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Alternative Pathway:
Phase | - Generation of C3 Convertase & C3b opsonization.
A. Generation of Soluble C3 convertase:
1. C3 (soluble) spontaneous hydrolysis of thio-ester, producing iC3.
2. iC3 (soluble) binds factor B, producing iC3-B complex
3. Factor D cleaves B to give Ba + Bb, iC3Bb complex, a soluble C3 convertase.
4. iC3Bb converts soluble C3 to C3b and C3a.

B. Generation of fixed C3 Convertase
5. C3b fixed by covalent ester bond on pathogen surface.
6. Factor B binds to immobilized C3b, giving C3bB
7. Factor D cleaves B into Bb and Ba, giving immobilized C3bBb (C3 convertase of the
alt pathway).

8. C3bBb complex stabilized by(properdin. )

C. Production of large amounts of C3 split products, fixation of C3b to membrane in vicinity of
active C3 convertase.

D. Amplification of catalytic potential by generation of additional C3 convertases. D CP oreont }
o Spom » B B comer Tt
— C oW %o
YN / N (i3 Le
o— M SH BL
) : :
Seludole
C3
Bb Conuex Year

7 /—\1/ i Be
c%/ D :’azs Bb €2 Comuertors

] wc-\ﬁ
C.S"{'c - g A PT‘—'—*—'——-‘ - = B
i : —_
e \ C?’L L) ML~ rae
?A’{’“SW
__ B ¢3b
/L ) cleesy /@b
/_/’ % Clchz Cﬁ Gt 1 L L
ContV
/ q ¢ 9 .



03-390 Immunology Lecture 2 August 24, 2016

Phase Il = Formation of C5 Convertase & the Membrane
Attack Complex.

1. Fixed C3 convertase (C3bBb) binds soluble C3b, forming
C5 convertase = (C3b).Bb.

2. C5 converted to C5a + C5b (soluble), C5b binds to
membrane.

3. Cbb binds to soluble C6 + C7, forming the initial membrane
complex.

4. C5b-C6-C7 complex binds C8.

5. C5b-C6-C7-C8 complex causes polymerization of ~16
molecules of C9

6. C5b-C6-C7-C8-C94 is the MAC, leading to cell lysis.

FIGURE 7 8 (a) Photormerograph of poly-(9 comples formed by
o e oty mertaslon of (¥ and [b) corngesrment -nduced lesens
an the maenbrane of 3 red blood el Thew wacen et o b

or I e pach g a4 e |8 Boatecy i

dokiny of Wa Ciergierae Gymeent | Riss el Aadee e

sa '.‘l-‘.:“
C cshb+ co “CT<C8 4 20v0q = UAC
e __ o
% c 07 e 'cn o
U & o I
LBL cé il L

es
kL 8b b -

cJLD

pathogen

Figure 1 11 The Immune System. Jod | Garland Science JO09!

g K
b ©° /

Activation of other Branches of the Complement Pathway:
Lectin pathway:
1. Recognition of mannose residues by mannose binding lectin (MBL). This is an example
of recognition of a PAMP.
PAMP = Pathogen Associated Molecular Pattern.
. MASP-1 (MBL associated serine protease) is activated.
. MASP-1 activated, cleaves itself and other MASP-1 (auto-activation)
. MASP-2 activated by cleavage by MASP-1
. MASP-2 cleaves C4, C4b is fixed on surface
. MASP-2 cleaves C2, forming C2a & C2b
. C2a binds to C4b, generating C3 convertase.
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Classical Pathway:
Triggered:
« by antigen-antibody (Ab) complexes on microbial surfaces
» by c-reactive protein, which is produced by the liver during the innate response (acute
phase response). This binds to Lnnate
phosphocholine on the surface of n
pathogens (another example of a

PAMP) €4S Achuked o [ |
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C1q: Recognizes IgM or c-reactive protein

C1r: Activated by C1q, auto-cleavage and cleavage of other C1r.
C1s: Cleaved by activated C1r, producing active protease.

C4 cleaved, and C4b fixed

C2 cleaved, and C2a binds to C4b = C2aC4b = C3 convertase

Homology between  Lectin & Classical Pathways

MBL C19  — vecognihion
Masp-1 Clr — adhudye o 2" protesae

Masp-2 C1s — Cleayee, Cq  c2

Biological Consequences of Complemeht Activation
1. Opsonization:. C3b

Cells bearin . . -
Receptor receptor 9 Ligands Consequences of ligand binding
CR1 RBC C3b/iC3b | earemce ‘% @._kLW?__ seleen
CR2 B-cell C3b/iC3b/C3d | A & valow 4 B-ceat
CR3 enhhecer ve u—\o’ror ne dlknd
Neutrophil _ Ko
iC3b endoeqToss
Macrophage
CR4 - N

(IC3b is an inactive form of C3b, C3d is yet another split product of C3.)

2. Inflammation: Cha. C8a
)

3. Direct killing: formation of functional MAC on cell surfaces causes cell lysis
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4. Removal of necrotic and apoptotic cells: C3b deposits

on dying cells and released organelles, signaling rapid i — ]—.

clearance by phagocytic cells

5. Clearance of immune complexes: C3b

deposits on antibody-antigen complexes and
causes their dissociation and clearance. }‘ A A

6. Neutralization of viral infection: Complement
on antibody-antigen complexes forms a thick
coat and blocks viral entry into cells.

Vinws c3b

C3b

7. Enhances activation of B-cells during an infection (via CR2, see
above table).

Discussion: In the genetic disease paroxysmal noctural
hemoglobinuria, the urine contains high levels of hemoglobin at
various times of the day. Can you suggest what might be
causing this disease?
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Regulation of Complement Activity (Alternative pathway)
¢ Factor H and MCP (membrane co-factor) prevent B binding to fixed C3b.

e Factor | (protease) converts fixed C3b to iC3b, an inactive form. Cleavage
enhanced by H and MCP.

* DAF (decay accelerating factor) disrupts C3 convertase by causing loss of Bb.
e CD59 (protectin) inhibits formation of the MAC.

Summary/Learning Goals
¢ Distinguish between the activation of each pathway (innate versus acquired)
Describe the role of C3b.
Describe the role of C3a, C5a.
State the composition of the C3 and C5 convertase in each pathway.
Describe the formation of the MAC complex.
Provide examples of regulation of complement.
Describe the outcome of C3b binding to complement receptors & biological functions of
complement (1-7 above).
e Two examples of PAMP receptors — MBL and C1q, recognizing mannose and
phosphorylcholine.

Overview of Complement Pathways and Regulation

FactorH
MCP - membrane cofactor protein CD59
Factor | (protease C3b —~iC3b) (protectin)
DAF - decay accelerating factor
Alternative Pathway
Activation - Sponta iC3
ivation - Spo neous{ ) c3 cs
Factor D —L
C3b|Bb C3b|Bb|C3b
L{—! properdin {
ASP-2 C5b C6C7C8C9
Lectin Pathway LSP—-‘ c3 tC—3£ C5 “» MAC

Convertase Convertase

Activated by: ! \

MBL + mannose residues. / Cab|C2a C4b|C2a|C3b
Cis

Classical Pathway / cab Gl

Activated by: C3a C5a

C1q + c-reactive protein

C1q +Ab
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Regulation of Complement Activity (Alternative pathway)
e Factor Hand MCP (membrane co-factor) prevent B binding to fixed C3b.

e Factor | (protease) converts fixed C3b to iC3b, an inactive form. Cleavage
enhanced by H and MCP.

 DAF (decay accelerating factor) disrupts C3 convertase by causing loss of Bb.
e CD59 (protectin) inhibits formation of the MAC.
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 Distinguish between the activation of each pathway (innate versus acquired) aC
Describe the role of C3b. W | ex
Describe the role of C3a, C5a. (/Q,N"f

State the composition of the C3 and C5 convertase in each pathway.

Describe the formation of the MAC complex.

Provide examples of regulation of complement.

Describe the outcome of C3b binding to complement receptors & biological functions of
complement (1-7 above).

e Two examples of PAMP receptors — MBL and C1q, recognizing mannose and
phosphorylcholine.
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Overview of Complement Pathways and Regulation

Factor H
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03-390 Immunology Bonus Quiz 1 = August 29, 2016 Name:

1. Which of the three complement pathways are associated with the innate immune system? Which are
associated with the acquired immune system?

a) alternative p &
b) lectin L
c) classical T = ‘Q,CP_I bt el

2. State (but do not describe the process) how the classical pathway activated.
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3. State (but do not describe the process in detail) how the alternative pathway activated.
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4. What is the C3 convertase of the alternative pathway?
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5. What is the major opsonin that is produced by the complement pathways? .J.D\"“ \a 2\ gt
v /
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6. What is the rate of opsonization , linear? Or samething else? Why?
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S:aw —_—
7. What are the two major anaphylatoxins produced by the complement pathway?
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8. What is the MAC complex, and how does it kill pathogens? &~ g k4
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9. Speculate what might be causing the disease Paroxysmal nocturnal

hemoglobinuria? 4
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