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Complement C3

Ashok Reddy Dinasarapu', Anjana Chandrasekhar', Arvind Sahu?, Shankar Subramaniam?

Complement C3 is the central component of the human complement system. It is ~186 kDa in size, consisting of an a-chain
(~110 kDa) and a B-chain (~75 kDa) that are connected by cysteine bridges. C3 in its native form is inactive. Cleavage of C3
into C3b (~177 kDa) and C3a (~9 kDa) is a crucial step in the complement activation cascade, which can be initiated by one or
more of the three distinct pathways, called alternative, classical and lectin complement pathways. In the alternative pathway,
hydrated C3 (C3,,,,) recruits complement factor B (fB), which is then cleaved by complement factor D (fD) to result in
formation of the minor form of C3-convertase (C3 (H20)Bb) that cleaves C3 into C3a and C3b. A small percent of the resulting
C3D is rapidly deposited (opsonization through covalent bond) in the immediate vicinity of the site of activation (e.g. pathogen
surface) and now forms the major form of C3-convertase (C3bBb), thereby creating an efficient cycle of C3 cleavage.
Properdin, a positive regulator of the alternative pathway convertases, provides a hub for the assembly of C3bBb in addition to
stabilization of the convertase. Classical and lectin pathways, when activated with recognition of pathogens or immune
complexes use another C3-convertase (C4b2a) to cleave C3 into C3a and C3b. Although the three pathways are activated
independently, they converge at C3 and use C3 as a substrate for their pathway specific C3-convertase: C3 l_[20)Bb, C3bBb or
C4b2a. Further, C3b undergoes successive proteolytic cleavages by the regulatory complement factor I éﬂ) in presence of
cofactors and lead to generation of iC3b (~174 kDa), C3d/C3dg (~33 kDa), C3c (~142 kDa) and C3f (~2 kDa). C3a is an
anaphylatoxin while C3b is involved in opsonization of pathogens or apoptotic cells. Covalently bound C3b on
pathogen/apoptotic cell surface is recognized by host immune cells through phagocytic (or complement component) receptors
and induce subsequent immune response or directly target pathogen for clearance. The C3a fragment functions as a
chemokine, and thereby recruits phagocytic and granulocytic cells to the sites of inflammation and cause strong pro-
inflammatory signaling through their G-protein coupled receptors (GPCRs). As pathogen or apoptotic cell surface bound C3-
convertases (C3bBb or C4b2a) can induce the amplification of the alternative pathway, this pathway might contribute to the
major part of the complement activation process, even when initially triggered by the classical pathway and/or lectin pathway.
Continuous activation of complement pathways shifts the substrate preference from C3 to C5 by formation of C5-convertase
(formed by addition of C3b fragment to C3-convertases, C3(H20)Bb3b, C3bBb3b and C4b2a3b). C5-convertase activates C5,

which by series of additional steps, promotes killing of target cell (pathogen) by pore formation.
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PROTEIN FUNCTION

The central component of the complement system is C3
molecule, consisting of a B-chain and an a-chain connected by
cysteine bridges. Cleavage of C3 into C3b and C3a is a pivotal
step in the complement activation cascade, which can be
initiated by three distinct pathways — the classical (CP), the
lectin (LP) and the alternative (AP) pathway. The AP is
antibody independent and relies on native C3 undergoing
minimal spontaneous hydrolysis of thioester bond, represented
by C3 (H20)" Complement factor B (fB), when bound to C3 (H20y
is cleaved by complement factor D (fD) into Ba and Bb.
C3(H20)Bb’ a fluid phase C3-convertase, is responsible for a
constant low level of C3 cleavage into C3a and C3b (tick-over)
(Nilsson et al. 2012). C3b can bind covalently, via its reactive
thioester, to cell surface carbohydrates or immune aggregates
(opsonization). When C3b binds to an appropriate surface then
fB associates with C3b and is cleaved by fD to form C3bBb,
which is a highly efficient C3-convertase. Classical and lectin
complement pathways use complement components C4 and C2

for C3-convertase of form C4b2a (Miiller-Eberhard et al. 1967).
Upon binding to pathogen or apoptotic cell surface, C3-
convertases (C3bBb and C4b2a) can induce amplification of the
alternative pathway. Thus, the AP might account for up to 80-
90% of total complement activation, even when initially
triggered by the classical or lectin pathway (Harboe and
Mollnes 2008). The prolonged activation of complement
pathways results in addition of one more molecule of C3b to C3
convertases to form C5 convertases: C3 H20 Bb3b, C3bBb3b
and C4b2a3b (Rawal and Pangburn 2001; Rawal and Pangburn
2003). C3-convertases selectively cleave C3 at Arg-/-Ser bond
in C3a-chain to form C3a and the a-chain portion of C3b
(Nagasawa et al. 1985). Further, C3b undergoes successive
proteolytic cleavages leading to inactive C3 products. These
steps are mediated by complement factor I (fI) and lead to
generation of iC3b, C3d/C3dg, C3c and C3f. Functions of C3
and each of its cleavage products are listed below:

C3a, an anaphylatoxin, binds to its receptor C3aR to mediate
local inflammatory process (Hartmann et al. 1997; Bokisch et
al. 1969). It thereby induces the contraction of smooth muscle,
increases vascular permeability and causes histamine release
from mast cells and basophilic leukocytes. C3a also suppresses
B cell polyclonal responses by binding to C3aR (Fischer and
Hugli 1997). C3a (and C5a) induce expression of vascular
endothelial growth factor (VEGF) which is required for
angiogenesis and tissue repair after injury (Nozaki et al. 2006).
C3a and its desarginated (desArg) product C3a%A™ are potent
enhancers of C-X-C motif ligand-12 (CXCL12)-induced
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chemotaxis of human hematopoietic stem/progenitors (HSPCs)
and B lineage cells. The potentiating effect of C3a on CXCL12
is independent of the classical C3a receptor (C3aR)
(Honczarenko et al. 2005).

C3 1120y 18 conformationally different from C3, and in fact
similar to C3b because of which, C3 H20 Bb has similar
catalytic specificity as C3bBb but the kinetics are different.
The hydrolyzed form may produce a more open structure in the
C3d region (Winters et al. 2005). The convertase activity of
C3bBb was approximately twice that of C3,;,,Bb, as observed
by the generation of C3a (Pangburn ef al. 1986). C3b as
detailed above, functions both as an opsonin and as an integral
part of C3 and C5 convertases. iC3b is formed by the release
of C3f fragment from C3b. This degradation is aided by fI and
its cofactors (Alcorlo et al. 2011; Becherer and Lambris 1988;
Ross et al. 1982; Blom et al. 2003). iC3b is further degraded
slowly (possibly by fI) to form C3c, which is released into
solution, and C3dg, which remains bound to the target. Such
degradation is thought to play an important role in limiting
activation of the pathway.

Overall, C3 functions include opsonization and phagocytosis
of pathogens/apoptotic cells, clearance of immune complexes
and chemotaxis (mobilization of HSPCs, during infection or
injury). All these functions are through the cooperative action
of pattern recognition molecules (PRMs), opsonins and
receptors (Lutz 2012; Trouw et al. 2008). More specific
functions upon interaction with other proteins, is detailed in the
‘Interactions with Ligands and Other Proteins’ section.

REGULATION OF ACTIVITY

In addition to C3-convertases, mannose-binding lectin serine
protease 1 (MASP-1) (Matsushita et al. 2000; Rossi et al.
2001), gingipain proteinase (from Porphyromonas gingivalis)
(Wingrove et al. 1992), fibrin (Amara et al. 2008) and
coagulation factors Ila (thrombin), [Xa, Xa and XIa (Amara et
al. 2010; Amara et al. 2008), cleave C3 into C3a and C3b.
Coagulation factor XIIIa may cross-link C3 to clot components
such as fibrin (Nikolajsen et al. 2012). Properdin (fP), a
positive regulator of alternative pathway convertases, stabilizes
C3bfB (as C3bfBfP) and provides a focal point for the
formation of C3-convertase, C3bBb (Hourcade 2006; Fearon
and Austen 1975). C3b is an opsonin that binds to pathogens or
apoptotic cells, and is recognized by receptors present on
phagocytes. Complement activation, which has high
amplification potential due to action of alternative C3-
convertase, is favored on foreign surfaces to result in the quick
elimination of pathogens, but is inhibited and controlled tightly
on the surface of host cells to prevent self-damage. The
complement regulators, involving about a dozen host proteins,
are present as soluble factors, cell surface attached fluid phase
regulators or as integral membrane proteins to prevent C3b
deposition on healthy cells (Zipfel and Skerka 2009).
Complement factor I (fI) is a serine protease that inactivates
C3b (and C4b) in the presence of cofactors complement factor
H (fH), membrane cofactor protein (MCP), C4b-binding
protein (C4BP), or complement receptor type 1 (CR1)
(Hourcade et al. 1989). fH and its splice variant, FHL-1, are
crucial regulators of complement activation, both in the fluid
phase and on the cell surface. fH mainly regulates alternative
pathway (AP) by destabilizing alternative C3 (C3bBb) and C5
(C3bBb3b) convertases, and degrading C3b (and also C4b)
(Zipfel et al. 1999). MCP (CD46) is a widely expressed,
intrinsically acting regulator of the complement system (Seya
et al. 1986; Oglesby et al. 1992). MCP, a cofactor for fI-
Volume 1,Issue 2, 2012
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mediated cleavage of C3b (Oglesby ef al. 1992), can also act as
a cofactor for C4b cleavage. MCP's cofactor activity is
sufficient to restrict complement activation in the alternative
pathway (Barilla-LaBarca et al. 2002). C4BP is a multimeric
glycoprotein composed of seven identical a-chains (C4BPa)
and a B-chain (C4BPp) and is an essential cofactor in the
proteolysis of C4b, which regulates classical pathway
associated C3/C5-convertases (C4b2a and C4b2a3b) (Fujita et
al. 1978; Barnum 1991). CR1 (CD35) is a monomeric single-
pass type I membrane glycoprotein found on erythrocytes,
leukocytes, glomerular podocytes, and splenic follicular
dendritic cells (Rothman et al. 1975; Ahearn and Fearon 1989).
CR1, a cofactor for fI, also acts as a decay accelerator by
facilitating dissociation (decay acceleration) of C3-convertases
(Hourcade et al. 1989).

Plasma protease C1 inhibitor (C1INH) or serpin peptidase
inhibitor, clade G, member 1 (SERPING-1) is a member of the
serine protease inhibitor, which binds to activated sub-
components (Clr and Cls) of the C1 complex (C1qg-r2s2) and
shuts down their proteolytic activity. C1 complex is activated
by antigen-antibody complexes, which cleaves C4 and C2
before it is deactivated by C1INH. C1INH also interacts with
C3b to inhibit binding of B to C3b, and is shown to be a down-
regulator of the alternative pathway convertase at physiological
concentrations (Jiang et al. 2001). Complement decay-
accelerating factor (DAF, CD55) is a membrane glycoprotein
found on various cells such as erythrocytes, platelets,
neutrophils, monocytes, B- and T- lymphocytes, and endothelial
cells that are in contact with complement. It inhibits the
formation of C3-convertases (Kinoshita et al. 1986) as well as
deactivates C3-convertases by accelerating the spontaneous
dissociation (decay acceleration) (Kuttner-Kondo et al. 2003;
Hourcade ef al. 1989), in both the classical (C4b2a) and
alternative (C3bBb) pathways. V-set and immunoglobulin
domain-containing protein 4 (VSIG4) or complement receptor
of the immunoglobulin superfamily (CRIg) is a phagocytic
receptor expressed exclusively on tissue resident macrophages
and binds C3b, iC3b and C3c opsonized pathogens, apoptotic
cells or cell remnants (Helmy et al. 2006; Weismann et al.
2006). It regulates the C3b-containing C3 and C5-convertases.
Further, CRIg is a potent inhibitor of the alternative pathway
convertases (Weismann et al. 2006). Carboxypeptidase-N or
Carboxypeptidase-R rapidly converts C3a anaphylatoxin (also
C5a) to its desarginated (C3a%**A™®) form. This cleavage impairs
signaling through the primary receptors C3aR (C5aR for C5a)
and also shifts the signaling pattern. The C3a/C5a desArg forms
can trigger important functions such as HSPC mobilization
(Ratajczak et al. 2006; Jalili et al. 2010) and lipid metabolism
(Amara et al. 2008).

Many pathogens (bacteria, viruses, fungi and parasites) have
been shown to counter the complement attack at the level of C3,
by protease mediated inactivation/depletion of complement
components, recruitment of complement regulators to the
pathogen surface or secretion of regulator mimics and
molecular inhibition of convertase activity (Lambris et al. 2008;
Kraiczy and Wiirzner 2006). For example, Staphylococcal
superantigen-like (SSL5) binds to C3aR and inhibits neutrophil
stimulation induced by C3a anaphylatoxin (Bestebroer et al.
2009). Leishmanial protein kinase 1 (LPK-1) phosphorylates
components of the complement system, including C3. This
phosphorylation renders C3 resistant to cleavage by C3-
convertase (Hermoso ef al. 1991). Some pathogens take
advantage of the complement system to enter cells by binding
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cell-bound complement receptors and regulators, either
through pathogen-expressed surface proteins or by ‘voluntary
opsonization' with complement fragments (Olivia et al. 2009;
Wang et al. 2007; Ricklin et al. 2010). See ‘Interactions with
Ligands and Other Proteins’ section for more details.

INTERACTIONS
C3,C3 (H20) and their degradatign products bind to a variety of
host and pathogen proteins or ligands.

Host factors: C3 directly binds to immunoglobulin M (IgM)
(Zhou et al. 2004) and to low-density lipoprotein-receptor-
related protein 1/02-macroglobulin receptor (LRP-1/0a2MR), a
receptor protein responsible for the clearance of a2-
macroglobulin-protease complexes (Meilinger et al. 1999).
Compstatin is a 13-residue synthetic peptide that binds to C3,
its fragments C3b and C3c, and inhibits activation of the
complement system (Sahu et al. 1996; Magotti ef al. 2009).
C3y4,0 Was found to bind efficiently to solid-phase laminin (a
basement membrane protein) while native C3 from fresh
plasma did not bind to laminin (Leivo and Engvall 1986).
Likewise C3b and C3d, but not C3c, bind via laminin to
basement membranes of glomerulus and trophoblast (Leivo
and Engvall 1986).

Anaphylotoxin C3a binds to C3a receptor(C3aR) which is
expressed on neutrophils and monocytes (Martin et al. 1997).
C3a has a moderate affinity for C5a anaphylatoxin chemotactic
receptor, C5L2 (GPR77). However, this interaction may not
contribute significantly to C3a's function as an anaphylotoxin,
as cross-competition studies suggest that C3a binds to a
distinct site from C5a and further, C3a binding to C5L2 may
induce anti-inflammatory signaling in lipopolysaccharide
(LPS) induced sepsis (Klos ef al. 2009; Hajishengallis and
Lambris 2010). C3a-CXCL12 interaction is independent of
C3aR, which may provide a mechanism to modulate the
function of CXCLI12 in the bone marrow (BM)
microenvironment (Honczarenko et al. 2005). C3a-mediated
enhancement of CXCL12-induced chemotaxis of hemopoietic
cells is also achieved by C3a%*A™8.CXCL12 (Honczarenko et
al. 2005).

C3b, by its reactive thioester moiety, covalently attaches with
amino or hydroxyl groups on the target surface, before
degradation to iC3b and C3c. The reactivity of the thioester
moiety to specific carbohydrates might lead to preferential
opsonization of foreign particles and represent a basic pattern
recognition mechanism (Pangburn et al. 2008; Sahu et al.
1994). Properdin (fP) forms complexes with C3b, as C3bfP
and C3bfBfP, and stabilizes and provides a focal point for the
assembly of C3bBb, a C3 convertase (Hourcade 2006; Fearon
and Austen 1975). C3b interacts with C3 convertases of both
alternative and classical pathway (C3bBb and C4b2a
respectively) to form efficient C5 convertases: C3bBb3b,
C4b2a3b (Rawal and Panburn 2001; Rawal and Panburn 2003;
Rawal et al. 2008). C3b opsonization is quickly amplified on
foreign cells but is instantly regulated on host cells by
interaction with complement receptor type 1 (CR1), membrane
cofactor protein (MCP), complement factor B (fB),
complement factor H (fH), and complement decay-accelerating
factor (DAF) (Farries et al. 1990; Harris et al. 2005; Kinoshita
et al. 1986). The presence of multiple binding sites on fH for
C3 suggests a multi-point interaction between fH and C3b
(Jokiranta et al. 2000; Sharma and Pangburn 1996). The bound
fH sterically interferes with fB or Bb binding site and provides
a binding site for complement factor I (fT), which cleaves C3b
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(fH dependent cleavage of C3b by fI) (Farries ef al. 1990;
Jokiranta et al. 2000; Wu et al. 2009). fH also binds to C3d
(Lambris et al. 1988). Like fH, complement factor H-related 1
(CFHR-1), CFHR-3, CFHR-4 and CFHR-5, can bind to
C3b/C3d and host cells (Heinen et al. 2009; Hellwage et al.
1999; McRae et al. 2001). CR1 binds to C3b, iC3b, and C3c but
not to C3d (Becherer and Lambris 1988).

iC3b binds to the apolipoprotein A-I (APOA-1) portion of
lipoprotein-a. The sialic acid residues on APOA-1 are necessary
for the APOAT1-iC3Db interaction (Seifert et al. 1992). iC3b also
interacts with CR1 (Gordon et al. 1987), CR2 (Ross et al.
1983), CR3 (Gordon et al. 1987; Lecoanet-Henchoz et al.
1995), CR4 (Lecoanet-Henchoz et al. 1995; Shelly et al. 2002)
and CRIg (Helmy et al. 2006) receptors. While interaction of
iC3b with CR1 and CRIg leads to further degradation
(Hourcade, et al. 1989; Wiesmann et al. 2006), binding to CR3
and probably to CR4 receptors expressed on monocyte-derived
dendritic cells leads to significantly enhanced T-cell
proliferation (Torok et al. 2012). C3c and C3dg are cleavage
products of iC3b by fI/CR1 (Ross ef al. 1982) or plasmin
(Lachmann et al. 1982). Human plasma fibronectin interacts
with native C3 of human sera and with isolated C3c and C3d
fragments of C3 (Hautanen and Keski-Oja 1983). Low levels of
C3dg are observed in normal human plasma, and higher levels
are seen in disorders associated with increased complement
consumption (Nydegger et al. 1977). On B cells, binding of C3d
or C3dg to the CR2 (CD21) promotes interaction with CD19 to
form a tripartite complex, which plays a role in innate immune
recognition of microbial antigens by the complement system
and B-cell maturation (Carroll 2008; Fearon and Carroll 2000).
Other interactions of C3 with host proteins include
myeloperoxidase (MPO) (Segelmark ef al. 1997) and RADI, a
subunit of the cohesin complex (Panigrahi et al. 2012).
However, the physiological significance of these interactions is
yet to be determined.

Pathogenic factors: Vaccinia complement control protein (VCP)
binds to C3b to inhibit both the classical and alternative
pathways of complement activation (Sahu ef al. 1998; Smith et
al. 2003; McKenzie ef al. 1992; Rosengard et al. 1999). SPICE
(a variola virus complement regulator) has been shown to be
much more potent in inactivating human complement than the
VCP, although they differ only in 11 amino acid residues.
SPICE was the most potent regulator of human complement and
attached to cells via glycosaminoglycans (Liszewski et al. 2009;
Yadav et al. 2008; Rosengard et al. 2002). C3b can also interact
with Kaposica, encoded within the viral genome of Kaposi's
sarcoma-associated human herpesvirus (KSHV) and
complement control protein homolog (CCPH) of Herpesvirus
saimiri (HVS), both of which are potent regulators of the
complement system (Mullick ef al. 2003; Mark et al. 2004;
Singh et al. 2006).

Staphylococcus aureus has developed a sophisticated and
effective complement evasion approach with potent inhibitory
proteins. fH binds to Sbi (Staphylococcus aureus binder of IgG)
in combination with C3b (or C3d), and forms the tripartite
Sbi:C3b:fH complex. The type of C3 fragment influences the
stability of the complex. Surface plasmon resonance studies
revealed a higher stability of C3d in complex with Sbi, as
compared to C3b. Sbi, by recruiting fH and C3b, acts as a
potent complement inhibitor, and inhibits alternative pathway
(Haupt et al. 2008). Extracellular fibrinogen-binding protein
(Efb or fib), also a staphylococcal protein, forms a specific
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high-affinity complex with the C3d domain of C3 (Hammel et
al. 2007b; Lee et al. 2004a; Lee et al. 2004b), iC3b (Lee et al.
2004b) and C3d (Haspel et al. 2008), and inhibits complement
activation and blocks opsonophagocytosis. Efb homologous
protein (Ehp) potently inhibits C3b deposition onto alerted
surfaces by the alternative complement activation pathway.
This inhibition was directly related to Ehp/C3d binding and
was more potent than that seen for Efb (Hammel et al. 2007a).
Ehp binds specifically to all C3 fragments that include the
thioester-containing C3d domain, such as native C3, C3H2o’
C3b, C3dg, and C3d (Hammel et al. 2007a; Ricklin et al.
2008). Staphylococcal complement inhibitor (SCIN) binds and
stabilizes C3 convertases, interfering with additional C3b
deposition through the classical, lectin and alternative
complement pathways. This led to a substantial decrease in
phagocytosis and killing of Staphylococcus aureus by human
neutrophils (Rooijakkers et al. 2005; Ricklin et al. 2009;
Garcia et al. 2009; Garcia et al. 2010). SCIN reduces the
efficiency of fI and fH mediated degradation of C3b to iC3b by
directly interacting with C3b. SCIN also shown to interacts
C3c (Garcia et al. 2010).

C3 interacts with choline binding protein A (CbpA) of
Streptococcus pneumoniae (Smith and Hostetter 2000;
Rosenow et al. 1997; Cheng et al. 2000). HbhA of
Mycobacterium tuberculosis is a multifunctional binding
protein, binding to both sulfated sugars such as heparin and to
C3. HbhA may therefore interact with host molecules and/or
host cells during M. tuberculosis infection and play a role in
the pathogenesis of this bacterium. Another M. tuberculosis
C3-binding protein, similar in size to HbhA was identified as
HupB, but the role of HupB as a C3-binding protein in intact
organisms remains to be determined (Mueller-Ortiz ef al.
2002). C3b and iC3b interact with specific sites in HIV-gp120
and HIV-gp41, the envelope proteins of Human
immunodeficiency virus (HIV-1) (Siisal et al. 1996; Stoiber et
al. 1995; Sadlon et al. 1994). Glycoprotein C (gC) of both
Herpes simplex virus type 1 (HSV-1) and HSV-2 interacts with
complement C3, C3b and C3c and protects the virus from
complement-mediated neutralization (Kostavasili et al. 1997).

PHENOTYPES

Hereditary complement C3 deficiency (C3D) is a rare defect of
the complement pathways. Patients develop recurrent, severe,
pyogenic infections because of ineffective opsonization of
pathogens (Reis ef al. 2006; Singer ef al. 1994; Santos-Valente
et al. 2012). C3 deficiency is associated with impaired
chemotactic activity, slow response of neutrophils to infectious
agents, development of immune complex disease, systemic
lupus erythematosus, and membrane proliferative
glomerulonephritis. Further, C3 deficiency can also influence
antibody and T cell responses. Genetic variation in C3 is
associated with susceptibility to age-related macular
degeneration and susceptibility to atypical hemolytic uremic
syndrome (aHUS) (Roumenina et al. 2012; Maga et al. 2010;
Frémeaux-Bacchi et al. 2008). C3 has also been described as a
marker of pathological conditions such as insulin resistance in
an elderly population (Muscari et al. 2007), metabolic risk
syndrome (Philips et al. 2012), renal arteriolosclerosis (Kojima
et al. 2012) and heart transplant induced infection (Sarmiento
et al. 2012). C3b in complex with cartilage oligomeric matrix
protein (COMP) is found in elavated levels in serum of
rheumatoid arthritis patients (Happonen et al. 2012). C3f has
been recently described as a blood based bio-marker for
detection of autism spectrum disorders (Momeni et al. 2012).
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C3a (and also C5a) increases the activity of several mitogenic
signaling pathways, such as Erk1/2 (Schraufstatter e al. 2002;
Monsinjon et al. 2003), Akt (Venkatesha ez al. 2005) and PI3-K
(Venkatesha et al. 2005). On the other hand, cancer cells evade
complement-mediated lysis by expressing membrane cofactor
protein (MCP), decay-accelerating factor (DAF) and
complement receptor type 1 (CR1), all of which facilitate
inactivation of the C3-convertase (Fishelson et al. 2003).

MAJOR SITES OF EXPRESSION

Liver is the main source for C3 production. Although 90% of
C3 synthesis is in the liver, its synthesis in monocytes,
astrocytes, B lymphocytes and several tumor cell lines of
different origins has been described. C3 levels in adipocytes
substantially increases after exposure to insulin or dietary lipid.
HIV-1 induces the upregulation of C3 in astrocytes and neurons
through signaling pathways that involve protein kinase C and
adenylate cyclase activation, which is an effect that may
contribute to the pathogenesis of acquired immunodeficiency
syndrome (AIDS) in the brain (Speth ef al. 2002). Local
production of inflammatory mediators could induce C3
synthesis in the kidney (Welch et al. 1993). This is further
supported by data showing expression in renal tubular epithelial
cells (Oren et al. 1995; Sacks et al. 1993b) and in the
glomerular mesangial cells (Sacks et al. 1993a).

SPLICE VARIANTS
There are no known splice variants.

REGULATION OF CONCENTRATION

C3 is the most abundant protein of the complement system with
a concentration of ~1.3 mg/ml in plasma. C3c is present in the
range of 2.12 - 4.92 pg/ml in the plasma, with a mean of 3.47
pg/ml (Palarasah et al. 2010). A low level of C3dg is observed
in normal human plasma, and higher levels are seen in disorders
associated with increased complement consumption (Nydegger
et al. 1977). During pregnancy, C3dg exists as a complex with
angiotensin (AGT) and the proform of proteoglycan 2 (PRG2).
Further, C3 expression is regulated by interferon (IFN; Hill et
al. 1993; van den Dobbelsteen et al. 1994), interleukin-1 (IL-1;
van den Dobbelsteen et al. 1994), tumor necrosis factor (TNF;
Hoie et al. 2004), estrogen (in uterus; Sundstrom et al. 1989)
and Vitamin D (in osteoblasts; Honget al. 1991).

ANTIBODIES

Antibodies that selectively recognize C3b were developed
(Katschke et al. 2009). Hycult Biotech provides monoclonal
antibodies against human C3/C3b, C3/C3a, C3a/C3a des-Arg,
C3/C3a (C-terminus) and activated C3, C3d. Quidel
Corporation provides monoclonal antibody to an epitope in the
C3d domain of C3. Others include, Acris Antibodies GmbH
(C3b), Abnova Taiwan Corp (C3), Scipac Ltd. (C3), Novus
Biologicals, Abcam, Complement Technology (C3 and C3a)
and Abbiotec.
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Table 1: Functional States

STATE DESCRIPTION
C3

C3-P

C3-S71
C3-DSC
C3 (degradation)

C3/Compstatin

C3/Fibronectin

C3/IGHM

C3/LRP1

C3/MPO

C3/fib (S. aureus)

C3/EhP (S. aureus)
C3/CbpA (S. pneumoniae)

C3/HbhA (M. tuberculosis)
C3/HupB (M. tuberculosis)

C3/HSV-gC (Human
herpesvirus)

C3(H20)

C3(H20)fB

C3(H20)Bb (C3-Convertase)
C3(H20)/Laminin
C3(H20)/fib (S. aureus)
C3(H20)/Ehp (S. aureus)
C3(H20)/VCP (Vaccinia)

C3a

C3a/C3aR
C3a/C5aR
C3a/C5L2

C3a/CXCL12
C3adesArg
C3adesArg/C5L2
C3adesArg/CXCL12
C3b

C3b/fH

C3b/MCP
C3b/Laminin
C3b/fB (pro-C3-Convertase)

C3b/fP
C3b/fB/fP

C3bBb (Alternative C3-
Convertase)

C3bBb/fP

C3bBb/SCIN (S. aureus)

C3bBb3b (Alternative C5-
Convertase)

C3bBb3b/fP
C3b/CR1

C3b/CR2
C3b/DAF
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LOCATION
extracellular region

extracellular region

extracellular region
extracellular region
Unknown

Unknown

extracellular region
plasma membrane
Unknown

Unknown

extracellular region
extracellular region
extracellular region

extracellular region
extracellular region
extracellular region

extracellular region
extracellular region
extracellular region
extracellular region
extracellular space
extracellular space
extracellular space
extracellular region

plasma membrane
intrinsic to membrane
plasma membrane

extracellular region
extracellular region
plasma membrane
extracellular region
extracellular region
extracellular region

plasma membrane
basement membrane
extracellular region

extracellular region
extracellular region
extracellular region

extracellular space

extracellular region
extracellular region

extracellular region
plasma membrane

plasma membrane
plasma membrane
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C3b/C1INH
C3b/Compstatin
C3b/C4b
C3b/CRIg
C3b/CFHR1
C3b/CFHR3
C3b/CFHR4
C3b/CFHR5
C3b/fH/C3b
C3b/C5

C4b2a3b (Classical C5-
Convertase)

iC3b
iC3b/APOA1
iC3b/CR1
iC3b/CR2
iC3b/aMB2

iC3b/aXp2

iC3b/CRIg

iC3b/fib (S.aureus)
iC3b/Ehp (S.aureus)
iC3b/SCIN (S. aureus)
iC3b/HIV-gp120 (HIV)
C3c

C3c/Fibronectin
C3c¢/Compstatin
C3c¢/CR1

C3c/CRIg

C3c¢/HSV-gC (Human
herpesvirus)

C3c/SCIN (S. aureus)
C3d

C3d/fH
C3d/Fibronectin
C3d/MPO
C3d/CFHR1
C3d/Laminin
C3d/(CR2-CD19)
C3d/CR2

C3d/Ehp (S. aureus)
C3d/sbi/fH (S. aureus)
C3d/fib (S. aureus)

C3d/sbi (S. aureus)
C3dg

C3dg/CR2

C3f

Volume 1,Issue 2, 2012

extracellular region
extracellular region
extracellular region
extracellular region
extracellular region
extracellular region
extracellular region

extracellular region
extracellular region

extracellular region
extracellular region
Unknown

extracellular region
plasma membrane
extracellular space
extracellular region
extracellular region
extracellular region
extracellular region

extrinsic to plasma membrane

extracellular region

extracellular region
extracellular region
plasma membrane
plasma membrane
plasma membrane

plasma membrane
plasma membrane
extracellular region
extracellular region
extracellular region
extracellular region
extracellular region
extracellular region
Unknown

plasma membrane
plasma membrane
extracellular region

extracellular region
extracellular region

extracellular space
extracellular space
Unknown
extracellular region
basement membrane
plasma membrane
plasma membrane

extracellular space
extracellular space
extracellular space

extracellular space
extracellular region
plasma membrane
extracellular region

MOLECULE PAGE

Haupt K ef al. 2008

Haupt K et al. 2008

Lee LY et al. 2004; Hammel M et al. 2007; Lee LY et al. 2004
Hammel M et al. 2007

Garcia BL et al. 2010; Garcia BL et al. 2012; Garcia BL et al. 2009
Lewis LA et al. 2008

Bernet J et al. 2004; Liszewski MK et al. 2009; McKenzie R et al. 1992;
Mullick J et al. 2005; Rosengard AM et al. 1999; Sahu A et al. 1998;
Yadav VN et al. 2012

Rosengard AM et al. 2002; Sfyroera G et al. 2005; Yadav VN et al.
2008; Liszewski MK et al. 2009

Kostavasili I et al. 1997

Sadlon TA et al. 1994; Stoiber H et al. 1995
Davis AE et al. 2008; Jiang H et al. 2001
Magotti P et al. Nov-Dec; Sahu A ef al. 1996; Sahu A et al. 2000
Kim YU et al. 1992; Lambris JD et al. 1988
Helmy KY et al. 2006; Wiesmann C et al. 2006
Gordon DL et al. 1995; Kiihn S et al. 1995
Hellwage J et al. 1999

Hellwage J et al. 1999

McRae JL et al. 2001

Jokiranta TS et al. 2000

Jokiranta TS et al. 2001; Vogt W et al. 1978
Kozono H et al. 1990

Alcorlo M et al. 2011; Becherer JD and Lambris JD 1988
Seifert PS et al. 1992

Gordon DL et al. 1987

Ross GD et al. 1983

Gordon DL et al. 1987; Micklem KJ and Sim RB 1985; Taniguchi-Sidle
A and Isenman DE 1994

Lecoanet-Henchoz S et al. 1995; Shelley CS et al. 2002
Helmy KY et al. 2006; Roozendaal R and Carroll MC 2006
Lee LY et al. 2004

Hammel M et al. 2007

Ricklin D et al. 2009

Sadlon TA et al. 1994

Harrison RA and Lachmann PJ 1980

Hautanen A and Keski-Oja J 1983

Magotti P et al. Nov-Dec; Sahu A et al. 2000

Becherer JD and Lambris JD 1988; Ross GD et al. 1983
Wiesmann C et al. 2006

Kostavasili I et al. 1997

Garcia BL et al. 2010

Harrison RA and Lachmann PJ 1980; Gilbert HE et al. 2005; Nagar B et
al. 1998

Lambris JD et al. 1988; Wu J et al. 2009

Hautanen A and Keski-Oja J 1983

Segelmark M et al. 1997

Lesher A and Song WC 2009; Heinen S et al. 2009
Leivo I and Engvall E 1986

Dempsey PW et al. 1996; Fearon DT and Carroll MC

Ross GD et al. 1983; Szakonyi G et al. 2001; van den Elsen JM and
Isenman DE 2011

Hammel M et al. 2007, Ricklin D et al. 2008
Haupt K ef al. 2008

Chen H et al. 2008; Hammel M et al. 2007; Haspel N et al. 2008; Lee
LY etal 2004

Haupt K et al. 2008

Harrison RA and Lachmann PJ 1980; Nydegger UE et al. 1977
Carroll MC et al. 2008; Fearon DT and Carroll MC

Ganu VS et al. 1989; Soames CJ and Sim RB 1997

39



MOLECULE PAGE

C3g extracellular region Lachmann PJ ez al. 1982; Chaplin H ez al. 1983; Mollnes TE and
Lachmann PJ 1987

Volume 1,Issue 2, 2012 40



ACKNOWLEDGEMENTS

The UCSD Signaling Gateway Molecule Pages (SGMP) is
funded by NIH/NIGMS Grant 1 ROl GM078005-01. The
authors thank Dr. John D. Lambris, University of Pennsylvania
School of Medicine, Philadelphia, UCSD-SGMP editorial
board member, for extensive discussions.

SUPPLEMENTARY
Supplementary information is available online.

REFERENCES

Ahearn JM, Fearon DT (1989). Structure and function of the
complement receptors, CR1 (CD35) and CR2 (CD21). 4dv
Immunol, 46, null.

Alcorlo M, Martinez-Barricarte R, Fernandez FJ, Rodriguez-
Gallego C, Round A, Vega MC, Harris CL, de Cordoba SR, Llorca
0 (2011). Unique structure of iC3b resolved at a resolution of 24 A
by 3D-electron microscopy. Proc Natl Acad Sci U S A4, 108, 32.

Amara U, Flierl MA, Rittirsch D, Klos A, Chen H, Acker B,
Briickner UB, Nilsson B, Gebhard F, Lambris JD, Huber-Lang M
(2010). Molecular intercommunication between the complement and
coagulation systems. J Immunol, 185, 9.

Amara U, Rittirsch D, Flierl M, Bruckner U, Klos A, Gebhard F,
Lambris JD, Huber-Lang M (2008). Interaction between the
coagulation and complement system. Adv Exp Med Biol, 632, null.

Ames RS, Nuthulaganti P, Kumar C (1996). In Xenopus oocytes the
human C3a and C5a receptors elicit a promiscuous response to the
anaphylatoxins. FEBS Lett, 395, 2-3.

Arnaout MA, Melamed J, Tack BF, Colten HR (1981).
Characterization of the human complement (c3b) receptor with a
fluid phase C3b dimer. J Immunol, 127, 4.

Barilla-LaBarca ML, Liszewski MK, Lambris JD, Hourcade D,
Atkinson JP (2002). Role of membrane cofactor protein (CD46) in
regulation of C4b and C3b deposited on cells. J Immunol, 168, 12.

Barnum SR (1991). C4b-binding protein, a regulatory protein of
complement. Immunol Res, 10, 1.

Becherer JD, Lambris JD (1988). Identification of the C3b receptor-
binding domain in third component of complement. J Biol Chem,
263, 28.

Bernet J, Mullick J, Panse Y, Parab PB, Sahu A (2004). Kinetic
analysis of the interactions between vaccinia virus complement
control protein and human complement proteins C3b and C4b. J
Virol, 78, 17.

Bestebroer J, van Kessel KP, Azouagh H, Walenkamp AM, Boer
IG, Romijn RA, van Strijp JA, de Haas CJ (2009). Staphylococcal
SSLS5 inhibits leukocyte activation by chemokines and
anaphylatoxins. Blood, 113, 2.

Blom AM, Kask L, Ramesh B, Hillarp A (2003). Effects of zinc on
factor I cofactor activity of C4b-binding protein and factor H. Arch
Biochem Biophys, 418, 2.

Bokisch VA, Miiller-Eberhard HJ, Cochrane CG (1969). Isolation
of a fragment (C3a) of the third component of human complement
containing anaphylatoxin and chemotactic activity and description
of an anaphylatoxin inactivator of human serum. J Exp Med, 129, 5.

Cain SA, Monk PN (2002). The orphan receptor C5L2 has high
affinity binding sites for complement fragments C5a and C5a des-
Arg(74). J Biol Chem, 277, 9.

Carroll MC (2004). The complement system in regulation of
adaptive immunity. Nat Immunol, 5, 10.
Volume 1,Issue 2, 2012

MOLECULE PAGE

Carroll MC (2008). Complement and humoral immunity. Vaccine, 26
Suppl &, null.

Chaplin H, Monroe MC, Lachmann PJ (1983). Further studies of the
C3g component of the alpha 2D fragment of human C3. Clin Exp
Immunol, 51, 3.

Chen H, Schuster MC, Sfyroera G, Geisbrecht BV, Lambris JD
(2008). Solution insights into the structure of the Efb/C3 complement
inhibitory complex as revealed by lysine acetylation and mass
spectrometry. J Am Soc Mass Spectrom, 19, 1.

Cheng Q, Finkel D, Hostetter MK (2000). Novel purification scheme
and functions for a C3-binding protein from Streptococcus
pneumoniae. Biochemistry, 39, 18.

Cole JL, Housley GA, Dykman TR, MacDermott RP, Atkinson JP
(1985). Identification of an additional class of C3-binding membrane
proteins of human peripheral blood leukocytes and cell lines. Proc
Natl Acad Sci U S A4, 82, 3.

Davis AE, Mejia P, Lu F (2008). Biological activities of C1 inhibitor.
Mol Immunol, 45, 16.

Dempsey PW, Allison ME, Akkaraju S, Goodnow CC, Fearon DT
(1996). C3d of complement as a molecular adjuvant: bridging innate
and acquired immunity. Science, 271, 5247.

DiScipio RG (1981). The binding of human complement proteins C5,
factor B, beta 1H and properdin to complement fragment C3b on
zymosan. Biochem J, 199, 3.

Dobson NJ, Lambris JD, Ross GD (1981). Characteristics of isolated
erythrocyte complement receptor type one (CR1, C4b-C3b receptor)
and CR1-specific antibodies. J Immunol, 126, 2.

Ekdahl KN, Nilsson B (1995). Phosphorylation of complement
component C3 and C3 fragments by a human platelet protein kinase.
Inhibition of factor I-mediated cleavage of C3b. J Immunol, 154, 12.

Ekdahl KN, Nilsson B (1999). Alterations in C3 activation and
binding caused by phosphorylation by a casein kinase released from
activated human platelets. J Immunol, 162, 12.

Farries TC, Seya T, Harrison RA, Atkinson JP (1990). Competition
for binding sites on C3b by CR1, CR2, MCP, factor B and factor H.
Complement Inflamm, 7, 1.

Fearon DT (1980). Identification of the membrane glycoprotein that
is the C3b receptor of the human erythrocyte, polymorphonuclear
leukocyte, B lymphocyte, and monocyte. J Exp Med, 152, 1.

Fearon DT, Austen KF (1975). Properdin: initiation of alternative
complement pathway. Proc Natl Acad Sci U S 4, 72, 8.

Fearon DT, Austen KF (1975). Properdin: binding to C3b and
stabilization of the C3b-dependent C3 convertase. J Exp Med, 142, 4.

Fearon DT, Carroll MC (2000). Regulation of B lymphocyte
responses to foreign and self-antigens by the CD19/CD21 complex.
Annu Rev Immunol, 18, null.

Fischer WH, Hugli TE (1997). Regulation of B cell functions by C3a
and C3a(desArg): suppression of TNF-alpha, IL-6, and the
polyclonal immune response. J Immunol, 159, 9.

Fishelson Z, Donin N, Zell S, Schultz S, Kirschfink M (2003).
Obstacles to cancer immunotherapy: expression of membrane
complement regulatory proteins (mCRPs) in tumors. Mol Immunol,
40, 2-4.

Forneris F, Ricklin D, Wu J, Tzekou A, Wallace RS, Lambris JD,
Gros P (2010). Structures of C3b in complex with factors B and D

41



give insight into complement convertase formation. Science, 330,
6012.

Forsberg PO, Martin SC, Nilsson B, Ekman P, Nilsson UR,
Engstrom L (1990). In vitro phosphorylation of human complement
factor C3 by protein kinase A and protein kinase C. Effects on the
classical and alternative pathways. J Biol Chem, 265, 5.

Frémeaux-Bacchi V, Miller EC, Liszewski MK, Strain L, Blouin J,
Brown AL, Moghal N, Kaplan BS, Weiss RA, Lhotta K, Kapur G,
Mattoo T, Nivet H, Wong W, Gie S, Hurault de Ligny B, Fischbach
M, Gupta R, Hauhart R, Meunier V, Loirat C, Dragon-Durey MA,
Fridman WH, Janssen BJ, Goodship TH, Atkinson JP (2008).
Mutations in complement C3 predispose to development of atypical
hemolytic uremic syndrome. Blood, 112, 13.

Fujita T, Gigli I, Nussenzweig V (1978). Human C4-binding
protein. II. Role in proteolysis of C4b by C3b-inactivator. J Exp
Med, 148, 4.

Ganu VS, Miiller-Eberhard HJ, Hugli TE (1989). Factor C3f is a
spasmogenic fragment released from C3b by factors I and H: the
heptadeca-peptide C3f was synthesized and characterized. Mol
Immunol, 26, 10.

Garcia BL, Ramyar KX, Tzekou A, Ricklin D, McWhorter W,
Lambris JD, Geisbrecht BV (2010). Molecular basis for
complement recognition and inhibition determined by
crystallographic studies of the staphylococcal complement inhibitor
(SCIN) bound to C3c¢ and C3b. J Mol Biol, 402, 1.

Garcia BL, Summers BJ, Lin Z, Ramyar KX, Ricklin D, Kamath
DV, Fu ZQ, Lambris JD, Geisbrecht BV (2012). Diversity in the
C3b [corrected] contact residues and tertiary structures of the
staphylococcal complement inhibitor (SCIN) protein family. J Biol
Chem, 287, 1.

Garcia BL, Tzekou A, Ramyar KX, McWhorter WJ, Ricklin D,
Lambris JD, Geisbrecht BV (2009). Crystallization of human
complement component C3b in the presence of a staphylococcal
complement-inhibitor protein (SCIN). Acta Crystallogr Sect F
Struct Biol Cryst Commun, 65, Pt 5.

Gerard C, Hugli TE (1981). Identification of classical anaphylatoxin
as the des-Arg form of the C5a molecule: evidence of a modulator
role for the oligosaccharide unit in human des-Arg74-C5a. Proc
Natl Acad Sci U S A4, 78, 3.

Gerard NP, Gerard C (1991). The chemotactic receptor for human
C5a anaphylatoxin. Nature, 349, 6310.

Gilbert HE, Eaton JT, Hannan JP, Holers VM, Perkins SJ (2005).
Solution structure of the complex between CR2 SCR 1-2 and C3d of
human complement: an X-ray scattering and sedimentation
modelling study. J Mol Biol, 346, 3.

Gordon DL, Johnson GM, Hostetter MK (1987). Characteristics of
iC3b binding to human polymorphonuclear leucocytes.
Immunology, 60, 4.

Gordon DL, Kaufman RM, Blackmore TK, Kwong J, Lublin DM
(1995). Identification of complement regulatory domains in human
factor H. J Immunol, 155, 1.

Hajishengallis G, Lambris JD (2010). Crosstalk pathways between
Toll-like receptors and the complement system. Trends Immunol,
31, 4.

Hammel M, Sfyroera G, Pyrpassopoulos S, Ricklin D, Ramyar KX,
Pop M, Jin Z, Lambris JD, Geisbrecht BV (2007). Characterization
of Ehp, a secreted complement inhibitory protein from
Staphylococcus aureus. J Biol Chem, 282, 41.

Volume 1,Issue 2, 2012

MOLECULE PAGE

Hammel M, Sfyroera G, Ricklin D, Magotti P, Lambris JD,
Geisbrecht BV (2007). A structural basis for complement inhibition
by Staphylococcus aureus. Nat Immunol, 8, 4.

Happonen KE, Saxne T, Geborek P, Andersson M, Bengtsson AA,
Hesselstrand R, Heinegard D, Blom AM (2012). Serum COMP-C3b
complexes in rheumatic diseases and relation to anti-TNF-a
treatment. Arthritis Res Ther, 14, 1.

Harboe M, Mollnes TE (2008). The alternative complement pathway
revisited. J Cell Mol Med, 12, 4.

Harris CL, Abbott RJ, Smith RA, Morgan BP, Lea SM (2005).
Molecular dissection of interactions between components of the
alternative pathway of complement and decay accelerating factor
(CD55). J Biol Chem, 280, 4.

Harrison RA, Lachmann PJ (1980). Novel cleavage products of the
third component of human complement. Mol Immunol, 17, 2.

Harrison RA, Lachmann PJ (1980). The physiological breakdown of
the third component of human complement. Mol Immunol, 17, 1.

Hartmann K, Henz BM, Kriiger-Krasagakes S, Kohl J, Burger R,
Guhl S, Haase I, Lippert U, Zuberbier T (1997). C3a and C5a
stimulate chemotaxis of human mast cells. Blood, 89, 8.

Haspel N, Ricklin D, Geisbrecht BV, Kavraki LE, Lambris JD
(2008). Electrostatic contributions drive the interaction between
Staphylococcus aureus protein Efb-C and its complement target C3d.
Protein Sci, 17, 11.

Haupt K, Reuter M, van den Elsen J, Burman J, Hélbich S, Richter J,
Skerka C, Zipfel PF (2008). The Staphylococcus aureus protein Sbi
acts as a complement inhibitor and forms a tripartite complex with
host complement Factor H and C3b. PLoS Pathog, 4, 12.

Hautanen A, Keski-Oja J (1983). Interaction of fibronectin with
complement component C3. Scand J Immunol, 17, 3.

Heinen S, Hartmann A, Lauer N, Wiehl U, Dahse HM, Schirmer S,
Gropp K, Enghardt T, Wallich R, Hilbich S, Mihlan M, Schlétzer-
Schrehardt U, Zipfel PF, Skerka C (2009). Factor H-related protein 1
(CFHR-1) inhibits complement C5 convertase activity and terminal
complex formation. Blood, 114, 12.

Hellwage J, Jokiranta TS, Koistinen V, Vaarala O, Meri S, Zipfel PF
(1999). Functional properties of complement factor H-related
proteins FHR-3 and FHR-4: binding to the C3d region of C3b and
differential regulation by heparin. FEBS Lett, 462, 3.

Helmy KY, Katschke KJ, Gorgani NN, Kljavin NM, Elliott JM,
Diehl L, Scales SJ, Ghilardi N, van Lookeren Campagne M (2006).
CRIg: a macrophage complement receptor required for phagocytosis
of circulating pathogens. Cell, 124, 5.

Hermoso T, Fishelson Z, Becker SI, Hirschberg K, Jaffe CL (1991).
Leishmanial protein kinases phosphorylate components of the
complement system. EMBO J, 10, 13.

Hill LD, Sun L, Leuschen MP, Zach TL (1993). C3 synthesis by
A549 alveolar epithelial cells is increased by interferon-gamma and
dexamethasone. Immunology, 79, 2.

Hoie EB, McGuire TR, Leuschen PM, Zach TL (2004).
Pentoxifylline inhibits tumor necrosis factor-alpha induced synthesis
of complement component C3 in human endothelial cells. Bio/
Pharm Bull, 27, 10.

Honczarenko M, Ratajczak MZ, Nicholson-Weller A, Silberstein LE
(2005). Complement C3a enhances CXCL12 (SDF-1)-mediated
chemotaxis of bone marrow hematopoietic cells independently of
C3a receptor. J Immunol, 175, 6.

42



Hong MH, Jin CH, Sato T, Ishimi Y, Abe E, Suda T (1991).
Transcriptional regulation of the production of the third component
of complement (C3) by 1 alpha,25-dihydroxyvitamin D3 in mouse
marrow-derived stromal cells (ST2) and primary osteoblastic cells.
Endocrinology, 129, 5.

Hourcade D, Holers VM, Atkinson JP (1989). The regulators of
complement activation (RCA) gene cluster. Adv Immunol, 45, null.

Hourcade DE (2006). The role of properdin in the assembly of the
alternative pathway C3 convertases of complement. J Bio/ Chem,
281, 4.

Huber R, Scholze H, Paques EP, Deisenhofer J (1980). Crystal
structure analysis and molecular model of human C3a
anaphylatoxin. Hoppe Seylers Z Physiol Chem, 361, 9.

Jalili A, Shirvaikar N, Marquez-Curtis L, Qiu Y, Korol C, Lee H,
Turner AR, Ratajczak MZ, Janowska-Wieczorek A (2010). Fifth
complement cascade protein (C5) cleavage fragments disrupt the
SDF-1/CXCR4 axis: further evidence that innate immunity
orchestrates the mobilization of hematopoietic stem/progenitor cells.
Exp Hematol, 38, 4.

Janssen BJ, Halff EF, Lambris JD, Gros P (2007). Structure of
compstatin in complex with complement component C3c reveals a
new mechanism of complement inhibition. J Biol Chem, 282, 40.

Janssen BJ, Huizinga EG, Raaijmakers HC, Roos A, Daha MR,
Nilsson-Ekdahl K, Nilsson B, Gros P (2005). Structures of
complement component C3 provide insights into the function and
evolution of immunity. Nature, 437, 7058.

Jiang H, Wagner E, Zhang H, Frank MM (2001). Complement 1
inhibitor is a regulator of the alternative complement pathway. J Exp
Med, 194, 11.

Johswich K, Martin M, Thalmann J, Rheinheimer C, Monk PN,
Klos A (2006). Ligand specificity of the anaphylatoxin C5L2
receptor and its regulation on myeloid and epithelial cell lines. J
Biol Chem, 281, 51.

Jokiranta TS, Hellwage J, Koistinen V, Zipfel PF, Meri S (2000).
Each of the three binding sites on complement factor H interacts
with a distinct site on C3b. J Biol Chem, 275, 36.

Jokiranta TS, Westin J, Nilsson UR, Nilsson B, Hellwage J, Lofas
S, Gordon DL, Ekdahl KN, Meri S (2001). Complement C3b
interactions studied with surface plasmon resonance technique. Int
Immunopharmacol, 1, 3.

Kalant D, Cain SA, Maslowska M, Sniderman AD, Cianflone K,
Monk PN (2003). The chemoattractant receptor-like protein C5L2
binds the C3a des-Arg77/acylation-stimulating protein. J Biol Chem,
278, 13.

Katschke KJ, Stawicki S, Yin J, Steffek M, Xi H, Sturgeon L, Hass
PE, Loyet KM, Deforge L, Wu Y, van Lookeren Campagne M,
Wiesmann C (2009). Structural and functional analysis of a C3b-
specific antibody that selectively inhibits the alternative pathway of
complement. J Biol Chem, 284, 16.

Kim YU, Carroll MC, Isenman DE, Nonaka M, Pramoonjago P,
Takeda J, Inoue K, Kinoshita T (1992). Covalent binding of C3b to
C4b within the classical complement pathway C5 convertase.
Determination of amino acid residues involved in ester linkage
formation. J Biol Chem, 267, 6.

Kinoshita T, Medof ME, Nussenzweig V (1986). Endogenous
association of decay-accelerating factor (DAF) with C4b and C3b
on cell membranes. J Immunol, 136, 9.

Klos A, Tenner AJ, Johswich KO, Ager RR, Reis ES, Kohl J
Volume 1,Issue 2, 2012

MOLECULE PAGE

(2009). The role of the anaphylatoxins in health and disease. Mol
Immunol, 46, 14.

Kojima C, Takei T, Ogawa T, Nitta K (2012). Serum complement C3
predicts renal arteriolosclerosis in non-diabetic chronic kidney
disease. J Atheroscler Thromb, 19, 9.

Kostavasili I, Sahu A, Friedman HM, Eisenberg RJ, Cohen GH,
Lambris JD (1997). Mechanism of complement inactivation by
glycoprotein C of herpes simplex virus. J Immunol, 158, 4.

Kozono H, Kinoshita T, Kim YU, Takata-Kozono Y, Tsunasawa S,
Sakiyama F, Takeda J, Hong K, Inoue K (1990). Localization of the
covalent C3b-binding site on C4b within the complement classical
pathway CS5 convertase, C4b2a3b. J Biol Chem, 265, 24.

Kraiczy P, Wiirzner R (2006). Complement escape of human
pathogenic bacteria by acquisition of complement regulators. Mol
Immunol, 43, 1-2.

Krych M, Clemenza L, Howdeshell D, Hauhart R, Hourcade D,
Atkinson JP (1994). Analysis of the functional domains of
complement receptor type 1 (C3b/C4b receptor; CD35) by
substitution mutagenesis. J Biol Chem, 269, 18.

Krych M, Hourcade D, Atkinson JP (1991). Sites within the
complement C3b/C4b receptor important for the specificity of ligand
binding. Proc Natl Acad Sci U S A4, 88, 10.

Kuttner-Kondo LA, Dybvig MP, Mitchell LM, Muqim N, Atkinson
JP, Medof ME, Hourcade DE (2003). A corresponding tyrosine
residue in the C2/factor B type A domain is a hot spot in the decay
acceleration of the complement C3 convertases. J Biol Chem, 278,
52.

Kiihn S, Skerka C, Zipfel PF (1995). Mapping of the complement
regulatory domains in the human factor H-like protein 1 and in factor
H1.J Immunol, 155, 12.

Lachmann PJ, Pangburn MK, Oldroyd RG (1982). Breakdown of C3
after complement activation. Identification of a new fragment C3g,
using monoclonal antibodies. J Exp Med, 156, 1.

Lambris JD (1988). The multifunctional role of C3, the third
component of complement. Immunol Today, 9, 12.

Lambris JD, Avila D, Becherer JD, Miiller-Eberhard HJ (1988). A
discontinuous factor H binding site in the third component of
complement as delineated by synthetic peptides. J Biol Chem, 263,
24.

Lambris JD, Miiller-Eberhard HJ (1984). Isolation and
characterization of a 33,000-dalton fragment of complement Factor B
with catalytic and C3b binding activity. J Biol Chem, 259, 20.

Lambris JD, Ricklin D, Geisbrecht BV (2008). Complement evasion
by human pathogens. Nat Rev Microbiol, 6, 2.

Lecoanet-Henchoz S, Gauchat JF, Aubry JP, Graber P, Life P, Paul-
Eugene N, Ferrua B, Corbi AL, Dugas B, Plater-Zyberk C, et al.
(1995). CD23 regulates monocyte activation through a novel
interaction with the adhesion molecules CD11b-CD18 and CD11c-
CD18. Immunity, 3, 1.

Lee LY, H60k M, Haviland D, Wetsel RA, Yonter EO, Syribeys P,
Vernachio J, Brown EL (2004). Inhibition of complement activation
by a secreted Staphylococcus aureus protein. J Infect Dis, 190, 3.

Lee LY, Liang X, H66k M, Brown EL (2004). Identification and
characterization of the C3 binding domain of the Staphylococcus
aureus extracellular fibrinogen-binding protein (Efb). J Biol Chem,
279, 49.

43



Leivo I, Engvall E (1986). C3d fragment of complement interacts
with laminin and binds to basement membranes of glomerulus and
trophoblast. J Cell Biol, 103, 3.

Lesher A, Song WC (2009). New complement regulator exposed.
Blood, 114, 12.

Lewis LA, Ram S, Prasad A, Gulati S, Getzlaff S, Blom AM, Vogel
U, Rice PA (2008). Defining targets for complement components
C4b and C3b on the pathogenic neisseriae. Infect Immun, 76, 1.

Liszewski MK, Leung MK, Hauhart R, Fang CJ, Bertram P,
Atkinson JP (2009). Smallpox inhibitor of complement enzymes
(SPICE): dissecting functional sites and abrogating activity. J
Immunol, 183, 5.

Lutz HU (2012). Naturally occurring autoantibodies in mediating
clearance of senescent red blood cells. Adv Exp Med Biol, 750, null.

Maga TK, Nishimura CJ, Weaver AE, Frees KL, Smith RJ (2010).
Mutations in alternative pathway complement proteins in American
patients with atypical hemolytic uremic syndrome. Hum Mutat, 31,
6.

Magotti P, Ricklin D, Qu H, Wu YQ, Kaznessis YN, Lambris JD (-
Dec). Structure-kinetic relationship analysis of the therapeutic
complement inhibitor compstatin. J Mol Recognit, 22, 6.

Mark L, Lee WH, Spiller OB, Proctor D, Blackbourn DJ,
Villoutreix BO, Blom AM (2004). The Kaposi's sarcoma-associated
herpesvirus complement control protein mimics human molecular
mechanisms for inhibition of the complement system. J Biol Chem,
279, 43.

Martin U, Bock D, Arseniev L, Tornetta MA, Ames RS, Bautsch W,
Kohl J, Ganser A, Klos A (1997). The human C3a receptor is
expressed on neutrophils and monocytes, but not on B or T
lymphocytes. J Exp Med, 186, 2.

Matsushita M, Endo Y, Fujita T (2000). Cutting edge: complement-
activating complex of ficolin and mannose-binding lectin-associated
serine protease. J Immunol, 164, 5.

McKenzie R, Kotwal GJ, Moss B, Hammer CH, Frank MM (1992).
Regulation of complement activity by vaccinia virus complement-
control protein. J Infect Dis, 166, 6.

McRae JL, Cowan PJ, Power DA, Mitchelhill KI, Kemp BE,
Morgan BP, Murphy BF (2001). Human factor H-related protein 5
(FHR-5). A new complement-associated protein. J Biol Chem, 276,
9.

Medicus RG, Schreiber RD, Gotze O, Miiller-Eberhard HJ (1976).
A molecular concept of the properdin pathway. Proc Natl Acad Sci
USA,73,2.

Meilinger M, Gschwentner C, Burger I, Haumer M, Wahrmann M,
Szollar L, Nimpf J, Huettinger M (1999). Metabolism of activated
complement component C3 is mediated by the low density
lipoprotein receptor-related protein/alpha(2)-macroglobulin
receptor. J Biol Chem, 274, 53.

Micklem KJ, Sim RB (1985). Isolation of complement-fragment-
iC3b-binding proteins by affinity chromatography. The
identification of p150,95 as an iC3b-binding protein. Biochem J,
231, 1.

Mollnes TE, Lachmann PJ (1987). Activation of the third
component of complement (C3) detected by a monoclonal anti-C3'g'
neoantigen antibody in a one-step enzyme immunoassay. J Immunol
Methods, 101, 2.

Momeni N, Bergquist J, Brudin L, Behnia F, Sivberg B, Joghataei

Volume 1,Issue 2, 2012

MOLECULE PAGE

MT, Persson BL (2012). A novel blood-based biomarker for
detection of autism spectrum disorders. Transl Psychiatry, 2, null.

Monsinjon T, Gasque P, Chan P, Ischenko A, Brady JJ, Fontaine MC
(2003). Regulation by complement C3a and C5a anaphylatoxins of
cytokine production in human umbilical vein endothelial cells.
FASEB J, 17, 9.

Morgan EL, Thoman ML, Hoeprich PD, Hugli TE (1985). Bioactive
complement fragments in immunoregulation. Immunol Lett, 9, 4.

Mueller-Ortiz SL, Sepulveda E, Olsen MR, Jagannath C, Wanger
AR, Norris SJ (2002). Decreased infectivity despite unaltered C3
binding by a DeltahbhA mutant of Mycobacterium tuberculosis.
Infect Immun, 70, 12.

Mullick J, Bernet J, Panse Y, Hallihosur S, Singh AK, Sahu A
(2005). Identification of complement regulatory domains in vaccinia
virus complement control protein. J Virol, 79, 19.

Mullick J, Bernet J, Singh AK, Lambris JD, Sahu A (2003). Kaposi's
sarcoma-associated herpesvirus (human herpesvirus 8) open reading
frame 4 protein (kaposica) is a functional homolog of complement
control proteins. J Virol, 77, 6.

Muscari A, Antonelli S, Bianchi G, Cavrini G, Dapporto S, Ligabue
A, Ludovico C, Magalotti D, Poggiopollini G, Zoli M (2007). Serum
C3 is a stronger inflammatory marker of insulin resistance than C-
reactive protein, leukocyte count, and erythrocyte sedimentation rate:
comparison study in an elderly population. Diabetes Care, 30, 9.

Miiller-Eberhard HJ, Polley MJ, Calcott MA (1967). Formation and
functional significance of a molecular complex derived from the
second and the fourth component of human complement. J Exp Med,
125, 2.

Nagar B, Jones RG, Diefenbach RJ, Isenman DE, Rini JM (1998). X-
ray crystal structure of C3d: a C3 fragment and ligand for
complement receptor 2. Science, 280, 5367.

Nagasawa S, Kobayashi C, Maki-Suzuki T, Yamashita N, Koyama J
(1985). Purification and characterization of the C3 convertase of the
classical pathway of human complement system by size exclusion
high-performance liquid chromatography. J Biochem, 97, 2.

Nataf S, Davoust N, Ames RS, Barnum SR (1999). Human T cells
express the C5a receptor and are chemoattracted to C5a. J Immunol,
162, 7.

Nicholson-Weller A, Burge J, Fearon DT, Weller PF, Austen KF
(1982). Isolation of a human erythrocyte membrane glycoprotein
with decay-accelerating activity for C3 convertases of the
complement system. J Immunol, 129, 1.

Nikolajsen CL, Scavenius C, Enghild JJ (2012). Human complement
C3 is a substrate for transglutaminases. A functional link between
non-protease-based members of the coagulation and complement
cascades. Biochemistry, 51, 23.

Nilsson B, Nilsson Ekdahl K (2012). The tick-over theory revisited:
is C3 a contact-activated protein? Immunobiology, 217, 11.

Nilsson Ekdahl K, Nilsson B (1997). Phosphorylation of complement
component C3 after synthesis in U937 cells by a putative protein
kinase, casein kinase 2, which is regulated by CD11b: evidence that
membrane-bound proteases preferentially cleave phosphorylated C3.
Biochem J, 328 ( Pt 2), null.

Nozaki M, Raisler BJ, Sakurai E, Sarma JV, Barnum SR, Lambris
JD, Chen Y, Zhang K, Ambati BK, Baffi JZ, Ambati J (2006).
Drusen complement components C3a and C5a promote choroidal
neovascularization. Proc Natl Acad Sci U S A, 103, 7.

44



Nydegger UE, Zubler RH, Gabay R, Joliat G, Karagevrekis CH,
Lambert PH, Miescher PA (1977). Circulating complement
breakdown products in patients with rheumatoid arthritis.
Correlation between plasma C3d, circulating immune complexes,
and clinical activity. J Clin Invest, 59, 5.

Oglesby TJ, Allen CJ, Liszewski MK, White DJ, Atkinson JP
(1992). Membrane cofactor protein (CD46) protects cells from
complement-mediated attack by an intrinsic mechanism. J Exp Med,
175, 6.

Oliva C, Turnbough CL, Kearney JF (2009). CD14-Mac-1
interactions in Bacillus anthracis spore internalization by
macrophages. Proc Natl Acad Sci U S A4, 106, 33.

Oren R, Laufer J, Goldberg I, Kopolovic J, Waldherr R, Passwell JH
(1995). C3, C4, factor B and HLA-DR alpha mRNA expression in
renal biopsy specimens from patients with IgA nephropathy.
Immunology, 86, 4.

Palarasah Y, Skjodt K, Brandt J, Teisner B, Koch C, Vitved L,
Skjoedt MO (2010). Generation of a C3c specific monoclonal
antibody and assessment of C3c as a putative inflammatory marker
derived from complement factor C3. J Immunol Methods, 362, 1-2.

Pangburn MK, Ferreira VP, Cortes C (2008). Discrimination
between host and pathogens by the complement system. Vaccine, 26
Suppl 8, null.

Pangburn MK, Miiller-Eberhard HJ (1980). Relation of putative
thioester bond in C3 to activation of the alternative pathway and the
binding of C3b to biological targets of complement. J Exp Med,
152, 4.

Pangburn MK, Miiller-Eberhard HJ (1986). The C3 convertase of
the alternative pathway of human complement. Enzymic properties
of the bimolecular proteinase. Biochem J, 235, 3.

Pangburn MK, Rawal N (2002). Structure and function of
complement C5 convertase enzymes. Biochem Soc Trans, 30, Pt 6.

Pangburn MK, Schreiber RD, Miiller-Eberhard HJ (1981).
Formation of the initial C3 convertase of the alternative complement
pathway. Acquisition of C3b-like activities by spontaneous
hydrolysis of the putative thioester in native C3. J Exp Med, 154, 3.

Panigrahi AK, Zhang N, Otta SK, Pati D (2012). A cohesin-RAD21
interactome. Biochem J, 442, 3.

Phillips CM, Kesse-Guyot E, Ahluwalia N, McManus R, Hercberg
S, Lairon D, Planells R, Roche HM (2012). Dietary fat, abdominal
obesity and smoking modulate the relationship between plasma
complement component 3 concentrations and metabolic syndrome
risk. Atherosclerosis, 220, 2.

Ratajczak MZ, Reca R, Wysoczynski M, Yan J, Ratajczak J (2006).
Modulation of the SDF-1-CXCR4 axis by the third complement
component (C3)--implications for trafficking of CXCR4+ stem
cells. Exp Hematol, 34, 8.

Rawal N, Pangburn M (2001). Formation of high-affinity C5
convertases of the alternative pathway of complement. J Immunol,
166, 4.

Rawal N, Pangburn MK (2003). Formation of high affinity C5
convertase of the classical pathway of complement. J Biol Chem,
278, 40.

Rawal N, Pangburn MK (1998). C5 convertase of the alternative
pathway of complement. Kinetic analysis of the free and surface-
bound forms of the enzyme. J Biol Chem, 273, 27.

Rawal N, Rajagopalan R, Salvi VP (2008). Activation of

Volume 1,Issue 2, 2012

MOLECULE PAGE

complement component C5: comparison of C5 convertases of the
lectin pathway and the classical pathway of complement. J Biol
Chem, 283, 12.

Ricklin D (2012). Manipulating the mediator: modulation of the
alternative complement pathway C3 convertase in health, disease and
therapy. Immunobiology, 217, 11.

Ricklin D, Hajishengallis G, Yang K, Lambris JD (2010).
Complement: a key system for immune surveillance and homeostasis.
Nat Immunol, 11, 9.

Ricklin D, Ricklin-Lichtsteiner SK, Markiewski MM, Geisbrecht
BV, Lambris JD (2008). Cutting edge: members of the
Staphylococcus aureus extracellular fibrinogen-binding protein
family inhibit the interaction of C3d with complement receptor 2. J
Immunol, 181, 11.

Ricklin D, Tzekou A, Garcia BL, Hammel M, McWhorter WJ,
Sfyroera G, Wu YQ, Holers VM, Herbert AP, Barlow PN,
Geisbrecht BV, Lambris JD (2009). A molecular insight into
complement evasion by the staphylococcal complement inhibitor
protein family. J Immunol, 183, 4.

Rooijakkers SH, Ruyken M, Roos A, Daha MR, Presanis JS, Sim
RB, van Wamel WJ, van Kessel KP, van Strijp JA (2005). Immune
evasion by a staphylococcal complement inhibitor that acts on C3
convertases. Nat Immunol, 6, 9.

Roozendaal R, Carroll MC (2006). Emerging patterns in
complement-mediated pathogen recognition. Cell, 125, 1.

Rosengard AM, Alonso LC, Korb LC, Baldwin WM, Sanfilippo F,
Turka LA, Ahearn JM (1999). Functional characterization of soluble
and membrane-bound forms of vaccinia virus complement control
protein (VCP). Mol Immunol, 36, 10.

Rosengard AM, Liu Y, Nie Z, Jimenez R (2002). Variola virus
immune evasion design: expression of a highly efficient inhibitor of
human complement. Proc Natl Acad Sci U S 4, 99, 13.

Rosenow C, Ryan P, Weiser JN, Johnson S, Fontan P, Ortqvist A,
Masure HR (1997). Contribution of novel choline-binding proteins to
adherence, colonization and immunogenicity of Streptococcus
pneumoniae. Mol Microbiol, 25, 5.

Ross GD, Lambris JD, Cain JA, Newman SL (1982). Generation of
three different fragments of bound C3 with purified factor I or serum.
I. Requirements for factor H vs CR1 cofactor activity. J Immunol,
129, 5.

Ross GD, Newman SL, Lambris JD, Devery-Pocius JE, Cain JA,
Lachmann PJ (1983). Generation of three different fragments of
bound C3 with purified factor I or serum. II. Location of binding sites
in the C3 fragments for factors B and H, complement receptors, and
bovine conglutinin. J Exp Med, 158, 2.

Ross GD, Polley MJ (1975). Specificity of human lymphocyte
complement receptors. J Exp Med, 141, 5.

Rossi V, Cseh S, Bally I, Thielens NM, Jensenius JC, Arlaud GJ
(2001). Substrate specificities of recombinant mannan-binding lectin-
associated serine proteases-1 and -2. J Biol Chem, 276, 44.

Rothman IK, Gelfand JA, Fauci AS, Frank MM (1975). The immune
adherence receptor: dissociation between the expression of
erythrocyte and mononuclear cell C3b receptors. J Immunol, 115, 5.

Roumenina LT, Frimat M, Miller EC, Provot F, Dragon-Durey MA,
Bordereau P, Bigot S, Hue C, Satchell SC, Mathieson PW, Mousson
C, Noel C, Sautes-Fridman C, Halbwachs-Mecarelli L, Atkinson JP,
Lionet A, Fremeaux-Bacchi V (2012). A prevalent C3 mutation in
aHUS patients causes a direct C3 convertase gain of function. Blood,

45



119, 18.

S Reis E, Falcdo DA, Isaac L (2006). Clinical aspects and molecular
basis of primary deficiencies of complement component C3 and its
regulatory proteins factor I and factor H. Scand J Immunol, 63, 3.

Sacks S, Zhou W, Campbell RD, Martin J (1993). C3 and C4 gene
expression and interferon-gamma-mediated regulation in human
glomerular mesangial cells. Clin Exp Immunol, 93, 3.

Sacks SH, Zhou W, Pani A, Campbell RD, Martin J (1993).
Complement C3 gene expression and regulation in human
glomerular epithelial cells. Immunology, 79, 3.

Sadlon TA, Parker SJ, Gordon DL (1994). Regulation of C3
deposition on gpl20 coated CD4 positive cells by decay
accelerating factor and factor H. Immunol Cell Biol, 72, 6.

Sahu A, Isaacs SN, Soulika AM, Lambris JD (1998). Interaction of
vaccinia virus complement control protein with human complement
proteins: factor I-mediated degradation of C3b to iC3b1 inactivates
the alternative complement pathway. J Immunol, 160, 11.

Sahu A, Kay BK, Lambris JD (1996). Inhibition of human
complement by a C3-binding peptide isolated from a phage-
displayed random peptide library. J Immunol, 157, 2.

Sahu A, Kozel TR, Pangburn MK (1994). Specificity of the
thioester-containing reactive site of human C3 and its significance to
complement activation. Biochem J, 302 ( Pt 2), null.

Sahu A, Lambris JD (2001). Structure and biology of complement
protein C3, a connecting link between innate and acquired
immunity. Immunol Rev, 180, null.

Sahu A, Soulika AM, Morikis D, Spruce L, Moore WT, Lambris JD
(2000). Binding kinetics, structure-activity relationship, and
biotransformation of the complement inhibitor compstatin. J
Immunol, 165, 5.

Santos-Valente E, Reisli I, Artag H, Ott R, Sanal O, Boztug K
(2013). A novel mutation in the complement component 3 gene in a
patient with selective IgA deficiency. J Clin Immunol, 33, 1.

Sarmiento E, del Pozo N, Gallego A, Fernandez-Yaifiez J, Palomo J,
Villa A, Ruiz M, Muifioz P, Rodriguez C, Rodriguez-Molina J,
Navarro J, Kotsch K, Fernandez-Cruz E, Carbone J (2012).
Decreased levels of serum complement C3 and natural killer cells
add to the predictive value of total immunoglobulin G for severe
infection in heart transplant recipients. Transpl Infect Dis, 14, 5.

Schraufstatter IU, Trieu K, Sikora L, Sriramarao P, DiScipio R
(2002). Complement c3a and c5a induce different signal
transduction cascades in endothelial cells. J Immunol, 169, 4.

Segelmark M, Persson B, Hellmark T, Wieslander J (1997). Binding
and inhibition of myeloperoxidase (MPO): a major function of
ceruloplasmin? Clin Exp Immunol, 108, 1.

Seifert PS, Roth I, Zioncheck TF (1992). The apolipoprotein(a)
moiety of lipoprotein(a) interacts with the complement activation
fragment iC3b but does not functionally affect C3 activation or
degradation. Atherosclerosis, 93, 3.

Seya T, Nagasawa S, Atkinson JP (1985). Generation of the
bioactive kallikrein-derived fragment, C3d-k, by HANE-plasma.
Clin Exp Immunol, 62, 1.

Seya T, Turner JR, Atkinson JP (1986). Purification and
characterization of a membrane protein (gp45-70) that is a cofactor
for cleavage of C3b and C4b. J Exp Med, 163, 4.

Sfyroera G, Katragadda M, Morikis D, Isaacs SN, Lambris JD

Volume 1,Issue 2, 2012

MOLECULE PAGE

(2005). Electrostatic modeling predicts the activities of orthopoxvirus
complement control proteins. J Immunol, 174, 4.

Sharma AK, Pangburn MK (1996). Identification of three physically
and functionally distinct binding sites for C3b in human complement
factor H by deletion mutagenesis. Proc Natl Acad Sci U S 4, 93, 20.

Shelley CS, Teodoridis JM, Park H, Farokhzad OC, Boéttinger EP,
Arnaout MA (2002). During differentiation of the monocytic cell line
U937, Pur alpha mediates induction of the CD11c beta 2 integrin
gene promoter. J Immunol, 168, 8.

Singer L, Whitehead WT, Akama H, Katz Y, Fishelson Z, Wetsel RA
(1994). Inherited human complement C3 deficiency. An amino acid
substitution in the beta-chain (ASP549 to ASN) impairs C3 secretion.
J Biol Chem, 269, 45.

Singh AK, Mullick J, Bernet J, Sahu A (2006). Functional
characterization of the complement control protein homolog of
herpesvirus saimiri: ARG-118 is critical for factor I cofactor
activities. J Biol Chem, 281, 32.

Smith BL, Hostetter MK (2000). C3 as substrate for adhesion of
Streptococcus pneumoniae. J Infect Dis, 182, 2.

Smith SA, Sreenivasan R, Krishnasamy G, Judge KW, Murthy KH,
Arjunwadkar SJ, Pugh DR, Kotwal GJ (2003). Mapping of regions
within the vaccinia virus complement control protein involved in
dose-dependent binding to key complement components and heparin
using surface plasmon resonance. Biochim Biophys Acta, 1650, 1-2.

Soames CJ, Sim RB (1997). Interactions between human
complement components factor H, factor I and C3b. Biochem J, 326 (
Pt 2), null.

Soulika AM, Holland MC, Sfyroera G, Sahu A, Lambris JD (2006).
Compstatin inhibits complement activation by binding to the beta-
chain of complement factor 3. Mol Immunol, 43, 12.

Speth C, Schabetsberger T, Mohsenipour I, Stéckl G, Wiirzner R,
Stoiber H, Lass-Fl16rl C, Dierich MP (2002). Mechanism of human
immunodeficiency virus-induced complement expression in
astrocytes and neurons. J Virol, 76, 7.

Stoiber H, Schneider R, Janatova J, Dierich MP (1995). Human
complement proteins C3b, C4b, factor H and properdin react with
specific sites in gp120 and gp41, the envelope proteins of HIV-1.
Immunobiology, 193, 1.

Sundstrom SA, Komm BS, Ponce-de-Leon H, Yi Z, Teuscher C,
Lyttle CR (1989). Estrogen regulation of tissue-specific expression of
complement C3. J Biol Chem, 264, 28.

Szakonyi G, Guthridge JM, Li D, Young K, Holers VM, Chen XS
(2001). Structure of complement receptor 2 in complex with its C3d
ligand. Science, 292, 5522.

Siisal C, Kirschfink M, Kropelin M, Daniel V, Opelz G (1996).
Identification of complement activation sites in human
immunodeficiency virus type-1 glycoprotein gp120. Blood, 87, 6.

Taniguchi-Sidle A, Isenman DE (1994). Interactions of human
complement component C3 with factor B and with complement
receptors type 1 (CR1, CD35) and type 3 (CR3, CD11b/CD18)
involve an acidic sequence at the N-terminus of C3 alpha'-chain. J
Immunol, 153, 11.

Thoman ML, Meuth JL, Morgan EL, Weigle WO, Hugli TE (1984).
C3d-K, a kallikrein cleavage fragment of iC3b is a potent inhibitor of
cellular proliferation. J Immunol, 133, 5.

Torreira E, Tortajada A, Montes T, Rodriguez de Cordoba S, Llorca
O (2009). 3D structure of the C3bB complex provides insights into

46



the activation and regulation of the complement alternative pathway
convertase. Proc Natl Acad Sci U S A4, 106, 3.

Trouw LA, Blom AM, Gasque P (2008). Role of complement and
complement regulators in the removal of apoptotic cells. Mol
Immunol, 45, 5.

Torok K, Kremlitzka M, Sandor N, Toth EA, Bajtay Z, Erdei A
(2012). Human T cell derived, cell-bound complement iC3b is
integrally involved in T cell activation. Immunol Lett, 143, 1.

Venkatesha RT, Berla Thangam E, Zaidi AK, Ali H (2005). Distinct
regulation of C3a-induced MCP-1/CCL2 and RANTES/CCL5
production in human mast cells by extracellular signal regulated
kinase and PI3 kinase. Mol Immunol, 42, 5.

Vogt W, Schmidt G, Von Buttlar B, Dieminger L (1978). A new
function of the activated third component of complement: binding to
C5, an essential step for C5 activation. Immunology, 34, 1.

Walport MJ (2001). Complement. First of two parts. N Engl J Med,
344, 14.

Walport MJ (2001). Complement. Second of two parts. N Engl J
Med, 344, 15.

Wang M, Shakhatreh MA, James D, Liang S, Nishiyama S,
Yoshimura F, Demuth DR, Hajishengallis G (2007). Fimbrial
proteins of porphyromonas gingivalis mediate in vivo virulence and
exploit TLR2 and complement receptor 3 to persist in macrophages.
J Immunol, 179, 4.

Welch TR, Beischel LS, Witte DP (1993). Differential expression of
complement C3 and C4 in the human kidney. J Clin Invest, 92, 3.

Werfel T, Kirchhoff K, Wittmann M, Begemann G, Kapp A,
Heidenreich F, Gotze O, Zwirner J (2000). Activated human T
lymphocytes express a functional C3a receptor. J Immunol, 165, 11.

Wiesmann C, Katschke KJ, Yin J, Helmy KY, Steffek M,
Fairbrother WJ, McCallum SA, Embuscado L, DeForge L, Hass PE,
van Lookeren Campagne M (2006). Structure of C3b in complex
with CRIg gives insights into regulation of complement activation.
Nature, 444, 7116.

Wingrove JA, DiScipio RG, Chen Z, Potempa J, Travis J, Hugli TE
(1992). Activation of complement components C3 and C5 by a
cysteine proteinase (gingipain-1) from Porphyromonas
(Bacteroides) gingivalis. J Biol Chem, 267, 26.

Winters MS, Spellman DS, Lambris JD (2005). Solvent
accessibility of native and hydrolyzed human complement protein 3
analyzed by hydrogen/deuterium exchange and mass spectrometry.
J Immunol, 174, 6.

Wu J, Wu YQ, Ricklin D, Janssen BJ, Lambris JD, Gros P (2009).
Structure of complement fragment C3b-factor H and implications
for host protection by complement regulators. Nat Immunol, 10, 7.

Yadav VN, Pyaram K, Ahmad M, Sahu A (2012). Species
selectivity in poxviral complement regulators is dictated by the
charge reversal in the central complement control protein modules. J
Immunol, 189, 3.

Yadav VN, Pyaram K, Mullick J, Sahu A (2008). Identification of
hot spots in the variola virus complement inhibitor (SPICE) for
human complement regulation. J Virol, 82, 7.

Yates JR, Sepp T, Matharu BK, Khan JC, Thurlby DA, Shahid H,
Clayton DG, Hayward C, Morgan J, Wright AF, Armbrecht AM,
Dhillon B, Deary 1J, Redmond E, Bird AC, Moore AT (2007).
Complement C3 variant and the risk of age-related macular
degeneration. N Engl J Med, 357, 6.

Volume 1,Issue 2, 2012

MOLECULE PAGE

Zhou M, Lucas DA, Chan KC, Issaq HJ, Petricoin EF, Liotta LA,
Veenstra TD, Conrads TP (2004). An investigation into the human
serum "interactome". Electrophoresis, 25, 9.

Zipfel PF, Jokiranta TS, Hellwage J, Koistinen V, Meri S (1999). The
factor H protein family. Immunopharmacology, 42, 1-3.

Zipfel PF, Skerka C (2009). Complement regulators and inhibitory
proteins. Nat Rev Immunol, 9, 10.

van den Dobbelsteen ME, Verhasselt V, Kaashoek JG, Timmerman
JJ, Schroeijers WE, Verweij CL, van der Woude FJ, van Es LA,
Daha MR (1994). Regulation of C3 and factor H synthesis of human
glomerular mesangial cells by IL-1 and interferon-gamma. Clin Exp
Immunol, 95, 1.

van den Elsen JM, Isenman DE (2011). A crystal structure of the
complex between human complement receptor 2 and its ligand C3d.
Science, 332, 6029.

a7



MOLECULE PAGE

This molecule exists in 101 states , has 131 transitions between these states and has 4
enzyme functions.(Please zoom in the pdf file to view details.)

— S

—

———

—

Soooes:

Volume 1,Issue 2, 2012 48





