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Figure 54: Protease domain of crystal structure of Meprin B in complex with the specific inhibitor
MWT-S-270, spanning the amino acids N°2-L?%9, A) Both chains are stabilized by intramolecular disulfide bridges
between C93-C?%5 and C'24-C'#4. Two glycosylation sites were elucidated within chain A and chain B at N°'® and
N?%_ The specific inhibitor could be determined within both chains, although ambiguous density of one of the two
benzoic acid moieties. B) B-factor staining of the protease domains of chain A and chain B approved high flexibility,
especially in proximity to the residue R'8 within subpocket S1 of the active site cleft.
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Table 23: Statistics of cryo-electron microscopy data collection, data processing and structure refinement
of Meprin B with the specific inhibitor MWT-S-270. Statistics on data collection and processing provided by
Dr. Charles Bayly-Jones and Dr. Christopher Lupton (Monash University Melbourne).

Statistics of data collection and

Meprin B with specific inhibitor

processing MWT-S-270
Magnification 165k x
Voltage [kV] 300
Electron exposure [e"A?] 50
Set defocus range [um] -0.5t0-2.0
Measured defocus (i £ o) [um] 1.320.5
Camera mode EFTEM
Frames 50
Pixel size [A pix] 0.86
Micrographs 1808
Particles (total) 74,926
Particles (final) 45,850
Binning factor 1
Symmetry imposed C2
Global resolution [A]
0.143 (unmasked/masked) 3.7/3.0
Local resolution range [A] 2.75t05.17
Sphericity of 3DFSC 0.986
Map sharpening B factor [A?] 86.1
. . Meprin B with specific inhibitor

Refinement statistics MWT-S-270
Software used for building COoOoT
Software used for refinement Phenix

Initial model

Model-to-map resolution
CC [volume]
[A, FSC 0.143/0.5, masked]
Average B-factors [A?]
Protein
Ligand
R. M. S. deviation
Bond length [A]
Bond angles [°]
Ramachandran plot [%]
Favored
Allowed
Disallowed
CB deviations [%]
Validation
MolProbity score
Clash score
Poor rotamers [%)]

Crystal structure described in
chapter 3.1.4

0.86
3.0/3.1

64.48
97.36

0.003
0.532

96.15
3.85
0.00

0.00
1.60

2.26
2.73
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Figure 55: TRAF domain of cryo-EM structure of Meprin 8 in complex with the specific inhibitor
MWT-S-270, spanning the amino acids P*8-Q%%, In both chains a large glycosylation tree was modeled at N°#7,
still present after deglycosylation with EndoH under native conditions. Additionally, in chain A and chain B one N-
acetylglucosamine residue was determined at N44%,
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Figure 56: MAM domain of cryo-EM structure of Meprin B in complex with the specific inhibitor MWT-S-270,
spanning the amino acids Q?°-C*?’. In both chains two ions are coordinated. The first calcium ion within chain A
is complexed by S?78, A?83, D?84 and a bidentate coordination to D?®", within chain B D?%¢ seemed to have another
orientation (poor density) and therefore do not interact with the calcium. The second calcium ion within chain A and
chain B is coordinated by S266, £268 S300 D298 310 a5 well as a bivalent interaction with D*'8. Additionally, the MAM
domains of chain A and chain B are stabilized by intramolecular disulfide bridges between C?65-C?73 and C34°-C4?7,
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Figure 57: Protease domain of cryo-EM structure of Meprin 8 in complex with the specific inhibitor
MWT-S-270, spanning the amino acids N52-L?%9, A) Both chains are stabilized by intramolecular disulfide bridges
between C95-C?%5 and C'24-C'#4. Two glycosylation sites were elucidated within chain A and chain B at N?'¢ and
N?54, The specific inhibitor is well defined within both chains. B) B-factor staining of the protease domains of chain A
and chain B approved high flexibility, especially close the residue R® within subpocket S1 of the active cleft.
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Meprin 8, cryo-EM structure Meprin B, crystal structure
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Figure 58: Comparison of Meprin 8 cryo-EM and crystal structure, with respect to the shape of the active
site. Showing ‘closed’ and ‘opened’ position, mediated by the orientation of R'®* of subpokcet S1.
A) ‘Standard orientation’ of chain A of cryo-EM and crystal structure, representation of surface structure with view
into the active cleft. The Arginine residues R84, R?38 and R45, shaping the subpockets S1, S1’and S2’, are colored
in dark blue. B) Chain A rotated 90° on the vertical axis. Distinct difference of the orientstion of R'® between
cryo-EM and X-ray generated structure, leading to ‘closed’ active cleft in cryo-EM Meprin 8 structure and ‘opened’
active cleft in Meprin B crystal structure, representing high flexibility.
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Table 24: Statistics of cryo-electron microscopy data collection, data processing and structure refinement
of Meprin a data sets. Statistics on data collection and processing provided by Dr. Charles Bayly-Jones and
Dr. Christopher Lupton (Monash University Melbourne).

Statistics of data collection and

processing

Meprin a with specific inhibitor MWT-S-698

Magnification 75k x
Voltage [kV] 300
Electron exposure [e"A?] 50
Set defocus range [um] -0.5t0-1.5
Measured defocus (u £ o) [um] 1.0£1.3
Camera mode EFTEM
Frames 50
Pixel size [A pix] 1.06
Micrographs 2,366
Particles (total) 925,458
Particles (final) 325,162
Binning factor 1
Symmetry imposed C1
Global resolution [A]

0.143 (unmasked/masked) 3.0/12.4
Local resolution range [A] 2.35-3.50
Sphericity of 3DFSC 0.978
Map sharpening B factor [A?] 47 .4

Refinement statistics

Meprin a with specific
inhibitor MWT-S-698
(two monomers)

Meprin a with specific
inhibitor MWT-S-698
(four monomers)

Software used for building COoOoT COOoT
Software used for refinement Phenix Phenix
Initial model 4GWN 4GWN
Model-to-map resolution
CC [volume] 0.81 0.82
[A, FSC 0.143/0.5 masked] 2.2/2.6 2.3/2.6
Average B-factors [A?]
Protein 48.64 41.31
Ligand 63.01 53.86
R. M. S. deviation
Bond length [A] 0.008 0.009
Bond angles [°] 0.665 0.700
Ramachandran plot [%]
Favored [%] 95.46 94.22
Allowed [%] 4.54 5.87
Disallowed [%] 0.00 0.00
CB deviations [%] 0.00 0.00
Validation
MolProbity score 2.04 2.31
Clash score 3.61 6.05
Poor rotamers [%)] 5.62 5.83
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Chain A

Figure 59: TRAF domain of cryo-EM structure of Meprin a in complex with the specific inhibitor
MWT-S-698, spanning the amino acids G**4-S%, |n both chains an N-acetylglucosamine residue was modeled
at N#40,

137



6. APPENDIX

C269.C277

Calcium ion
G282 D285 T287 DZBB

Calcium ion
G282 D285 T287 D288

]

Calcium ion Calcium ion
'['270Y E272Y '|'303Y Y:’:13Y T270 E272 T303 Y313
D422 D422

Figure 60: MAM domain of cryo-EM structure of Meprin a in complex with the specific inhibitor MWT-S-698,
spanning the amino acids T?64-T#34, Chain A and chain B linked by an intermolecular disulfide bridge. In both
chains two ions are coordinated. The first calcium ion within chain A and chain B is complexed by T?%2, D285 T287
and a bidentate coordination to D?%8. The second calcium ion within chain A and chain B is coordinated by T?7°,
E272 T303 Y313 a5 well as a bivalent interaction with D*?2. Additionally, the MAM domains of chain A and chain B are
stabilized by intramolecular disulfide bridges between C?%°-C?77 and C343-C*3',
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N222

Chain A

Figure 61: Protease domain of cryo-EM structure of Meprin a in complex with the specific inhibitor
MWT-S-698, spanning the amino acids N6-H?53, Both chains are stabilized by an intramolecular disulfide bridge
between C'26-C'#7. Three glycosylation sites were determined within chain A and chain B at N4°, N?22 and N?%8
The specific inhibitor could be docked within both chains, although ambiguous density for one of the two
benzodioxolane moieties.

Chain G

mmm  Protease domain/chain A/H Protease domain/chain B/G === Calcium ion/chain A/B/G/H
== \]AM domain/chain A/H msm JAM domain/chain B/G === Zinc ion/chain A/B/G/H
mmm  TRAF domain/chain A/H TRAF domain/chain B/G

Figure 62: Dimeric Meprin a non-covalently linked to adjacent Meprin a molecules via ionic interactions
within MAM and TRAF domains of chain A/B/G/H. Four interfaces (labeled 1-4) observed between dimeric
Meprin a and adjacent Meprin a monomers. Within in all four interfaces the same amino acids are involved in helix

formation. Colored according to domains.
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Figure 63: MALDI-TOF analysis of Elastin turnover by Meprin a wild type and Meprin a C308A, respectively.
The samples have been purified by C4 and C18 ZipTip and analyzed in reflector positive mode. Identified cleavage
products are labeled.
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Figure 64: Sequence alignment of protease domains of human Meprin B (MepB, UniProt: Q16820, amino
acids N°? to L?5%), human Meprin a (MepA, UniProt: Q16819, amino acids N°¢ to H?%%) and crayfish Astacin
protease (Asta, UniProt: P07584, amino acids A% to L?*%) by webserver Clustal Omega (McWilliam et al.

2013). Identical amino acids are marked by *,

less similarity are marked by ..

amino acids with similar feature are marked by :, amino acids with

Table 25: Peptides resulting upon turnover of Elastin by Meprin a C308A and Meprin a wild type, identified
by nanoLC-MS/MS. The measurement was executed by Tobias Hedtke (lab of Dr. Schmelzer, Fraunhofer IWMS).

Elastin cleavage by Meprin a C308A

Elastin cleavage by Meprin a

wildtype
P1 peptide P1 peptide
G AAGLGGVLGAGQPFPIGGGAG G VGGIGGVGGLGVSTGA
G VGGIGGVGGLGVSTGA G VAPGIGLGPGGVIGAG
Y PGGVLPGAGAR G AGQPFPIGGG
G AGQPFPIGGGAGGLGVGG G VYPGGVLPGAGAR
S TGAVVPQLGAGVGAGV G QPFPIGGGAGGLGVGG
G GLGVSTGAVVPQLG G GVLPGAGARFPG
G VGGIGGVGGLGVSTG G AGQPFPIGGGAG
G IGVLPGVPTGAG G VGVAPGVGVVP(+15.99)G
G VAPGIGLGPGGVIGAG G AGQPFPIGGGAGG
G AGQPFPIGGGAGGL G AGQPFPIGGGAGGLG
G VYPGGVLPGAGAR F GLGPGVGVAPGVG
G VAPGIGLGPGGVIGA A GQPFPIGGG
L GAGQPFPIGGGAG A GQPFPIGGGAG
G LPGVYPGGVLPGAGAR G YPTGTGVGPQA
G VLPGVPTGAGV P FPIGGGAGGLG
G VVPGVGVAPGIGLGPGGVIGAG G DLGGAGIPGGVAG
G AGQPFPIGGGAG V  PGVGVVPGVGVA
G AGQPFPIGGG A GQPFPIGGGA
G VGVP(+15.99)GVGVP(+15.99)GVGVP(+15.99) G QPFPIGGGAG

(ONONG)

GVG
VGGVP(+15.99)GVGIP(+15.99)AAA
VAPGIGLGPGG
QPFPIGGGAGGLGVGG

(ONONO

VAPGIGLGPGGVIG
VLPGAGARFP(+15.99)G
VLPGAGARFPG
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Elastin cleavage by Meprin a C308A

Elastin cleavage by Meprin a

wildtype

U
-

peptide

P1

peptide

OOOTVUOrOOO>» O > > Oron

®UTOOO>

<OrPOO0O0

ONONONG

OOr

GVLPGAGARFPG
VYPGGVLPGAGARFPG
GAGQPFPIGGG
VP(+15.99)GVGVPGVGVP(+15.99)GVGVP
(+15.99)G

GIPGVGPFGG

GQPFPIGGGAG
LGGVGGLGVGGLG
GQPFPIGGGAGGLGVGG
IGLGPGGVIGAGVPAAA
VGVAPGIGLGPGGVIGA
AVGLGGVSPAAA
VGVP(+15.99)GVGVP(+15.99)GVG
VGVAPGVGVVP(+15.99)G
GPGVGVAPGVG

GVPGVGIPAAA

TGAVVPQLGAG
AGIP(+15.99)GVGPFG
GVLPGAGARFPGIG
VLPGAGARFPG
VGVP(+15.99)GVGVP(+15.99)GVGV
P(+15.99)G

GQPFPIGGGAGGLGVG
AGQPFPIGGGAGG
VPGVGVPGVGVP(+15.99)GVG
VPGLGVGAGVP(+15.99)GLG
FPIGGGAGGLG
VP(+15.99)GVGVP(+15.99)GVGVP(+15.99)
GVG

YPTGTGVGPQA
AGQPFPIGGGAGGLGVG
LGGVLGAGQPFPIGGGAGG
AGQPFPIGG

GIPGVGPFG

VYPGGVLPGAG

GVP(+15.99)GVGVP(+15.99)GVGVP(+15.99)G

VGVPGALS
AVPGGVPGGVF

VGPFGGQQPG

GVGGLGVGGLGA
VP(+15.99)GVGVPGVGVP(+15.99)GVGV
P(+15.99)GVG

GAGQPFPIGGGAGGL

QPFPIGGGAG
VPGVGVP(+15.99)GVGVP(+15.99)GVG

(ONORS 2

OO

GLGVGGIGGVGGL
GIPGVGPFG
VYPGGVLPGAG
AGQPFPIGG

LPGVYPGGVLPGAGAR
FPGIGDAAA
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Elastin cleavage by Meprin a C308A

Elastin cleavage by Meprin a

wildtype
P1 peptide P1 peptide
VGGVP(+15.99)GVGIP(+15.99)AA
AVGLGGVSPAA
TGAVVPQLGAGVGAG
GLGGVGGLGVGGLG
AVVPQLGAGVGAGV

OOOOrO@TOZPOONrOGOOOTOOTOOOOOOOKOOITIOIPPO<OOOOOrOTOO®

GAGQPFPIGGGAGGLG
VGGVPGVGIP(+15.99)AAA
FGLGPGVGVAPGVG
VVPGVGVVPGVGV
VGVAPGIGLGPGGVIGAG
GVPGVGVP(+15.99)GVG
AGQPFPIGGGAGGLG
GIP(+15.99)GVGPFGGQ
GVGAPDAAAAAA
QPFPIGGGAGG
FPGIGVLPG
VLPGAGARFP(+15.99)G
VGGIGGVGGLGV
P(+15.99)GVGVVP(+15.99)GVGVAP(+15.99)G
VGVAP(+15.99)GVGVVP(+15.99)G
VLPGVPTGAG
AVPGGVP(+15.99)GGVF
VGGIGGVGGLGVS
APGAIP(+15.99)GIGGIAGVG
VGVPGVGVP(+15.99)GVG
FPGAGLGGLGVG
VGGVP(+15.99)GVGIPAA
AVVPQLGAG
GIP(+15.99)GVGPFG
IGLGPGGVIGAGVPAA
FPGIGDAAA
GVGDLGGAGIPGGVAG
AGARFPGIG

GAGQPFPIG
APDAAAAAAAAA
IGLGPGGVIGAGVPA
PGVGVVPGVG
LGVGGIGGVGGLGVS
GLGGVGGLGVGGL
AVGLGGVSPAAAA
GAGQPFPIGG
ALGGVGDLGGAGIP(+15.99)G
VVPGVGVVPGVG
VGVAPGVGVVPG
VYPGGVLPG
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Elastin cleavage by Meprin a C308A

Elastin cleavage by Meprin a

APGAIPGIGGIAG
GAGQPFPIGGGAGG

wildtype

P1 peptide P1 peptide
V  GVPGVGVPGVG

G GVLPGAGARFP(+15.99)G

F  FPGAGLGGLG

A  GQPFPIGGGA

G LGGVLGAGQPFPIGGG

S TGAVVPQLGAGVG

G

L

Vv

OOOO0O0OLOLO<KOOOOLGTMITO>PNOLOOOO ®»T>»>

P(+15.99)GVGVP(+15.99)GVGVP(+15.99)GVG
VPGALS

GQPFPIGGGAGGLG

GQPFPIGGG

GVGVAPGVGV

TGAVVPQLGA

VLPGAGARFPGIG
VPGLGVGAGVPGLG
VP(+15.99)GVGVPGVGVP(+15.99)GVG
GVPGVGIPAAAAA
LPGVYPGGVLPGAG

TGAVVPQLG

GQPFPIGGGAGGL
VPGVGVP(+15.99)GVG
FPGIGVLPGVPTGAG
GLGPGVGVAPGVG

VPGLGVGAGVPG

PGGVIGAGVPAA

LGPGGVIGAGVPA
APGAIP(+15.99)GIGGIA
GVPGVGVPGALSPAA
LGPGGVIGAGVP(+15.99)AA
GVPGVGIP(+15.99)AAA
APGAIPGIGGIAGVG

GIAGVGAPDAAA
VGVPGVGVP(+15.99)GVGVP(+15.99)G
IGVLPGVPTGAGV

VAPGVGVVPGVG
VPGVGVPGVGVPGVG
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