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’ ohyean ) Lumlcan [ Biological functions of th
SLRP Class Cys-rich cluster lologica - Uncllons 0 €
e small leucine-rich
v abundant within tumor reactive stroma oo oege  Droteoglycans: from
i genetics to signal
In melanoma: transduction.
e s Adapted from Schaefer L,
. . Osteoadherin (OMD) 1
. \ lumican expression = more infiltrative disease Brézillon etal., Clin Exp Dermatol 2007 i s,,.lph,cm, e 0220 RV.J Blol Chem. 2008
_| EOptlcln(OPTC) X2 X X6
Osteoglycin (OGN)
« promotes cell adhesion and inhibits cell migration -
D’Onofrio et al., Biochem Biophys Res Commun 2008 ; el
Brézillon et al., Cancer Lett 2009 ; Zeltz et al., Exp Cell Res 2010 ; Stasiak at al., PLoS One 2016; Y potem poty
Jeanne et al., Scientific reports, 2017, i 08 Gy SO
Brézillon et al., Frontiers in Cell and developmental Biology, 2020; Dauvé et al., Cancers, 2021 .
* angiostatic properties Brézillon et al., J Physiol Pharmacol, 2009 Core protein
In ovarian cancer: (338 AA, 37 kDa)

Nizet et al., Cancers, 2021

Glycoprotein (skin)
(57 kDa)
N-glycosylation sites:
88, 127, 160, 252

| N
e

LRR g KSPG (cornea)

Kao et al., 2006 (70-170 kDa)

LUMICAN = KEY REGULATOR OF COLLAGEN FIBRILLOGENESIS
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A) Glycosylated lumican is an inhibitor of MMP-14 activity B, C) Lumican core protein is a MMP-14 substrate but

but glycosylated decorin is a poor inhibitor.

The activity of the catalytic domain of MMP-14 (5 nM)

pre-incubated 15 min before assay at 37 °C with lumican core protein
(75 nM), or lumican (2.5-75 nM) or decorin (75 nM). The activity of
MMP-14 was measured using fluorimetric SensoLyte® 520 MMP-14
Assay Kit.

glycosylated lumican is not cleaved as decorin.

Degradation of lumican (B) or decorin (C) by MMP-14. One microgram of lumican core protein
or entire molecule (B) and decorin core protein or entire molecule (C) was incubated in
reaction buffer, with recombinant catalytic domain of MMP-14 at 37 °C for 17 h in the indicatec
molar ratio enzyme to SLRP protein. Products of enzymatic reaction were separated on SDS—
PAGE electrophoresis and analyzed by Western blotting by anti-lumican (B) or anti-decorin

(C) antibodies.
Pietraszek et al., FEBS Lett. 2014
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(A) Lumican is a competitive inhibitor of MMP-14 activity.
Increasing concentrations of substrate (0.01-1 uM) were added to a

mixture of MMP-14 (5 nM) and lumican (1-50 nM). Fluorimetric measurements of
enzymatic hydrolysis of the substrate was presented as a Lineweaver—Burk plot. K; value was
obtained from the linear regression plot of K ,,,/V yax @s a function of the inhibitor (insert). Similar
results were obtained from two independent experiments. [S] — substrate concentrations (M); [V] —
enzymatic reaction velocity (fluorescence units/second).

Kp= 275.4+16.12nM

|

0 600 800 1000

Time [s]

(B) SPR binding assays.

The measurement was performed by injecting
lumican (0.625-5 uM at 10 ul/min) over recombinant
catalytic domain of MMP-14 immobilized on a CM5

sensor Chip. The binding was expressed as resonance units (RU).
Association and dissociation rate constants were calculated from two
independent experiments.

Pietraszek et al., FEBS Lett. 2014
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A v Pietraszek-Gremplewicz et al., Matrix Biology, 2019 Karamanos et al., Chem. Rev., 2018
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AIM

To characterize, by in silico 3D modeling, the structure and the dynamics of
Biglycan (BGN), Decorin (DCN), Fibromodulin (FMOD) and Lumican (LUM),
Including their core protein and their specific polysaccharide chains

r

to assess the SLRP capacity

consensus

|—Biglycan (BGN)

I— Decorin (DCN) g . cle
Asporin (ASPN) X3 X Xe

Vrsoresieets wees ECM2

1) to regulate MMP-14 activity, Sl N

Osteoadherin (OMD)

Epiphycan (EPYC)

ﬂEOpticin (OPTC) CXZCX CXGC
Osteoglycin (OGN)
Biological functions of the small
2) to be Cleaved by M M P_14 leucine-rich proteoglycans: from ?
V' nsserin (PODN)
111111111111 ¢, c.c C

genetics to signal transduction.
Adapted from Schaefer L, lozzo
RV.J Biol Chem. 2008

P can-lik
protein 1 (PODNL1)
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and post-translational modifications positions.

@ i) i s o e e e v e
_LRR IILRR 2ILRH3ILRR 4ILRR SI LRR ﬁT‘[LRR ?ILRR SIT_RR BILRR 1(.'ITILRR 11 ILRR 12]

[ ] [ LRR NT ILRR 1][LRR 2] [LRL SILRR 4]|TLRR 5][LRR EILRR ?ILRR E][LRR SIRR lli ﬁ_RR 11] }

? 1 1 1
[ l LRR NT ILRR 1I LRR 2 ILRR 3ILRR 4ILRR 5I|.ma EILRR ?I LRR & Ium BI_RR 1|lu1n 11'

Signal peptide _ [ O-glycosylation I N-ghycosylation

Biglycan O-glycosylation sites : 42, 47, 180, 198

Biglhycan N-glycosylation sites : 270, 311

Decorin O-glycosylation site : 34

Decorin N-glycosylation sites : 211, 262, 303

Fibromodulin N-glycosylation sites : 127, 166, 201, 291, 341
Lumican N-glycosylation sites : 88, 127, 160, 252

(A) Schematic comparison of the LRR sequences of BGN, DCN, ,and LUM
from LRR1 to LRR12 and positions of their O- and N-glycosylation sites.
Signal peptide and propeptide are depicted. The locations of the LRR and
glycosylation sites were extracted from the UniProt server using the sequence

references, UniProtkB AC: Biglycan (P21810), Decorin (P07585), Fibromodulin (Q06828),
Lumican (P51884).

uman biglycan (BGN), decorin (DCN), fiboromodulin (FMOD), and Iumican (
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UM) core protein structures

@ BIGLYCAN
@» DECORIN

» FIBROMODULIN
@» LUMICAN

(B) Structural alignment of the four SLRP structures.

Rivet et al., submitted to AJP Cell Phys.



Comparison of the human biglycan (BGN), decorin (DCN), fibromodulin (FMOD), and lumican (LUM) core protein structures:
Dual presentation of the sequence alignment and the local secondary structure alignment.

1 16 20 10 an 50 LRR1 &o 10 LRR2  gn 80
e te e biniitewe et dewe e sl -t T/ TV o o e T T
BGN mr.nnseanTscmnpnswpnsuﬁmial---nr.anlsn:.c*smmsrnrrnnnnqb*nmankﬁnqaﬁn IF

— e — —
DCN ~DEASGIG~PEVPDDRDFEPSLGPVEEFREQE-~ -nnanlsn:.e‘owlxm.rI-D'r'rr.r.nt.q-xqrnu DG nlmnxuﬁnllvuluk
— — — — --

FMOD  ——emmmmmemmmmmee e PDPRDEPQEEDEPPNFPTAMYEDNRNEEYLE-FVP shnnxvxrn-nlrsmzﬁvlmkfr CELWwIABEGHQTET
"
— E -——
LUM e QYYDYDFPLS ImQssPulAPE:lnIPEsrrsaurlnnnullsvl-uvrrlsInnrl:.nm.:uwsmhu vrpllowErBoefiLLE
) = = - -
100 LRR3 110 120 LRR4 130 140 LRRS 150 160 170 LRR6 180
""" s T o v o Tea oo 1o oo oo Taoale 1o 1o oo 1o 1o ... T... e s - Ve oo 1ol Toooo Tooooeoos o1 —°
BGN --gaamlsrinxlqusxlaﬂvlIrrul.lsslvgznnln*mnsvrsinmc:nmc.nkuscrnramh-mmxsn
—————— I_'" ! - I_r" - =
DCN --l‘U’SPG!ITPIV‘KIEELSKIQ*ILPEKHIKT.QI.RAHE.E*MKVTIN-NQHIVIELGT'P]*SSGIEHE“QI‘IHBIIRIILD
______ - . [re— p—N el — — - —

i—
FMOD sniﬁcaxv*xlnﬂlsmnﬂluleu'GPLIRP.RELDEIQISEFFPNHALE*EPLTEILQHE:IQE---VGSSHRI.HSIILELBY
— —

—
LUM Hslnmwlsxhx pEEKEEsINEENETESVG PLIR#IEDIQLTHIKITILG- - SIE-VPLTFIHLQ H.U.KED-AVSMPJ cEE¥TDLEF
[— fr— fr— —

=
______ 150 LRR7 200 210 LRR8 220 230 240 LRRY 250 260 LRR10 270

BGN  AKrGIBKDEBETENEBRLDENKIDATELEDLLRY SKEYRECHGHNO TRIT EN-G5LEPLETHR RN BORMKERRYS GLEDLRLEQVVINS
DCN TNITsIEoGcHEEP sﬁﬁ'ﬁmluFavnms:.mmulu?&lsrls1 savnu-ﬂs:.ampnlnilan-:‘mvlmnu HEY IQV‘I_V'iR

— —_— — — — 1
FMOD NaLnxvlnG-snhE QEYMEERNVYTVPDS IFKG'AP'IILIVEISI.SLTNNGL&SN FNS slle-::ISYIJIJKI E-~~PvNTNLENL G

""" e

LUM HQImlsc-qleﬁmullIsuIPunrrxnkulalqﬁlsnlm.anssmNsruvislslvﬁlszi“ml---'rwsulfnz v
------ = = = = - =
280 280 LRRI11 300 310 azo  LRRI12 330 340 150 160 aTe
BGN iifliikﬁﬁbhﬁﬁéééﬁkﬁiiﬁé1'isli'itii'ﬁbiﬁifﬁiﬂ&iﬁlﬁ&ﬁﬁﬁﬂiﬁiéﬁiti' e e e
“DON ln:lswss sn-rrcﬂnmnasrsmlrslwnrn IQPSTFR.UYV!SAI._ELGHYK-

= =
FMOD HWrRENEFsIssEET WDWHFS'KL QVLR'DGIEIKRSAHPADAPILILRL&SLIEI -----
"

[ _LI_Jl\_/I_ ) IQLEKFDIxs-r:ILGPLSYSIKIK?RIDGIRISETSLPPDH BLRVANEVTLN~-~~~
------ = o
(C) Dual presentation of the sequence alignment and the local secondary structure alignment. Sequence conservation is highlighted by colored letters:
dark red (identity for all four sequences). Elements of the local secondary structure are depicted using blue arrows (B-sheets) and red cylinders (a-
helices). LRR position is indicated as rectangular boxes. . :
) P g Rivet et al., submitted to AJP Cell Phys.




Secondary structures and N-glycosylation positions on human biglycan (BGN, ap), decorin (DCN, cb),
fioromodulin (FMOD, gF) and lumican (LUM, G H).

For each human SLRP, two types of representations are shown: a cartoon representation of the backbone (A, C, E and G) and a surface
representation that also considers the occupancy of the side chains (B, D, F and H).

The cartoon representations are colored according to the secondary structure of the core proteins and the residues bearing the N-glycosylations are

displayed using orange Van der Waals motifs. Bi-antennary glycosylated chains are modeled with gray licorice (A, C, E and G) or gray surfaces (B, D, F
and H).

Human Fibromodulin Q06828 (PDB ID 5MX0). Rivet et al., submitted to AJP Cell Phys.
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Signal Propeptide Catal
peptide domain

A) MMP-14 domain structure and surface B) MMP-14 catalytic domain complexes formed with human
representation of the catalytic domain: SLRPs (BGN, DCN, FMOD, LUM):

The coordinates extracted from the pdb structure 1BQQ The results were obtained with the HEX software and correspond to the
present a catalytic pocket and the MT-LOOP. The ASN229 best binding energy. Residues bearing the N-glycosylations are

Is highlighted in orange as a possible N-glycosylation site. displayed using purple surfaces.
Adapted from Pietraszek-Gremplewicz et al., Matrix Biology, 2019 Rivet et al., submitted to AJP Cell Phys.
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pocket of MMP-14. in and , alternatively.

Rivet et al., submitted to AJP Cell Phys.
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A) MMP-14 activity B) K, calculation
a21inMm B10nM @ 100nM
125%
40 -
B i 3
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BGN DCN FMOD LUM BGN DCN FMOD LUM

MMP-14 activity assay and measurement of K;.
A) Effect of recombinant biglycan (BGN), decorin (DCN), fioromodulin (FMOD), and lumican (LUM) on recombinant MMP-14 activity
measured with increasing concentrations of SLRPs (1, 10, 100 nM). Data are presented as mean values + SD from four

independent experiments.

B) Measurement of the K, for each SLRP.
Rivet et al., submitted to AJP Cell Phys.
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MMP-2 activity 0 1nM 0 10nM 0100nM
125%

100%

75% -

50% -

MMP-2 residual activity
(% of control)

25% -

0% -

BGN DCN FMOD LUM

MMP-2 activity assay.

Effect of recombinant biglycan (BGN), decorin (DCN), fioromodulin (FMOD), and lumican (LUM) on recombinant MMP-2 activity
measured with increasing concentrations of SLRPs (1, 10, 100 nM).

Data are presented as mean values + SD from three independent experiments.

Rivet et al., submitted to AJP Cell Phys.
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A D Glycosylated lumican Core protein
AccAr . ADRAT "
LRR Residue from MD (A% RelAcc (%) | Accessibility | from starting RelAcc (%) Accessibility
structure (A%)

7 C29) |u9:s1 (82 Buried 33 22 ‘Buried
L210 03%1.0 0.0 Buried 0.0 0.0 Buried
@ 353:85 154 Buried 313 136 ‘Buried

9 E258 474 +11.1 259 Accessible 63.1 344 Accessible
L259. 0.1:06 0.0 Buried 0.0 00 ‘Buried
/D260 17.2+48 11.2 Buried 221 145 'Buried

1 Chsos )  |a14:151 211 Accessible  [39.4 201 Accessible
L309 05+1.4 0.0 Buried 0.0 0.0 Buried

'R310 750+120 311 Accessible 92.1 38.1 Accessible

D) Solvent accessible surface areas (AccAr) and relative
accessibility (RelAcc) of selected lumican residues that are

part of LRR7, LRR9 and LRR11.
A residue Is considered buried when its RelAcc is < 20 and it is considered
accessible when its RelAcc is > 20.

>> improved accessibilities upon glycosylation

A) Front view showing the solvent-unaccessible as well as solvent accessible LRRs.

The C-terminal LRRs (LRR-7 to LRR-11) are labelled adjacent to the respective 3-strands. Rilet ot ol | Sl e, S .



2) Impact of the carbohydrate shielding of lumican on MMP-14 cleavage sites accessibility =

Glycosylated lumican Core protein
AccAr AccAr
Cleavage site = Residue 2 | RelAcc (%) | Accessibility | from starting | RelAcc (%) | Accessibility
from MD (A?) ?
structure (A?
1(inLRR 1) 387+187 1638 ‘Buried 53.8 234 Accessible
» L 04+13 0.0 Buried 0.0 0.0 Buried
2 (inLRR1) K84 160524  |75.0 Accessble (1413 66.0 Accessible
A85 14.9+135 13.1 ’Buried 23.3 20.6 Accessible
3 (inLRRY9) N275 65.4+129 413 Accessible 84.9 53.7 Accessible
L276 05+1.2 0.0 |Buried 0.0 0.0 Buried
4 (iNLRR10) 0285 80.0+183  |42.3 Accessble 719 455 Accessible
|L286 03+1.0 0.0 ABuried 0.0 0.0 Buried

E) Solvent accessible surface areas (AccAr) and relative
accessibility (RelAcc) of lumican residues situated in the

cleavage sites. Aresidue is considered buried when its RelAcc is < 20,
and it is considered accessible when its RelAcc is > 20.

Cleavage sites:

1: 70-YL-71
> 84-KA-85 >> decreased accessibilities upon glycosylation
3:275-NL-276
4: 285-QL-286
B) Top-view showing the N-terminal half of lumican with the residues of cleavage sites 1 and 2 represented as Van der Waals (VdW)

spheres.

C) Bottom-view showing the C-terminal half of lumican with the residues of cleavage sites 3 and 4 represented as VdW spheres.
Protein is represented as cartoon, coloured in blue-white-red scheme (N-terminal to C-terminal), and carbohydrate residues are represented as
sticks and coloured according to the SNFG scheme [Varki, Proteomics 2009]. The cleavage sites were taken from the experimental studies on

lumican proteolysis by MMP-14 [Li, Cancer Research 2004]. rillet et al., submiteAA E e
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Key findings:

« Secondary structures and N-glycosylation

A.

positions on human biglycan, decorin, fiboromodulin

and lumican:

* Rigid SLRPs/MMP-14 docking Experiments:

« MMP-14 activity assay and measurement of K;:

« Carbohydrate shielding of Lumican:

Rivet et al., submitted to AJP Cell Phys.
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Lumican (LUM) unraveled by In Silico Approach
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The interaction network of Biglycan, Decorin,
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The first shell of the 4 SLRP interactors includes 162 partners. Most partners shared by class | SLRPs (BGN and DCN) or by class
\II SLRPs (FMOD and LUM) are involved in the synthesis of GAG chains.
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