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Initiators of the alternative path-

AT way of complement activation

PATHOGENS AND PARTICLES OF MICROBIAL ORIGIN

Many strains of gram-negative bacteria

Lipopolysaccharides from gr ive bacteria
Many strains of gram-positive bacteria

Teichoic acid from gram-positive cell walls

Fungal and yeast cell walls (zymosan)

Some viruses and virus-infected cells

Some tumor cells (Raji)

Parasites (trypanosomes)

NONPATHOGENS

Human IgG, IgA, and IgE in complexes

Rabbit and guinea pig IgG in complexes

Cobra venom factor

Heterologous erythrocytes (rabbit, mouse, chicken)
Anionic polymers (dextran sulfate)

Pure carbohydrates (agarose, inulin)

SOURCE: Adapted from M. K.Pangburn, 1986, in Inmunobiology of the
Complement System, G.Ross, ed., Academic Press, Orlando.

ol (V=Y i) 5 Soiled g 10 C5b algs e 556,307 s (slaabauly
oo eals

J145 C3b 9 C3a 4 C3 Jos oo 33T cdlad bawgs e s 45 C3 oSS s
5C3a 5 a3 )15 pl,T 63550355 5958 3590 (50 o0 C3 550,07 pune 53 355 00
O o b Sl xhiw sla 0551 40 a5l 0 C3b 252 a5 s sy LC3b
(V=5 C J&) 59 Juaio Objae 395 sladsle

i s a8 a5l sl (Slols slas oblsliw ladghe i slie
ol 2 (0 o850 Ol Sladshe 4 0ul e C3b sladsUge @ (s5Lodlad
o9 Las, L Jolw o)less Jio) Ky sladshe LT oo slaosul &5 ol
Jaie C3b 5,05 Slwasl 55026 1300 L5 (ows 9 Slo indiss 5 b s Joko



piie Jod e

o 0259 n 4 g0 JalyS 5ol g wlege (Sb b s 5 GYsb D sl psbe al @
S5 1) o2 5mrin Og2 bawgs 00d Ll (slde gz 9 4l Sl B g6 ol 4y (5,500
S ol imgms 4 1, 0T 5 35loe 0L B o6 3 1, aKls C3b 4 Jlasl aao
o Jain B s D g5 Us 53lunign b Dyl ol oo lsh 535, 5
|, C3bBB(Bb) 5,5 dakid 5 39 o 33T(Ba) Kzg8 anki aad 0 b, |, C3b
Jslas ol L 5 0355C3 (FaisS Jhas collad (5,05 C3DBD acgormo .15 o 13

as ol )§A ails (639350 s dow C3bBb . Jles .).J:LGA S MS el ) C4b2a

g Juate Ol 45 (25 9 1 (1559 22

C3b 2y sl o ) samis 55,008 C3 Wlgs so 956,57 e )5 00 algs C3bBb

JoSga ¥ V-7 0T aionss 53 9 00 L1 lanl ol o o 5o 8 Jlas iy
A oo gy 05| b G (595 4R35 0 5l 58 (o ue )5 45 sad 2JeC3b
PLCS Jsws 45" 0as C3bBD3b acgos g5 el C3bBb (Sai o culled

JLasl C5 4, C3b by o331 e 52 - ablin KeudlS yrne CAD2a3D Uoles 5 azils
(V=Y JS5) 335 o udg,00 C5b 5 C5a & 1, C5 Bb 2 G 5 aiily



¥ro OledeS s

1
'C3 hydrolyzes spontaneously, C3b
fragment attaches to foreign surface

@ —20
(e
o)

)

2
Factor B binds C3a, exposes site acted l e O Factor B
on by Factor D. Cleavage generates e
C3nBb, which has C3 convertase !’j:—)
AV - Factor D

.
3 B
?Blm‘]lﬂg of properdin stabilizes ‘ C3bBb  +  Properdin
convertase
C3 convertase

_—@c

e 2
bR

4
‘Convertase generates C3b; some binds
1o C3 convertase activating C5'

convertase. C5b binds to antigenic: C30Bb3B
miiee C3 convertase
R
/ ¥
e ——— Membrane
s Cob i
+ complex
=]
C5a

OledeS” 0als Jlas Gc)sw);CSbJ:i.;s._ghmlg Ssles r>|)fl.1.} Y=Y 6)5)Ad§$u

35,5 0 LT (0,50 zohw 4 Oljae Sy 5 JLaST b s e —

Jeate 5T @4 5 loliss | ool 5)ladge 8 Olaal 45 sitas ooy o epuis)
Joaie S5l slaol 4 aus’ o Jbs 1) OlabeeS” a5 iU a5 (] Joy 0598 0
93l a oaig s Juate (uiSI Ly MBL js 1) oo ol Olllie (5 1 33 5 (0
Al oo atmnly 6oL BT 4 0 Jls Gl 950 0T e d5kea i e 2lo3als
Gaob 3190 5l Gy 1 sl SeanS s s Sl O ansilCo 3929 0l b
(V=Y JK5) 5 oo 3ds5 1y OlobiS pone Uleb (sla 559y Cdby €2 lles

sl )liag 5L lagnss eSS sele slaolki 4 MBL Jlasl abawly b (puisd jane
GLa0Lis sl rb s3b & sladl slodshu 3300 Jlab b pulSls Koo rshans

1- mannose binding lectin



i Jucd rrs

9 25ligy oo ) MBLugs odigd (olo Lid 5053 slany 8 a5 auily oo K Lo dnsl
sl o Jlasl sl laal

Job ,s of cdile 5 asls sl 56 9,0 G (sl 5513l 51 geae) MBL
15l e Clg aliie OlakaS oo 5o 0T 5,8kae 5 20l on Glul3dl et slagal
V-r JSs)

o 0550 L ol SO i Glhaag 57 slaols 4 MBL Jlasl 5l e
Lcgome 29 o Jraie MBL 4 (MASP2, MASP1) 'MBL U b e sl
Loty g 33,5404 5 C2 0uis b g ks zgn oo cul 3l Jool> Jlas
s 1) LgsT ecdles g o5y Cls 5 Clr aylias s k5l ks 5| MASP2 g MASPI
Jlasl 4 5l 090 C5 Jawe JsKis sghiie 4 C4 9 C2i55l Jled slaogas ol 258" 0
0Lz 956, o b1y slglin 16 opo 13 (265 puuslfn polazsl 6L 5T L
S oo bl (C1 sliiul 4)) KewdS s olic 51 Jy sas o0

gl oo @i L &y dhos (uShieS” S50 43 OlodnS spne A 52 -

6l 45 2l e Joss olahad clled les JIgs 55 C9 9 C8 C7 . C6 C5b
L s 40 (MAC) Lisé 4 dlos uslioS ol L JySgon STlo Jlisb K Jusis
9 25 0 2wl Bua sk sl )3 () JUB (puslias” cul s o0 LSy LS00
238 o0 Lae PYs 51 K68 sla JoSge 9 g alslT lisl coge

2o Jlas €5 s G sy oS b 95l 0T oSS 5l s e slatslyy
el awe 53 C3b a7 e 252 4 C5 Jnl 51 Gy dasn b1 1 C5 3T ol
90 Juate (i sl b 43) C5b g C5a lakid g 590 g0 4k Olopuz (sina

1- MBL associated serine proteases
2- membrane attack complex



v OledeS s

V-0 JS5) 1S o0 55 1y (05 o a3 |, MAC san LS 5 sl Jlasl ool
sl Ly a5 Of Ko 338 00 Jltb e e o @4 9 0392 13006 coles 2 C5b 23
9,k C6

2 L lalie oyl pohi 5o Olakas slagiisly doa 4G ol 4 425 L
g JuatsCT a4 C5b6 a5 by 35,8 oo plosil o 56 15 5 insl Sladegae
Olysie 4 a8 sl 0Ll 1) 65,87 (ol 9 anils sl @olsle Juob puSlas
Saa Jslw slid 9, STy 5108 oo Jos Lid slasusins sl Jlasl oK
Y 95 Jo51s 4 55lo e 526 1, C5DO7 usliaS” 50, sl (slaolKole 03,8 plovil
e Jl b b el degamme G 595 GRSy ST 0929l b At 3985 (s amghnd
ST 9 0o Juate usliaS” 4y Aiilgs o 2 KT bl slaoll aas 55 6,K5 Jsko
3)ls soloe sladshe slic J5ls 4 aulys o C5H6T 50 la,y sl pusliaS 255,50
0303 ol 3l s0sbiS SlaeBg n srmb o s 55,8 LS LbL ) dauly 9 ond
4 dadio g el Kon ol o BL ) ool las lew o ol a8 o (s S5l
59 s SO ) e dbwlg sa b sloul Kadgea SN K gl b b g Jghw
el 0l 03l medgi (Gl 5505 Gl 3 (e

4y aiE C8 s olad il ,uis Gl corge Lid &y Juate C5b67 4, C8 Jlsl
oSS s o EiSTly ol slie b g ond 0Ll C8 50 KT (olgs a5 s 0k
oy omi Al Flogw ool oS5 S e sl V- AL b (Ko #l9w C5D678
C9 Jlasl MAC s 55 oles o e .33 SOlsaa sladshe 4) 50,5 sladsds 5
bl OT 0% 05 50uh 9 CSDOT8 (uslioS” 43 sl (2295 2 4 JsSga S &5

S Sogb a0 3 kb s nis Jesmin €9 sladgSse 0gaulinl sy (b 5o
VA g b8 slailgial S5 a5 JolS MAC ais 348 Lae J51s 4 sl

1- innocent bystander



i Jucd YA

sach S 00 ablol €9 Ly (uklia bauwgs 45 CD678 degano K 3l o)l V-

5J€T6A39>94.:C9 U,.:.w‘ﬂ_)o.:l{ J:.m,.’i eK.Z..iLo)T )}JC9 &;54:_94:94 d|)f5)i:.43599 Y-A Ji.-:a

. ™ ectn B o
i) | bindsforeignsurtace  punewny
L ]
+ MBLassocited proteases
(MASP1 + 2) bind MBL,
2@, " genarats activatad
e complex
C1bings
antigen antbody — Actvated g P
plex
e q C5 convertase
@ convertase @D T @A

S pok N7
3 convertase QU €3585 ——— (@ CTHBHCTH| ?3
4

) P
s

Atornative @@as
pathway
@Factor
Qe
Pspantaneous. slow,
smallamo.
@

Jlssl) K dS 155 b L yoancs el SET ,SibLes a5 leiaS” 0 e youas ds 31 o5l aods V-4 Js
ol plas 3 4l o (ol (BT & dtunly 102) (2,8 b 5 i) 259, b (AG-Ab dcgane 4, Clg
K5 L S o 55 C5 e Ko s 95 45 32T o 55 C3b e 395 Jlab J55 & C3 o pos
sl o MAC LS5 & o oes 5l plos C5b (5,5



rra OlodsaS” s
s MAC (555 50 sl ome 5l &3 job a5 asilgs oo K68 sladsSgey laogs 09>

0315 s 3l s OT 358 51 53 9 03905 395 Kigoml 6 Ik Li> 45,56 Jghu (oS
i 3 oy 5

OlolaS” @iussan @ubiis -

it Olsjee sladshe 4 dlox 43536 Ol i jolie ST a5 el s 4,
e s Slaal e OlekiaS collab (55lus9a0m0 13 orkis SlapuslKo 5
b s s3] 48 ol il OlodiaS (5l s plas 55 (sorbiss paslSa Sy 2515
i E355 A 355 g0 4y Nigdd kKo lil b STy A &5 (g0 o
6 ot dans 55,07 s 53 008 3y C3 Jiwo cdles igas sy g o0 Jlad
JUsb b9 Iy (259 1 4y Jlasl 32,b 51 48 OT K 5l 4383 0 39355
2 1) OlbisS s ilises lizl a4 s Slageliy Sl 6 e K Aliungy OladpaS
V=Y Ugaz) 3,8 o O pgeo i oo Jlad



T

(LTS W  Proteins that regulate the complement system

Protein Type of protein Pathway offected Immunologic function

Clinhibitor (C1inh) Soluble Classical Serine protease inhibitor: causes C1r,s, to
dissociate from C1q

C4b-binding protein (C4bBP)* Soluble Classical and lectin Blocks formation of C3 convertase by
binding C4b;cofactor for cleavage of C4b
by factor!

Factor H* Soluble Alternative Blocks formation of C3 convertase by
binding C3b;cofactor for cleavage of C3b
by factor|

Compl F bound Classical, Block of C3 convertase by

type 1(CR1 or CD35)* and lectin binding C4b or C3b; cofactor for factor

Membrane-cofactor I-catalyzed cleavage of C4b or C3b

protein (MCP or CD46)*

Decay bound  Classical, ceele of C4b2aand

factor (DAF or CD55)* and lectin C3bBbiclassical and alternative C3
convertases)

Factor| Soluble Classical, alternative, Serine protease: cleaves C4b or C3b using

and lectin C4bBP, CR1, factor H, DAE, or MCP as
cofactor

S protein Soluble Terminal Binds soluble C5b67 and prevents its
insertion into cell membrane

Homol icti bound Terminal Bind to C5b678 on autologous cells,

factor (HRF),also called blocking binding of C9

membrane inhibitor of

reactive lysis (MIRL or CD59)*

Anaphylatoxin inactivator Soluble Effector Inactivates anaphylatoxin activity of C3a,

C4a,and C5a by carboxypeptidase
N-catalyzed removal of C-terminal Arg

*An RCA (regulator of complement activation) protein. In humans, all RCA proteins are encoded on chromosame 1and contain short consensus repeats.
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g P

(a) Before assembly of convertase activity

€]
'C1 inhibitor (C1inh) binds C 1385, causing dissociation

from C1q.
CabBR,CR1,0rMCP iy cqc
"Association of C4b and C2a is blocked by binding G ‘ factor | vt
ab- S
S it e oo PR o\, 5 cab Ppoad
X pratein (MCP).
@Inhiblmbuundcdklsdavedbﬂamv 1. | C3convertase
0 CFH,M.EP,fi:lo;H g
In alternative pathway, CR1, MCP, or factor H prevents A factor |
?blndlng of C3b and factor B. | lagax Z{ ?;L ;,- iC3b
B factor |
Inhibitor-bound C3b is cleaved by factor I, | . - aa
3 ca P 3

(b) After assembly of convertase C4bBP,CR1,
@D factor H,DAF Dissociation of convertase;
C3 convertases are dissoclated by C4bBP, CR1, factor H, ——— remaining C4b or C3b
and decay-accelerating factor [DAF). 2a cleaved by factor I
() lation at bly of k attack
complex (MAC)
e FC3567 MAC —i=+ Cannotattack nearby cells
into the membrane. S protein
Csb67
@
7 Homologous restriction factor HRF, C5b678
(HRF) or membrane inhibitor of MIRL c
reactive lysis (MIRL or — —i —
CD59) bind C5b678, preventing I(B o
assembly of poly-C9 and
h1nd(|n;ylomllthlloflllll:. C5b67 C5b678 Poly-C9

Membrane-attack complex
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1- homologous restriction factor
2- membrane inhibitor of reactive lysis
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(LIl Summary of biological effects mediated by complement products

Effect Complement product mediating”
Cell lysis C5b-9, the membrane-attack complex (MAC)
Inflammatory response

Degranulation of mast cells and basophils"
Degranulation of eosinophils

Extravasation and chemotaxis of leukocytes at inflammatory site ~ C3a, (50, C5b67
Aggregation of platelets C3a,C5a
Inhibition of monocyte/macrophage migration and induction Bb
of their spreading
Release of neutrophils from bone marrow C3c
Release of hydrolyti from p C5a
[ d exp of comp p C5a
type 1and 3 (CR1 and CR3) on neutrophils
Opsonization of parti increasing their phagocytosis  C3b, C4b,iC3b
Viral neutralization €3b, C5b-9 (MAC)
Solubilization and clearance of immune complexes C3b

C3a,C4a, and C5a (anaphylatoxins)
C3a,C5a

*Boldfaced component is most important in mediating indicated effect.

ine and other that induce

*D:grinul:tion leads to release of hi:
of vessels,

ion of smooth muscle and increased permeability
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LI  Complement-binding receptors

Receptor Major ligands Activity Cellular distribution
CR1 (CD35) C3b,C4b Blocks formation of C3 Erythrocytes, neutrophils,
convertase; binds immune monocytes, macrophages,
complexes to cells easinophils, follicular dendritic
cells, B cells,some T cells
CR2(CD21) €3d,C3dg,* Part of B-cell coreceptor; cells, follicular dendritic
iC3b binds Epstein-Barr virus cells,someT cells
CR3(CD11b/18) Bind cell adhesion molecules Monocytes, macrophages,
iC3b on neutrophils, facilitating their neutrophils, natural killer
CR4 (CD11c/18) extravasation; bind immune cells,someT cells
complexes, enhancing their
phagocytosis
C3a/C4a receptor C3a,C4a Induces degranulation of mast Mast cells, basophils, granulocytes
cells and basophils
C5areceptor C5a Induces degranulation of mast Mast cells, basophils, granulocytes,
cells and basophils monocytes, macrophages,

platelets, endothelial cells

*Cleavage of C3dg by serum proteases generates C3d and C3g.
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LIRS Microbial evasion of complement-mediated damage

Microbial component Mechanism of evasion Examples

GRAM-NEGATIVE BACTERIA

Long polysaccharide chains Side chains prevent insertion of Resistant strains of E. coli and

in cell wall LPS* MAC into bacterial membrane* Saimonelia

Outer membrane protein MAC interacts with membrane Resistant strains of Neisseria
protein and fails to insert into gonorrhoeae

bacterial membrane

Elastase Anaphylatoxins C3a and C5a are Pseudomonas aeruginosa
by

‘GRAM-POSITIVE BACTERIA

Peptidoglycan layer of cell wall Insertion of MAC into bacterial Streptococcus
membrane is prevented by thick
layer of peptidoglycan

Bacterial capsule Capsule provides physical barrier Streptococcus pneumoniae
between C3b deposited on
bacterial membrane and CR1
on phagocytic cells*

OTHER MICROBES

Proteins that mimic complement Protein present in various bacteria, Vaccinia virus, herpes simplex,
regulatory proteins viruses, fungi, and protozoans Epsteil virus, Tr

inhibit the complement cascade cruzi,Candida albicans
*LPS = haride; MAC = k complex; CR1 = receptor type 1.
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