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Abstract
Activated coagulation factor V (FVa) is an important cofactor that accelerates thrombin production.
In human blood, 25% of the factor V (FV) is stored in platelets, complexed to the polymeric, FV
binding protein multimerin 1 (MMRN1). The light chain of FV is required for MMRN1 binding, and
its C2 domain contains a MMRN1 binding site that overlaps phospholipid binding residues essential
for FVa procoagulant function. The homologous structures and roles of the FVa light chain C1 and
C2 domains led us to investigate if the C1 domain also contains a MMRN1 binding site. The MMRN1
binding properties of FV constructs were tested by modified enzyme-linked immunoassays, before
and after thrombin activation. The constructs tested included the combined C1 and C2 domain deleted
FV, and B-domain deleted forms of FV containing C1 domain point mutations or combined C1 and
C2 domain phospholipid binding site mutations. The MMRN1 binding site in FV/FVa was mapped
to a large region that included the C1 domain phospholipid binding residues Y1956 and L1957. The
FV construct with combined C1 and C2 domain phospholipid binding site mutations had no MMRN1
binding, highlighting the critical role of the FV C1 and C2 domain phospholipid binding residues in
MMRN1 binding. Our data update the information on the structural features of FV and FVa important
for MMRN1 binding, and suggest that the extended MMRN1 binding site in the C1 and C2 domains
is important for the storage of FV-MMRN1 complexes in platelets.

Activated FV (FVa) is a key coagulation cofactor that accelerates the production of thrombin
by the prothrombinase complex [1]. In blood, approximately 25% of the factor V (FV) is
retained in platelet α-granules, where FV is stored as a partially activated cofactor complexed
to the polymeric protein multimerin 1 (MMRN1) [2,3]. In humans, MMRN1-FV binding is
predominantly noncovalent, although 25% of platelet FV is disulfide linked to MMRN1 [3].
Noncovalent FV-MMRN1 binding involves an extended region of the FV light chain C2
domain, that overlaps the FVa membrane binding site [4]. Recently solved FVa crystal
structures and mutagenesis studies of FV function have provided evidence that the C domains
of FV use structurally similar features to promote FVa binding to phospholipid membranes
[5–8]. Nonetheless, the functions of the FV C1 domain are not as well characterized as those
of the C2 domain. The possibility that the C1 domain contributes to MMRN1 binding is
supported by the absent MMRN1 binding of FV constructs lacking the entire light chain,
compared to the impaired MMRN1 binding of FV constructs lacking only the C2 domain [4].
These observations led us to investigate a potential MMRN1 binding site in the FV C1 domain.
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Recombinant MMRN1 was produced and affinity purified as described [9] to test the binding
of recombinant FV constructs (tested in serum-free culture media from transfected COS-7
cells), using established methods [4]. Constructs tested included: FV lacking both C domains
(dC1C2) [10], a B domain deleted (dB) FV construct with C1 domain point mutations [11],
and dBFV mutated at both C domain phospholipid binding sites (Y1956, L1957, W2063,
W2064)A [12], which has a dramatically reduced affinity for phosphatidylserine (PS) and an
impaired ability to support thrombin generation [12]. The markedly impaired synthesis of A3
domain deleted FV [10] precluded an evaluation of its MMRN1 binding. Control constructs
(with previously characterized MMRN1 binding properties) [4] included: wild type FV and
constructs lacking the B domain (dB), entire light chain (dLC), or just the C2 domain (dC2)
[10]. Enzyme-linked immunosorbent assays (ELISA) described previously [4] were used to
quantify the recombinant proteins, and to test FV binding to immobilized MMRN1. Results
for MMRN1 binding were expressed as a percentage of the O.D. reading obtained for the
corresponding wild-type FV construct. All experiments were performed in the absence of
phospholipid vesicles, as MMRN1 and FV were previously shown to independently bind to
the negatively charged lipid, PS [4]. Analysis of variance (ANOVA), followed by Fischer’s
test of least significant difference (LSD), were used to determine which constructs had
significantly reduced binding to MMRN1 relative to dB wild-type FV (p<0.05), based on
triplicate determinations from three separate experiments. Data on MMRN1 binding sites were
mapped onto a three dimensional representation of human FVa (coordinate file provided by
Dr. B. Villoutreix, Paris, France [13]) using ICM software package (Molsoft, CA, USA).

FV constructs D1892A, (K1954, H1955)A, D1955A, K1958A, K1980A, (F1900, L1901,
Y1903)A, Y1917A, Y1956A, (Y1956, L1957)A, R2023A, and (R2023, R2027) A had reduced
MMRN1 binding (p values <0.05; range of reductions: 40 – 55% compared to dBWT; Fig. 1).
These constructs also had impaired MMRN1 binding after conversion to FVa, suggesting that
the same C1 residues contribute to MMRN1 binding, before and after FVactivation. In contrast
to the reduced MMRN1 binding of the FV construct mutated at the C1 phospholipid binding
site (Y1956, L 1957)A, the FV construct with both C domain phospholipid binding sites
mutated [(W2063, W2064, Y1956, L1957)A] had no detectable MMRN1 binding, like dC1C2
FV (p values< 0.001 compared to dBWT; results not different from background; p=0.79).
These data indicated that C1 and C2 phospholipid binding residues are essential for MMRN1
binding, and that the homologies between the FV C1 and C2 domains extend to that of MMRN1
binding. Interestingly, a similar essential role for C domain membrane binding sites has been
shown for factor VIII binding to von Willebrand factor [14].

Fig. 1 illustrates that the FV/FVa MMRN1 binding site maps to a large area in the C1 and C2
domains, including the homologous membrane binding residues that support FVa PS binding
and procoagulant function. Within the MMRN1 binding site, the C2 domain phospholipid
binding site is more critical for MMRN1 binding, based on the greater (>90%) reduction in
MMRN1 binding when these residues are mutated (indicated in Fig. 1) [4], compared to less
striking reductions (< 55%) reductions for mutations at other C2 [4] and C1 domain residues.
The more important role of the C2 domain binding site in MMRN1 binding is consistent with
a recent report of an autoantibody against the FV C2 domain, associated with a transient platelet
FV deficiency, that ablated FVa procoagulant function and FV-MMRN1 binding [15]. The
homologous roles of the FV C1 and C2 domains in MMRN1 binding could be important for
the normal costorage of FV and MMRN1 in platelets.
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Figure 1.
Location of the MMRN1 binding site in the C domains of FV. The molecular model compares
the location of C1 domain MMRN1 binding residues to known C2 domain MMRN1 binding
residues [4]. Mutation of residues shaded yellow results in >90% loss of MMRN1 binding by
ELISA, while mutation of residues shaded blue results in a 40–55% loss of MMRN1 binding.
C domain residues not involved in MMRN1 binding are shown in white. The molecule on the
right shows the reference orientation, with domains indicated and PS binding residues circled.
The molecule on the left is rotated 90° along the X-axis.
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