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Introduction
Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway
annotations are authored by expert biologists, in collaboration with Reactome editorial staff and crossreferenced to many bioinformatics databases. A system of evidence tracking ensures that all assertions
are backed up by the primary literature. Reactome is used by clinicians, geneticists, genomics researchers, and molecular biologists to interpret the results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining knowledge from genomic studies, and by
systems biologists building predictive models of normal and disease variant pathways.
The development of Reactome is supported by grants from the US National Institutes of Health (P41
HG003751), University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and
the European Molecular Biology Laboratory (EBI Industry program).
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Initial triggering of complement ↗
Stable identifier: R-HSA-166663

Complement activation is due to a cascade of proteolytic steps, performed by serine protease domains in
some of the components. Three different pathways of activation are distinguished triggered by targetbound antibody (the classical pathway); microbial polysaccharide structures (the lectin pathway); or recognition of other "foreign" surface structures (the alternative pathway) by C3b. All three merge in the
pivotal activation of C3 and, subsequently, of C5 by highly specific enzymatic complexes, the so-called
C3/C5 convertases. A complement system with three C3 activation pathways and a common lytic pathway
is found only in jawed vertebrates.

Literature references
Paul, W. (2003). Complement, Fundamental Immunology. Lippincott Williams & Wilkins, 1077-1104.
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Creation of C4 and C2 activators ↗
Location: Initial triggering of complement
Stable identifier: R-HSA-166786

Two pathways lead to a complex capable of activating C4 and C2.
The classical pathway is triggered by activation of the C1-complex, which consists of hexameric molecule
C1q and a tetramer comprising two C1r and two C1s serine proteinases. This occurs when C1q binds to
IgM or IgG complexed with antigens, a single IgM can initiate the pathway while multiple IgGs are
needed, or when C1q binds directly to the surface of the pathogen. Binding leads to conformational
changes in C1q, activating the serine protease activity of C1r, which then cleaves C1s, another serine protease. The C1r:C1s component is now capable of splitting C4 and C2 to produce the classical C3-convertase C4b2a. C1r and C1s are additionally controlled by C1-inhibitor.(Kerr MA 1980)
The lectin pathway is similar in operation but has different components.
Mannose-binding lectin (MBL) or ficolins (L-ficolin, M-ficolin and H-ficolin) initiate the lectin pathway
cascade by binding to specific carbohydrate patterns on pathogenic cell surfaces. MBL and ficolins circulate in plasma in complexes with homodimers of MBL-associated serine proteases (MASP) (Fujita et al.
2004; Hajela et al. 2002). Upon binding of human lectin (MBL or ficolins) to the target surface the complex of lectin:MASP undergoes conformational changes, which results in the activation of MASPs by
cleavage (Matsushita M et al. 2000; Fujita et al. 2004). Activated MASPs become capable of C4 and C2
cleavage, giving rise to the same C3 convertase C4b:C2a as the classical pathway.

Literature references
Sim, RB., Laich, A. (2000). Serine proteases of the complement system. Biochem Soc Trans, 28, 545-50. ↗
Stroud, RM., Nagasawa, S. (1977). Cleavage of C2 by C1s into the antigenically distinct fragments C2a and C2b:
demonstration of binding of C2b to C4b. Proc Natl Acad Sci U S A, 74, 2998-3001. ↗
Sim, RB., Moffatt, BE., Gal, P., Hajela, S., Hajela, K., Wong, KH. et al. (2002). The biological functions of MBL-associated serine proteases (MASPs). Immunobiology, 205, 467-75. ↗
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Conversion of C4 into C4a and C4b ↗
Location: Initial triggering of complement
Stable identifier: R-HSA-166753
Type: transition
Compartments: plasma membrane, extracellular region

The alpha chain of C4 is cleaved, releasing an N-terminal portion of this chain as C4a. The beta and
gamma chains are not cleaved and remain linked to the alpha chain by disulfide bonds (Nagasawa et al.
1976, 1980). The resulting C4b heterotrimer undergoes a gross conformational change; the internal
thioester in C4b becomes exposed and able to form covalent bonds with surrounding molecules (Law and
Dodds 1997). A large proportion of the bonds formed are with water, but some will attach C4b to biological surfaces (Rother et al. 1998). This irreversible reaction can be catalyzed by activated MBL, generated
through the lectin pathway of complement activation (Fujita et al. 2004; Hajela et al. 2002), and by activated C1, generated through the classical pathway (Muller-Eberhard and Lepow 1965).
N.B. Humans have two highly polymorphic loci for Complement factor 4, C4A and C4B. C4A alleles carry
the Rodgers (Rg) blood group antigens while the C4B alleles carry the Chido (Ch) blood group antigens.
The two loci encode non identical C4 peptides; C4 derived from C4A reacts more rapidly with the amino
groups of peptide antigens while C4B allotypes react more rapidly with the hydroxyl group of carbohydrate antigens. The names of the two loci are always represented in uppercase. C4a and C4b refer to
the peptide products of Complement Factor 4 cleavage.
Followed by: C4b binds to cell surface

Literature references
Endo, Y., Fujita, T., Matsushita, M. (2004). The lectin-complement pathway--its role in innate immunity and evolution. Immunol Rev, 198, 185-202. ↗
Sim, RB., Moffatt, BE., Gal, P., Hajela, S., Hajela, K., Wong, KH. et al. (2002). The biological functions of MBL-associated serine proteases (MASPs). Immunobiology, 205, 467-75. ↗
Lepow, IH., Muller-Eberhard, HJ. (1965). C'1 esterase effect on activity and physicochemical properties of the fourth
component of complement. J Exp Med, 121, 819-33. ↗
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C4b binds to cell surface ↗
Location: Initial triggering of complement
Stable identifier: R-HSA-981713
Type: binding
Compartments: plasma membrane, extracellular region

The cleavage of C4 into C4a and C4b releases an acyl group from the intrachain thioester bond, allowing
C4b to bond covalently to any adjacent biological substrates (Dodds & Law 1998). C4 is encoded at two
loci, C4A and C4B. The C4b proteins derived from these genes are not identical and have different binding preferences (Law et al 1984, Sepp et al. 1993); C4A-derived C4b binds more efficiently than C4B-derived C4b to amino groups, while C4B-derived C4b is more effective than C4A in binding to hydroxyl
groups. The site of C4b deposition is not clearly established (Møller-Kristensen et al. 2003) but generally
accepted to be the activating cell membrane surface, though it may be the activating complex itself.
Preceded by: Conversion of C4 into C4a and C4b
Followed by: Formation of Classical C3 convertase (C4b:C2a complex)

Literature references
Ren, XD., Dodds, AW., Willis, AC., Law, SK. (1996). The reaction mechanism of the internal thioester in the human
complement component C4. Nature, 379, 177-9. ↗
Levine, RP., Law, SK., Holcombe, FH., Lichtenberg, NA. (1980). Interaction between the labile binding sites of the
fourth (C4) and fifth (C5) human complement proteins and erythrocyte cell membranes. J Immunol, 125, 634-9. ↗
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Conversion of C2 into C2a and C2b ↗
Location: Initial triggering of complement
Stable identifier: R-HSA-166792
Type: transition
Compartments: plasma membrane, extracellular region

C2 is cleaved into the large C2a and the small C2b fragment. This irreversible, extracellular reaction can
be catalyzed by activated MBL, generated through the lectin pathway of complement activation (VorupJensen et al. 2000), and by activated C1, generated through the classical pathway (Nasagawa and Stroud
1977). N.B. Early literature refers to the larger fragment of C2 as C2a. However, complement scientists
decided that the smaller of all C fragments should be designated with an 'a', the larger with a 'b', changing
the nomenclature for C2. For this reason recent literature may refer to the larger C2 fragment as C2b,
and the classical C3 convertase as C4bC2b. Throughout this pathway, Reactome uses the current (Feb
2012) Uniprot names which adhere to the original naming practice.
Followed by: Formation of Classical C3 convertase (C4b:C2a complex)

Literature references
Petersen, SV., Davis, SJ., Sim, RB., Schwaeble, W., Jensenius, JC., Thiel, S. et al. (2000). Distinct pathways of mannan-binding lectin (MBL)- and C1-complex autoactivation revealed by reconstitution of MBL with recombinant
MBL-associated serine protease-2. J Immunol, 165, 2093-100. ↗
Calcott, MA., Polley, MJ., Muller-Eberhard, HJ. (1967). Formation and functional significance of a molecular complex derived from the second and the fourth component of human complement. J Exp Med, 125, 359-80. ↗
Stroud, RM., Nagasawa, S. (1977). Cleavage of C2 by C1s into the antigenically distinct fragments C2a and C2b:
demonstration of binding of C2b to C4b. Proc Natl Acad Sci U S A, 74, 2998-3001. ↗
Sim, RB., Moffatt, BE., Gal, P., Hajela, S., Hajela, K., Wong, KH. et al. (2002). The biological functions of MBL-associated serine proteases (MASPs). Immunobiology, 205, 467-75. ↗
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Formation of Classical C3 convertase (C4b:C2a complex) ↗
Location: Initial triggering of complement
Stable identifier: R-HSA-166795
Type: binding
Compartments: plasma membrane, extracellular region

C4b and C2a form a complex termed the classical pathway C3 convertase (Muller-Eberhard et al. 1967).
C2a that fails to bind C4b is rapidly inactivated.
Preceded by: C4b binds to cell surface, Conversion of C2 into C2a and C2b

Literature references
Calcott, MA., Polley, MJ., Muller-Eberhard, HJ. (1967). Formation and functional significance of a molecular complex derived from the second and the fourth component of human complement. J Exp Med, 125, 359-80. ↗
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Alternative complement activation ↗
Location: Initial triggering of complement
Stable identifier: R-HSA-173736
Compartments: plasma membrane, extracellular region

The proteins participating in alternative pathway activation are C3 (and C3b), the factors B, D, and
properdin. In the first place, alternative pathway activation is a positive feedback mechanism to increase
C3b. When C3b binds covalently to sugars on a cell surface, it can become protected. Then Factor B binds
to C3b. In the presence of Factor D, bound Factor B is cleaved to Ba and Bb. Bb contains the active site for
a C3 convertase. Properdin then binds to C3bBb to stabilize the C3bBb convertase on cell surface leading
to cleavage of C3. Finally, a C3bBb3b complex forms and this is a C5 convertase.

Literature references
Fearon, DT. (1979). Activation of the alternative complement pathway. CRC Crit Rev Immunol, 1, 1-32. ↗
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