAGLGGL 650

Y0 ' S S T

651 GVGGI GVPGV GGLGGIPPAA AAKAAKY GAA GLGGVLGGAG QFPLGGVAAR' 700

AL ‘ s N
i psﬁé:.eézpi"rp GGACi'.'é'.ngcé"'ﬁKRK B — Interaction of the natural substrate LPYGYGPG (residues 226-
A £MMP9 233 from tropoelastin isoform 2) and the MMP-12 active site. The
A o MMP-12 molecular surface of the binding pocket is colored according to

electrostatic potential (red: negative electrostatic potential, blue:
Tropoelastin (isoform 2) positive electrostatic potential).
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Does HLE degrade elastin?



Digestion of tropoelastin by HLE
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Cleavage behawor of NSPs tropoelastin

51 asiafp*sm K ‘E'CiGL a?‘mmﬁ‘sl.s nf'mlf‘nsa L‘-’;FGW af.iz 0o

101 ?EWtGLGWPWGG LG S‘it‘i ¥ g,p@syixp:;;; vﬁ&;,rm. 150
151 PGG?@;L.PC;\F}F P ‘f-?‘rm I;nfwﬂmr Gvsr;fﬂf-gp Gvsrraamr

A HLE: 408 peptides

i G‘?‘ELGIPII';% p[{[..pggrm m E P'IG-I e e SRAC TETG‘:.F A PR3: 305 peptldeS
PO i "f‘“ R
‘51 GEQARAARAR KAAAK m AGVLPGFGEE :wpcm-m;- m:ssmmzr CG: 197 peptides
BTG T Lo PEP
301 W Amxfenff. GL"-.FPG‘-GPGFG raswmrf.s vmvatins 354
5] IPW :p ?"1 W r;mpavs ?GGIPT!G:FG a0 Seduence coverades
.t.-l. 51 s
407 PGFGVG VGGI GV Psvswmva mm SFE Wﬁ" . o
W ‘; i_!. Pﬁ‘-’?: i I A ;-_41“' hinls !! HLE. 94 /0
451 KEGFFT‘EL{LH W mmimvmih EGFWG mwttsx.m PR3: 99 9,
5011 ‘; """ _ mvwmm Emﬁmns‘pﬁwu?mn R%m.pmx 550 CG: 96 9%
£l wwwwp rs;-c,-vmvm LGYGAGYPGE Gﬁ. mx*’:mw
; i ! i & ) t .
E01 G'\'IPGLGPPP m:mv:ﬁa Mowlu ' \‘ :rlmﬁs:..sm i
<
B51 -;vsammsv GGLEGIPPAA pﬁxuin smmm qwrﬂsu ol
1 a% :&E‘ lt iq? .I. & -ﬁ
701 ﬁﬁiﬂ'bl.éﬁ;ﬁ ﬂmﬂﬂmmﬂﬁm — HIE

i Tropoelastin isoform 2

A i
Ll

s oa 1 '*i“' -
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degradation of human elastin by matrilysin-1, Biochimie 93 (2011) 187-194.
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Characterization of elastin
from different tissues



Challenges
... with elastin peptides

(1) Peptides mainly hydrophobic

(2) Proteolysis time consuming, not
digestable with specific proteases

(3) Many of the peptides have equal or almost
equal masses
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-,-Mass search results ._I Ql_ﬂ
|4 ¥ @El T A pedspenl v Twel DaC %6
-l ¥ Ty = fr i e ) - =
» AN\ EJH: Mass Ch. Dev. From— To Sequence
- DSEarching for mass: F11,3915 +/-0,0007
= ' Ll o T11,3915 [41] 0 5753- 581 AL AGLGALGIPG LG
1o T11,3915 [1] 0 545- 556 PG IGPGGVALL LK
Ll o 711,3915 [41] 0 53‘_5— 543 AP GUGYLPGSVG VA
Ol o 11,3915 [1] 0 5:29- 537 LF GUVGVAPGVE WA
O] d 711,3915 [1] 0 517- 525 AF GWGVLPGWGE LA
Ll o T11,3915 [41] 0 511- 519 AF GUGVALPGVG VA
Ol d 11,3915 [1] 0 505- 513 VF GUVGVAPGVE WA
— Ll d 711,3915 [1] 0 &72- 680 AL GGUGIPGGY VG
SearCh for |vlr_ 7113915 Ol o 711,3915 [1] 0 #/E0- 688 GG WVGLGPARA AL
1o T11,3915 [1] 0 408- 416 GF GWGVGGIPG VL
- Ll o T11,3915 [41] 0 715- 723 GV GGLGVEGVS GL
=gl O o 941, 3915 [1] 0 ‘13- 741 GL GVGCGLGVES VG
MAGLTAAAPRPEULLLLLSILHPSRPGEUPGATPGEUPGEUFYPGAGLGALGGEALGPGE | = e
e THAS O] o 11,3915 [1] o 719- 727 LG VPGVGGLGGE IF
kPLKPUPEGLn[:m:L[:n[:L[:nFPnUTFP[:nLUPl:[:unnnnnnvknnknunmunupuunn,g i Bt 11,3915 [1] o 7ig- 7Z8 GL GUPGUGGLG GI
e 'm?éb“ 1o T11,3915 [1] 0 716- 724 VG GLGVEGVGG LG
LI;l;lgnl}nUUPI]PGn[:UHPGI{UPGUGLPEU'r'PEGULPGHRFPGUEULPEUPTEHGUI{PKHP130 o 11,3915 [1] 0 2z99- 385 PG YGGLGVPGY PG
GUGEAFAGIPEUGPFEEPQPEUPLEYPIKAPKLPGEYGLPYTTCHKLPYGYCPGGUAGAAG 2 o il 3815 [1] 0 268- 276 FG AGAAGVLPG VG
_ O] d 711,3915 [1] 0 356- 364 VP GAGIPGALV PG
l{n[H'PTETGUI}PIJHHHHHI’II’II{RHHKFI:_?[:I.]__?”[_:IUII__I.’EGﬁ%GGHEUPEUPERIPGIEGIHEUGT300 1o 711, 3915 [1] 0 338- 346 VF CLOVEOVOY PO
PHHHHHHHHHHHHHIH"GHHHGLUPEGPGFGPGUUGUPGHGUPGUGUPGHGIPUUPGHGIP330 Ol o 7i1,3915 [1] 0 2Z&7- 275 EF GLGALGVLF GV
e — e T Ol o 711,3915 [1] 0 332- 340 GF GVVGVPGLG VP
l:n_lfl_l:!!P?E.sl.;USPEHRRHHRRHRRK?ERRPGUEUG[:IFT':'EUGH[:GFP[:FIF_UI:_I{F_EI_I_‘_I_E_EUTES[;U420 O o 711,3915 [1] 0 318- 326 YG AAAGLVPGE PG
PSUGGUPEUGEUPEUGISPEAQARAAAKAAKYGAAGABULGELUPEPQAAVPGUPETEEY 4 ]l o 711,3915 [1] 0 317- 325 FEY GARALGLVPG GF
PGUGTPAAAAAKAAAKAAQFGLUPGUGUAPGUGUAPGUGUAPGUGLAPGUGUAPEUGUAP Li o ileaaly [ 00 3d4— dad: LS SURGYLGLE U5
! e et S, O o 9f1,5915 [1] 0 113- 121 GL GGVPGVGGL GV
GUGUAPGIGPGGUAAAAKSARKUAAKAQLRAARAGLGAGIPGLEUGUGUPELEGYUGAGYPEL s O] o 11,3915 [1] 0 11— 120 4G LGGYPGVGE LG
= i - Tnaa L TaE : T "
D e i it 7 Aot s = 3 = i ; %,
GUGAGUPEFGAGADEGURRSLSPELREGDPSSSOHLPSTPSSPRUPGALAAAKAAKYGAR ceo :l k 1.8l [ b SRR did G G-LGGUPGEFG l:T,L
1o T11,3915 [1] ] E7- 75 PV PGGLAGAGL GL
UPEULGELGHLEGUEIPG[:UUGHEPnnnFlnnnI{nHHKRHIIFGLUGHHELEELGUEELGUP?20 Ol d 11,3915 [41] ] E0- 58 LG ALGGGALGE GG
e o= O o 911,3915 [1] 0 44- 52 FY PGAGLGALG GG

EU[:EL[:I}IPPnnnnHnnH':'Enn[:LGGULEEHEQFFLEGUHRRPEFGLSPIFPGEHELGKH 7E0
d s . s

[:GRI{RI{ Ta6

Tropoelastin

“Analyze Report |

(Mo modification list enabled

‘Analyze | Report |




Challenges
... with elastin peptides

(4) Many repetitive regions
.GLGVPGVGG.. 711.39 Da

= High similarity between peptides and thus  .LGGVPGVGG.. 711.39 Da
between fragmentation patterns GGVPGVGGL.. 711.39 Da

(5) Cross-links and other PTMs



Initial situation

m/z

X 150 samples x 7 = 1050

» Skin

» Aorta

» Cartilage

» Intervertebral disc
» WBS skin

» WBS aorta
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intensity

[M+3H]3*

[M+2H]*

[M+H]
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18-Sep-2011 Kontrollprobe WR, PE nach 24h, 1:8.75 verdinnt m it Wasser, 10 min beladen 07:42:54
WBS_WR_PEk2_3 TOF MS ES+
- 31.73;598.3 BPI
100 1.06e3
ART
. 0\07 b b
 28.96
i411i2 29.51
612.4
29.96
412.2 S
20,30 ' 30.98
28.62 oa 709.4
% N\ ’\
O L B T U L D A ——— Time
28.50 29.00 29.50 30.00 30.50 31.00 31.50 32.00



1500.0

m/z

200.0

21:40

RT

54:00

lonHunter

Preprocessing T

Smoothing

Baseline correction

Centroiding

ldentification

Deconvolution

LC-Profiling

Combination

Alignment

Normalization



Analys

Supervised and unsupervised
biomarker identification
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~

/4 C. E. H. Schmelzer, M. Getie, and R. H. H. Neubert, J. Chromatogr. A
~ 1083 (2005) 120-126.

\s{? S. Taddese, A. S. Weiss, R. H. H. Neubert, and C. E. H. Schmelzer,
~ Matrix Biol 27 (2008) 420-428.

Proline hydroxylation

[M+H]" Sequence Start/Stop residue (IF 9) | Pro residue (IF 9) Ratio
814.45 Da F.AGIPGVGPF.G 187 - 195 190 AUCg30.44/AUCg14.45
830.44 Da F.AGIpGVGPF.G 187 - 195 190 = HyP190/P150
939.53 Da L.GGVGIPGGVVGA.G 678 - 689 683 AUCgss 5,/AUCq39 53
955.52 Da | L.GGVGIpGGVVGA.G 678 - 689 683 = HyPgg3/Pess3




ldentified marker peptides

About 20 identified marker peptides that give
insight into specific features of elastin such as

» Age and/or degeneration status

» Type of tissue

» Existence and level of PTMs

» Presence of absence of certain domains
» Status of known point mutations



Characterization of cross-
linking pattern of elastin



EEN

201

el ]

551

01

751

,., vepuiLivad L o L TPt Py Ve pre—" gl Ry
i CBGVE EAI?G-G?PGG ?FE?GESLGH. S0

I— Edgnal E.aquan::e —f

4 ik

= ol 5 - [=]
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Cross-linking in elastin
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Minimized structure of a desmosine-
containing peptide after 20 ns of
molecular dynamics simulations using
the AMBER program. The central
desmosine ring system is shown in
white, the backbone of the peptide is
shown as pink ribbon and hydrogen
bonds are shown as green line.



Cross-linked tropoelastin

<75 A.P.McGrath, S. M. Mithieux, C. A. Collyer, J. G. Bakhuis, M. van den Berg, A. Sein, A.

Heinz, C. Schmelzer, A. S. Weiss, and J. M. Guss, Biochemistry 50 (2011) 5718-5730.
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Summary

- |solation of intact and pure elastic fibers from single biopsies
allows for elastolytic studies in vitro

- Intact elastin from young individuals (< 40 years) cannot be
degraded by human leukocyte elastase

- However, elastin from older patients is susceptible to HLE

&3 With increasing age, elastic fibers lose their resist ance
-~ against proteolytic degradation - increased turnover

- Clear differences in the cleavage pattern of elastin from patients of
different ages

& . Molecular clocks

* Increased hydroxyproline levels for IVD elastin and decreased
levels for elastin from WBS patients



Summary

- Development of new algorithms for biomarker discovery taking into
account common limitations and features of LC-MS measurements
such as non-linear retention time shifts

- In vitro formation of dehydrolysinonorleucine and desmosine
containing peptides

{ D Scoring designed for the specific demands of the
fragmentation pattern of cross-linked elastin pepti des

» Insights into the cross-linking of tropoelastin
monomers and elastin-degrading processes

» Development of directed therapies against
elastin-degrading diseases

» Biomaterials (stents, soft tissue repair matrix)
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