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Abstract
Properdin, a positive regulator of the complement system, has recently been reported to bind to certain
pathogenic microorganisms, to early or late apoptotic and necrotic cells, and to particular live human
cell lines, thus providing a platform for de novo convertase assembly and complement activation.
These studies, with some contradictory results, have been carried out with purified properdin, which
forms a series of oligomers of a ~53,000 Mr subunit, assembling into dimers (P2), trimers (P3),
tetramers (P4) and higher forms (Pn). The Pn forms have been shown to likely be an artefact of
purification that results from procedures including freeze-thawing of properdin. In this study we
isolated the individual natural forms of properdin (P2, P3, and P4) and separated them from the Pn
forms present in purified frozen properdin using ion exchange and/or size exclusion chromatography.
We analyzed the ability of each form to bind to live or necrotic Jurkat and Raji cells, rabbit
erythrocytes (ER), and zymosan by FACS analysis. While the unseparated properdin and the purified
Pn forms bound to all the surfaces except ER, the physiological P2-P4 forms specifically bound only
to zymosan and to necrotic nucleated cells. Our results indicate that aggregated Pn present in
unseparated properdin may bind non-specifically to some surfaces and should be separated before
analysis in order to obtain meaningful results. Finally, we have determined for the first time that the
physiological forms of human properdin can selectively recognize surfaces and enhance or promote
complement activation, which is in agreement with the reported role for properdin as a complement
initiator.
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Introduction
Properdin (factor P) is a plasma protein that participates in the alternative pathway of
complement within the innate immune system. When it was discovered, more than 50 years
ago, it was thought to be an initiator of the alternative pathway, acting in a manner that was
analogous to antibodies of the classical pathway (Pillemer et al., 1954). Later, this controversial
view was replaced by the widely accepted notion that properdin is a positive regulatory factor
that facilitates alternative pathway complement activation by extending the half-life of the
nascent C3b,Bb convertase by 5-10 fold (Fearon and Austen, 1975; Schreiber et al., 1975;
Medicus et al., 1976) and also by increasing C3 convertase generation (Jelezarova and Lutz,
1999). The C3 convertase (C3b,Bb) then rapidly cleaves more C3 to C3b, which act as an
opsonin and can reinitiate the pathway in an amplification loop that proceeds on the pathogenic
cell. This cascade does not occur on host cells because of enhanced control by factors H and I
and membrane-bound complement regulatory proteins (Pangburn and Muller-Eberhard,
1984).

In contrast to the existence of numerous inhibitory proteins, properdin is the only known
physiologic positive regulator of the complement activation cascade. Properdin exists as a set
of cyclic polymers, in the ratio 26:54:20 of dimers:trimers:tetramers formed by head-to-tail
association of monomers (Pangburn, 1989; Smith et al., 1984). Each monomer is ~ 53 kDa
(Nolan and Reid, 1990) and is 26 × 2.5 nm by electron microscopy (Smith et al., 1984) and by
neutron and X-ray scattering (Smith et al., 1991). Properdin can by synthesized by monocytes
(Whaley, 1980), primary T cells (Schwaeble et al., 1993), T-lymphoblastoid cell lines H-9,
HuT78, Jurkat, and T-All (Schwaeble et al., 1993), mast cells (Stover et al., 2008), granulocytes
(Wirthmueller et al., 1997), bone marrow progenitor cell line HL-60 (Farries and Atkinson,
1989), the monoblastic cell line U-937 (Minta, 1988), monocytic cell line Mono Mac 6
(Schwaeble et al., 1994), and shear-stressed endothelial cells (Bongrazio et al., 2003). In this
respect properdin is unlike other complement proteins, which are produced mainly in the liver.
The concentration of properdin has been found to be 4-25 μg/ml in serum (Nolan and Reid,
1993; Fijen et al., 1999; Schwaeble and Reid, 1999; Xu et al., 2008; Pangburn, 1989) and
properdin synthesis by monocytic cell lines is upregulated by phorbol esters, bacterial LPS,
IL-1β, and TNFα (Schwaeble et al., 1994). TNFα, C5a, IL-8, LPS, and other inflammatory
agonists also stimulate release of properdin from stored neutrophil granules (Wirthmueller et
al., 1997). Properdin deficiency, a recessive X-linked genetic disorder (Fredrikson et al.,
1996; Goundis and Reid, 1988; Westberg et al., 1995), results in defective alternative pathway
function, resulting in impaired bactericidal activity. Thus, properdin-deficient patients can be
highly susceptible to fulminant meningococcal infections (Sjoholm et al., 1982; Braconier et
al., 1983) and have been recently shown to be more susceptible to recurrent pneumonia and
otitis media (Schejbel et al., 2009).

Hourcade (Hourcade, 2006) has shown that properdin, non-specifically bound to a biosensor
surface, has the ability to bind C3b and the bound C3b,B,P complex can be cleaved by factor
D. In addition, various studies, some with contradictory results, have recently shown that
properdin can directly bind to non-self surfaces such as zymosan, rabbit erythrocytes (E R),
Neisseria gonorrhoeae (Spitzer et al., 2007), and certain E. coli strains (Stover et al., 2008;
Spitzer et al., 2007), as well as to “dangerous self” surfaces of early (Kemper et al., 2007;
Kemper et al., 2008) or late (Xu et al., 2008) apoptotic and necrotic cells (Xu et al., 2008), as
well as to live human leukemia T cell lines (Kemper et al., 2008), and even to normal human
proximal tubular epithelial cells (Gaarkeuken et al., 2008) and Chinese hamster ovary cells
(Kemper et al., 2008), in the absence of C3b (Xu et al., 2008; Stover et al., 2008). The bound
properdin has been further shown to be capable of serving as a platform for de novo C3b,Bb
assembly leading to C3 cleavage and complement activation on these surfaces (Spitzer et al.,
2007; Gaarkeuken et al., 2008; Kemper et al., 2008; Xu et al., 2008; Kemper et al., 2009). The
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data from these studies are consistent with the complement initiation function proposed over
50 years ago (Pillemer et al., 1954) and have re-opened the controversy regarding the functions
of properdin.

Two independent studies (Farries et al., 1987; Pangburn, 1989) from ~ 20 years ago indicated
that purified properdin could accumulate in an aggregated form (Pn) during purification and
storage. This Pn form, also known as “activated properdin”, has the ability to induce
complement activation and consumption in solution, while retaining the ability to stabilize
alternative pathway convertases (Pangburn, 1989). Considering the importance of the recent
findings that implicate properdin as a complement initiator on surfaces, we sought to separate
the physiological forms of properdin from these non-physiological aggregates and determine
their ability to bind to promote complement activation on surfaces.

Materials and methods
Buffers and serum

The buffers used were: PBS (10 mM sodium phosphate, 140 mM NaCl, 0.02% NaN3, pH 7.4);
veronal buffered saline (VBS, 5 mM veronal, 145 mM NaCl, 0.02% NaN3, pH 7.3); GVB
(VBS containing 0.1% gelatin); GVBE (GVB containing 10 mM EDTA); MgEGTA (0.1 M
MgCl2, 0.1 M EGTA, pH 7.3); Hank's buffered saline solution (HBSS; Gibco). Normal human
serum (NHS) was isolated from human blood collected from two healthy donors by
venipuncture. The University of Texas Health Science Center institutional review board
approved protocols, and written informed consent was obtained from all human donors. P-
depleted serum was generated by immunoadsorption as previously described (Pangburn,
1989).

Proteins
Complement protein properdin was purified from normal human plasma as previously
described (Pangburn, 1989), except the plasma was not PEG-precipitated before passing it over
the anti-properdin-Sepharose column. Contaminating C1q was removed by passing the sample
through an anti-C1q-Sepharose column. The properdin was analyzed by 10% SDS-PAGE, the
concentration of the protein was determined spectrophotometrically using an A280nm (1%
solution) of 18 (Reid, 1981), and the protein was stored at −80°C.

C3 was purified as described previously (Hammer et al., 1981; Pangburn, 1987) and for some
experiments, was labeled with Alexa fluor 488 (Molecular Probes) following manufacturer's
instructions.

Separation of native properdin polymeric forms from aggregates
For each set of experiments, pure, frozen properdin was thawed and the physiological P2-P4
forms were separated from the aggregated Pn forms by cation exchange chromatography and/
or by gel filtration, as previously described (Pangburn, 1989). Briefly, for separating by charge,
2-5 mg of properdin was diluted with buffer A (50 mM sodium phosphate, pH 6) and loaded
onto a 1 ml Mono S column (GE Healthcare). The column was washed with 20% buffer B (50
mM sodium phosphate. 0.5 M NaCl, pH 6) and the properdin eluted with a 20 ml gradient from
20 to 45% buffer B. For separation of the forms of properdin by size, the protein was purified
by gel filtration on a BioSep-SEC-S4000 column with guard column (Phenomenex). The
thawed properdin sample, in PBS, was loaded onto the 7.8 × 600 mm column and eluted at a
flow rate of 0.5 ml/min.
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Properdin binding assays
In order to determine if the P2, P3, P4, and Pn forms of properdin bind to alternative pathway
activators, zymosan (Sigma) (2×106) or ER (1×106) were incubated with 5 μg properdin
(purified by ion exchange chromatography, as described above) in 120 μl GVB with 5 mM
MgEGTA for 1 hr at 37°C. The cells were then washed and analyzed by FACS with anti-
properdin monoclonal antibody No. 1 or 2 (Quidel) or an IgG1 murine monoclonal antibody
isotype control (eBiosciences), followed by an FITC-conjugated, goat anti-mouse IgG
antibody (Sigma). Alternatively, the FACs analysis was carried out on the cells treated with
goat anti-properdin polyclonal antibody, followed by FITC-donkey-anti goat IgG (Abcam).

The binding of the various forms of properdin (P2-P4 and Pn) to live or necrotic Jurkat (T cell
lymphocytic leukemia cell line; ATCC) or Raji (Burkitt's lymphoma B cell lymphoma cell
line; ATCC) cells was assessed by incubating 1×106 cells with 4 μg of the different forms of
properdin purified by ion exchange chromatography-purified in 120 μl HBSS (with 1.26 mM
Ca+2 and 0.49 mM Mg+2; Gibco) for 1 hr at 37°C. The cells were then washed and analyzed
by FACS as described above. Necrotic cells were induced by heating the cells for 30 min at
56°C before incubation with the forms of properdin. In assays where P3 forms were used, the
P3 form was purified by ion exchange chromatography, followed by size exclusion
chromatography, as described above in order to thoroughly eliminate any possible
contaminating Pn forms.

Assays to measure properdin-dependent complement activation on surfaces
In order to determine if the physiological forms of properdin, when bound to zymosan, induce
complement activation, the P3 form was purified from the unseparated properdin by cation
exchange chromatography, followed by size exclusion chromatography, as described above.
Zymosan (1×106) was incubated with or without 5 μg P3 in 120 μl GVB with 5 mM MgEGTA
for 30 min, at 37°C. The cells were then washed and incubated with 100 μl of 20% P-depleted
serum to which 7.5 μg of Alexa fluor 488-labeled C3 was added per reaction, in the presence
of GVB with 5mM MgEGTA or with 10 mM EDTA, for 30 min at 37°C. The particles were
then washed with cold GVBE and C3b deposition was assessed by FACS. A similar set of
experiments to those described above were carried out except that the zymosan was incubated
with a pool of P2-P4 or Pn that were separated by size. C3b deposition was measured after
properdin binding at different time points after adding the P-depleted serum, using an FITC-
labeled goat anti-C3 antibody (Cappel).

To determine if the physiological forms of properdin P2-P4 induce alternative pathway
complement activation, when bound to necrotic cells, necrotic Raji and Jurkat cells (1×106)
were incubated for 30 min at 37°C with or without 40 μg/ml P2-P4 or Pn forms that were
separated by size, in 100 μl HBSS with 5 mM MgEGTA. The cells were then washed and
incubated with 100 μl of 20% P-depleted serum in the presence of 5 mM Mg-EGTA or 10 mM
EDTA for 15 minutes, at 37°C. Complement activation was stopped by washing with cold
HBSS containing 10mM EDTA and deposition of C3b was determined as described above.

Results
Separation of the polymeric forms of properdin

Almost 20 years ago, the Pn forms were shown to likely be an artefact of purification that results
from procedures used to purify properdin and from the process of freezing and thawing it
(Pangburn, 1989; Farries et al., 1987). The Pn form, also known as “activated properdin”, has
the ability to spontaneously activate complement in serum (Farries et al., 1987; Pangburn,
1989). Recent findings implicate properdin as a complement initiator on surfaces (Gaarkeuken
et al., 2008; Kemper et al., 2008; Spitzer et al., 2007; Xu et al., 2008), but all this work has
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been done with frozen and thawed properdin. Considering this and the importance of these
findings, we sought to separate the physiological forms of human properdin and determine
their ability to bind to and initiate complement activation on different surfaces. For this we
isolated the individual natural forms of properdin (P2, P3, and P4) from purified properdin that
had been stored at −80°C, by using ion exchange chromatography (Fig. 1A) and/or size
exclusion chromatography (Fig. 1B). Both methods separate the natural polymers of properdin
found in plasma, the dimers (P2), trimers (P3) and tetramers (P4), from higher polymers (Pn)
thought to be artefacts of purification and storage (Pangburn, 1989). The pure unseparated
properdin was greater than 99% homogenous by polyacrylamide gel electrophoresis, running
as a single band with an apparent m.w. on SDS gel electrophoresis of 53,000 Da in its reduced
form, and ~50,000 Da when non-reduced (Fig. 1C), in agreement with previous findings
(Farries et al., 1987; Pangburn, 1989). As quality control of the individually isolated forms of
properdin, each form was assessed in its ability to act as a stabilizer of the alternative pathway
convertases (“native properdin” function) in an alternative pathway-mediated hemolytic assay,
as previously described (Pangburn, 1989), but using ER instead of neuraminidase-treated sheep
erythrocytes. The ability of P2, P3, or P4 to reconstitute P-depleted serum in complement assays
was over 80% that of native properdin found in pooled normal human serum, while Pn
conserved less than 14% of this activity (not shown). The low activity of the Pn forms was
likely due to Pn-induced complement activation and consumption in the fluid phase, as has
been shown previously (Pangburn, 1989; Farries et al., 1987).

Binding of properdin to alternative pathway activators
Others have reported that purified properdin binds to and activates complement on both
zymosan and ER (Spitzer et al., 2007), two strong alternative pathway activators. We analyzed
the ability of each form of properdin to bind to these activators and Figure 2 shows that P2,
P3, and P4, the physiologically relevant forms of properdin, as well as Pn, specifically bound
to zymosan (Fig. 2A), but not to ER (Fig. 2B). The binding of properdin to ER was assessed
using two different anti-properdin monoclonal antibodies from Quidel (anti-P#1 used in Fig.
2B or anti-P#2, not shown) as well as an anti-properdin polyclonal antibody (not shown), and
none of these antibodies detected binding of any of the forms of properdin. These results
indicate that all forms of properdin show specificity for certain alternative pathway activators
and not for others.

Physiological forms of properdin (P2-P4) bound to zymosan promote complement activation
Although others have shown that purified properdin bound to and activated complement on
zymosan and ER (Spitzer et al., 2007), this properdin contained Pn which is known to
spontaneously activate complement in serum without activating particles (Farries et al.,
1987; Pangburn, 1989). Native properdin (P2 - P4) in serum does not activate complement in
the absence of an activating particle (Farries et al., 1987; Pangburn, 1989). Thus, we sought to
determine if bound native properdin had the ability to activate complement. Zymosan was
incubated with or without the highly purified P3 form of properdin. After washing, the particles
were exposed to P-depleted serum at 37°C. Figure 3A shows that zymosan bearing purified
P3 activated the alternative pathway of complement almost 3-fold more aggressively (measured
as C3b deposition) than zymosan lacking bound properdin. A time course of C3b attachment
(Fig. 3B) provided more evidence for the ability of bound native forms of properdin to
accelerate the activation of complement. The activation of complement on the properdin-coated
particles was measured at varying time points (Fig. 3B) by measuring the mean fluorescence
intensity of deposited Alexa fluor 488-C3b on the zymosan particles. This graph shows that
both native and the aggregated forms of properdin activated complement very rapidly
compared to the rate of activation in the absence of properdin. These data are consistent with
the possible role of native properdin as a de novo complement activator on certain
microorganisms.
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The physiologic polymeric forms of properdin bind to necrotic cells, but not to live cells
It has been reported that properdin binds to and activates complement on early (Kemper et al.,
2008) or late (Xu et al., 2008) apoptotic and necrotic (Xu et al., 2008) cells, as well as on
various live cell lines (Gaarkeuken et al., 2008; Kemper et al., 2008) including Jurkat cells
(human T cell leukemia line). Concerned that the high molecular weight forms of properdin
might be responsible for these effects we tested the ability of each of the purified forms of
properdin to bind to live nucleated human Raji B cells and Jurkat T cells. Figures 4A and 4B
show that the aggregated Pn form of properdin is the only form of properdin that significantly
bound to these live cell lines. The ability of the unseparated properdin to achieve higher levels
of binding to live nucleated cells, vs the purified Pn forms, is likely to be due to the presence
of higher order oligomers that are not eluted off the ion exchange column at 0.5 M NaCl, or
that cannot be washed off the size exclusion matrix. Nevertheless, the results demonstrate that
none of the native forms of properdin bound to live cells (Fig. 4A and 4B).

We also tested the ability of the physiological forms of properdin to bind to necrotic cells. Fig
4C and 4D show that, in this scenario, the physiological P2-P4 forms of properdin specifically
bound to the necrotic cells, even though they did not bind to the live cells (Fig. 4A and 4B).

Bound properdin enhances complement activation on necrotic cells
Figure 5 shows that the bound native forms of properdin were able to promote complement
and rapidly deposit C3b on necrotic Raji and Jurkat cells. Figure 5A demonstrates that both
cell types with native P2-P4 bound to their surface (solid pink lines), acquired surface-bound
C3b when incubated in P-depleted human serum. The cells lacking properdin (Fig. 5A, solid
black lines) showed no detectable C3b deposition. The aggregated forms of properdin, which
spontaneously activate and consume complement in serum (Farries et al., 1987;Pangburn,
1989), were also capable of binding to and activating complement on necrotic cells in P-
depleted serum (Fig. 5B) Nevertheless, these forms cannot be present in blood or they would
produce hypocomplementemia due to C3 consumption in serum. Binding of native properdin
to necrotic cells may play an important role in necrotic cell clearance which has been shown
to involve complement activation (Surh and Sprent, 1994;Munoz et al., 2005).

Discussion
The data presented in this study show that the physiological P2-P4 forms of properdin
specifically bind to zymosan and to necrotic cells and initiate complement activation on these
surfaces, but do not bind to ER, another strong alternative pathway activator, nor to live cells.
This conclusion is supported by the observation that non-physiological Pn forms (“activated
properdin”) that are commonly present in pure properdin preparations and can induce
complement activation and consumption in solution (Farries et al., 1987; Pangburn, 1989), can
bind non-specifically to live nucleated cells. This study is the first to show that the purified
physiological forms of properdin, in the absence of Pn, can bind to and promote complement
activation when directly bound to certain surfaces. Our results provide evidence to support the
proposal of properdin as a selective alternative pathway recognition molecule, as proposed by
Pillemer over 50 years ago (Pillemer et al., 1954) and more recently by others (Kemper et al.,
2007; Xu et al., 2008; Kemper et al., 2008; Gaarkeuken et al., 2008; Kimura et al., 2008).

In our study we have used properdin that was purified by affinity chromatography and anion
exchange (Pangburn, 1989) from normal human plasma. We observed a single band under
reduced and non-reducing conditions with fresh and freeze-thawed preparations (Fig 1C),
which corresponds to a properdin monomer (Nolan and Reid, 1990; Pangburn, 1989; Smith et
al., 1984). Immuno-western blot carried out with non-reduced pure properdin, using an anti-
properdin monoclonal antibody for detection, also revealed a single band at the same molecular
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weight (not shown). To our knowledge, no evidence of disulfide-linked or covalently coupled
properdin aggregates have been shown for purified properdin. Yet recent reports (Xu et al.,
2008; Gaarkeuken et al., 2008), have cited the use of purified properdin that yielded a single
200 kDa band under non-reducing conditions in the presence of SDS. Although the source,
form, or purity of the properdin used in their (Xu et al., 2008; Gaarkeuken et al., 2008) and our
study must differ, our studies do agree with the ability of properdin to bind to necrotic cells
and promote complement activation.

There are conflicting reports in the literature regarding preferential targets for properdin
(Kemper et al., 2008; Xu et al., 2008). For example, Kemper et al. (Kemper et al., 2008)
determined that properdin binds to apoptotic primary T cells and to live Jurkat (an immortalized
cancerous cell line) and CHO cells, but not to necrotic cells or to live primary cells. Our data
and that of Xu et al. (Xu et al., 2008), agree with the conclusion that properdin binds to necrotic
cells of different origins. It is important to note that Pn (the aggregated form of properdin)
contributed significantly to the overall binding detected to both the necrotic and live Raji and
Jurkat cells (Fig. 4) and to complement activation on the cells (Fig. 5). Nevertheless, the
physiological forms (P2, P3, P4) bind specifically only to the necrotic cells. Some of these
discrepancies may be explained at least in part by the source of the properdin used, the level
of Pn forms that may or may not have been present in the preparations, as well as the cell type
characteristics. For instance, in our study, unseparated properdin achieved even higher levels
of binding to live nucleated cells, vs the purified Pn forms (Figs. 4A and 4B), possibly due to
the presence of higher order oligomers that could not be eluted from the purification columns.

P2, P3, and P4, the predominant physiological forms of properdin in serum, specifically bind
zymosan, but not to another strong alternative pathway activator, ER (Fig. 2). Although others
have recently observed binding of properdin to ER (Spitzer et al., 2007), we did not detect
binding even of the Pn forms of properdin under similar experimental conditions. This was
confirmed with two different anti-properdin monoclonal antibodies and a polyclonal antibody
used for detecting purposes. Our data indicate selectivity of properdin for certain AP activators
and not others. Other examples of this selectivity include our recent findings that show that
physiological P2-P4 forms of human properdin bind to, and promote complement activation
on, the surface of Chlamydia pneumoniae (Cortes et al., unpublished data), but do not bind to
Neisseria sp, even though the non-physiological Pn forms were found to efficiently bind to this
organism (Agarwal et al., 2010).

Kemper, et al (Kemper et al., 2008) have reported substantial evidence to support the binding
of properdin to early apoptotic T cells since the properdin that was determined to bind (in the
absence C3 binding) was freshly released from co-cultured neutrophils and was thus not likely
to have significant amounts of non-native properdin. Thus, properdin binding to apoptotic
primary T cells may indeed be a characteristic particular to that cell type. Whether the cells
are apoptotic or necrotic, they must be quickly eliminated from tissues in order to prevent
further damage. Under physiological conditions, the clearance of dying and dead cells is tightly
regulated by a highly redundant system of receptors on phagocytic cells and bridging molecules
that detect molecules specific for dying cells. The complement system is known to play an
important role in the clearance of dead cells through opsonization and promotion of
phagocytosis (Taylor et al., 2000; Flierman and Daha, 2007; Trouw et al., 2008; Lutz et al.,
2009). Our results, in agreement with those of others (Kemper et al., 2008; Xu et al., 2008),
show that binding of properdin and activation of the alternative pathway of complement on
dead or dying cells may also play an important role. The reports indicating that properdin, in
the context of complete or C3-deficient serum, is able to bind to the surface of late apoptotic
and necrotic cells (Xu et al., 2008) and to E. coli (Stover et al., 2008), support this conclusion.
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In our hands, the binding of properdin to zymosan and necrotic cells was inhibited by NHS in
a dose-dependent manner (not shown). It is therefore possible that one or more inhibitors of
this interaction may exist in serum, such as Amyloid P (Mitchell and Hourcade, 2008) or
C3b2-natural IgG complexes that have been shown to stimulate complement amplification in
a properdin-dependent manner (Lutz, 2004; Lutz et al., 2009). Nevertheless, properdin is
produced by different circulating cell types including peripheral blood monocytes, T cells, and
neutrophils (Schwaeble et al., 1993; Whaley, 1980; Wirthmueller et al., 1997). These cells can
release properdin upon stimulation, and may significantly increase the local concentration of
properdin, especially at sites of inflammation (Schwaeble and Reid, 1999). Native properdin
that emerges from neutrophil granules has been shown to be capable of binding specifically to
apoptotic T cells in vitro (Kemper et al., 2008). Thus, selected microorganisms, fungi (i.e.
zymosan) and necrotic/late apoptotic human cells may acquire properdin directly from the cells
that make it provided that interaction occurs close to the site of granule release. The progressive
inactivation of this property of nascent properdin may protect blood cells and distant tissues
from complement-mediated damage.

Recently, new interactions and possible functions have been proposed for properdin based on
its ability to interact with surfaces including binding to certain live cells (Kemper et al.,
2008; Gaarkeuken et al., 2008), early (Kemper et al., 2008) or late (Xu et al., 2008) apoptotic,
or necrotic (Xu et al., 2008) cells, binding to certain alternative pathway activating particles
(ER (Spitzer et al., 2007), zymosan (Spitzer et al., 2007), E. coli (Spitzer et al., 2007; Stover
et al., 2008), and Neisseria (Spitzer et al., 2007)), binding to DNA (Xu et al., 2008),
glycosaminoglycans (Kemper et al., 2008), bacterial LPS, and lipooligosaccharide (Kimura et
al., 2008). In many cases, properdin-initiated complement activation was proposed. In addition,
direct opsonization of apoptotic T cells by purified properdin results in ingestion by
macrophages in the absence of complement activation (Kemper et al., 2008). Purified properdin
has also been recently found to induce the formation of platelet-leukocyte aggregates (Ruef et
al., 2008). All these studies, which attribute significant and diverse roles to properdin, were
done, at least in part, with purified properdin, which usually contains non-physiological
aggregates (Farries et al., 1987; Pangburn, 1989). The data presented herein demonstrate non-
specific binding of non-physiological aggregates (Pn and unseparated properdin) to live cells.
It is therefore possible that the presence of the Pn forms in purified preparations of properdin
could yield misleading binding results and may explain some of the recently reported
contradictory observations. It is important to carry out studies with native properdin in order
to not overestimate the contribution of surface-bound properdin to complement activation and
to effectively determine specific interactions between the physiological forms and as yet to be
defined cellular targets for properdin binding.
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VBS Veronal-buffered saline

GVB VBS containing 0.1% gelatin

GVBE GVB containing 10 mM EDTA

MgEGTA equimolar MgCl2 and EGTA

NHS normal human serum

HBSS Hank's buffered saline solution
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Fig. 1.
Separation of the polymeric forms of properdin. The pure, frozen properdin sample was thawed
and separated by: (A), Cation exchange chromatography on a Mono S column. The sample
was diluted with buffer A (50 mM sodium phosphate, pH 6) and loaded onto a 1 ml Mono S
column. The column was washed with 20% buffer B (50 mM sodium phosphate. 0.5 M NaCl,
pH 6) and the various forms of properdin were eluted with a 20 ml gradient from 20 to 45%
buffer B. (B) Subsequently, or alternatively, the thawed properdin sample, in PBS, was loaded
onto a Phenomenex BioSep-SEC-S4000 gel filtration column (7.8 × 600 mm) and was eluted
at a flow rate of 0.5 ml/min. (C) 10% SDS-PAGE of 2, 4 or 8 μg of pure properdin under
reducing (left) and non-reducing (right) conditions.
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Fig. 2.
The P2, P3, P4, and Pn forms of properdin bind to the alternative pathway activator zymosan,
but not to ER. (A) Zymosan or (B) ER were incubated with 5 μg properdin (purified by ion
exchange chromatography as shown in Fig. 1) in 120 μl GVB with 5 mM MgEGTA for 1 hr
at 37°C. The zymosan and ER were then washed and analyzed by FACS with an anti-properdin
monoclonal antibody (solid line) or an IgG1 monoclonal antibody isotype control (dotted line),
followed by an FITC-conjugated anti-mouse IgG antibody. Results shown are representative
of four independent experiments.
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Fig. 3.
Physiological forms of properdin (P2, P3, P4), when bound to zymosan, promote complement
activation. (A) The P3 form of properdin was separated from the properdin pool by cation
exchange chromatography, followed by size exclusion chromatography. Zymosan was
incubated with 5 μg P3 (Zym-P3) or without P3 (Zym) in 120 μl GVB-MgEGTA for 30 min,
at 37°C. The cells were then washed and incubated with P-depleted serum containing Alexa
fluor 488-labeled C3, in the presence of GVB with MgEGTA or with EDTA, for 30 min at 37°
C. The particles were then washed and C3b deposition was assessed by FACS. (B) same as
(A), except the zymosan was incubated with a pool of P2-P4 or Pn that were purified by size,
and C3b deposition was measured at different time points after adding the properdin-depleted
serum, using an FITC-labeled anti-C3 antibody. Results shown are representative of three
independent experiments.
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Fig. 4.
Unseparated properdin and Pn bind to live cells, but physiological forms of properdin (P2,
P3, and P4) only bind to necrotic Raji and Jurkat cells. (A) live Raji or (B) live Jurkat
(1×106) were incubated with 4 μg of the different forms of properdin (purified by ion exchange
chromatography as shown in Fig. 1) in 120 μl HBSS for 1 hr at 37°C. The cells were then
washed and analyzed by FACS with an anti-properdin monoclonal antibody or an IgG1
monoclonal antibody isotype control, followed by an FITC-conjugated anti-mouse IgG
antibody. (C) and (D), same as (A) and (B), respectively, except the cells underwent necrosis
by heating for 30 min at 56°C before incubating them with the different forms of properdin.
Results shown are representative of two independent experiments.
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Fig. 5.
Physiological forms of properdin promote complement activation on necrotic cells. Necrotic
Raji (left panel) and Jurkat cells (right panel) (1×106) were incubated for 30 min at 37°C with
(pink lines) and without (black lines) P2-4 (A) or Pn (B) forms of properdin in HBSS. The cells
were then washed and incubated with P-depleted serum in the presence of 5 mM MgEGTA
(solid lines) or EDTA (dashed lines) for 15 minutes at 37°C. Complement activation was
stopped by washing with cold HBSS containing EDTA and the deposition of C3b was
determined by flow cytometry using an FITC-labeled anti-C3 antibody. Results shown are
representative of three independent experiments.
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