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e complement system is a complex extracellular protein cascade that, when triggered by interactions with self
or non-self molecules, results in the production of in ammatory mediators and a membrane attack complex
that helps destroy invading cells (for recent reviews)sdecomprises several proteins, including proteases

and their substrates/interaction partners, permitting complement activation by one of three pathways (classical,
lectin, alternative), all of which converge in the activation of component C3. e classical pathway is triggered
by interactions of targets with component C1 which consists of three proteins C1r, C1s and C1q. C1r and C1s
are multi-domain serine proteases where two copies of each form a tetramer that associates with C1q, a hex
americ recognition protein of the defence collagens family resembling a bouquet of. mviectin pathway

is initiated by similar complexes, consisting of other defence collagens, including collectins (mannose-binding
lectin (MBL), collectin-10 or collectin-11) and colins, bound to MBL-associated serine proteases (MASP-1 and
MASP-2}. Binding of the initiating complexes to appropriate targets through the globular recognition domains
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of the defence collagens triggers sequential activation of the C1r and C1s or MASP-1 and MASP-2 proteases th
are bound to the collagen-like stalks of the recognition proteins. A third homologous protease, MASP-3, is found
in association with the recognition proteins of the lectin pathway, but it is not involved in triggering activation of
the lectin pathway. Activated C1s and MASP-2 are both able to cleave the complement components C4 and CzZ
which results in the formation of the C3 convertase C4bC2a. e alternative pathway begins with direct activation
of component C3 by a C3 convertase assembled from spontaneously hydrolysed C3 and factors B and D on targ
surface% e involvement of MASP-3 in activation of pro-factor D has recently been estabfshed

Bone morphogenetic protein-1 (BMP-1)/tolloid-like proteinases, otherwise known as BTPs, are extracellular
zinc-dependent metalloproteinases whose main roles are in extracellular matrix assembly and growth factor sig-
nalling’. For example, they control collagen assembly by cleavage of propeptides from precursor forms of colla-
gens, lysyl oxidases and small leucine rich proteoglycans, and they activate growth factors by maturation of later
forms or cleavage of growth factor antagonists. ey are also involved in angiogenesis and biomineralization
BTP family members in humans include bone morphogenetic protein-1 (BMP-1), mammalian Tolloid (mTLD),
and mammalian Tolloid-like-1 (mTLL-1) and -2 (mTLL-2). ey have been shown to control many aspects of
development, growth and tissue repair, and are involved in diseases such as cancer ahd brosis

Despite their di erent roles, proteins of the complement and BTP systems share many similarities. In par
ticular, though complement proteases are serine proteases and BTPs are metalloproteinases, the non-catalyt
domains of C1r, C1s, MASP-1 and MASP-2 and the BTPs include both CUB (complement C1r/C1s, Uegf, Bmp1l)
and EGF (epidermal growth factor) domdifi§=ig.1A). Furthermore, the trimodular CUB-EGF-CUB motif is
found in all these proteinases, but nowhere else in mammalian protein databases. is motif plays key roles in
the binding of complement proteases to defence collagens, and in the recognition of procollagen substrates b
BTP<1%1L, In addition, there is increasing evidence for a link between complement and BTPs during in amma-
tion and tissue repair, as found for example in myocardial infafétzord pulmonary brosi&. Despite this, to
date there have been no studies on possible interactions between BTPs and defence collagens. Here we desci
interactions between C1qg and MBL and the BTPs BMP-1 and mTLL-1 that provide further support for such a
functional connection.
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of the defence collagens C1q and MBL with BTPs was investigated by surface plasmon resonance spectrosco
(SPR), as previously described to study the interactions between C1q and MBL and their associated complemet
protease’$1415 BMP-1 and mTLL-1 were immobilized on the surface of a sensor chip and the defence collagens
injected over the immobilized proteinases in the presence?fi@ss. Both C1q and MBL bound dose-de-
pendently to immobilized BMP-1 (FigA,B) and mTLL-1 (FigC,D). Binding was Ca-dependent since all
interactions were abolished in the presence of EDTA (Supplementary Fig. S1). e kinetic parameters ofthe inter
actions were determined by global tting of the curves using a 1:1 binding mod@iAHR). BMP-1 interacted
with C1qg and MBL with high a nity, as re ected by a nity constant&g) in the nM range (0.48 and hBl,
respectively), the C1q/BMP-1 complex being slightly more stable than the MBL/BMP-1 complex, as indicated
by a 4-fold lower dissociation rate constant (Tdlplee mTLL-1 proteinase also bound to C1q and MBL with
kinetic and dissociation constants in the same range as those measured for BMP1).(Eablg value for the
C1g-mTLL1 interaction was slightly lower than that for the C1g-BMP-1 complex and slightly higher in the case
of MBL (Tablel). Despite these minor di erences, these data indicate a high a nity binding of C1q or MBL to
both BMP-1 and mTLL-1.

Immobilization of C1q and MBL on the surface of a sensor chip and injection of soluble BMiv) ¢B(@l
mTLL-1 (150hM) did not result in any detectable interaction in the case of C1q and only weak binding in the
case of MBL (Supplementary Fig. S2), indicating that the SPR con guration with immobilized BTPs is required
for stable interaction with the defence collagens. is is in contrast to published observations on the binding of
complement proteases to immobilized defence collagens which showed a nity constants in the nanomolar range:
C1s-C1r-C1r-C1s tetramer on C1q (1.5-+2) 1% MASP-3 dimer on C1q (1.88)%, MASP-1, MASP-2 and
MASP-3 dimers on MBL (3rM, 2.6nM and 2.61M, respectivelyy. To check for the e ects of immobilization,
we also measured binding of C1q and MBL to immobilized MASP-2 (Supplementary Fig. S3). By kinetic analysis
(Supplementary Fig. S4), a corresponding a nity constant afilll. as obtained (Tabl, similar to that found
for the reverse con guration.

We next pre-incubated C1q and MBL with soluble BMP-1 or mTLL-1 (molar excess of these proteinases to the
defence collagens of 6-fold) before injection over immobilized BMP-1 and mTLL-1. No or very limited inhibition
of the interactions was observed, as illustrated in the case of C1q and MBL pre-incubated with soluble mTLL-1
and injected over immobilized mTLL-1 (FRE,F) or of MBL pre-incubated with soluble BMP-1 and injected
over immobilized BMP-1 (Supplementary Fig. S5). ese results strongly suggest that stable complexes with BTPs
did not form in solution, which is consistent with the observed absence or weakness of interactions between sol-
uble BMP-1 or mTLL-1 and the immobilized defence collagens.
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ofe— "Vi—ffef <ot -Il%ws-beertsilown previously that analogous interactions occur between the
collagen-like regions of C1q or MBL and the interaction region (CUB1-EGF-CUBZ2) of C1r and C1s or MASPs,
allowing cross-interaction between the subcomponents of the classical and lectin complement'g&tHweys
investigate whether BMP-1 and mTLL-1 bind to homologous regions within C1q and MBL, we investigated the
capacity of the C1s-C1r-C1r-C1s tetramer and the MASP-2 dimer to compete for binding of C1q and MBL to the
BTPs. C1q was pre-incubated with C1s-C1r-C1r-C1s or MASP-2 and MBL with MASP-2 and the mixtures were
injected over immobilized BMP-1 and mTLL-1. Pre-assembly of the C1 or of the C1q-MASP-2 complex strongly
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Figure 1. C1r/C1s/MASPs and BTPs are modular proteinases with CUB-EGF-CUB motifs. (A) ese proteins
consist of a protease domain linked to an N-terminal (C1r, C1s, MASPs) or C-terminal (BTPs) non-catalytic
region that contains one or two trimodular CUB-EGF-CUB motif(s). CUB: complement C1r/C1s, Uegf, Bmp1;
EGF: epidermal growth factor; CCP: complement control protein. Note that BMP-1 and mTLD are products of
alternative splicing from the same gene, as is also the case for MASP-1 and MASP-3. e amino acid sequences
of BMP-1 and mTLD are identical up to the end of the CUB3 domain, while those of MASP-1 and MASP-3 are
identical up to the end of the CCP2 domain. (B) Sequence alignment of CUB-EGF-CUB motifs in complement
proteases and BTPs. Identical residues are in red (), strongly similar residues are in green (:) and similar
residues are in blue (.). Cysteines are highlighted in yellow. Residues involveddimdiag are in bold.
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