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THE COMPLEMENT SYSTEM 

The complement system consists of serum and cell surface proteins that interact with 
one another and with other molecules of the immune system in a highly regulated
manner to generate products that function to eliminate microbes.

Several features of complement activation are essential for its normal function

•The complement system is activated by microbes and by antibodies that are attached 
to microbes and other antigens.
•Activation of complement involves the sequential proteolysis of proteins to generate •Activation of complement involves the sequential proteolysis of proteins to generate 
enzyme complexes with proteolytic activity
•The products of complement activation become covalently attached to microbial cell 
surfaces, to antibodies bound to microbes and to other antigens, and to apoptotic 
bodies
•Complement activation is inhibited by regulatory proteins that are present on normal 
host cells and absent from microbes



Pathways of Complement Activation 
• There are three major pathways of complement activation: the classical pathway, 

which is activated by certain isotypes of antibodies bound to antigens; the alternative 
pathway, which is activated on microbial cell surfaces in the absence of antibody; and 
the lectin pathway, which is activated by a plasma lectin that binds to mannose 
residues on microbes.

• The central event in complement activation is proteolysis of the complement protein 
C3 to generate biologically active products and the subsequent covalent attachment 
of a product of C3, called C3b, to microbial cell surfaces or to antibody bound to 
antigen.

• Complement activation depends on the generation of two proteolytic complexes: the • Complement activation depends on the generation of two proteolytic complexes: the 
C3 convertase, which cleaves C3 into two proteolytic fragments called C3a and C3b; and 
the C5 convertase, which cleaves C5 into C5a and C5b.

• Complement activation promotes phagocytosis because C3b becomes covalently linked 
to microbes, and phagocytes (neutrophils and macrophages) express receptors for C3b.

• Peptides produced by proteolysis of C3 (and other complement proteins) stimulate 
inflammation. 

• The C5 convertase assembles after the prior generation of C3b, and this convertase 
contributes both to inflammation (by generation of the C5a fragment) and to the 
formation of pores in the membranes of microbial targets.
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Fig:Pathways of complement activation. The activation of the complement system may 
be initiated by three distinct pathways, all of which lead to the production of C3b (the 
early steps). C3b initiates the late steps of complement activation, culminating in the 
production of peptides that stimulate inflammation (C5a) and polymerized C9, which 
forms the membrane attack complex, so called because it creates holes in plasma 
membranes. The principal functions of major proteins produced at different steps are 
shown. 



The Alternative Pathway
The alternative pathway of complement activation results in the proteolysis of C3 and the 
stable attachment of its breakdown product C3b to microbial surfaces, without a role for 
antibody.
Spontaneous hydrolysis of plasma C3 leads to the formation of a fluid-phase C3 convertase 
and the generation of C3b. If the C3b is deposited on the surfaces of microbes, it binds 
Factor B and forms the alternative pathway C3 convertase.
This convertase cleaves C3 to produce more C3b, which binds to the microbial surface and
participates in the formation of a C5 convertase. The C5 convertase cleaves C5 to generate 
C5b,the initiating event in the late steps of complement activation.
Alternative pathway activation readily occurs on microbial cell surfaces and not on 
mammalian cells.mammalian cells.



Fig:The alternative pathway
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The Classical Pathway
The classical pathway is initiated by binding of the complement protein C1 to the CH2 
domains of IgG or the CH3 domains of IgM molecules that have bound antigen.
Only antibodies bound to antigens, and not free circulating antibodies, can initiate 
classical pathway activation.
Antigen-antibody complexes that activate the classical pathway may be soluble, fixed on 
the surface of cells , or deposited on extracellular matrices. The classical pathway is 
initiated by the binding of C1 to antigen-complexed antibody molecules, which leads
to the production of C3 and C5 convertases attached to the surfaces where the antibody 
was deposited. The C5 convertase cleaves C5 to begin the late steps of complement 
activation.activation.
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Structure of C1 
Structure of C1. C1q consists of six identical subunits arranged to form a central core and 
symmetrically projecting radial arms. The globular heads at the end of each arm, 
designated H, are the contact regions for immunoglobulin. C1r and C1s form a tetramer
composed of two C1r and two C1s molecules. The ends of C1r and C1s contain the 
catalytic domains of these proteins. One C1r2s2 tetramer wraps around the radial arms 
of the C1q complex in a manner that juxtaposes the catalytic domains of C1r and C1s.

Fig:Structure of C1q





The Lectin Pathway
The lectin pathway of complement activation is triggered in the absence of antibody by 
the binding of microbial polysaccharides to circulating lectins, such as plasma mannose (or 
mannan)–binding lectin (MBL),or to ficolins.
• These soluble lectins are collagen- like proteins that structurally resemble C1q . MBL, L-

ficolin, and H-ficolin are plasma proteins.
• The collagen-like domains present in these plasma proteins help assemble basic triple 

helical structures that can form higherorder oligomers. 
• MBL binds to mannose residues on polysaccharides; the ficolin fibrinogen-like domain 

binds N-acetylglucosamine–containing glycans.
• MBL and ficolins associate with MBL-associated serine proteases (MASPs) including 

MASP1, MASP2, and MASP3.MASP1, MASP2, and MASP3.
• The MASP proteins are structurally homologous to the C1r and C1s proteases and serve a 

similar function, namely, the cleavage of C4 and C2 to activate the complement pathway. 
Higher-order oligomers of MBL associate with MASP1 and MASP2, although 
MASP3/MASP2 complexes may also be found.

• MASP1 (or MASP3) can form a tetrameric complex with MASP2 similar to the one formed 
by C1r and C1s, and MASP2 is the protease that cleaves C4 and C2. 

Subsequent events in this pathway are identical to those that occur in the classical pathway







Late Steps of Complement Activation 
• C5 convertases generated by the alternative, classical, or lectin pathway initiate 

activation of the late components of the complement system, which culminates in 
formation of the cytocidal membrane attack complex (MAC).

• C5 convertases cleave C5 into a small C5a fragment that is released and a two-chain C5b 
fragment that remains bound to the complement proteins deposited on the cell surface.

• The remaining components of the complement cascade, C6, C7, C8, and C9, are 
structurally related proteins without enzymatic activity. 

• C5b transiently maintains a conformation capable of binding the next proteins in the 
cascade, C6 and C7. 

• The C7 component of the resulting C5b,6,7 complex is hydrophobic, and it inserts into 
the lipid bilayer of cell membranes, where it becomes a high-affinity receptor for the C8 the lipid bilayer of cell membranes, where it becomes a high-affinity receptor for the C8 
molecule. 

• The C8 protein is a trimer composed of three distinct chains, one of which binds to the 
C5b,6,7 complex and forms a covalent heterodimer with the second chain; the third 
chain inserts into the lipid bilayer of the membrane. This stably inserted C5b,6,7,8 
complex (C5b-8) has a limited ability to lyse cells.

• The formation of a fully active MAC is accomplished by the binding of C9, the final 
component of the complement cascades to the C5b-8 complex. 



• C9 is a serum protein that polymerizes at the site of the bound C5b-8 to form pores in 
plasma membranes.

• These pores are about 100 Å in diameter, and they form channels that allow free 
movement of water and ions. 

• The entry of water results in osmotic swelling and rupture of the cells on whose surface 
the MAC is deposited



Fig:Late steps of complement activation and formation of the MAC



Receptors for Complement Proteins
Many of the biologic activities of the complement system are mediated by the binding of 
complement fragments to membrane receptors expressed on various cell types. The best 
characterized of these receptors are specific for fragments of C3 and are described in 
Table 13-8. Other receptors include those for C3a, C4a, and C5a, which stimulate 
inflammation, and some that regulate complement activation.





Functions of Complement:
The principal effector functions of the complement system in innate immunity and adaptive 
humoral immunity are to promote phagocytosis of microbes on which complement is 
activated, to stimulate inflammation, and to induce the lysis of these microbes. In addition,
products of complement activation facilitate the activation of B lymphocytes and the 
production of antibodies. Phagocytosis, inflammation, and stimulation of humoral 
immunity are all mediated by the binding of proteolytic fragments of complement proteins 
to various cell surface receptors, whereas cell lysis is mediated by the MAC.
• Opsonization and Phagocytosis:
Microbes on which complement is activated by the alternative or classical pathway become 
coated with C3b, iC3b, or C4b and are phagocytosed by the binding of these proteins to 
specific receptors on macrophages and neutrophils.specific receptors on macrophages and neutrophils.
• Stimulation of Inflammatory Responses:
The proteolytic complement fragments C5a, C4a, and C3a induce acute inflammation by 
activating mast cells, neutrophils and endothelial cells.
• Complement-Mediated Cytolysis:
Complement-mediated lysis of foreign organisms is mediated by the MAC.
• Other Functions:
By binding to antigen-antibody complexes, complement proteins promote the solubilization 
of these complexes and their clearance by phagocytes.
The C3d protein generated from C3 binds to CR2 on B cells and facilitates B cell activation 
and the initiation of humoral immune responses.





Fig:Functions of complement. The major functions of the complement system in 
host defense are shown. Cell-bound C3b is an opsonin that promotes 
phagocytosis of coated cells (A); the proteolytic products C5a, C3a, and (to a 
lesser extent) C4a stimulate leukocyte recruitment and inflammation (B); and 
the MAC lyses cells(C)


