ABNWALINUG (Complement)

STUUABNWALNUA (complement) iunduuaslisiuludsy heliuuaiiGeii
waudvadimzaggnizadsuiulaheiuuazgninliuanaaalduasduheduuazauaums
antau (inflammatory response) WHANNHAINNlUMIMNTInvBINYUduazdad Suan
MINUAUYBY Pfeiffer Wz Bordet (1984) wuhiEeadinanlsaaziiemsuangans (lysis)
dadahmdasiinglmig nndaffign immunize aslU uddihihmdesiiludlunhaudl
gannll 56 asnuaanou Unnghdeainanlsalifiemsuanameiiswdiuiudy
nau uaasliifuhusudveddininsoimziudeaiinanlsaldudliaansniliizaduanle
uail ot mdpaweenuUnd (fresh normal serum) ¥l¥idasfinanlsauanld uaaslvidiu
h mauanesdesfimanlsafannlisiufiogluihvdes dumsuanzaadaainanlse
asdsznaumeaedlssnay 2 gilnde

1. aedUsznaufinuanudou (Thermostable foctor) NALAUA wauAUDE

2. pedilsznaviigninanefinnusau (Thermolabile factor) wuldluthiwdas

2090UUNA AlOwn ABNWANUG

maxwanudUsznauaelusiiy 20 #ilie agludiulnayduraswaamnlosda

[ H Y v = s o v Y o v o v a
Wuwihwinszanasess: 15 aanwdwudaziaulaiiagnnszquiiazaniugnldliuasuad

v
a = 4

& < o v ' vt o P o
ezuanmsnszquluudaztiunsunaninsaivmihiszuuds lladnuaziitulxineasyians
wiamuauUfnsenuaazauliagluamisineian:  MIMNUEBIADNNELNUEEINNTOUUY

v =~
panla 2 M9 A
1. Classical pathway 9nn3eaUMEUATENTENINUBUARULALUBUAUBA

2. Alternative pathway lai@asandeujisenuaudauiazuauduad

mMs3anda 699 Tussuuraundmudinazldmes

E = erythrocyte #aN8atlinanuaaILny

A = antibody N84 antibody Aallinidaauaung

EA = antibody-coated erythrocyte WI8L38n sensitized erythrocyte

C = complement

ABNWALNUFI T Tu classical pathway az3andaludiey wu C1, C2 §
djuﬂizﬂauﬁ 1 uae 2 Tu Classical pathway &3 Alternative pathway BEniludnusan

Iﬁﬂj (7Y factor B, D
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dugpsuaNRaNNANUEG WITHUMEFIBNYIENBYEIN Wy Clg, Clr, Clb,
Bb 418

1 = o’d'd CAl ] = S I 1 g 1 E—

dueasranndudnieulmiineg wwdsuliaenmiiediuiy wu CTs, C
42uar C 423 =199

s & a P )N ' Y oA o vy
ENﬂﬂ’izﬂE]UVN%NG]"ZIEN%UUG]E]NW@LNHGI 20 AUG LLUQG]']NWuﬁ]ﬂMaﬂVI,@ 3

¢ o o Yy o v al a 2
1. 23AUsznauNnendaanumanssaussUUADNNALNUG lUssasINLSN B9
Wuraliiiaeulad C5 convertase a9dUsenaumaniilown C1, C2, C3, C4, factor B, factor
D uwas properdin
3 a'cl 1 1 1 Y a a n:l' 4 4 .:4' =
2. avddsznauniishusinlumsnalviianendamwuudevinwasd naan w3
wuddnag Migaduuuanamele seddsznauwmarilda C5, C6, C7, C8, C9
3. avdUsznauiihmihnmuanmsiaugesssuuaaNwaaud laun Cl
inhibitor, C4 binding protein, factor I (¥8t@NAa C3b INA) factor H (M3a%aLiu [1 H ,C3b

INA accellerator), anaphylactoxin inactivator (38 carboxypepdidase N) 82 S—-protein

1
N o

ANVUSINTIANNEIAYDY complement component G 9)

Usznauselusiuathaioe 20 ¢ vialszana 3-4% weslusaummaalud
53 Complement Lwdwﬁﬁﬂagﬂunémaq glycoprotein loaianslulainsnagsn 3-43% iiorh
MsuenalenIzud Wi (electrophoresis) Wuiﬁagisluﬁné’?«,wi albumin 04 early gamma
globulin complement d?uiﬂﬂjgﬂﬁ%ﬁﬂﬂﬂ hepatic parenchymal cells 8% macrophage N5
Muzesszuy C gnauanlagiamsdidn 2 35 A MIaanammuaIIng& (spontaneous
decay) Y84 enzymatically active sites Ll,azﬂ‘li‘ﬁﬁ inhibitor proteins N’lﬂ’JUQNﬁix@fﬁ C1l uae
C3,C hjwumm%’au%gﬂv‘hamﬁqmwgﬁ 56°C meluna 30 Wi

Protein of the classical pathway
o a a . o A g v
component %38lUsAuniineee 289 classical pathway aziSanalluaie
1w C1, C3 @@ Component N1 1 Waz 9 3 WdN classical pathway @MNAINU 8% drutas
(fragment) 284 C component %Lﬁﬂuﬁ’mﬁ’mﬁfﬁaL?}ﬂﬁwﬁ'uagjﬁ'w component ¥4 Clq, Clr,
C3b 1987 (udu druves complement component ED) fragment il enzymatic activity EARIEAY,

MBANENINilD component ED) fragment U 175U C1 5, C42, C423 19
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MMM 5-1 uaeNaIUUszNaUYBN complement

Complement Molecular No. Avg. serun Synthesis by
weight of chains  concentation (Ug/ml)
Classical
Clq 459300 18 150-180 Intestinal/genitorinary tract epithelium
Clr 166000 2 50
Cls 83000 1 50 Intestinal/genitorinary tract epithelium
C2 100000 1 15 Macrophage /monocyte
C3 190000 2 1200 Monocyte
C4 200000 3 450 Macrophage/monocyte
C5 180000 2 70 Monocyte
Cé 128000 1 60
C7 121000 1 55
C8 154000 3 55
C9 72000 1 60
Alternative
Factor B 95000 1 240 Monocyte
Factor D 24000 1 2 Monocyte
Properdin 220000 4 20 Monocyte
Inhibitor
C1 INH 100000 1 180 Liver
Factor H 150000 1 450 Monocyte
Factor 1 93000 2 35 Monocyte
C4 binding protein 600000 10? 250
Anaphylactoxin 300000 50
iactivator
S-protein 80000 600

Component U84 classical pathway AvangLazan C1-C9 (C1, 4, 2, 3, 5, 6,
7, 8, 9) dwlnaiflu p-globulins Fail MW. aglug29289 2000 K U5naueg peptide chain
1 §unde 2 1§y Fadendanuaae disulphide bonds antiu C4 iy peptide chains 3 tdu
war Clq Feillaseasraisnme Tu plasma wu C3 ﬁﬂ%mmmﬂﬁqﬂ (600-1800 mg/1)

Proteins of the alternative pathway
component Tu alternative pathway ﬂlﬂL%ﬂﬂL‘fJuﬁjélﬂwié’lj’ﬂﬂiy: 1%u Factor B, D
\Uudu drutos (fragment) 289 C component 1 TBUMBAIMIIFDLENANUDETN component

wu Bb (Judu drwwes fragment i enzymatic activity aududennuly classical
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pathway component duu’twqhﬂu [3-globulins 73 MW. 100 K-200 K 80U factor D (‘?ﬁlﬁJu
globulin MW. 61071 100 K)

Comparison of the classical and alternative pathways

Alternative pathway azﬁ%’wqﬁﬁmmuﬁlﬁa‘htww (innate immunity) TANUIN
meluaauedi classical pathway aﬂﬁ{]ﬁ(ﬁwumuLLﬂ'i'Nmaﬁﬁ'mm%’u%’auuazﬁ‘hwamﬂﬂ'jw
(adaptive immunity) ﬁ)‘fﬁlﬂﬁ’l‘ﬁ'ﬁ’llﬂé C3 fixation 2849 classical pathway LA@IIN Ag-Ab
complex We 1y alternative pathway ﬁjulﬂﬂjl,ﬁﬂﬁnﬂ sugar component uuwﬁfqmaﬁwmqauw%ﬁ
ﬁy’qammwﬂﬁ C3 convertase ‘?;Q% converts C3 flu C3b mﬂﬂ”'u C3b ¢ activated

complement sequence, C5-C9 aalU

Comparison of the classical and alternative
complement pathways

T |F TR
: unmplnm — E *ﬂ"_!.':-ﬂ_-_';l._wﬂ' 3

CLASSICAL PATHWAY |__, | o |ALTERNATIVE MTIMM|
(adaptive) \ ] {innate| |

MWN 5-1  WIBuiguBuaaunsHIIUYeY Classical complement pathway Wag

Alternative complement pathway

Classical complement pathway
Classical pathway téué’umnm‘sﬂszﬁu component L3NYN C1 k) Clq éﬁﬁ
ﬂ’iz(ii'u Clq %38 classical pathway lev ﬁﬁql’ﬂfi’
- IgM %38 1gG ﬁ%’uagjuuﬁmm Ag (particle Ag-Ab complex)
- Aggregated immunoglobulins

- Staphylococcal protein A
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- C-reactive protein (CRP)
- maediifilssquanudaauinnunn
Polycation L% pneumococcal polysaccharide, lecithin,
histones, leukocyte basic protein “19*1
Polyanion 151 DNA precipitates, heparin, dextran sulphate,
polyinosinic acid 218
- RAN tumor viruses (2 Moloney leukemia virus, vesicular stomatitis
virus 18"
- Proteolytic enzymes %Y kallekrein, plasmin, tissue WAy bacterial

protease UN i)

v
[

YUNDUNINIZAY classical complement pathway wipanlaiiiu 3 Funsu
Tvajq e
.o . g lﬁ' vV v %

f. Recognition step : AUNBDUN Clq whludunu Ab

Y. Activation step : JUNDUNND LHLAR proteolytic enzymes 3 M leun C15
(C1 esterase), C42 (C3 convertase) ez C423 (C5 convertase)

A. Attack step : 2umauEaU{Asenan €5 de 9 Tagazihlugmaiiagauuy
NN Ag

Recognition step

(i{® TeM %38 TgG antibody SURU Ag ﬁagjuuﬁamaﬁ C1q azinindfasenlos
9319U CH, domain %84 heavy chain, Ig M tien 1 Tutanaaans063e Clq le wadnilu 1gG
daeld 2 Tuana MmN Clq fanwaeflunwny (core) Felupuiiveanlumnuny walldu
U CH, domain 204 Ig G athafas 2 Tuanafiagladiu (§ Ag uufadageiuann
Tutonawas IgG mefazyheiu Wl c1q Whlimegldenn) Subclass 619 294 IgG HAna
aansanssdu C Taliondu Tasf 1663 > Ig G1 > Ig G2 du Ig G4 himansansedu ¢ 16

Clg, Clr uas Cls Iu%%"uagjﬁ’m‘ﬂu trimolecular complex Toadi ca” Wuim
danay datiuile Clq gnnseduiiaznasdu Clr was Cls arsmuddu da Cls gnnsseu
(C1s) 2z esterase activity wazaziluaides C4 waz C2 faly

C1q anangnadsldlasdl 1eM wia IgG fagludsn udduussiidouann
o Ab SURU Ag 39az 1 C1q SURU CH2 domain 289 Ig M %38 Tg G ladidu 2uewes

Ag-Ab complex tigndasfiumanszeau C laadumnadalvajazianszdu C 1ad uazd Ag U

v
= v

iU Ab uiun Ag-Ab complex Hazanansanszau Clq laaasaueie
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i
A
r_ T .
Ca
q r E]
CHl _l Ca**
lgs

MWH 5-2 recognition step [UMIN3EAU Classical complement pathway

Activation step

Activated C1 esterase (Cls) ﬁtﬁﬂﬁu%ﬁm’iaﬂ (cleavage) C4 paniilu 2 viau
YauLdni3an C4a (active fragment 284 C4) %wzgnﬂéamﬁﬂﬂuﬁ'maw (fluid phase) &U
voulngji3en C4b (bound fragment 289 C4) azluduiufiwagludumisiilngq fu C1q
C1s 1 luanaanansonszau C4 lavanaluana auniiazil C1 esterase inhibitor W uan
ntuluraEiid cab uaz Mg at] Cls az@nton C2 1@ fragment 1dn2aY C2 (C2b) ez
gnaanaaaanlulu fluid phase & fragment vg) (C2a) azanimz@innu C4b

L L

MWN 5-4  MINTAU C3 uaz C5
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C4b C2a fiheduuuinas i enzymatic activity (380 C3 convertase (C42)
Faanansalusion €3 saniiu 3 fragment fragment 1&ni3an C3a vigeaanluly fluid phase
fragment 11/1'6110 (C3b) 2z lURUNURNBAdA 28 covalent bond Tnanu C4bC2a complex Im\i‘ﬁlﬁﬂ
?Tuuuﬁ’;maé’ (C4bC2aC3b) # enzymatic activity FUAUITENT) C5 convertase W3 C423
Tasanansodadas C5 paniilu 2 fragment WUy Ao fragment 1an (C5a) naaw Uy fluid
phase fragment lngj (C5b) Feanansawdnuiilulalng ér csb limzuufwasuasdnad
nilvasildmadiugninasldluiige Taslidasd Ab (iedudewadiuen  waduuuiih
reactive lysis, C6 a2¥uh# stabilize C5b ¥l C5b waaaud LUl lnazy

Attack step
i@ C5b C6 complex MzaduuBas C7  dazithanimeale oy
trimolecular complex 284 C5b67 FADUTNAINUUALAINTOMNGALA C8 waz C9 I

Ufnsenlamusau auluigaiadugtuuuinusased uazinlimasiiaomsuanaaely

i 5 ]
L ]
===
i ' B
—————
! i |
1 L__-_ __--I
_____
oo |
LLa==m=
[ it r —_ L e L —
- — Ly
3 =
—
L Hamed
Ivun

MW 5-5 MINTzHAU C6 C7 C8 oz C9 augarna lvigaduan (attack step)

@ 9O @ % o

j}rl AL YA THE

MBI TR

k MRl TR M
on orll merbiaee

MW 5-6 msm::@”u Classical complement pathway
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Alternative complement pathway (properdin pathway)

Alternative pathway Lﬂuﬂ’liﬂizﬁu C component $ag ) (?lzﬁLLGl' C3 %ulﬂ‘[ﬂﬂlﬁ
fo9da Ab 5a C component 17 (C1, C4, C2) udgasandalisauaudnumada duden
FINOUN “properdin” lown properdin factor A, factor B, a¢ factor D Iﬂﬁl‘ﬁ factor D &
SnunizAdeiu C1 was factor B Hanuuzadiaadeiu C2 dufidisuldiu c4 lussesusngn
L%Elﬂ"‘zﬁ%a’j’l properdin factor A %ﬁluﬂa@ﬁuwudw properdin factor A fife C3b é’qﬁ?uﬁ'wﬁ factor
F ( = Cl), C3b = factor A (= C4) wag factor B (= C2) AU v l¥iiia C3-cleaving
enzyme Bsanansodas 3 TWld C3b thdiunaudu g dald

C3b lu alternative pathway ﬁawmmn classical pathway activation wa? C3b
Yuazdanma altemative pathway ¥l C3 ans:@i’umﬂéqﬁuﬁ"aﬂ (913807 amplification
%38 feedback loop W3B21NNNMIANLRY C3 18ATIAIY proteolytic enzymes UNBEN 11
Baavsaiiada Y30 FeaIaNINTONTEAU alternative pathway 289 C 1 Faldud

- bacterial cell walls

- Naturally occurring endotoxic lipopolysaccharides

- Yeast wall extracts (zymosan)

- cobra venom factor (cobra C3b)

- Aggregated immunoglobulins of all classes

- certain animal and human monomeric immunoglobulins

- C3 nephritic factor (IgG antibody directed against the

C3b-dependent C3 convertase)

- rabbit red cells

- Radiographic contrast media

- Cellophane of renal dialysis coils

mﬂﬂﬁﬁ%mswdwmiﬁnszﬁu alternative pathway @9n&12NAU NuU C3,

factor D, B lutdon lsitia C3b S1nuipe q duanle ‘?%ﬁLi’lL%Elﬂﬂ’]iﬂSzGiIuLmUﬁ,’j’l Chronic
fluid phase activation IG]EI'*?; C3 ﬂzgﬂﬁﬂﬁaﬂﬁlﬂlﬁuy{fﬁﬁ fluid-phase C3-dependent C3
convertase (BC3) taz C3b ﬁtﬁﬂﬁuﬁdam%tﬁ’]é amplification loop

Factor D lusnmeaiulvajaglugtuns active form (D) % D asflughiida
doe factor B Winaneiilu Bb uas Ba mnifu Bb Selusuiu c3b nanedlu C3b Bb uda C3b
dependent  C3 convertase #as C3 Taanalnaidaly 3 figndasudnsld csb Feaalusy
AU C3bBb Amelu C3bBbC3b ¥3BI58AN alternate pathway C5 convertase d13150Uiag
¥ae C5 udtiiaann C3bBbC3b flu complex Mldasmusniludasenda properdin (P) iy
¢ stabilize alternative pathway C5 convertase %wﬂﬂns:ﬁu C56789 Gial (properdin gl
stabilize enzyme C3bBb laeae)

U WwEENAS MAINFNING ANLININEFRS



59

Feed back amplification loop

awﬂﬁqaamqwaqszuu C (classical W@ alternative pathway) %m%’mmqr"fuﬁ
C3 é’qﬁguﬁ”wﬁmiﬂszﬁ'u classical pathway NazaanNalilinnMInszqu altemative pathway G
Tagiaan C3b Afindu C3b MiinaN classical pathway 9N32AY alternative pathway ¥ 1%
16 alternative pathway C3 convertase panIAndan C3 miva Mlvla C3b ane7 %QR]ZL?T’IQ'
alternative pathway 8n WGewduiging auniazil inactivating enzyme flazanyhae C3b
3enTnansiii feedback (amplification) loop ﬁqﬁﬂsz‘[ﬂ%u”luﬂﬁﬁwawgaﬁwu,a: Ag ﬁl,il'wgi
’iﬁﬁﬂﬁﬂlﬁ’aﬁu ﬁgﬁﬁltﬁmmﬂmitﬁﬂ final cytolysis N"lﬂ%u

N13MIUAN Complement System

1. Intrinsic control :- half life 284 C proteins é’?uﬁaﬂszmm 24 %L’JT,NQ (ﬁﬂﬁgu
29% 484 C component 1 plasma 3zimsgninanauasaseluinniu

2. Extrinsic control :- 81¢# inhibitors 28458UU C Bty protein inhibitors ¥

v
Vv

Vi ’lﬁﬂ’mﬁ]&l enzymatically active complement component TalvivausnniiuluInhibitors “71
daw laun

C1 esterase inhibitor : JUAU C1s 1% C1s laivhau

C3b inactivator oz B1H

C3b inactivator (C3bINA) (hy protease %ﬂﬁaqﬁwm‘i’mﬁ’u B1H Tums
inactivate C3b Tvinanetilu inactive C3b unU C3b redeptor laldd

B1H Wu glycoprotein *?iagﬂu serum  HANuEITO UMM
alternative pathway C3 W8z C5 convertase (C3bBb Waz C3bBbC3b enuaiau) lasund
convertases mahfzﬁmsgnﬁwmﬂmuﬂﬂﬁagjuﬁa ue B1H azdudusimsime loaluuds
binding site U4 C3b il Bb ¥l C3b #q@aanain Bb 311 C3b 9wgn C3bINA inactivate
aalUlaadasdl B1H Inagme

Anaphylatoxin inactivator : AnEae aa dulans 9 28N C3a v‘iﬂﬁwuﬂqmauﬂ’a
Tunsiduy anaphylatoxin

Inhibitor 'Eﬂ)lu"”] (%Y C6 inhibitor (IUAU C5B 6) C4 binding protein (IUNU
C4b), C1q binding protein (FUAU C1q) “18%

Biological activities of complement

—

. stabilization of Ag-Ab complex :- Clq

2. solubilization of Ag-Ab complex :- C3b

3. viral neutralization :- Clq, C4b

4. C2 kinin :- C2b

5. Anaphylatoxin :- C3a, C5a (Anaphylatoxin release of histamine from mast

cells and increase in capillary permeability)
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6. Opsonization :- C3b, C5b (Immune adherence of Ag-Ab-C complexes to
WBC, platelets etc. and increased susceptibility to phagocytosis by leukocytes and m )

7. Chemolytic factor :- C5a, C5b67 (Chemotactic attraction of PMNs)

8. Cell lysis :- C8, C9 membrane damage and lysis of erythrocytes and some
gram negative bacteria, leakiness of plasma membrane of nucleated cell

9. Activation of alternative pathway :- ¢3b

10. Stickiness and adherence of neutrophils :- C5a

11. Modulation of humoral immune responses :- C1, C4, C2, C3, factor B
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