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COMPLEMENT SYSTEM

I. Overview

-proteins necessary for humoral and cellular immjunity in a highly regulated cascade of proteolytic events

-activated directly by exposure to foreign cell surfaces

-indierectly through interactions with Ab

-split products mediate cell migration, activation/adhesion- interact with CR on other cells (leuk/plat/endo/SM/epi) 

-terminal proteins (C5b-C9) = pore forming structure that can activate or lyse cells

 Complement initiates

1. Attracting/Activating granulocytes and macs

2. Opsonizing bacteria/cells to target for phag

3. Pore Formation in c ell membranes(rupture

4. Activation of antigen-specific B and T cells

Complement Actiavation (All converge in the activation of C3)

A. Classical Pathway

1. C1 binds Fc portion of ANTIBODY via Q domain (C1Q)

-C1 is a multiprotein complex: C1Q has six ubunits with collagen like tails and globular head
-Ab can be with antigen or on cell surface

-must bind MULTIPLE antibodies Fc’s for protease activity


-(IgM  bound to antigen for steric change      2 IgG’s aggregagte by binding antigenic surace)

-C1q critical physical link between the Ab and complement arms of immunity
2.  C1S (ser protease) cleaves C4 into A and B ( C4B (thioester group) attaches to bacterial surface. attracts C2

-note C4B stron nucleophile and will be deactivated by water 


-C1S cleafves many C4s
3.  C1S cleaves C2 into A and B  (  C4B + C2A = CLASSICAL C3 CONVERTASE  (C3-directed protease)
B. MBL (mannose-binding lectin) Pathway
-lectin and alternative pathway are key in immediate defense and natural immunity

-don’t have memory but can differentiate self (evolved before classical pathway)
1. same process except MBL substitutes C1 complex (by passes Ab)
binds mannose via its lectin heads


MBL MASPS cleaves C4 and C2 to make Classical C3 Convertase (C4B + C2A)

**no antibody recognition necessary; bacteria is directly recognized**

C. Alternative Pathway
-simplest, most primitive way (relies on C3 tickover) NO SPECIFICITY binds any nucleophile 
-amplification pathway b/c always making C3b which could form anathor C3 convertase
(1) C3 binds bacterial surface spontaneously

Microenvironment of binding determine activation of factor b or inactivation of C3b by H
(2)  Binds FACTOR B which is cleaved by FACTOR D into a and b    
Bb stays behind

Ba floats away
PROPERDIN stabilizes C3Bb (  ALTERNATIVE C3 CONVERTASE (C3b +B + P)
Classical AND alternative pathways converge here
**both convertases have same function:  CLEAVE C3 into C3a and C3b**


both also have sim. structure (C4b:C3b::C2a:Bb)

AMPLIFICATION – presence of one C3b leads to activation of 250+ others



some bind bacteria covalently (thioester);  most are hydrolyzed by water 

PHAGOCYTOSIS – phagocytic cells have several receptors



FcR, C1qR, CR1 (for C3b), CR3 (for I-C3b)


-Antigens coated with C3b fragments and antibody opsonized

Activate Phagocytic and killing mechanisms through simultaneous activation of FcR and CR1 receptor

Summary

C3  (  soluble  C3a (inflammation)    +  bound C3b (opsoniztion)
PORE FORMING PATHWAY


C3 cleaved into a and b


C3b binds to C4b2a or C3Bb(  C4b2a3b[classical]  or  C3BbC3b [alternative]  (C5 convertases)
C5 convertase s(   cleaves C5 into a and b

C5b, C6, 7, 8, 9 = MAC ( form PORE on bacterial surface.   H20 gets in(lysis


≈perforin from cytotoxic T cells





**C3a and C5a still important (ANAPHYLOTOXINS)**



chemoattractants/activates for granulocytes


  C4a or C3a – mast cells, basophils, eosinophils (release histamine)


C5a – neutrophils, monocytes, macrophages, eosinophils 

(leads to phagocytosis)
COMPLEMENT AND TOLERANCE


what if C3b (“complement”) lands on self-cells??

 
our cells have C3b inactivators on surface

COMPLEMENT REGULATION:  prevents host-cell damage

1. C1-inhibitor (excess in serum)- stabilizes inactive C1 to prevent activation of C1r and C1s




                  -suicide substratge for C1r, s
2. Distruction of C3 and C5 convertases: 

INHIBITION: by Factor H (serum) and membrane proteins CR1 and DAF

-factor H combetes with factor B (host cell membrane is rich in sialic acid so favors H)
DISASSOCIATION:  DAF:  decay accelerating factor 



separates C4b and C2a  (acts on Classical Pathway)






C3b and Bb (Alternative Pathway)

CLEAVAGE:  FACTOR I cleaves C4b (classical) or C3 or C3b (alternative)
-requires MCP (Membrane Cofactor Protein)  ( prevents inactivation of bacterial cells







can also use CR1 or Factor H as a cofactor

See page 123   C3b rec by CR1      iC3b (by CR3)
C3dg (CR2)
product is cleaved C3b (I-C3b) ( most  phagocytes can still   recognize this via CR3

I-C3b must be cleaved again by factor I to C3dg ( CR2 recog. by B-lymphocytes ( activates Ab production

3. Inhibition of MAC PORE FORMATION PATHWAY REGULATION:



Protectin CD59 – interrupts association of C8 + C9



Vitronectin (factor S)-binds to soluble C5b-8 preventing MAC formation

Complement: Evolutionarily Related Gene Family

-C2  and Factor B = homologous serine type proteases encoded by a region withinthe MHC complex

-genes encoding regulators (C4bp, Factor H, CR1, DAF, MAP) in single region of chromosome 1


=60 amino acid modules called SCR (short consensus repeat)

Complement and the regulation of Innate Immunity

-souluble complement split products(chemoattract and activate neutrophils and macrophages (C5a)

-bound complement split products(attachment and opsonization of bacteria (C3b)

Note: activating macrophages to secrete proinflammatory cytokines(IL1,6,8,TNF)(more complement
        Complement stays bound even if Ab is released

(Raymond removed an image of macrophage responses to complement and other cytokines.)
Complement and the regulation of Humoral Immunity p.125
-regulator of B cell activation

-sIgM is B cell antigen receptor modulated by CD19 (transmembrane) associated w/CR2 (C3dg receptor)


-crosslinking of sIgM and CD19 (less antigen needed to activate
-when C3d is deposited on the antigen, antigen specific B cells are activated efficiently (corecognition)
(Raymond removed an image of B cell activation by complement-fixed antigen.)
Microbes interference and use of Complement

-slow to evolve  ??????????

-cowpox encodes gp35(homolog to C4bp) inhibits formation of classical pathway C3 convertase

-trypanosomes express gp160 (homolg to CR1 and DAF) destabilizes alt. patway C3 convertase

-EBV binds B cells using gp350 (homolog to C3) to interact with CR2

SUMMARY

-Biologically active split products 

-Split products modify innate (macrophages) and adaptive immunity (B cells)

-Regulatory proteins limit self tissue damage (dissociation/cleavage)

-Regulation after C3 split products allow opsonization
