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Methods

The invention relates to methods for detecting L-ficolin dependent activation of
the lectin pathway of complement, methods for diagnosis of L-ficolin complex
deficiencies or functional abnormalities, and methods for detection of gram
positive bacteria. Methods of the invention are based on the specific interaction
between LTA and L-ficolin complexes. The invention also provides assays
comprising methods of the invention, and kits for performing methods and

assays of the invention.
Background to the invention

The complement system comprises a complex series of potentially interactive
blood proteins that are ‘activated’ via two main pathways (1). The ‘classical’
pathway is activated by the pattern recognition molecule, C1q, that binds to
certain antigen-antibody complexes. This leads to conformational changes, a
cascade of molecular interactions and the generation of key enzymic activity

(C3 convertase).

A second, recently described pathway of complement activation, termed the
lectin’ pathway, is activated by the interaction of mannose-binding lectin (MBL)
and related pattern-recognition molecules with terminal carbohydrate residues
on the surface of intact bacteria and other microbes. Unlike the classical
pathway, activation of the lectin pathway is not dependent on interaction with
antigen-antibody complexes. Lectin pathway activation also involves a cascade
of different molecular interactions leading to C3 convertase activity.

A third pathway, the ‘alternative’ pathway, is now recognised as an amplification
loop that enhances C3 convertase synthesis following activation of either

classical or lectin pathways. C3 convertase acts on C3, an abundant normal
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blood protein to yield a series of products. Products of C3 conversion include
C3b, a fragment that coats microbes (a process termed opsonisation) and
enhances their uptake and destruction by phagocytes. Two further products,
C3a and Cba (termed anaphylatoxins), are capable of activating mast cells and
neutrophils, thereby producing inflammatory reactions. A further product is
cytolytic and termed membrane attack complex (MAC or C5b-9). It arises via an
additional cascade of events leading to production of hollow tube-like structures
that are inserted into the membranes of bacteria and other microbes, thereby

generating pores which lead to microbial lysis.

Complement activation pathways are key to defence against infection,
individuals with hereditary deficiency of certain complement pathway gene
products may be profoundly susceptible to serious infection. The deficiency
may manifest as absence of a particular protein or expression of a protein with

a reduced or abolished biological function.

The lectin pathway of complement activation provides an essential route of
innate anti-microbial host defence. Activation of the lectin pathway occurs in
response to carbohydrate structures present on microbial surfaces and is
initiated through multi-molecular fluid-phase complexes composed of a
carbohydrate recognition subcomponent and the lectin pathway serine
protease, MASP-2 (for Mannan binding lectin associated serine protease-2).
Three different carbohydrate recognition subcomponents that form complexes
and activate complement via MASP-2 have been described: Mannan binding
lectin (MBL), L-ficolin, and H-ficolin (previously described as Hakata antigen) (1-
4).  All recognition subcomponents consist of homotrimers of a single
polypeptide chain with an N-terminal collagen-like domain, a neck region, and a
C-terminal carbohydrate-binding domain (5). In MBL, this carbohydrate
recognition domain (CRD) is a classical C-type lectin domain, while the CRDs of
ficolins show a fibrinogen-like domain structure. In plasma, the recognition
subcomponents are present as higher-order oligomers of the homotrimeric
subunits that form complexes with MASP-2 and two other serine proteases,
named MASP-1 and MASP-3, to compose a lectin pathway activation complex
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(6-9). Of these, only MASP-2 is known to translate the binding of lectin pathway
complexes to microbial carbohydrates into activation of complement by
cleavage of C4 and C4b bound C2 (8, 10-12). It has been shown that MBL
binds to a range of clinically important micro-organisms including fungi, viruses,
and both Gram-negative and Gram-positive bacteria (13, 14). In contrast, little
is known about the binding specificities of the ficolins. H-ficolin has been shown
to bind to S. typhimurium, S. minnesota, and E. coli (15), while L-ficolin has
been shown to activate the lectin pathway after binding to S. typhimurium (16).

Thus the importance of MBL in anti-microbial host defence is well recognized,

but the role of the ficolins remains largely undefined.

Lipoteichoic acid (LTA) is a cell wall constituent found in all gram-positive
bacteria. LTA is increasingly regarded as the Gram-positive equivalent of LPS.
It is a potent immunostimulant that induces cytokine release from mononuclear
phagocytes and whole blood (17, 18). Previous studies have shown that on
LTA preparations isolated from various bacterial strains complement activation
occurs in an antibody-independent fashion (25-27). The mode of activation,
however, remained unclear. Based on measurements demonstrating a
significant consumption of complement components C4 and C2 (and a
moderate consumption of haemolytically active C1), the most recent of these
reports suggested that LTA might activate complement through activation of the
classical pathway involving a direct interaction of LTA with C1q (27). No direct
binding between LTA and C1q, however, was described.

Statement of invention

The present invention provides a method for detecting L-ficolin dependent
activation of the lectin pathway of complement comprising:

(a) contacting L-ficolin lectin pathway activation complex with LTA in
conditions that permit specific binding thereof, and

(b) detecting complement activation.
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This method is based on the novel specific interaction between LTA and L-

ficolin lectin pathway activation complex.

The present inventors have found that complexes of the lectin pathway
recognition subcomponent L-ficolin specifically bind the lipoteichoic acid (LTA)
cell wall constituent found in all gram-positive bacteria. L-ficolin complexes can
bind to LTA with or without association of MASPs with L-ficolin. In plasma, L-
ficolin complexes are normally present as oligomers of L-ficolin trimers and may
associate with MBL-associated serine proteases 1, 2, and 3 (i.,e. MASP1,
MASP2, MASP3) and a small MBL associated protein of 19kDa (MAp19 or
SMAP) to form L-ficolin lectin pathway activation complex (L-ficolin activation

complex).

Complement activation via the lectin pathway is mediated through MASP-2,
thus complement activation occurs only when the L-ficolin complex is
associated with the MASPs and MBL to form L-ficolin lectin pathway activation
complex (L-ficolin/MASP). L-ficolin complexes that bind to LTA without being
associated to MASPs do not activate the lectin pathway of complement, but are
thought to have some biological effects, such as collectin receptor mediated

enhancement of phagocytosis.

LTA may be derived from gram positive bacteria, or synthetic LTA may be
obtained by chemical synthesis. In preferred methods of the invention, the LTA
is immobilised on a support. The L-ficolin activation complex can be obtained
from blood, and may be present as a component of whole blood, serum, or an
extract therefrom. In blood, L-ficolin lectin pathway activation complex is
formed when L-ficolin oligomers associate with MBL-associated serine protease
1 (MASP1), MASP2, MASP3 and a small MBL associated protein.

Conditions that permit specific binding of L-ficolin complex with LTA, in
particular specific binding of L-ficolin lectin pathway activation complex with LTA
can be achieved using high salt concentrations, e.g. using a high salt buffer
(500mM) to dilute blood serum samples, dissociate C1 and prevent activation of
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endogenous C4, as described by Petersen et al. (22). Buffers containing metal
chelators are a viable alternative, e.g. those described by Hugli et al in US
6,297,024.

In preferred embodiments of the invention, complement activation is detected
by a C3 and/or C4 cleavage assay, which may involve detection of a C3 and/or
a C4 cleavage product. A suitable method for detection (and quantification) of
complement activation is the C4 cleavage assay of Petersen et al (22) as
described herein. Alternatively, a method such as that described by Hugli et al
in US 6,297,024 (the disclosure of which is incorporated herein by reference)
could be employed to detect and quantify complement activation.

The C3 and/or C4 cleavage product can be detected using a ligand specific for
the cleavage product, labelled directly or indirectly with a detectable marker.
Detection systems based on direct or indirect labelling of a ligand specifically
bound to a particular target molecule are well known in the art. For direct
methods, a ligand specific for the target molecule is itself labelled with a
detectable marker. Using indirect detection methods, an unlabelled ligand is
incubated with the sample to allow specific binding of the ligand to its target
(where present). A second ligand, specific for the first ligand and which is or
can be labelled with a detectable marker is provided and allowed to bind to the
first ligand. In both direct and indirect detection systems the final stage is
detection of the detectable marker.

In preferred embodiments of the method for detecting L-ficolin dependent
activation of the lectin pathway of complement invention, the ligand specific for
the cleavage product is an antibody or a binding fragment of an antibody (such
as an Fab or F(ab’), fragment), more preferably antibody or a binding fragment
thereof, specific for a C3 or C4 cleavage product. Complement activation can
be detected by detection of the C3 cleavage product C3b, in which instance the
ligand is preferably an anti-C3b antibody or a binding fragment of an anti-C3b
antibody (i.e. an antibody fragment such as an Fab or F(ab’)2 fragment that
specifically binds C3b). Alternatively, or additionally, complement activation can



10

15

20

25

30

6
be detected by detection of the C4 cleavage product C4b and/or the C4
cleavage product C4c; the ligand is preferably an anti-C4b antibody, an anti-
C4c antibody or a binding fragment thereof (i.e. an antibody fragment such as a
Fab or F(ab’)2 fragment that specifically binds C4b or C4c).

Various detectable markers suitable for use in methods of the invention are
known in the art; fluorescent, luminescent or radioactive markers are particularly
appropriate. The detectable marker can be selected from the group comprising
alkaline phosphatase, horse radish peroxidase, biotin, europium, a
fluorochrome (such as fluorescein isothiocyanate or a fluorescent protein) or a
radiolabel. In a preferred embodiment of the method for detecting L-ficolin
dependent activation of the lectin pathway of complement, the detectable
marker is alkaline phosphatase and the alkaline phosphatase is detected using
a colorimetric substrate, preferably p-nitrophenyl phosphate (pNPP). In an
alternative preferred method of the invention, the detectable marker is
fluorescein isothiocyanate, which can be detected by fluorescence microscopy.

The invention further provides a functional assay for L-ficolin dependent
activation of the lectin pathway of complement, comprising a method as
described herein for detecting L-ficolin dependent activation of the lectin
pathway of complement. Also provided is a method for identifying an L-ficolin
abnormality in an individual (e.g. a deficiency or absence of L-ficolin or the
presence of an aberrant L-ficolin which is unable to form a functional L-ficolin
lectin pathway activation complex) , comprising a method or assay according to

the invention.

Accordingly the invention provides a method for identifying an L-ficolin
abnormality comprising:

(@) contacting LTA with a solution comprising blood, serum or an
extract therefrom, in conditions that permit specific binding of L-ficolin lectin
pathway activation complex to LTA, and,

(b)  detecting and quantifying specific binding of the L-ficolin lectin
pathway activation complex to LTA.
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Methods, assays and kits of the invention may include suitable positive and
negative controls. Methods and assays may include comparison of the amount
of specific L-ficolin complex-LTA binding detected in a test solution with the
amount of specific L-ficolin complex-LTA binding found in one or more
reference samples, to enable identification of L-ficolin abnormalities, in
particular abnormalities that affect binding of L-ficolin complex to LTA.

Using functional methods and assays of the invention, L-ficolin abnormalities
that result in failure to activate the lectin pathway of complement activation can
be detected. In such functional assays, the presence or absence of specific
binding of L-ficolin lectin pathway activation complex to LTA. can be detected,
and, if desired quantified, by assaying complement activation. The level of
complement activation detected in a test solution can be compared with the
level of complement activation found in one or more reference samples, to
enable identification of L-ficolin abnormalities, in particular abnormalities that

reduce or abolish complement activation.

In methods for identifying L-ficolin abnormalities, LTA is preferably immobilised

on a support.

A preferred method for detecting and/or quantifying L-ficolin dependent
activation of the lectin pathway of complement comprises:

(@  providing LTA immobilised on a solid support, preferably one or
more wells on a multiwell plate

(b)  contacting the immobilised LTA with a solution comprising blood,
serum or an extract therefrom in conditions that permit binding of L-ficolin lectin
activation complex to LTA, but prevent activation of endogenous C4, and cause
dissociation of the C1 complex.

(c) performing a C3 and/or C4 cleavage assay to detect (and, if
desired, to quantify) complement activation.
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The invention further provides a method for detecting and/or identifying gram
positive bacteria comprising:

(a) contacting a sample comprising bacteria or suspected of
comprising bacteria with L-ficolin complex in conditions that permit specific
binding of L-ficolin complex to LTA, and,

(b) detecting specific binding of L-ficolin complex to LTA present on

gram positive bacteria.

In this embodiment the L-ficolin complex can be L-ficolin lectin pathway
activation complex, or a non-activating L-ficolin complex i.e. an oligomer of L-

ficolin trimers without associated MASPs.

Specific binding of L-ficolin complex to LTA can be detected using a ligand
labelled directly or indirectly with a detectable marker. The ligand is preferably
an antibody or a binding fragment of an antibody, more preferably an antibody
specific for L-ficolin or a binding fragment thereof. By binding fragment is meant
a fragment of an antibody that retains the ability to specifically bind a target
molecule normally bound by the full antibody. A particularly preferred ligand for
detection of specific binding of L-ficolin complex to LTA on gram positive
bacteria is an antibody specific for human L-ficolin, such as GN4 or GN5
(commercially available through Hycult biotechnology b.v., The Netherlands),
or a fragment thereof that specifically binds L-ficolin. The detectable marker
can be, for example, a fluorescent, luminescent or radioactive marker, and is
preferably selected from the group comprising alkaline phosphatase, horse
radish peroxidase, biotin, europium, a fluorochrome (such as fluorescein
isothiocyanate or a flourescent protein) or a radiolabel. In a preferred
embodiment, the detectable marker is alkaline phosphatase and the alkaline
phosphatase is detected using a colorimetric substrate, preferably p-nitrophenyl
phosphate (pNPP).  An alternative preferred detectable marker is a
fluorochrome (such as fluorescein isothiocyanate) which can be detected by

fluorescence microscopy.
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Immobilized LTA from Staphylococcus aureus binds L-ficolin complexes from
sera, and these complexes initiate lectin pathway-dependent C4 turnover. C4
activation correlates with serum L-ficolin concentration, but not with serum MBL
levels. L-ficolin binding and corresponding levels of C4 turnover were observed
on LTA purified from other clinically important bacteria, including Streptococcus
pyogenes and Streptococcus agalactiae. None of the LTA preparations bound
MBL, H-ficolin or the classical pathway recognition molecule C1q. This
demonstrates that the L-ficolin/LTA interaction initiates an innate anti-microbial
immune response by triggering the lectin pathway of complement activation.

Methods and assays according to the invention can be performed in multiwell
format, 96 well format is preferred. Methods or assays according to the
invention can be performed in high throughput format.

Also provided are kits for performing methods and assays according to the
invention. One such kit is provided for detecting L-ficolin dependent activation
of the lectin pathway comprising:
(@) LTA immobilised on a support,
(b)  a purified C4 or crude C4/C3 preparation, and
(c)  a reagent or reagents for detection of a C3 and/or C4 cleavage
product, and
(d)  optionally, standard serum or purified L-ficolin/MASP complex
suitable for generation of a standard curve, and,
(e)  optionally instructions for use of the kit.

The support on which LTA is immobilised may comprise one or more wells on a
multiwell plate. A reagent for detection of a C3 and/or C4 cleavage product
may comprise a ligand capable of being labelled directly or indirectly with a
detectable marker. The ligand can be an antibody or a binding fragment of an
antibody. In one form of the kit the ligand specifically binds the C3 cleavage
product C3b. Alternatively or additionally, the kit may contain a reagent
comprising a ligand specifically binds the C4 cleavage product C4b or the C4
cleavage product C4c.
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A kit is provided according to the invention for detecting or for quantifying L-
ficolin comprising:
(a) LTA immobilised on a support, and
(b) a reagent or reagents for detection of L-ficolin complex—LTA
binding, and
(c)  optionally standard serum or purified L-ficolin/MASP complex or
purified L-ficolin suitable for generation of a standard curve, and

(d)  optionally instructions for use of the kit.

In this embodiment the L-ficolin complex can be L-ficolin lectin pathway
activation complex, or a non-activating L-ficolin complex i.e. an oligomer of L-
ficolin trimers without associated MASPs.

A reagent for detection of L-ficolin complex-LTA binding may comprise a ligand
capable of being labelled directly or indirectly with a detectable marker, suitably
the ligand is an antibody or a binding fragment of an antibody, most suitably an
antibody or a binding fragment thereof specific for L-ficolin, in particular specific
for human L-ficolin for example the antibody GN4 or GN5 (Hycult biotechnology
b.v.) or a fragment thereof that specifically binds L-ficolin. Detection of L-ficolin-
LTA binding may be performed using ligand labelled directly with a detectable
marker, or using ligand labelled indirectly with a detectable marker. A suitable
detectable marker would be a fluorescent, luminescent or radioactive marker
which can be selected from the group comprising alkaline phosphatase, horse
radish peroxidase, biotin, europium (e.g. for time resolved immunofluorometric
assays, TRIFMA), a fluorochrome (such as fluorescein isothiocyanate or a
fluorescent protein) or a radiolabel. In a preferred embodiment the detectable
marker is alkaline phosphatase and the alkaline phosphatase is detected using
a colorimetric substrate, preferably p-nitrophenyl phosphate (pNPP). In an
alternative preferred embodiment, the detectable marker is fluorescein
isothiocyanate, which can be detected by fluorescence microscopy.
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Methods assays and kits of the invention can be used to detect and diagnose
inherited or acquired immunodeficiency caused by functional deficiencies of
serum L-ficolin.  These functional deficiencies result in an increased

susceptibility to infectious disease.

Description of the Figures

Figure 1 shows that LTA purified from S. aureus binds L-ficolin and activates
the lectin pathway. Plates were coated with 1ug/well LTA or 1ug/well mannan
in carbonate buffer. Diluted sera were added and C4b deposition was
measured as described in the C4 cleavage assay. Panel A: C4 activation on
LTA with pooled normal human serum (NHS), pooled MBL-deficient serum
(MBL-/-) and C1qg-depleted pooled NHS (results representative of three
independent experiments). Panel B: Comparison of C4 activation on LTA by 12
normal and 6 MBL-deficient (< 50ng/ml MBL) sera. Panel C: Correlation
between C4 activation and serum L-ficolin concentration for the same 18 sera.
Results shown are means of duplicates and are relative to the standard serum.
Panel D: Inhibition of C4 activation on LTA by pre-incubation of serum with
excess fluid-phase LTA or mannan. Results are the means of two independent
experiments using normal serum. (Relative C4 activation = 1 for uninhibited

serum).

Figure 2 shows that neither H-ficolin nor C1q bind to LTA from S.aureus. Panel
A: Microtiter plates were coated with the Hakata Ag specific MAb 4H5
(1uglwell), PSA from Aerococcus viridans (2ug/well), LTA from S. aureus
(1uglwell) or formalinfixed S. aureus (100ul/well at OD550=0.5). Normal

serum was diluted in a buffer with physiological salt concentration and added to
the plate. H-ficolin binding was assayed by ELISA using polyclional anti-H-
ficolin IgG. Results are the means of two independent experiments and are
normalized to 4H5. Panel B: Plates were coated with BSA/anti-BSA immune
complexes (IC) or LTA from S. aureus. Normal or C1g-depleted serum was
added and C1q binding determined by ELISA.



10

15

20

25

30

12

Figure 3 shows that purified L-ficolin/MASP complexes bind to LTA and activate
C4. Microtiter plates were coated with the L-ficolin specific mAb GN4
(1ug/well), LTA from S. aureus (1ug/well), mannan (1ug/well), PSA from

Aerococcus viridans (2ug/well), or formalin-fixed S. aureus (100ul/well at

ODs5p=0.5). Increasing concentrations of L-ficolin/MASP complexes were added
to the wells, and bound L-ficolin (panel A) or C4 activation (panel B) assayed as
described in materials and methods. Results are the means of duplicates and

are representative of three independent experiments.

Figure 4 shows that C4 cleavage and L-ficolin binding by LTA from different
Gram-positive bacteria. Plates were coated with 1ug/well of purified LTA from
the species and strains indicated. Diluted standard serum was added, and C4
deposition or L-ficolin binding assayed. Results are relative C4 cleavage and
relative L-ficolin binding, normalized to LTA from S. aureus (n=4, error bars

represent the SD).

Figure 5 shows that S. aureus binds L-ficolin and activates the lectin pathway of
complement. S. aureus DSM20233 was incubated with purified L-ficolin in the
presence of various concentrations of purified LTA. L-ficolin binding was
detected by flow cytometry using the F(ab)'2 of MAb 2F5 and FITC-conjugated

anti-mouse IgG F(ab)2. Panel A: black peak; negative control (no L-ficolin),

solid line; L-ficolin (without LTA), dashed line; L-ficolin pre-incubated with
8mg/ml fluid-phase LTA. Panel B: inhibition of L-ficolin binding to S. aureus by
LTA. Results are the means of three independent experiments, error bars
represent the SD and the solid line shows binding as a percentage of that seen
for L-ficolin alone. Panel C: Inhibition of C4 activation on microtiter plates
coated with formalin-fixed S. aureus. Normal serum was pre-incubated with
various amounts of LTA, mannan, or LTA and mannan (abscissa) then added to

the coated plates and C4 activation assayed as described in the C4 cleavage
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assay. Results are means of two independent experiments and are relative to
the serum with no added inhibitors.

Examples

Materials

Unless otherwise stated, all reagents were obtained from Sigma-Aldrich (St.
Louis, MO). Sera were collected from healthy volunteers, with the approval of
the institutional ethical review board, and were assayed for MBL as described
by Haurum et al. (19). C1g-depleted serum was prepared from pooled NHS
using protein A-coupled Dynabeads (Dynal Biotech, Oslo, Norway) coated with
rabbit anti-human C1q IgG (Dako, Glostrup, Denmark), according to the
supplier's instructions. L-ficolin was purified from human serum as previously
described (16), and its concentration was determined using a proprietary Lowry
assay kit (Sigma-Aldrich). PSA, a polysaccharide produced by Aerococcus
viridans, was prepared as previously described (20). Formalin-fixed S. aureus
DSM20233 were prepared as follows: bacteria were grown overnight at 37°C in
tryptic soy blood medium, washed three times with PBS, then fixed for 1h at
room temperature in PBS/0.5% formalin, and washed a further three times with
PBS, before being re-suspended in 15mM Na2CO3, 35mM NaHCO3, pH 9.6

(coating buffer).

Extraction and purification of LTA

Pure LTA, free from endotoxin and other contaminants, was purified from cell
extracts of S. aureus (DSM20233), B. subtilis (DSM1087), Bifidobacterium
animalis (MB254), S. pyogenes (GAS), and two clinical isolates of S.
agalactiae (GBS 6313 and GBS COH1), as previously described (21). The
purity of the LTA was greater than 99%, according to nuclear magnetic

resonance and mass spectrometry.

C4 cleavage assay.
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Lectin pathway activation was quantified using the C4 cleavage assay
developed by Petersen et al. (22). Briefly, the wells of a Nunc MaxiSorb
microtiter plate (Nalge Nunc International, Rochester, NY) were coated with:
100 ul of formalin-fixed S. aureus DSM20233 (OD550=0.5) in coating buffer,
1ug of the H-ficolin specific MAb 4H5 (4) in coating buffer, 14g mannan in
coating buffer, 1ug LTA in 100 ul of coating buffer, or 2 yg LTA in 20 ul of
methanol.  After overnight incubation, wells were blocked with 0.1% HSA in
TBS (10mM Tris-Cl, 140mM NaCl, pH 7.4), then washed with TBS containing
0.05% Tween 20 and 5mM CaCl2 (wash buffer). Serum samples were diluted
in 20mM Tris-Cl, 1M NaCl, 10mM CaCl2, 0.05% Triton X-100, 0.1% HSA,
pH7.4, which prevents activation of endogenous C4 and dissociates the C1
complex (composed of C1q, C1r and C1s). The diluted samples were added to
the plate and incubated overnight at 4°C. The next day, the plates were
washed thoroughly with wash buffer, then 0.1 ug of purified human C4 (23) in
100 ul of 4mM barbital, 145mM NaCl, 2mM CaCl2, 1mM MgCl2, pH 7.4 was
added to each well. After 1.5h at 37°C, the plates were washed again, and
C4b deposition was detected using alkaline phosphatase-conjugated chicken
anti-human C4c (Immunsystem AB, Uppsala, Sweden) and the colorimetric
substrate pNPP (p-nitrophenyl phosphate).

Solid-phase binding assays.

Nunc Maxisorb microtiter plates were coated with: LTA, MAb 4H5, or formalin-
fixed S. aureus as described above, PSA from Aerococcus viridans (2ugiwell in
coating buffer), or immune complexes generated in situ by coating with BSA
(1uglwell in coating buffer), then adding rabbit anti-BSA (2ug/ml in wash buffer).
Wells were blocked with 300 ul of 0.1% HSA in TBS for 1.5h at room
temperature, then washed with wash buffer. Serum samples were diluted in
100 ul of 10mM Tris-Cl, 140mM NaCl, 2mM CaCl2, 0.05% Triton X-100, 0.1%

HSA pH 7.4, added to the plates and incubated overnight at 4°C.  After
washing, bound proteins were detected using rabbit anti-human L-ficolin IgG

(24), rabbit anti-human H-ficolin antiserum (18), or goat anti-human C1q
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(Atlantic Antibodies, Stillwater, MN).  Secondary antibodies were alkaline
phosphatase-conjugated goat anti-rabbit IgG or rabbit anti-goat IgG, as
appropriate, and bound antibody was detected using the colorimetric substrate
pNPP. A standard serum was included on each plate to allow cross-plate

normalization of the results.

L-ficolin ELISA

Nunc Maxisorb microtiter plates were coated with 1ug/well of the L-ficolin
specific MAb GN4 (3) in coating buffer. Wells were blocked, diluted serum
samples added, and L-ficolin detected using rabbit anti-human L-ficolin 1gG

(24), as described above.

Flow cytometry

100 ul of Staphylococcus aureus DSM20233 (freshly isolated; ODgpo=1.4)
were suspended in Veronal buffered saline supplemented with 0.1% gelatin,
2mM CaCl2 and 0.5mM MgCl2 (GVB), and spun down. The pellets were
incubated at 37°C for 30 min with 20 ul of purified L-ficolin (2 ug/ml) in the
presence of various concentrations of LTA, and then washed three times with
GVB. The washed cells were then incubated on ice for 30 min with 20 ul of
F(ab)'2 (100 pg/mi) of the anti-human L-ficolin MAb 2F5 (16) and stained on ice
for 30 min with 20 ul of fluorescein isothiocyanate-conjugated anti-mouse Igs
F(ab)?2 (100 pg/ml; Dako). The cells were washed twice with GVB between
each reaction. Reactivities were evaluated by FACSCalibur 4A flow cytometry
(Becton Dickinson, Mountain View, CA). F(ab)'2 fragments of the murine anti-
human L-ficolin antibody MAb 2F5 (IgG1) were generated by pepsin cleavage
using a proprietary kit (Pierce Biotechnology, Rockford, IL).

Results
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A C4 cleavage assay that monitors complement activation via the lectin
pathway was used to determine serum responses to very pure LTA
preparations derived from the cell wall of S. aureus strain DSM 20233. As
shown in Figures 1A and 1B, lectin pathway-mediated C4 cleavage occurred in
both MBL-sufficient and MBL-deficient (MBL <50ng/ml) sera, suggesting that
MBL was not the recognition molecule involved in LTA-dependent complement
activation. Similar results were obtained using re-calcified plasma in place of
serum (data not shown). Moreover, depletion of C1q had no effect on the ability
of serum to activate C4 in response to S. aureus LTA in this assay (Fig.1A). A
sensitive MBL-binding assay detected as little as 50ng/ml MBL when ELISA
wells were coated with mannan, but no MBL binding was detected when wells
were coated with LTA from DSM20233 (data not shown). L-ficolin binding to
LTA could be demonstrated with all of the sera tested and the level of C4
activation correlated closely with the concentration of L-ficolin in the sera (Fig.
1C). There was no corresponding correlation with the MBL concentrations in
these sera. C4 activation on LTA coated wells could be completely inhibited by
pre-incubating the serum with excess fluid-phase LTA, while fluid-phase
mannan (which inhibits MBL-driven C4 activation) had no effect (Fig. 1D).
Initially, the plates were coated with LTA dissolved in methanol, to protect the
alkali-labile D-alanine esters on the phosphate backbone, which are essential
for LTA-mediated cytokine release (17, 18). However, it was found that L-ficolin
binding and C4 activation were similar on LTA that had been dissolved in
carbonate buffer at pH 9.2, suggesting that D-alanine substitution is not
essential for L-ficolin binding.

Two experiments demonstrate that H-ficolin does not contribute to the C4
activation seen on LTA from S. aureus strain DSM20233: Firstly, an H-ficolin
specific ELISA showed that, although H-ficolin binds to the anti-H-ficolin MAb
4H5 and to PSA from Aerococcus viridans (a known ligand for H-ficolin), it binds
neither to whole formalin-fixed DSM20233, nor to LTA from DSM20233 (Fig.
2A). Secondly, coating plates with MAb 4H5 leads to H-ficolin dependent
activation of the lectin pathway that can be specifically inhibited by adding
excess fluid-phase PSA, but not by adding LTA (data not shown). Fig. 2B
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ilustrates the absence of a direct interaction between C1q and LTA at

physiological salt concentrations.

Next, the sera were replaced with purified L-ficolin / MASP complexes (16).
Concentration-dependent binding of L-ficolin / MASP complexes was observed
on wells coated with the L-ficolin specific mAb GN4, LTA from DSM20233 and
formalin-fixed DSM20233, but not on wells coated with PSA or mannan (Fig.
3A). Likewise, concentration-dependent C4 activation was seen on LTA coated

wells, but not on those coated with mannan (Fig. 3B).

Preparations of pure LTA from other gram positive bacteria were tested for C4
activation, ficolin binding and MBL binding. L-ficolin binding and C4 activation
on LTA from B. subtilis (DSM1087), S. pyogenes and S. agalactiae (two
isolates) were remarkably similar to that seen for LTA from S. aureus
DSM20233 (Fig. 4). LTA from Bifidobacterium animalis bound significantly less
L-ficolin, and the C4 activation was correspondingly low. Neither MBL nor H-
ficolin bound to any of the LTA preparations tested (data not shown).

Flow cytometry was used to demonstrate binding of purified L-ficolin/p35 to
whole S. aureus DSM20233, and this binding could also be inhibited by excess
fluid-phase LTA (Figs. 5A and 5B). C4 activation on whole formalin-fixed
DSM20233 could be inhibited to roughly equal extents by both mannan and
LTA (Fig. 5C), and the effect of the two inhibitors was additive, implying that
approximately half of the C4 activation observed on the whole bacteria is a
consequence of MBL binding to cell wall components other than LTA, probably

to the mannose-rich peptidoglycan.

Discussion

The experimental work demonstrates that complement activation occurs via the
lectin pathway through specific binding of L-ficolin to LTA preparations from
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different Gram-positive bacterial strains, including S. aureus strain DSM 20233.
The binding of L-ficolin to LTA was highly specific, none of the LTA preparations
bound MBL or H-ficolin. These findings are consistent with those from Polotsky
and co-workers (28), who reported that recombinant human MBL binds to LTA
from Enterococcus spp. (in which the polyglycerophospate chain is substituted
with glycosyl groups), but not to LTA from nine other species, including S.

aureus, S. pyogenes and Bifidobacterium.

Inhibition assays indicated that L-ficolin is responsible for approximately 50% of
the total lectin pathway-dependent C4 activation seen on whole formalin-fixed
S. aureus; the remaining C4 activation could be inhibited with mannan, and is
therefore attributable to MBL binding to cell wall components other than LTA.
This finding may explain the observation that the deposition of C4 and iC3b on
S. aureus, and the opsonophagocytosis of S. aureus, in MBL-deficient serum
is approximately half of that seen in MBL-deficient serum reconstituted with
MBL-MASP complexes (29).

The levels of L-ficolin binding and lectin pathway-dependent C4 activation
detected on LTA purified from B. subtilis, S. pyogenes, and S. agalactiae were
similar to those seen on LTA from S. aureus, while LTA from Bifidobacterium
animalis had a reduced capacity to bind serum L-ficolin (approximately 30% of
the amount bound by the same concentration of the other LTAs tested), and
showed correspondingly reduced C4 activation. The relatively low level of
binding to Bifidobacterium LTA is probably a consequence of its backbone
structure; Bifidobacterium spp LTA differs from the others in that its backbone
consists of lipofuranan instead of polyglycerophospate and it is substituted with
monoglycerophospate groups instead of N-acetylated carbohydrate groups
(30).

The repertoire of microbial organisms recognized by L-ficolin could both overlap
and extend that recognized by MBL. The ability of several fluid-phase
carbohydrate recognition molecules to initiate the lectin pathway of complement

activation in response to different pathogen-associated molecular patterns
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broadens the spectrum for the innate response towards invading microbial

organisms.
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CLAIMS:

1. A method for detecting L-ficolin dependent activation of the lectin
pathway of complement comprising:

(a) contacting L-ficolin lectin pathway activation complex with LTA in
conditions that permit specific binding thereof, and

(b) detecting complement activation.
2. A method according to claim 1 wherein LTA is immobilised on a support.

3. A method according to claim 1 or claim 2 wherein L-ficolin complex is

obtained from blood.

4. A method according to any preceding claim wherein complement

activation is detected by a C3 and/or C4 cleavage assay.

5. A method according to claim 4 wherein complement activation is

detected by detection of a C3 and/or a C4 cleavage product.

6. A method according to claim 4 or 5 wherein the C3 and/or C4 cleavage
product is detected using a ligand specific for the cleavage product, labelled

directly or indirectly with a detectable marker.

7. A method according to claim 6 wherein the ligand specific for the
cleavage product is an antibody or a binding fragment of an antibody.
8. A method according to any preceding claim wherein complement

activation is detected by detection of the C3 cleavage product C3b.

9. A method according to claim 8 wherein the ligand is an anti-C3b antibody
or a binding fragment of an anti-C3b antibody.
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10. A method according to any preceding claim wherein complement

activation is detected by detection of the C4 cleavage product C4b.

11. A method according to claim 10 wherein the ligand is an anti-C4b
antibody or a binding fragment of an anti-C4b antibody.

12. A method according to any preceding claim wherein complement

activation is detected by detection of the C4 cleavage product C4c.

13. A method according to claim 10 wherein the ligand is an anti-C4c
antibody or a binding fragment of an anti-C4c antibody.

14. A method according to any one of claims 6 to 13 wherein the detectable

marker is a fluorescent, luminescent or radioactive marker.

15. A method according to any one of claims 6 to 14 wherein the detectable
marker is selected from the group comprising alkaline phosphatase, horse
radish peroxidase, biotin, europium, fluorescein isothiocyanate, a fluorescent
protein or a radiolabel.

16. A method according to any one of claims 6 to 15 wherein the detectable
marker is alkaline phosphatase and the alkaline phosphatase is detected using

a colorimetric substrate, preferably p-nitrophenyl phosphate (pNPP).

17. A method according to any one of claims 6 to 15 wherein the detectable
marker is fluorescein isothiocyanate (FITC) and is detected using fluorescence

microscopy.

18. An assay for L-ficolin dependent activation of the lectin pathway of

complement, comprising a method according to any one of claims 1 to 17

19. A method for identifying an L-ficolin abnormality comprising a method or

assay according to any preceding claim.
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20. A method for identifying an L-ficolin abnormality comprising:

(a) contacting LTA with a solution comprising blood, serum or an
extract therefrom, in conditions that permit specific binding of L-ficolin lectin
pathway activation complex to LTA, and,

(b) detecting and quantifying specific binding of the L-ficolin complex
to LTA.

21. A method according to claim 20 wherein LTA is immobilised on a

support.

22. A method for detecting and/or identifying gram positive bacteria
comprising:

(a) contacting a sample comprising bacteria or suspected of
comprising bacteria with L-ficolin complex in conditions that permit specific
binding of L-ficolin to LTA, and,

(b)  detecting specific binding of L-ficolin complex to LTA present on
gram positive bacteria.

23. A method according to any one of claims 20 to 22 wherein specific
binding of L-ficolin complex to LTA is detected using a ligand labelled directly or

indirectly with a detectable marker.

24. A method according to claim 23 wherein the ligand is an antibody or a

binding fragment of an antibody.

25. A method according to claim 24 wherein the antibody is an antibody
specific for L-ficolin or a binding fragment of an antibody specific for L-ficolin.

26. A method according to claim 25 wherein the antibody is GN4 or GN5 [or

a fragment thereof that specifically binds L-ficolin.
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27. A method according to any one of claims wherein the detectable marker

is a fluorescent, luminescent or radioactive marker.

28. A method according to any one of claims 23 to 27 wherein the detectable
marker is selected from the group comprising alkaline phosphatase, horse
radish peroxidase, biotin, europium, fluorescein isothiocyanate, a fluorescent

protein or a radiolabel.

29. A method according to claim 28 wherein the detectable marker is alkaline
phosphatase and the alkaline phosphatase is detected using a colorimetric

substrate, preferably p-nitrophenyl phosphate (pNPP).

29. A method according to claim 28 wherein the detectable marker is

fluorescein isothiocyanate and is detected using fluorescence microscopy.

30. A method or assay according to any one of claims 1 to 29 performed in

multiwell format, preferably 96 well format.

31. A method or assay according to any one of claims 1 to 30 performed in

high throughput format.

32. A kit for performing a method or assay according to any one of the

preceding claims.

33. A kit according to claim 32 for detecting L-ficolin dependent activation of

the lectin pathway comprising:

(@) LTA immobilised on a support,

(b)  a purified C4 or crude C4/C3 preparation, and

(c) a reagent or reagents for detection of a C3 and/or C4 cleavage
product, and

(d)  optionally standard serum or purified L-ficolin/MASP complex
suitable for generation of a standard curve, and,
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(e)  optionally instructions for use of the kit.

34.  Akit according to claim 33 wherein a reagent for detection of a C3 and/or
C4 cleavage product comprises a ligand capable of being labelled directly or

indirectly with a detectable marker.

35. A kit according to claim 34 wherein the ligand is an antibody or a binding

fragment of an antibody.

36. A kit according to claim 34 or 35 wherein the ligand specifically binds the
C3 cleavage product C3b.

37. A kit according to any one of claims 34 to 36 wherein the ligand
specifically binds the C4 cleavage product C4b.

38. A kit according to any one of claims 34 to 37 wherein the ligand
specifically binds the C4 cleavage product C4c.

39. A Kit according to claim 32 for detecting L-ficolin compiex comprising:
(@) LTA immobilised on a support, and
(b) a reagent or reagents for detection of L-ficolin complex—-LTA
binding, and
(c)  optionally, standard serum or purified L-ficolin/MASP complex or
purified L-ficolin, suitable for generation of a standard curve, and
(d)  optionally, instructions for use of the kit

40. A kit according to claim 39 wherein a reagent for detection of L-ficolin-
LTA binding comprises a ligand capable of being labelled directly or indirectly
with a detectable marker.

41. A kit according to claim 40 wherein the ligand is an antibody or a binding
fragment of an antibody
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42. A kit according to claim 41 wherein the antibody or binding fragment of

an antibody is specific for L-ficolin.

43. A kit according to claim 42 wherein the antibody is GN4 or GN5 or is a
binding fragment thereof that specifically binds L-ficolin.

44. A kit according to any one of claims 33 to 37 or claims 39 to 42 wherein
the ligand is labelled directly with a detectable marker.

45. A kit according to any of claims 34 to 38 or claims 40 to 44 wherein the
ligand is labelled indirectly with a detectable marker.

46. A kit according to any of claims 34 to 38 or 40 to 45 wherein the
detectable marker is a fluorescent, luminescent or radioactive marker.

47. A kit according to any of claims 34 to 38 or 40 to 46 wherein the
detectable marker is selected from the group comprising alkaline phosphatase,
horse radish peroxidase, biotin, europium (e.g. for time resolved
immunofluorometric assays, TRIFMA), fluorescein isothiocyanate, a fluorescent

protein or a radiolabel.

48. A kit according to any of claims 34 to 38 or 40 to 47 wherein the
detectable marker is alkaline phosphatase and optionally a colorimetric
substrate for detection of alkaline phosphatase is provided, preferably the

colorimetric substrate is p-nitrophenyl phosphate (pNPP).

49. A kit according to any of claims 34 to 38 or 40 to 47 wherein the

detectable marker is fluorescein isothiocyanate.

50. A kit according to any of claims 32 to 49 wherein the support is one or

more wells on a muitiwell plate.
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