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Evolution of the complement system
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Abstract: Most of complement components show characteristic domain structure and adopt unique combinations,
enabling us to study the origin and evolution of the complement system by using genome database. According to the
data published in literatures and genome database, most of characteristic domains are present in genomes of
invertebrate deuterostomes, even in protostomes. However, unique combinations of these domains founded in
human complement components are not found in those genomes of protostomes. All of these are indicating that the
origin of the complement system is much more ancient than that of adaptive immunity, the perfect complement
system seems to have been established at the early stage of deuterostome evolution, and the more primitive one
have emerged in protostomes. This review will focus on the recent progress in comparative immunology of
complement system.
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(1) 25 R Sl T AR AR S 3%, W2k . (Caenorhabditis
elegans) ML (Drosophila melanogaster) 113 K 2 5
P P R 2], HEDAMA RGeS AR5 1 kL R 1
HEILE) o SR, AMA RGER 0 J3 1 C3 S I RIS AL DA
C4 FICS HZEAMII AR, 75— L R O3 h &30 T e
1 1) Y5 5 R, i 4 (Carcinoscorpius rotundicauda) (1]
CrC3%, W4 (Ruditapes decussatus) [ RD-C3Y, 2%
(Haliplanella lineate) {48 (Anopheles gambiae)lt]
TEP (Thioester containing protein) 2371\ Al AE %
ity o 4 53 2 SIB. DR 1 [0 90 56 R, A% S e 4
ARG TT I I TR AR

1 MBL/C1q/ficolin

AME RGN EUF RN > FEALHE Clg. H iR
B 4 45 Ht 4E 25 (mannose binding lectin, MBL) Fll £f
IR % (ficolin), Horfr Clq 25 & Mg IO,
MG MNH S 5 EEZ BRI, —HmREEsHE
C3 Mgk, HEM 5 AN RN . 2 ik te 2 $i
PRA T B S e B I 2 BRGNP 1 0&
P B i A, Clg 5 sk
Fe B H&E TG, TR RAESAE, 5l Clr Al
Cls MK, BEZ 51— RPN . Clq i
IS 2 MR A% B 18 N T 5 Y, AR LT A
KEMESIY . Clg 70 T N i B A IR IX, C
i B AT Clq 53 s % Clq 4635170+ (Clq
domain containing, C1qDC) £ EW) A ) 2 A7 1,
PEARLEARAR AN B A R I, T L s S A
NP RALE K1) Clq 5 Clq #£73 1 H AT AE 5 1
PRI il LA, AW SRS R
fEAE Clq 73 T (4R 8, o AE i 68 oo ok 3 — A
LClq 73 ¥ % A5 & MEmmEes, 1
K EHEEZ 15 MASP(MBL-associated serine protease)
GG H5IMERGEN I — R ®E — BERR
e P, A -G g T M AR S 34 S B bl R I
—/> AmphiClql 73 7, & HAE> T HESIY Clq
oy TR, i Mg S, (HR R IR
AR -L S LC1q M LIfE, WY GleNAc 45 & I
AeJ), M WAEEOEBE R, BRI EEMHR
w0, AN, HATEARSE R CE s
RILT —F4| ClgDC 731, HERIEW HAZY
S U AE T, W AR S0 J DL (Argopecten
irradians) 1¥] AiC1qDC-1 43 f- ST 41 52 56 % I
HEBEEAEFEE, %3Gk T LAy D- H 80k
ZEHE BB M, AE G D (Mytilus galloprovincialis)

ORI MgClq ik Q-PCR 73 A1t {7 A/ A X
PRI T2 5 e KM g AN BRI % e
£ 75168 ANC1qDC e e A7 511" ik 46 2 X A
PUAMA S A0 R R B YR H A IR R I s 1R
Mo MERTREERSE, BHERBTRIMA s
JLag AR 5T BRI .

MBL #1 ficolin 4 B xCiR 77> 1, 2 5 AMEA R
Girh B R IE AR IO, EATTRERE YU 40 B 1 H e
WIS 2 854, SRJE 5 MASP HE G i 51
—RINEN . AR AL A BOE RIS, BERE
MR 1 — 450848, HLA 1995 4F 4 %5 %2 WA »
T S AR L b R IAZaE AR A . ek,
70 REE A HES) D R I T Ay, andidiey
fa R I MBL 4y 1, JF BAFEZ AR ™, 7
TG w2 o il b v B B MBL 4y -, ik D) R S
B RIS HAMANEEE AR R LT 2
MBL [ % 244 B 25 & it 4 25 (glucose-binding lectin,
GBL), GBL 247 5 MBL — ¥ (R Bl 45 45 K 455 (C-type
lectin domains, CTLDs), {H{E N it = B IX, 5K
5545 AR B RE 5 Y MASP &5 G s e R is
Uy 2 JE o R A B A FLsh % MBL A [
g5k CoiMBL 431, i fo s 20 2340 2% S50 I
L MASP St 5E 7 F 5 i bz g s U7, MBL [
BT e 45 1 CTLDs 11 Sk R 3h ) 3 & A FL R 4
R 1000 24y, wime A, E2HMmE
WAL DR AL A (R gy, HEDN ST B, A iz Bk R Ak
FERBEIER, ARG IS fe o THEGE & U skt
TE BN RS R ARSI R I s A KAy
CTLDs (&L R4 1o (Rl P RILZ A C
REE RS T, b AICTL-7 H A H 88 M 7 10
BB T, HEIZ 50 0 2k SO 9 ) f
2 U Wi AL S UL (Chlamys farreri) 1) CfLec-1 R
A S S BEUA, i HRAT YRR 0, i A
MBS AME RGN — AN EE DR kiR
(Procambarus clarkii) i) Pc-Lecl LA f v £ 9% %% 5
(Eriocheir sinensis) [f] Es-lectin 43 54/ A2 7] 43
T TG G S N RS 5 5 R G g UL B
K RIWTURIEY], 7EI i) C By kEse
Fr 1 nl e A R B AR Z a4 MBL U 4
T RIS, BT IS DA R R A IR R X
CTLDs &4k, 255 B MAMERSE,

ficolin & MBL £ #4 S fB1, N Jii A7 i it X,
HEAE C i IR 2T 4k 8 13 B A 45 Ky 5 (fibrinogen-like
domain, FBG) JUAR T ¥E&5 & gt A — Ak
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AN FBG &5 4 38 1 £ 11 FR O £F 4 25 11 JR A 5% 2R B
(fibrinogen-related proteins, FREPs), | 72 {7 7F T HE
YIRS YT, S5 2R OV A 1k
B . A2 N, £74E Lficolin, H-ficolin A1
M-ficolin =AM ¥ fiE 5 MASPs 45 A0 #MA R 4t ;
FEAR S A2 4 b 3R 45 37 B2 (1) ficolin 43 - ASFCNGs,
Ja KB R L ficolin 3 W] BEZ 5 e R o i )
N, AHJETE 2 5 AMASE A FE it — 0 5r Y. (H
f—En 2, SIS B AP R T A ficolin )
YR 5> 7 BjFCN1, Jfidd Sciik 2 5 7TaME R
G R Rk B, FREPs 20 748 L HESh W h
BT Z ST, WAE S E Ak RIS — A
BtFREP 43 7, HAT )il i 1 ih vk B 0 0L b i
FREPs 88 6 = i I X, (5 FL £ 8L #E 3 9
ficolins [ 35 ¥, 140 1 JK 4 o PAMP 4b P, 1X 4t
STIRE RS BT, B IUREEEE BT, it
X 12 A iy SRowg e AT A A R R B, IX L
FBG 53 B A FE P A0 AR R RO sk, B
— L8 FBG 45 14 10l B A 5 R e g b e A=
T A 2 00 B L AT 2B R ) o fig BV X e,
FREPs 751 IR AMA D i (1) 46 40 w] 38 391 321 it 1 Pk
[fA S N

2 “ZaERECE

TEAHES )b, 2250 R B B AT 2 R e
Horp 2 — it & AE A AR R S8 AR . BR AT
D(factor D) 24, K2 H LA HMA R e 1 22
% W2 & (1 M i MASP/C1r/Cls. W TR ¥
B/C2 HATHFALIE (1 45 K sk ——C A ) 22 2 IR £
g 45 k4% (trypsin-like serine protease, Trypc SPc),
JFEAMA R GE P T2 AL AR 0 Bz R oh
XL 22 G IR A 1 MG HATAR 2 A i g5 M,
LDLa(LDL receptor domain class A), CCP (comple-
ment control protein), EGF_CA(calcium-binding
EGF-like domain), CUB(C1, uEGF, bone morphogenic
protein). FIMAC(factor I, membrane attack complex

protein) fll SRCR(scavenger receptor cysteine-rich) %
XL R AL AR ARSI e B, R 5%
(R R 4] e 203N, 8RR B A R G PR
A7 1K) &5 My AL 5 Uy 38 (n MASP1/2/3. Clr AT Cls
TN 1 B A7 CUB-EGF_CA-CUB-CCP-CCP-Tryp
SPe (& B3 ) JERAEENT A AL, A,
K2 B A5 T7 A ENAE MR R S B A ep o g e o,
1 HAAHES YA 7 B(factor B) 4 5 RIS B 45 44 1 ik

2 514 (echinoderm) ¥ JIH o th 2 4 57 (1 B4, K7 T
8 UAE AT AU HE 304 DA A 16 4 Bl i i
BB, R A L N AL M IR R BLN T T A
75 PO X BRI N o8 3 IAMA R GE S G L Bh ) Tk
G, Y5 HERT M R S 22 S R AR 1 I A 2
SETE G DA AL 1

3 C3/C4/C5

C3 2 FLBh P MA R G0 fe BB W ARG 47
FEWOE AN ALy, AMA R GE I = KOS @ A2 i1
T C3, RGN C3 555 ik
PR A G, S E T AR BeE, —
FRh C3 i “1gHiia % (tickover) ML B AE/N N
KA SAE 1% 1) C3 [ R “tickover”,
AEGRAZ Y C3, FK C3(H,0), 1M1 C3(H,0) BEH A
T B &4, BT B H S KAEMGAAIN AL R HF
TR B LT 2R IR D AR, 2 JE g
(IR U C3 B ZARIEE . C3 [WAAAEIE 5 il A
AME FR G 5% B O @ AR AR AR B — MK . C3
MBI E A, AT MR R G i HAb 4
BGHT5, C3 WA AR5 TE W i) 45 f X d, (H e
() 2 48 A AT DUIE W 21 ) 1 3l 4 —— i i sh 4
B B AR 0 B sh A B, AT A C3 2 b
ARG R s R IR 5. e LB,
C3 5 C4. C5 A, X=/Nr1 51 & A B
F a2M(a-2-macroglobulin) DA Az Ifil 41 fitg i) GPI 4
ST MR AR 11 CD109% [ Jg§ T — AN KK ik i PR A
B Hil, C&ERSNE OS5 R
1) T 3R 1S C3 1) cDNA 3751, #0473
fE L RmF TGl B B R R IgORT SR v ¥ R IR
Pt & &5 (1 TEP, HH4RIE X L85 74 FAL T HE
W) C3 MW BAER, EAME N PR 2 50 )5 B
i S BFFTIA R P 7 AE L TEP Ay
L I AMA R AR AR, T AN S BT R
Bt TEP 7 1ok 4 ¢ R #5218 T CD109 5 o2M,
AN & C3/C4/C5( K5 R G R R 75 2
5% Ji5 B8 i CD109/02M i C3/C4/C5 W5 1% )1, I8
2 J5 H8h#) C3/C4/C5 5 B Hy TEP 1) S Dy R 1) 4>
ERE DRI R M AR ILF M. 48R, ib
A —Fra] e R ER A & A W R AR D REREIE 2 —
ERPEINRE, 2 oM XFE SR E R ER T
XELTfE . AR AR ISR Th R AL & B B RN
Tt B T s % s KR ) R A . i
ERXTTHAE TR Z R, e ah RIL—4
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a2M A5 Bje2M 1 i 2 5 Ak W e e g BT v
YRR I AT P S B B o2M, %5 FENLIARK
Jerg KSR JE R IE R R BT IR ar
(Macrobrachium rosenbergii) f] a2M [1] & 15 15 4% 4,
50 R MR R G DIAR O M B, e S
WRILYA TEP 731, Haty b te o pr, by
A1 4 O HaliA2M F1 HaliCD109, 75 A~ iy % 0
HaliC3-1 #l HaliC3-2, &F4>70 73 0R B FEA ) 4 1
R EE B ThREAT A, mRNA [RIE DA HE % A
(FIF A, W CD109. C3 A a2M [FI%E K & 1 5 1)
HE 73 A T 3B 1) 500 Ji 2 49 0 PR 0 3 AR B ) o A 22
Al e X RPN RRE R, MR 05T C3
1) LR B ] S 00 281 B ) s i 3

4 BERHESHE

AN FR G RO 5 | RS 1) d5 2 80 RY AE0 BR A oK
W, RS HUAE G20 e FLshyh, AMER
G R K5y CO/CT/C8/CI 25411 n] IL [w] 4 22 Jle 5
Wit & A K (membrane attack complex, MAC) i %4
filt H B 40, B8 C3 FRid AR e PR R oAb
RGN 25 MAC JE WA 73— E 3R
5 AE A2 A — A MACPF(MAC/perforin) [ 45 1E
SiRIE, EASMIEARAES 50 T A R AL
2 (perforin) & B B fL E A AE M MO R E T
411 (cytotoxic T cells) Fl HAR A A (natural killer
cells) ¥ i ks, — BOX S0 f gl s, 28 4L
B S ORI AR H bR g B BRI
Lo B, Fr 25 % g s v ik 201 vl fig
LR IE T % MACPF i3 M 0+ 124
ik, XS AR LB R IS 2 e
oaf g, A b U0 21 C8 A1 C9 ) cDNA
JFHNFE R I MAC IAEAE, RS 1 I e g Pk
PRI A 2 F b T NSRRI 417 A R
RIANAELE 6 D HA MACPF 25 i) FE A, A0 4
L%, C6. C7. C8a. C8B A1 CY, Ifij /L i 35
W) SR i PR A b IR A R IR AR 43 B AT MACPF
SR, AT e RAETE TG D shdd, e
SLZREW) (cephalochordate) 3 & £+ 45 Cé6-like 43
cDNA [J#RiE, JEo0 it kI izs 15 AN C6 5
GRABIE M, AN, JEerakiET, 1
T BRI P 91 v 5 AR B 10 240 7 MACPF
ZERIR N B, LR S B A O FE R 4L A
P2 ik 29 N, XL R Z B HA 5N C6 2%
AR S5 H) A7 AL — LS e AT 1 AN W] ) RE 1R 25

Fylkie IDRE LA, S 4n i 24 4 T OB 3] 1)
1, GOSN AMA RS H AT AU IR B,
R IAT A0 284 5 11 Bh RERIIRAE, 1SS LY Co-
like 73 (1) Dy BE 72 75 4 o 40 I 288 DX 1738 A9 2
AL I DI RERE 5T

5 4#iE

QAT T, e g PR 2 i o3 A e IR e L
EH. L% E AN MACPF 350y 145 e e
TR EEMESY T, ALY e LA e
SEAHESI R T Re e & I AMA R G SR, TR
TE ISR S = Gy The B EEAE, AT
DV DR, Wide i IR AMA R G
() R B A 1) 2, L g LC1q At MBL. 3C E
BjFCN1 ¥J 1] 43 5l 5 %% H MASP 45 & 5 2 C3 (1 3
fig P, R, RN 2y 22 TR 1A AT BE Th g B IR T
B RIRAN M SEIR ST . K 1R Tie4 1M
RE5 2 = B AMA RGP I IF SRS . A EEAS %R
RGN, FRATT ] LA R 55 B IR 45 02 55 5
MG EAS, a4 HILEE 2R, mas
IO ST R T A AU HESh A B & . B X
RZE B AMA RGBS TR N, AR X RMA R
SRS L SR TR, X m S HES)
YA IR b AR AR

(& % 3 ¥kl

[1] Kasahara M, Nakaya J, Satta Y, et al. Chromosomal
duplication and the emergence of the adaptive immune
system. Trends Genet, 1997, 13(3): 90-2

[2] Nonaka M. Evolution of the complement system. Curr
Opin Immunol, 2001, 13(1): 69-73

[3] ZhuY, Thangamani S, Ho B, et al. The ancient origin of
the complement system. EMBO J, 2005, 24(2): 382-94

[4] Prado-Alvarez M, Rotllant J, Gestal C, et al. Characteriza-
tion of a C3 and a factor B-like in the carpet-shell clam,
Ruditapes decussatus. Fish Shellfish Immunol, 2009,
26(2): 305-15

[S] Fujito NT, Sugimoto S, Nonaka M. Evolution of thioester-
containing proteins revealed by cloning and characteriza-
tion of their genes from a cnidarian sea anemone, Halip-
lanella lineate. Dev Comp Immunol, 2010, 34(7): 775-84

[6] Blandin S, Shiao SH, Moita LF, et al. Complement-like
protein TEP1 is a determinant of vectorial capacity in the
malaria vector Anopheles gambiae. Cell, 2004, 116(5):
661-70

[71 Blandin S, Levashina EA. Thioester-containing proteins
and insect immunity. Mol Immunol, 2004, 40(12): 903-8

[8] Carland TM, Gerwick L. The Clq domain containing
proteins: Where do they come from and what do they do?



366

24

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Classical pathway

C3(TEP) and factor B
C1q(Clg-ike) ;
MBL

Ficolins
MASPs

MASP1
MASP2
MASP3

E1 #MERGHIEEK (S % Fujita 2002)

Dev Comp Immunol, 2010, 34(8): 785-90

Matsushita M, Matsushita A, Endo Y, et al. Origin of the
classical complement pathway: Lamprey orthologue of
mammalian C1q acts as a lectin. Proc Natl Acad Sci USA,
2004, 101(27): 10127-31

Yu Y, Huang H, Wang Y, et al. A novel Clq family
member of amphioxus was revealed to have a partial
function of vertebrate C1q molecule. J Immunol, 2008,
181(10): 7024-32

Kong P, Zhang H, Wang L, et al. AiC1qDC-1, a novel
gClg-domain-containing protein from bay scallop 4rgo-
pecten irradians with fungi agglutinating activity. Dev
Comp Immunol, 2010, 34(8): 837-46

Gestal C, Pallavicini A, Venier P, et al. MgClq, a novel
Clqg-domain-containing protein involved in the immune
response of Mytilus galloprovincialis. Dev Comp
Immunol, 2010, 34(9): 926-34

Gerdol M, Manfrin C, De Moro G, et al. The C1q domain
containing proteins of the Mediterranean mussel Mytilus
galloprovincialis: a widespread and diverse family of
immune-related molecules. Dev Comp Immunol, 2011,
35(6): 635-43

Kania PW, Sorensen RR, Koch C, et al. Evolutionary
conservation of mannan-binding lectin (MBL) in bony
fish: identification, characterization and expression
analysis of three bona fide collectin homologues of MBL
in the rainbow trout (Onchorhynchus mykiss). Fish
Shellfish Immunol, 2010, 29(6): 910-20

Takahashi M, Iwaki D, Matsushita A, et al. Cloning and
characterization of mannose-binding lectin from lamprey
(Agnathans). J Immunol, 2006, 176(8): 4861-8

Sekine H, Kenjo A, Azumi K, et al. An ancient lectin-
dependent complement system in an ascidian: novel lectin
isolated from the plasma of the solitary ascidian,
Halocynthia roretzi. ] Immunol, 2001, 167(8): 4504-10
Skjoedt MO, Palarasah Y, Rasmussen K, et al. Two
mannose-binding lectin homologues and an MBL-
associated serine protease are expressed in the gut epi-

(18]

[19]

(20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

thelia of the urochordate species Ciona intestinalis. Dev
Comp Immunol, 2010, 34(1): 59-68

Huang S, Yuan S, Guo L, et al. Genomic analysis of the
immune gene repertoire of amphioxus reveals extraor-
dinary innate complexity and diversity. Genome Res,
2008, 18(7): 1112-26

Kong P, Wang L, Zhang H, et al. A novel C-type lectin
from bay scallop Argopecten irradians (AiCTL-7) agglu-
tinating fungi with mannose specificity. Fish Shellfish
Immunol, 2011, 30(3): 836-44

Yang J, Wang L, Zhang H, et al. C-type lectin in Chlamys
farreri (CfLec-1) mediating immune recognition and
opsonization. PLoS One, 2011, 6(2): 17089

Zhang H, Chen L, Qin J, et al. Molecular cloning,
characterization and expression of a C-type lectin cDNA
in Chinese mitten crab, Eriocheir sinensis. Fish Shellfish
Immunol, 2011, 31(2): 358-63

Zhang XW, Wang XW, Sun C, et al. C-type lectin from
red swamp crayfish Procambarus clarkii participates in
cellular immune response. Arch Insect Biochem Physiol,
2011, 76(3): 168-84

Kenjo A, Takahashi M, Matsushita M, et al. Cloning and
characterization of novel ficolins from the solitary
ascidian, Halocynthia roretzi. J Biol Chem, 2001, 276(23):
19959-65

Cha IS, Castillo CS, Nho SW, et al. Innate immune
response in the hemolymph of an ascidian, Halocynthia
roretzi, showing soft tunic syndrome, using label-free
quantitative proteomics. Dev Comp Immunol, 2011,
35(8): 809-16

Huang H, Huang S, Yu 'Y, et al. Functional characterization
of a ficolin-mediated complement pathway in amphioxus.
J Biol Chem, 2011, 286(42): 36739-48

Fan C, Zhang S, Li L, et al. Fibrinogen-related protein
from amphioxus Branchiostoma belcheri is a multivalent
pattern recognition receptor with a bacteriolytic activity.
Mol Immunol, 2008, 45(12): 3338-46

Romero A, Dios S, Poisa-Beiro L, et al. Individual



4l RIA, s

AME R G

367

[33]

[35]

[37]

[38]

[39]

sequence variability and functional activities of fibrinogen-
related proteins (FREPs) in the Mediterranean mussel
(Mytilus galloprovincialis) suggest ancient and complex
immune recognition models in invertebrates. Dev Comp
Immunol, 2011, 35(3): 334-44

Middha S, Wang X. Evolution and potential function of
fibrinogen-like domains across twelve Drosophila species.
BMC Genomics, 2008, 9: 260

Liszewski MK, Farries TC, Lublin DM, et al. Control of
the complement system. Adv Immunol, 1996, 61: 201-83
Venter JC, Adams MD, Myers EW, et al. The sequence of
the human genome. Science, 2001, 291(5507): 1304-51
Buresova V, Hajdusek O, Franta Z, et al. Functional
genomics of tick thioester-containing proteins reveal the
ancient origin of the complement system. J Innate Immun,
2011, 3(6): 623-30

Azumi K, De Santis R, De Tomaso A, et al. Genomic
analysis of immunity in a Urochordate and the emergence
of the vertebrate immune system: "waiting for Godot".
Immunogenetics, 2003, 55(8): 570-81

He Y, Tang B, Zhang S, et al. Molecular and immunoche-
mical demonstration of a novel member of Bf/C2 homolog
in amphioxus Branchiostoma belcheri: implications for
involvement of hepatic cecum in acute phase response.
Fish Shellfish Immunol, 2008, 24(6): 768-78

Smith LC, Shih CS, Dachenhausen SG. Coelomocytes
express SpBf, a homologue of factor B, the second
component in the sea urchin complement system. J
Immunol, 1998, 161(12): 6784-93

Kimura A, Tkeo K, Nonaka M. Evolutionary origin of the
vertebrate blood complement and coagulation systems
inferred from liver EST analysis of lamprey. Dev Comp
Immunol, 2009, 33(1): 77-87

Kimura A, Sakaguchi E, Nonaka M. Multi-component
complement system of Cnidaria: C3, Bf, and MASP genes
expressed in the endodermal tissues of a sea anemone,
Nematostella vectensis. Immunobiology, 2009, 214(3):
165-78

Muller-Eberhard HJ. Molecular organization and function
of the complement system. Annu Rev Biochem, 1988, 57:
321-47

Miller DJ, Hemmrich G, Ball EE, et al. The innate
immune repertoire in cnidaria--ancestral complexity and
stochastic gene loss. Genome Biol, 2007, 8(4): R59

Lin M, Sutherland DR, Horsfall W, et al. Cell surface
antigen CD109 is a novel member of the a2 macroglo-
bulin/C3, C4, C5 family of thioester-containing proteins.

[40]

[41]

[42]

[43]

[44]

[43]

[49]

Blood, 2002, 99(5): 1683-91

Sottrup-Jensen L, Stepanik TM, Kristensen T, et al.
Common evolutionary origin of a2-macroglobulin and
complement components C3 and C4. Proc Natl Acad Sci
USA, 1985, 82(1): 9-13

Suzuki MM, Satoh N, Nonaka M. C6-like and C3-like
molecules from the cephalochordate, amphioxus, suggest
a cytolytic complement system in invertebrates. J] Mol
Evol, 2002, 54(5): 671-9

Clow LA, Raftos DA, Gross PS, et al. The sea urchin
complement homologue, SpC3, functions as an opsonin. J
Exp Biol, 2004, 207(Pt 12): 2147-55

Levashina EA, Moita LF, Blandin S, et al. Conserved role
of a complement-like protein in phagocytosis revealed by
dsRNA knockout in cultured cells of the mosquito,
Anopheles gambiae. Cell, 2001, 104(5): 709-18

Bou Aoun R, Hetru C, Troxler L, et al. Analysis of
thioester-containing proteins during the innate immune
response of Drosophila melanogaster. J Innate Immun,
2011, 3(1): 52-64

Povelones M, Upton LM, Sala KA, et al. Structure-
function analysis of the Anopheles gambiae LRIM1/
APLI1C complex and its interaction with complement C3-
like protein TEP1. PLoS Pathog, 2011, 7(4): €1002023
Nonaka M, Yoshizaki F. Evolution of the complement
system. Mol Immunol, 2004, 40(12): 897-902

Liang Y, Pan A, Zhang S, et al. Cloning, distribution and
primary immune characteristics of amphioxus a-2
macroglobulin. Fish Shellfish Immunol, 2011, 31(6): 963-
9

Qin C, Chen L, Qin JG, et al. Molecular cloning and
characterization of a2-macroglobulin (0¢2-M) from the
haemocytes of Chinese mitten crab Eriocheir sinensis.
Fish Shellfish Immunol, 2010, 29(2): 195-203

Ho PY, Cheng CH, Cheng W. Identification and cloning of
the a2-macroglobulin of giant freshwater prawn
Macrobrachium rosenbergii and its expression in relation
with the molt stage and bacteria injection. Fish Shellfish
Immunol, 2009, 26(3): 459-66

Shinkai Y, Takio K, Okumura K. Homology of perforin to
the ninth component of complement (C9). Nature, 1988,
334(6182): 525-7

Miyazawa S, Azumi K, Nonaka M. Cloning and
characterization of integrina subunits from the solitary
ascidian, Halocynthia roretzi. J Immunol, 2001, 166(3):
1710-5



