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Cs5 ,
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(Nonaka et al, 2001; Smith et al, 2001; Dishaw et al,
2005) (Ciona intestinalis)

(Branchiostoma floridae)

(Azumi et al, 2003; Huang et al,

2008);

(Pattern recognition receptor, PRR)

(serine protease, SP) (ficolin)
(MBL-associated serine

protease, MASP) C3 C2 B

(Matsushita et al/, 2001; Nonaka et al, 2001; Blandin
et al, 2004; Fujita et al, 2004b); ,
C3 B /C2 MAC
(Nonaka et al, 2006; Miller et al, 2007)
(Strongylocentrotus purpuratus)

, Smith  (2001) C3 B MASP

C )

, Wang (2017)

(Crassostrea gigas)

(Hibino et al, 2006;
Huang et al, 2008; Zhang et al, 2012; Gerdol et al, 2015;
Wang et al, 2017) RNA-Seq
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1.3 Unigene
RSEM
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(Version1.1.21) (Li et al, 2011)
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1.12.0) (Anders et al, 2010)
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(https://www.ncbi.nlm.nih.gov/Structure/ , 68 unigene, 14
cdd/cdd.shtml) SMART server (http://smart.embl- Clq 14 ( 2 MBL
heidelberg.de/) 2 10 C ) 4 FREP 12
( 1 C2) 10
2 ( 1 C4 1 C5 2
2.1 6  alpha ) 1 C6 5
RNA-Seq 1 7  ficolin( 1)
£1 DRHEN RNA-Seq 5B PRI AHER 5
Tab.l Summary of complement-like components from RNA-seq dataset of P. fucata
( ) ID EST (bp)
comp66465_c0 864 Complement C1q-like protein 2 Nr
comp72411_c0 820 Complement C1q-like protein 2 Nr
comp819228 ¢0 217 Complement Clq-like protein 3 Swiss-Prot
compl1397_c0 1547 Complement C1q-like protein 4 Swiss-Prot
compl15071_cO 502 Complement C1q-like protein 4 Nr
comp314296_c0 757 Complement C1q-like protein 4 Nr
Clg/ClgDC comp37171_c0 834 Complement Clqg-like protein 4 Nr
(14) comp51879_c0 526 Complement C1q-like protein 4 Nr
comp55080_c0 675 Complement Clq-like protein 4 Nr
comp70389_c0 2802 Complement C1q-like protein 4 Nr
comp71265_c0 1461 Complement C1q-like protein 4 Nr
comp72322 ¢0 2067 Complement C1q-like protein 4 Swiss-Prot
comp754969 c0 363 Complement C1q-like protein 4 Nr
comp487618 c0 518 C1lq domain containing protein Nr
comp62656_c0 1854 Complement C4 Swiss-Prot
C4/?35)/C6 comp377897_c0 457 Complement component C5-1 Nr
comp1280548_c0 208 Complement component C6 Nr
compl19552 ¢c0 278 Thioester-containing protein-C Nr
comp72940 c0 4090 Thioester-containing protein-C Nr
comp74799 _c0 3244 Alpha-2-macroglobiln splicing variant 1 Nr
/alpha- comp74799 cl 3998 Alpha-2-macroglobulin Nr
®) comp47264_c0 425 Alpha-2-macroglobulin Nr
comp1426901_c0 223 Alpha-macroglobulin KOG
comp395606_c0 407 Alpha-macroglobulin KOG
comp61634 c0 1299 Alpha-macroglobulin KOG
comp76368 cl 3898 Lectin, mannose-binding 2 KEGG
comp71299 c0 2296 Lectin, mannose-binding 1 KEGG
comp737450_c0 334 Collectin-11 Nr
comp60893_c0 577 Collectin-12 Nr
comp193934 ¢0 703 C-type lectin domain family 3 Nr
(14) comp44859 ¢c0 393 C-type lectin KOG
comp67238 c0 563 C-type lectin domain family 3 Nr
comp72224 c0 1241 C-type lectin 2 Nr
comp68098_c0 871 C-type lectin Nr
compl135571_c0 332 C-type lectin Nr
comp760004_c0 305 C-type lectin 5 Nr
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S
( ) ID EST (bp)
comp70764_c0 895 C-type lectin 8 Nr
(14) comp311441 _c0 492 C-type lectin domain family 4 Nr
comp69799_c0 1497 C-type lectin 11 Nr
comp334865_c0 372 Fibrinogen-related protein 7-1 precursor Nr
comp63837_c0 1016 Fibrinogen-related protein Nr
4) comp379987_c0 634 Fibrinogen-related protein Nr
comp59038_c0 1886 Fibrinogen-related protein 1 Nr
comp64269_c0 1856 Thymus-specific serine protease-like Nr
comp437030_c0 342 Testicular-specific serine protease 3 Nr
compl21_c0 245 Serine protease 42 Nr
comp70805_c0 2143 Serine protease Nr
comp72849 c0 1420 Serine protease 27-like Nr
compl181719_c0 844 Serine protease Nr
(12) comp749730_c0 211 Serine protease mRNA Nt
comp74323 c0 2199 Serine protease Swiss-Prot
comp506917_c0 295 Serine protease 27 Swiss-Prot
comp75471_c0 2093 Serine protease KOG
comp63431_c0 1296 HtrA serine peptidase 2 KEGG
comp488509 c0 425 Complement C2 Swiss-Prot
comp398145_c0 1235 Complement component receptor 1-like protein Swiss-Prot
comp68087_c0 1586 Complement receptor type 1 Swiss-Prot
) comp437543_c0 548 Complement receptor type 2 Swiss-Prot
comp688205_c0 259 Complement receptor type 2 Swiss-Prot
comp553342_¢c0 309 complement receptor type 2-like Nr
) comp76920 c0 2275 Complement Factor H Nr
comp75716_c0 1432 Ficolin-2 Nr
comp432272 c0 404 Ficolin-2-like Nr
comp74191 c0 1366 Ficolin-2 Nr
@ comp50977_c0 437 Ficolin and related extracellular proteins KOG
comp76571 ¢c0 2717 Ficolin and related extracellular proteins KOG
comp74642_c0 3228 Ficolin KEGG
compl1221917 ¢c0 222 Ficolin-1 Swiss-Prot
2.2 Clq (Mannose-binding lectin, MBL)
, MBL
,Clq MBL ficolin PRR C3 ,2 MBL
Lectin_leg , N
14 Clq C : ’ 12 C
(C1gDC) 11 ClgDC C ‘
’ N (C-type lectin, CTL) CTLD
3
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%2 SEK¥KER Clq/ClqDC {R5F L1543 4
Tab.2  Analysis of the conserved domains in C1q/C1qDC of P. fucata
ID
comp66465 ¢c0 Complement C1q-like protein 2 N- , C-
comp72411_c0 Complement C1q-like protein 2 C-
comp819228 ¢c0 Complement Clq-like protein 3 C-
compl11397 c0 Complement C1q-like protein 4 , N- , C-
compl5071_c0 Complement Clq-like protein 4 _—
comp314296_c0 Complement Clq-like protein 4 C-
comp37171_c0 Complement Clq-like protein 4 —_—
comp51879_c0 Complement C1q-like protein 4 , C-
comp55080_c0 Complement Clq-like protein 4 C-
comp70389_c0 Complement Clq-like protein 4 —_—
comp71265_c0 Complement Clq-like protein 4 , C-
comp72322_¢c0 Complement Clq-like protein 4 , N- , C-
comp754969_c0 Complement Clq-like protein 4 C-
comp487618_c0 Clq domain containing protein , C-
*3 DRABIUEERRTELESFT
Tab.3  Analysis of the conserved domains in lectins of P. fucata
ID
comp76368 cl Lectin, mannose-binding 2 Lectin_leg-like
comp71299 c0 Lectin, mannose-binding 1 Lectin_leg-like
comp737450_c0 Collectin-11 —
comp60893 c0 Collectin-12 CTLD N
comp193934 _¢0 C-type lectin domain family 3 CTLD
comp44859_c0 C-type lectin CTLD
comp67238_c0 C-type lectin domain family 3 CTLD
comp72224 ¢c0 C-type lectin 2 CTLD
comp68098_c0 C-type lectin CTLD
compl1135571_¢c0 C-type lectin —_—
comp760004_c0 C-type lectin 5 CTLD
comp70764_c0 C-type lectin 8 CTLD s
comp311441 c0 C-type lectin domain family 4 CTLD
comp69799_c0 C-type lectin 11 CTLD s
MBL ficolin N (Fibrinogen-like, FBG) s , RNA-Seq
C ficolin FBG FREP,
ficolin 4
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Tab.4  Analysis of the conserved domains in Fibrinogen-related proteins and ficolins of P. fucata

ID
comp334865 c0 Fibrinogen-related protein 7-1 precursor FBG
comp63837_c0 Fibrinogen-related protein FBG
comp379987_c0 Fibrinogen-related protein FBG
comp59038_c0 Fibrinogen-related protein 1 , FBG
comp75716_c0 Ficolin-2 FBG
comp432272 ¢c0 Ficolin-2-like FBG
comp74191 ¢c0 Ficolin-2 FBG
comp50977_¢c0 Ficolin and related extracellular proteins FBG
comp76571_c0 Ficolin and related extracellular proteins FBG
comp74642 c0 Ficolin FBG s
compl1221917_c0 Ficolin-1 FBG
2.3 C2
); SPC ,
MASP CIr Cls B C2 CCP R
2 RNA-Seq , 12 CCP 5
*5 DR®KBNLEBRELMRTEEESNT
Tab.5 Analysis of the conserved domains in serine proteases of P. fucata
ID
comp64269 c0 Thymus-specific serine protease-like SPC
comp437030_c0 Testicular-specific serine protease 3 SPC
compl21 ¢c0 Serine protease 42 SPC
comp70805_c0 Serine protease
comp72849 c0 Serine protease 27-like SPC s
comp181719_¢c0 Serine protease —_—
comp749730_c0 Serine protease mRNA SPC
comp74323_c0 Serine protease SPC
comp506917_c0 Serine protease 27 SPC
comp75471 c0 Serine protease SPC
comp63431 c0 HtrA serine peptidase 2 SPC
comp488509 c0 Complement C2 CCP (SCR )
2.4
RNA-Seq 10 A2M comp A2M N A2M N 2
>
C4/C5 alpha- , C4 Cs5
alpha 2- C3
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*6 DRKEBNEMEREQRTEEHEI R
Tab.6  Analysis of the conserved domains in thioester-containing proteins of P. fucata
ID
compl19552 ¢c0 Thioester-containing protein-C A2M
comp72940_c0 Thioester-containing protein-C A2M_N 2 s , A2M
comp377897 c0 Complement component C5-1 (Ig-FLMN)
comp62656_c0 Complement C4 A2M_comp , A2M
comp74799_c0 Alpha-2-macroglobiln splicing variant 1 A2M_N 2 , VWC
comp74799 cl Alpha-2-macroglobulin A2M_comp , A2M s
comp47264_c0 Alpha-2-macroglobulin A2M_N
compl1426901_c0 Alpha-macroglobulin A2M_N 2
comp395606_c0 Alpha-macroglobulin A2M_comp
comp61634_c0 Alpha-macroglobulin A2M_N
2.5 CCP (SCR
CR1 CR2 H C4 ), RCA R
(decay-accelerating factor, DAF) (membrane 1 C6 s
cofactor protein, MCP) EGF( ) SCR ; BLASTx
(regulator of complement activation, RCA) , , (Toxoplasma
, 5 ( 2 gondii)  SCR (SCR repeat domain-
CR1 3 CR2) 1 H ; containing protein) 32% 7
x7 DRKEBNEMMBEADORTFTEDESHT
Tab.7 Analysis of the conserved domains in other complement-like components of P. fucata
ID

comp398145_c0

comp68087_c0
comp437543_c0
comp688205_c0
comp553342 ¢c0

comp76920 c0
comp1280548 c0

Complement component C6

Complement component receptor 1-like protein CCp (SCR )
Complement receptor type 1 CCP (SCR )
Complement receptor type 2 CCP (SCR )
Complement receptor type 2 CCP (SCR )

Complement receptor type 2-like CCP (SCR )
Complement Factor H CCP (SCR )

2.6
) 1 )
unigene 21 unigene
ClgDC CTL ficolin
H
unigene 12
ClgDC CTL ficolin),

57%,

68

C4 ’

unigene( (Huang et al, 2008)

unigene
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Fig.1 Analysis of gene expression levels of complement-like components after V. alginolyticus challenge
(Azumi et al, 2003; Huang et al, 2008) ,
MASPlI MASP3
, , (Nematostella  vectensis)
68 (Halocynthia roretziy MASPI ,
unigene, Clq MASP (Ji et al,
FREP 1997; Kimura et al, 2009)
ficolin (CCP) ,
C3,
) CCpP (Wang et al, 2017) B
(Ruditapes
,Clq MBL CTL ficolin decussatus) ,
, (Gross et al,
(Nonaka et al,  2000; Yoshizaki et al, 2005; He et al, 2008;
2004) , ClgDC Prado-Alvarez et al, 2009) B N
CTL 2 LDLR(Low-density lipoprotein receptor,
(Pathogen-associated molecular patterns, PAMP) ) 1 CCP R
IeG C2 (Tachyplens
(Wang et al, 2012a, b; Zhang et al, 2008) , LPS tridentatus)B N CCP
Clq (Tagawa et al, 2012)
(AmphiClql) (Yu et al, 2008); MBL B B /C2
LPS (Bonura et al, 2009);
LPS LTA ficolin (FCNI) C3
(Huang et al, 2011) , Clq ,
CTL  ficolin mRNA C3
¢ D, , C3
(Nonaka et al, 2004) RNA-Seq
, MASP C3 , C3
(MASP Clir Cls) B (B c2) , C4 Cs 02-
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al, 2004, 2006) (Drosophila melanogaster) ; R
(Anopheles gambiae) Cé6

C3 , C3
TEP ( TEP-1 )
, TEP-1 ,
C3
(Levashina et al, 2001; Blandin et al, 2004) ,
TEP C3

, (Pacifastacus leniusculus)
(Chlamys farreri)
TEP (Zhang et al, 2007; Wu et al, 2012;
Wang et al, 2017) ,
C3

CRl CR2 CR3 CR4 CRS ,

2 CR1 3 CR2 ,
SCR ,
CR1 CR2 (Ahearn et al, 1989);
, 5 CR
(
1), C3b
(H ) ,
C3
4
RNA-Seq ,
68 unigene, Clq
C4/C5/C6 TEP MBL CTL SP CR
Ficolin H RNA-Seq
C3 MASP ,
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ANALYSIS OF COMPLEMENT-LIKE COMPONENTS IN PINCTADA FUCATA
BASED ON THE TRANSCRIPTOME DATASETS

WU Yong', ZHANG Ye?>, XU You-Hou?, LIANG Xue-Ru?’, WANG Zhong-Liang’

(1. Science and Technology Department, Guangdong Ocean University, Zhanjiang 524088, China; 2. Fisheries College, Guangdong
Ocean University, Zhanjiang 524088, China; 3. Guangxi Key Laboratory of Beibu Gulf Marine Biodiversity Conservation, Beibu Gulf
University, Qinzhou 535000, China)

Abstract The complement system connecting innate immunity and adaptive immunity plays an important role in
humoral immunity. In this study, the complement components of Pinctada fucata were searched based on the RNA-Seq
data, and the conserved domains and expression levels after Vibrio alginolyticus challenge were analyzed. Sixty-eight
complement-like component unigenes were found in RNA-Seg data, encoding 14 Clq domain-containing proteins, 14
lectins, 4 fibrinogen-related proteins, 12 serine proteases, 10 thioester-containing proteins, 1 C6, 5 complement receptors, 1
complement factor, and 7 ficolins. The complement-like components of P. fucata contained corresponding conserved
domains as revealed in domain analysis, which is consistent with the results of complement components from other
mollusks. The expression levels of 21 unigenes were up-regulated by V. alginolyticus challenge, of which 12 were pattern
recognition receptors. Combining the results of studies on the oyster and other mollusks, we infer that a primitive
complement system containing multiple components exists in P. fucata, and performs biological functions by the lectin
pathway or alternative pathway. The results provide a new basis for understanding the immune defense mechanisms of P.
fucata and other marine invertebrates, and for exploring the evolution of the complement system.

Key words Pinctada fucata, RNA-Seq; complement-like component; conserved domain



