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(1. HFERFAEmR 2R HE 266071,
2. H R ERESEREERLRE VAR SEY - B RE §5
3. WPEKFEREDIIE B KPR AT AR A SRR A e B R SRR R

266071;
266071)

BE HEEE R ER MK 2 2B E A8 1 (Mannan-binding lectin associated serine protease 1,
MASP1) & #M A%t 5 F R AR H A B EAE A B HE & B o RFR LLEIE F 8 (Cynoglossus semilaevis) 41
HRM%, MA RACE B AAMELE KK EE qRT-PCR # A X318 & MASP1 % F (Cynoglossus
semilaevis MASP1, CsMASP1)# AT 7 st B fn R kX o0 hr. &R BT, CsMASP1 2 cDNA 77| 4
K H 2507 bp, 5'dE4 A XK 82 bp, 3'dEL4AL XK 142 bp, Tk A MEK 2283 bp, 4 760 A A
B ; CsMASP1 £ F A4 13 MR F A 12 N HEF, 5 % 8 8 fn & K0 MASP1 2 4 1 — B, SMART
AT B, CSMASP1 &4 6 NEEMB, Gridlsidy. B Hfhé XM —3; BIR LA,
CsMASP1 #n# WA E RS, 54 54 (Lates calcarifer)l A& E, A 76%. CsMASP1 # H
O FERALCRK., fI. . B, Q. KB . . k. BREBFHRERE, ¥,
TR, Bk B PRk BER G B INE (Vibro anguillarum)E 4 Ja , CsMASP1 F:F 7 6 F % & 41 41 (i
W B KB . AT EALRNEAER, £ 6 HMARARTENNEW BRKK, FH
FAEENNERLE 24h; Bl kAR EHAARLEE 6h; . kB Frfn ik oy & 5 (834 B
AAERKLEE 12 hy MAEREBR L AW, ZREAERHRRFREEZEFT KT ARENA,
CsMASP1 2H % 5 7T ¥ B EHW e R M ATE, KERWLBFTHN RN EFRTLEE T E4,
KEBIW  FEEH; MASP1 XERE; HEE K, HE k% AEME

FESES S971.4  XEEFRIRAE A XEHRS  2095-9869(2020)03-0049-11

A 2 AT AR (1S 1 (MASP)

HH 88 i G 584 & (Mannan-binding lectin, MBL)#

J& T % % % 25 M i (Serine proteases, SP)#H K & 5 ,
£335 MASP1(Takahashi et al, 2013) . MASP2(Swierzko
et al, 2014)F1 MASP3(Dahl et al, 2001), MASP1 &4k
REESE R i i EZAE IS 8, MASPL 7]

T LA R 955 AR e . MBL-MASP & & ¥ 3 6] 3005
B4 12 (Sunyer et al, 1998; Schwaebl et al, 2002),

HAT, 5T MASP1 FRFFEHIXT 4520, 2000 451
WAE N e 5 Y MASP1(Chen et al, 2000), B
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2 R ERAES

T N MASPL N i BURAZ R IZ B IFTE R
FFAHhafE AT T 235 (Cai et al, 2008), 15 {UAFESCE i
(Branchiostoma belcheri)(Endo et al, 2003), -Lfilts
(Lampetra fluviatilis)(Endo et al, 2003) . ¥ ffi
(Ctenopharyngodon idella)(Dang et al, 2017)F1% 1fg
(Botryllus schlosseri)(Nicola et al, 2017)% /K4 A9
JFET MASP1 B SERERIK R RPN MG ST . A
1 MASP1 RIBFFE IR A AR o

¥ 5 B8 (Cynoglossus semilaevis) 23X [F & EL 1Y)
MK IR AR, BEE K FRAEA Tk B P
JEE i ) SRR ) I AT %o 4 i B8 7 B L i ™
HWATER o A P& 5 AL BT R 3K
14995 8 Bl 4 - BOA A RER ABESE (Chen et al, 2015), 7K
Wit PCR # AR5 T CsMASP1 JEH 1) cDNA, Jf:
SR T HEL A 2540 A OC R, IBEIE T CsMASPL
TR iy 11 PR A 2Urh B R IR AL, S 6
IR YL J5 2 B TE 6 Fh S ie 14U iy i 25 Rk i
H, NIE—BIRA T CsMASP1 FERAE - W 5 15
322 7 A0 v 8 1 P B 5 Al

1 #MRERF=E
1.1 LEHH

2V BRI [ 1 2R PH R K AT BR AN FD L i
ho2 WAL, CFYIRE R 400+£5) g, FIERK R
(40.3£0.1) cm, filFESCHG 0 7E 24 CAKGEAE B 7 d,
B RAGOB B K R K, IR BRI BTN o 685 Ay
RSB AR AL R, 28 16S rRNA W F AT M E
1.2 HROEMREE

Bt HLIE HL 3 2% {74 2 i 885, 430l R S g 2 A
BOMLIR . M. B8 PRAR . OB KB B BFL Rk

=1
Tab.1

MR B AL 11 AhALZ, ISP B A PR %R, R
Ja % 280 CUKFETRAE, T 5 RNA $2H¢, #8517
J YL 2 I8 (Sha et al, 2017) 325 AR, RAIE
i T S 3 X S U A R A T R IR R, R (ol
HAEH )N 3.18 x 10° CFU/g fafde, Xif BE2H V3 565 AH [+
RFURTCE PBS . TEESTE 0. 6. 12, 24, 48
172 hdk 6 BRI, BASETE S 3 S,
WCAESEBG AURIXT RE A i v . B8 SKUE L . RN
HRHE 6 FhA14l, {47 T =R b prid .

1.3 RNA 12E#0 cDNA #l &

KR A WER L, H IR RNA $2 G
ORI, JEaD) MU T4 218 RNA 421, $2HK
(1 RNA JTIBrIE B L v (1.00%) A5 0 58 B % o
Agilent 2100 biological analyzer (Applied Biosystems,
3 ) fr 0 H 2 BE AR B . # R PrimeSeript 11 1st
Strand cDNA Synthesis Kit (TaKaRa, % )if7 &%
SERL cDNA, 20 C KA IRAT %

1.4 CsMASP1 EEH cDNA FF5Ip ¥ 18

T A X 2 U T A SR 2 R R PR A B AT AR
SRET, THE T CsMASP1 TRy cDNA J#
G, HXZF ANV REFES [ P1 AT P2(E 1), LU
W 11 NHLUR S cDNA AN, #E47 PCR 3§~
4, PCR FLW A Z (20 pl): Trans Tug®HiFi Polymerase
(5 U/ul) 0.2 pl, 10 X Trans Taq HiFi Buffer 12 pl,
2.5 mmol/L dNTPs 1.6 pl, P1 1 ul, P2 1 pl, cDNA #iH
2 ul, ddH,0 12.2 plo KW FEF: 95°C 5 min; 95°C 30s,
58°C 30s, 72°C 30s, 38 ME¥H; 72°C 10 min; 4°C
TRAE . 1.00%BrAEARBE I P Uk A I J= . 1 DNA B [R11
RN EMERE, BiR0)4lifk PCR P 8T M=), %
13 pEASY-T1(2X 4, Jba)#ik L, EAR KL
B TransT1 EZAME (X4, dLrO)H, BRHH

B EEE MASP1 ER T EMNRESITETASI

PCR primers used for cloning and expression analysis of MASP1

5|% Primer J¥%1 Sequence (5'~3") i Application
Pl TTCTTTCTTCATCTACTTTT PCR Y34

P2 GATATTTTTTCAACTAACAG PCR ¥ 1%

P3 GTAGTGAGCCATGAAACCTGAATGTC 5'RACE ¥4

P4 GTGTGTGAAGTACAACTTGACTCGG 5'RACE ¥4

P5 TAGAGAAACACCTCCAGATTTTCC 3'RACE ¥ 3%

P6 CTGTGCTGGCTTCTTTGAAGGG 3'RACE §"1

P7 AACGTGGGCTGCCGTGAGG qRT-PCR ¥ 1

P8 TGGAGCCAAGCACCAGCAAC qRT-PCR 41
Cs18s-F GGTCTGTGATGCCCTTAGATGTC qRT-PCR W Z:5|4)
Cs18s-R AGTGGGGTTCAGCGGGTTAC gqRT-PCR &5
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PETCREVEAT R PCR S 0iE 5 I (L i IR AR v A
HARAFR). 7EBERGNITS] S umAl 36 it
RACE (Rapid-Amplification of cDNA Ends)5|4) P3 Fll
P5(K DAEX R w1 P4 F1 Pe(k 1), /1]
SMARTer™ RACE ¢cDNA Amplification Kit(TaKaRa,
KIEEVIRAFZFIEN A SR 35750, B T B ) e 571 ok
FIPHERAS CsMASP1 3E ) cDNA 2K JF51 .

1.5 CsMASP1 EEF 5447

¥ CsMASP1 )41 cDNA JF811$£28 %] NCBI W
¥ (http://blast.ncbi.nlm.nih.gov/blast.cgi), #] i BLAST
P )y AT B 1 B2 W) 98P e Xt , FIJH ORF Finder
(http://blast.ncbi.nlm.nih.gov/gorf/gorf.html) £ $& JT jiX
Be) B2 HE L JF T A N A = R Y 81 s R
SMART(Simple Modular Architecture Research Tool)
TELR A 53 CsSMASP1 25 H 1454438, 1 H ExPASy
B AF (http://www.expasy.org) T5 I H:AH XF 4 Jit 12 1
S5 H 5 s A SignalP 4.0 Server (http://www.cbs.dtu.
dk/services/SignalP/) ¥ /53t CsSMASP1 2 H {55 ik o
W FH Splign(http://www.ncbi.nlm.nih.gov/IEB/Research/
Ostell/Spidey/)TE Lk A1 i CsMASP1 B:P B &+
SHNRFEH , HTREYIRD MASPT (L K 254
VLR H A G (AR L

1.6 MASP1 FiRELLIT BSE B BHE

M GenBank Hr & i) [F] ) Fl MASP1 A (1) 24 2
2 )7 51, % H DNAMAN B4 7R [E] 9 F ) MASP1
EHMEFERFS 2 E LT, F MEGA 6.0 54 )
Neighbor-joining A4 & R G HE L

1.7 CsMASP1 EEREHKHEES

G CsMASP1 FEH BT 345 |9 P7 M P8(F 1),
DL G 8 18S rRNA JEH N2 E T R85
Cs18s-F Fll Cs18s-R (& 1), FLH LAl EmF A S HE
WIBE W) 1T (Lu et al, 2013; Yu et al, 2017), ffH
ChamQ™SYBR® Color qPCR Master Mix i (ifs M
¥, M), WU FT Applied Biosystems 7500
Real Time PCR ¥ [ ##F471% 3k K {9 52 B & 12 7 Bt
(qRT-PCR), WA Z Jg 20 pl: 10 pl 2xChamQ SYBR
Color qPCR Master Mix, 1 ul 4% ¢cDNA, 0.4 ul 5|9
P7, 0.4 ul 514 P8, 0.4 pl 50 x ROX Reference Dye 2,
7.8 Wl ddH,O . W AR : TR 95°C 3 min; 95°C 10s,
60°C 30 s, 40 NMEF; KAtz 95°C 15 s; 60°C
1 min; 95°C 15s. BMFEME 3 MAREL, K
R 2788 0 sk H A FE A AR Rk i, Cr [
3 APATRES - 2IE . qRT-PCR K645 5448 F SPSS

19.0 ST BRI R 5 2250 H1(One-way ANOVA)
Y] Duncan ¥ X 22 2 FEAS - SBE A T R L 3840 A0
P<0.05 i, IANFFIE R EMEZE S

2 #R

2.1 CsMASP1 E A F 5ot fn &5 145 1E

SEMERATIY CsMASP1 KK cDNA J¥51 4K N
2507 bp (B #5: XM _008309208.2), 5'3F i X
(Untranslated Region, UTR, 5’ UTR)¥ 82 bp, 3’ UTR
1 142 bp, JFFHIEEEHE(Open reading frame, ORF){K
2283 bp (& 1), M CsMASP1 4wt & H/R N 760 1,
A>T 5N 84.95 kDa, FHIE AL 8 (p) N 5.33,
SignalP 4.0 Server 43 HT 7 , WL 23R 7 51 Jofm 5 ik o
SMART 4 £ 4301 7 , CsSMASP1 2 1 75 6 2540 1
A lHE 2 4~2% Clr/Cls 75 H (like Clr/Cls Protein domain,
CUB)Z5#18(47~168 aa, 215~327 aa), 113400
K A F #f (Calcium-binding epidermal growth
factor-like domain, EGF-CA)Z5#438(169~212 aa), 2 |~
AMAFE il £ B X (Complement control protein domain,
CCP)Z5H18,(331~392 aa, 397~461 aa)Fl | N2 AR E
[ {4 i [X.(Serine protease domain, SP)Tryp-SPc &t 44,
(478~752 aa) (K 2),

FIF Splign #4501 T 7 D F A MASP1 K
EIFHEAT T ILRL(E 3), BRI (XM
008309208.2) . &I & i1 (Xiphophorus maculatus)(XM_
023351221.1) . K ¥ ff (Larimichthys crocea)(XM_
027280128.1), Bt Hffi(Danio rerio)(XM_001341900. 6).
5 (Equus caballus) (XM_001499629.5) . A (Homo
sapiens)(NM_001879.5) 1 [ 4 FR(Cricetulus griseus)
(XM_003495604.2), Z5H o, CsMASP1 & 13 M4h
W, LT 4 SREE B SR M MASPL 13 M4k
BT, AT 18 SR A By RS MASPL & 13 4
SMRT, AT T SRR b B MASPL % 124
SMET, LT 15 SREK RS B MASPL % 16 b
B, AT 19 SHEEK E; N MASPL & 16 DAMNE
T, AT 3 SRR b P EE R MASPL % 15 A4b
WA, AT 4 SR Eik b, Bl MASP FEH 2,
5 ZH 0 s R ) —2, Sk
(AN BRI EGF)TESNEFEH EA 2R, UiX
FERAE M IARAT

22 ¥ BEHBSHMWF MASP1 FEiRIEIFES
Fim a3y

it BLAST Hext, K CsMASP1 % JLHR 751
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aacacacacacactctgagcagagtccgggaagtagagagacggagacaaagaccaactggtagagcagcagacaaaagtag 82
ATGAAGAAAGAAGAAGTGAAGAGAATGAAAGAATCATCATCAGTGATTCTTCATCAACTGTCGTTGAAGTCTGTCTTTCATCCTGAGAAGAAAAGGATGATCAGGTGCCTCCTCTTCCTG 202
MIK KEEV KRMEKESSSVILHQLSLI KSVFHPEZ KTZ KR RMIRTCLTLTFL 40
CTTCTCCTGACGTTGGCGACTGACGCTCAGGTTCTGTCTTTGTCACAAATGTATGGCAGCATCAAATCGCCAAATTTCCCAGAGCCATATCCCAATGAGACAGAACTGCGCTGGAATGTC 322
LLrLTLATDAQVLSLSQMYGSIKSPNFPEPYPNETELRUWNUV 80
AGCATTCCTGAAGGATTCCGAGTCAAGTTGTACTTCACACACTTTGACCTAGAGCCGTCCTACCTGTGTGAGTACGACTTTGTCAAGGTGGAGGCAGAGAGGGAGGAGCTGGCATTGTTC 442
SIPEGFRVKLYFTHFDLEPSYLT CETYTDFVEKVEAETRETETLATLTF 120

TGCGGGAAGGAGGAGAGCGACACTGAAGCTGTGCCCGCTCAGCAGGTCATCACTTCACCCAGAAACTCCCTCAGCCTGCTCTTCTCCTCTGACTTCTCCAATGAGCAGAGACATTCAGGT 562
CGKEESDTEAVPAQQVITSPRNSLSLLFSSDFSNEA QRIHSG 160
TTCATGGCTCACTACAGTGCAGAGGATGTTGATGAATGCAGTGATTCCAGTGATGAAGATCTGTTTTGTGATCACTTCTGTCACAACTTCATTGGAGGTTACTACTGCTCCTGTCGCTAT 682
FMAHYSAEDVDECSDS S SDEDLTFCDHFC CHNTFTIGGYYCST CRY 200
GGTTACCTGCTGCATACAGACAKTCGTACCTGCAGAGTGGAGTGCAGCGATGCTGTGTTCAGGGAACGCTCTGGTATICTCAGCAGTGTTGATTTCCCGGCTCOGTATCCANMGETCT 802
GYLLHTDNRTCRYVYECSDAVFRERSGILSSVDFPAPYZPIKSS 240
EAE%E?%%&%A%E&%A%}akgéééékbgé£ééka%TAAGATCCGCCTCCAGTTTGACCCTAGCTTCAACGTCGAGGATCATCCTGACGTCAGGTGTCCTTACGACTACATCAAGATCACA 922

bpbc¢cLYRTIEVEPGFZE XTIRLQFDPSFNVEDHPDVRCPYDYTITZKTIT 280
GGGGGCAGCACTGAGCAGGGCCCTTTTTGTGGAGATAAATCCCCAGGAGTCATTGAGGTGGACAGTAACGTGGCCTCTGTCGTCTTCCACAGTGACAACTCAGGAGAAAACCTGGGATGG 1042
6GGSTEQGPFCGDE KSPGVIEVDSNVASVVFHSDNSG GENLTGHW 320
AGGTTGACGTACACAGCTATAGGAAGTAAATGCGTAGTACCTGAAATCCAGCCCCACGCTCTGATGAATCCTGTCCAATCAGAATATTCCTTTAAAGACCACATTGTCTTCACCTGTGAG 1162
RLTYTAIGSE KT CVVPETIQPHALMNPVQSEYSFI KDHTIVFTTCE 360
CCTGGATTTCGACTGCTGAAGGATGGACAGT;FCT_GGA-CCA-T T'ECAEA’EGA?T(; GG? TC?AA?GG:TC;FG;ACEAGT-CG’ECECEA(; GT?A(;TGETGEAT;}TEGG;}TEIA‘ 1282
PEFRLLEKDGOYLDHFQIDCESNGSWTSRPPACHNVYDEES D 40

AAGGTGGTGGACCTGGCAGAGGTGGTTTTTGGGAACCACGACAACACCACTCGATTTGGATCGTCTGTCACGTACGTCTGTAGAGGGGACATGATGGAGCCAAGCACCAGCAACACGTCT 1402
AYYDLAEYYESNHDNTTREGSS VT YV CRODMMEPSTSNTS 440

TACACCTGTGGCCAGAATGGAGAATGGACAAATGTAGAAGCAGGAGTCAAACTGCCCCGCTGTCTTCCAGCCTGTGGACGTCCCTCGCGTACCTTCCCCCCTCAGATGAAGCGTATCGTG 1522
T C G Q X G EWTNVEAGYV KLTP R C LPACGRPSRTTFPPQMEKTRTIUV 480
GGAGGGCGGACTGCAGAGCCAGGCCTCTTCCCATGGCAGGTCCTGCTCAGTGTTGAGGACCAGTCCAGAGTTCCAGAAGACCACTGGTTTGGTTCTGGAGCGCTGCTGTCTGAGTTCTGG 1642

GGRTAEPGLPFPWQVLLSYVEDAQSRYVPEDHWFGSGALLSETFW 52
GTCCTCACGGCAGCCCACGTTCTCAGGTCTCAGAGGAGAGATGCTAGTGTGGTTCCTGTGGCACCAGAACACGTGAAGGTCTTCCTTGGTCTCCATGACGCCAACAACAAACATAAGGCT 1762
VLTAAHVLRSAQRRDASVVPVAPEHVEKVFLGLHDANNIEKIHZEKA 560
GACAGTCGCTCAGTGGACAAGGTGGTCCTCCATCCACACTTCCAACCCAACAACTATAATAATGACATCGCCCTCATAAGGCTGACTGAGGCAGTGGAGTTTAACAGTTACATCCGACCT 1882
DSRSVDKVVLHPHFQPNNYNNDTIALTIRLTEAVETFNSYTIRTP 600
GTGTGTTTGCCCTCCCCCAATGATGAGCCTAACTCCTCGTCACTCCTACCTAACTCTCTGGGAGTTGTGGCTGGGTGGGGGATCTCCAACCCTAACTCCACCTTTTCTTCTTCATCCCCA 2002
VCLPSPNDEPNSSSLLPNSLGVVAGWGISNPNSTTFSSSSP 640
CCGACCTCCGTCACCACGGCGAACTTTGACCCCGGACTGACCTCTGACATCCTACAGTACGTAAAGCTACCGGTGGTTTCTCAGGGCGAGTGTCGGGCCAGCTACTCCTCTCGCTCCGTC 2122
PTSVTTANFDPGLTSDILQYVEKLPVVSQGETCRASYSS SRSV 680
AGTTACAACATCACAGACAACATGTTCTGTGCTGGCTTCTTTGAAGGGGGGCGGGACACCTGCTTGGGTGACAGCGGAGGGGCGTTTGTGACAGAGGACCAGCTCACCCGGAGGTGGGTG 2242
SYNITDNMFCAGFPFEGGRDTO CLGDSGGAFVTEDA QLTTRRWV 72
GTGTCAGGGCTTGTGTCATGGGGAGGCCCAGAAGAGTGTGGGAGTCGGCGGGTGTATGGTGTTTACACTCGAGTGGCATCATATGTGGAGTGGATAGAGAAACACCTCCAGATTTTCCCC 2362
VSGGLVSWGGPEETCGSRRYVYGVYTRVASYVEWTIETZ KHLAG QTITFP 760

TGAtggtgagactctgtaacagcagcaaaaaggtgtgtccaactgaaatgtgagatttgacagtacaatgacgttagaatgatgtaatgatataacagaacatcacacgaagtaaaaaaa 2482
* 760
aaanaaaaaaaaaaaaaaaaaaana 2507

I 1 K5 5 MASP1 cDNA 551 RIS 9 2 3L 7 1)

Fig.1 Nucleotide and deduced amino acid sequences of Cynoglossus semilaevis MASP1

WS IEILIR T B R ERTRTI T, ARKEFRER . FHERSREELTATG). &SR NRILFiLT
(TGA);izﬁ(_)}ﬁﬁmﬁ CUB 45#3; [ 2k (__ )im i EGF-CA S5 H3; SR8 (__ )Ry CCP S5 M3 ; WRIZ ()
fiT7n R Tryp-SPe Z5F43; B IRZE(___ )7~ A poly A 4514

Translated amino acid sequence was shown under the nucleotide sequence as uppercase. The iniation codon and termination
codon were marked by a box and an asterisk, respectively; CUB domain was shown in solid line(___); EGF-CA domain was
shown in dot line(_____); CCP domain was shown in dashed line(__ _); Tryp-SPc domain was shown in double
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(XP_008307430.1) 5 4 H #% (Lates calcarifer)(XP_
018560455.1) . & % (Paralichthys olivaceus)(XP_
019966501.1). H#i(Monopterus albus)(XP_020477488.1).
A EANIR H.(Haplochromis burtoni)(XP_014184888.1) . 3
T2 (Xenopus  laevis)(AAI70221.1) . ¥, (Chelonia
mydas)(EMP37646.1) . 41 Wk ¥ 1 (Gavia stellata)
(XP_009815055.1) ., & 7 4> %S (Aptenodytes forsteri)
(KFM09600.1) . %5 (Egretta garzetta)(XP_009633907.1) .,
VEIARIY J& (Panthera tigris altaica) (XP_015393589.1).

*F ¥ (Vicugna pacos)(XP_ 006201039.1) . T (XP_
005601936.1), H[E £ FL(XP_007606939.1), A(XP_
016862358.1) MASP1 Z L% 51 47 6] I8 He X,

APETE N 76%~42%. 1, CsMASP1 54 H
B A RAME R, N 76%; 15 E A B AR AP
AR, N 42%. Kb ESAHAD 13 S MASPL

MR FETR T HE AT Z B X, af LAE AR [E 8) F
MASP1 F77E = BE AR SF I & R R AR L, W&l 4 iR,
PRSFRIETR BT 22 G IR B. 1A 05 1 v A < 4 R
His™*®, KA AR Asp™® FIZE R Ser’”, X 3 P&
iR 1A PR < 52 S0 0 T 4 45 22 5 R B 1A 9 0 1 2 T4y
HER.

FIH MEGA 6.0 3k :%F iR & MASPI
IR T IV IHAT LA T R (B 5), 455
SR, 2 SRS A FCRNIN £ 4 R A A £ 28
) MASP1 R —37, PSS fEHEDIDTE | 228
F | B SRS FLTEE S, R | P00 R
F5e . AP EE RS E MASPL B —3Z, H
PIRG2 | 15 2HFFI L 2H S 4 5% 25 5 2R 26 30T ZR A Iz 114
W2, MASP1 7Ei AL b 50 [ORMIN i Y SR 2% 0 R
i, SmELIE . AT SR E Y MASPL /5%

ccp - Tryp_SPc >

0 100 200 300 40

0 500 600 700

B2 EiEE S MASPL B 45 5 Fim)

Fig.2 Domain structure prediction of Cynoglossus semilaevis MASP1

SMART U EL TN CsMASP1 25 45430, CsMASPL {55 6 453k, M C 3% N 34 52 CUB
L5 18(47~168 aa), EGF-CA £5#38(169~212aa), CUB £5#515(215~327 aa), CCP £54418(331~392 aa),
CCP 25#18,(397~461 aa), Tryp-SPc 25 #)18,(478~752 aa)
SMART software predicts the domain of CsMASP1 protein online. CsSMASP1 contains six domains:

CUB domain (47~168 aa), EGF-CA domain (169~212 aa), CUB domain (215~327 aa), CCP domain (331~392 aa),
CCP domain (397~461 aa), Tryp-SPc domain (478~752 aa)

AN Homo sapiens

I, Equus caballus

HEER Cricerulus griseus
SR8 Xiphophorus maculatus
K¥ 4 Larimichrhys crocea
M8 Cynoglossus semilaevis

PED 44 Danio rerio

Bl 3 AEYFE MASP1 K& S5 8
Fig.3 Comparison of MASP1 gene structures of different species

TAWIFPE) MASP1 ZENEEHE, AR MASPL B H 815 5 BT/ 4 (R SE N 4 P 510570 531 - A NML_001879.5,
NG_029440.1; 5 XM 001499629.5, NC_009162.3; " E4: R XM_003495604.2, NW_003613596.1; &I f XM_023351221.1,
NC_036460.1; KE i XM_027280128.1, NC_040017.1; :#FH 1 XM _008309208.2, NC_024310.1; Bf
XM_001341900.6, NC_007126.7
The sequence numbers of the MASP1 gene and the genome numbers of the chromosomes in seven species were as follows: Homo
sapiens NM_001879.5, NG_029440.1; Equus caballus XM_001499629.5, NC_009162.3; Cricetulus griseus XM_003495604.2,
NW_003613596.1; Xiphophorus maculatus XM_023351221.1, NC_036460.1; Larimichthys crocea XM_027280128.1,

NC 040017.1; Cynoglossus semilaevis XM _008309208.2, NC 024310.1; Danio rerio XM_001341900.6, NC_007126.7
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MASP1

SWEH Cynoglossus_semilaevis
4 (%9 Lates_calcarifer
ZT8% Paralichthys_olivaceus
% Monopterus_albus
1 E:/H\unﬁ Haplochromis_burtoni
L?)ﬂ Xenopu.v laevis
1, Gavia_stellata
iﬁ?{kﬂ Aptenodytes._forsteri
1R Egretta_garzetta
PUEA B Panthera_tigris_altaica

REGH Cricetulus_griseus
5 A\ Homo_sapiens
Consensus
AT Cynoglossus_semilaevis
% B Lates_calcarifer
H“GF Pamlxchrhys alwaceu:

m BHN!EE Haplochromts burtoni

iﬁﬁﬂ Aptenadyxe.v s_forsteri

B% E Jgrerr
B{ER Ea!Pamhm 1_tigris_altaica
¥B¥ Vicugna_pacos
I Equus_caballus
FEBR Cricetulus_griseus
%8 A Homo_sapiens
Consensus
Y8 Cynoglossus_semilaevis
< B9 Lates_calcarifer
¥ Paralichthys_olivaceus
Monopterus_albus
{AECHNIILE Haplochromis_burtoni
LT Xenopus_laevis
LB Gavia_stellata
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Fig.4 Multiple alignment of the deduced amino acids of MASP1 among half-smooth tongue sole and other different species
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Amino acid sequence alignment of MASP1, conservative amino acids in serine protease domain
were marked by the black box: His**®, Asp®? and Ser’®’
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Fig.5 Phylogenetic tree based on MASP1 amino acid sequence by MEGA 6.0
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2.3 CsMASP1 EEERBEHAFHREDT

FIH qRT-PCR 4347 CsMASP1 FEHTE 11 Fhfilt i
AU FRIRFRIE . G5 BN, CsMASP1 JERAE I
W M ERLOMERR L CHE. SKE L . L R M
MEE A REK; H, xRk &S
(185.4), HK AML(138. )Mk F(76.2), TEMG. OME.
MR W 5 PR R AN p gk B RIR H AR
KR IRFER(E 6).

2.4 EINERGEE CsMASP1 EFEZEGREHEARD
RIEDH

B8 O B RGBS 7TA S CsMASP1 TE 5%
HA ) FRIBBM, TERGL 0, 6. 12, 24, 48, 72h
Ji, CsMASP1 7£ PBS X B8 2 FER L 21~ i+ 8 ) I
W H8LOSKE L WL R 6 Fh e 44 rh i kK
SN 7 iR, CsMASP1 JLPR 3k B4 L 3k
SeTt R JE FEAR . FERRRIEE R, CsMASP1 FEH ik
S IUAR IR Y bR R, L RIA (i B 8 T Rk
J& 6h, TEML Xt B FRIA Y 15.4 fi5; FE6E R
EXTHRAL Y 4.6 £i5; FENFH CsMASP1 R ik 1A,
R F AR AR YL)S 24 h, JEXTIRALAY 12.4 1%
TEWh CsMASP1 JEPRFRIE B, &RFER R AL
BYLJE 120, SEXTIRAR 7.7 4%, 72 h RHRSRAR 4
R IAKE s FESk B RIIE T, CsMASP1 FEH F) 3
TRV I R I AE B8N DAL 5 12 h, 76K B rf oy xR

AR ERY 9.7 7% 5 AEMBHNERT IR 6.8 155 Bl
J5 e DR 3 i i S S e 2 A T IR KA

3 iTig
3.1 CsMASP1 E[& ¢cDNA HIEER F 554
58 R A A A M G 22 & TR B 1 B R ALK
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Fig.6  The relative expression of CsMASP1 gene in normal
tissues of C. semilaevis

Bl: Ifi#&; Br: fxi; Gi: #8; Go: 1EIE; He: .0JF; HK:
3K In: M Li: HF; Sk: ZBE; Sp: 1B TK: B9,
FHE “a, b, ¢” {0 SPSS ZE T EL, FH AT
BRRIR 2 A B E(P>0.05), TR FRER R 22 5 3
(P<0.05); R
Bl: Blood; Br: Brain; Gi: Gills; Go: Gonad; He: Heart;
Hk: Head kidney; In: Intestine; Li: Liver; Sk: Skin; Sp:
Spleen; Tk: Trunk kidney. The letters of ‘a, b, and ¢’
indicated the Duncan grouping in SPSS 19.0 software. The
same letters indicate no significant difference (P>0.05), the
different letters indicate significant difference (P<0.05); the
same applies below
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LR R IR G PE B AR 43, 38 2k SO AR B A
2 Fh 5 Rk T B R JFR (Chen et al, 2000), MASP1 /&
JE 1l C4bC2a FALB I L2, JREEAR RIIE R 1R
A 4R SV JS B (Oroszlan ef al, 2016), MASP 47
ZA{ER5 Complement component 1s(Cls)ZhHEAH{L AT
DIBLfiR CA FI C2 1Y —FIoHT A 22 2 W2 2 1 B9l A IR
(Matsushita et al, 1992). %F MASP 5 Cls ), #
M MBL-MASP1-MASP2 5 Cl1g-C1r2-C1s2 i,
I, MASP1 1 MASP2 FIfiE4r%152% Complement
component 1t (Clr)FIZE Cls 2224 R & [ B AT AHALL Y T
fit(Matsushita e al, 1998, 2000), 4R 7586 B 01 () %
BERGHELKEENT MASPL, {H X 40 1
% I BE M AN 28 (Endo et al, 2003; Dang et al,

2017)0 AWFFERINTERE T CsMASP1 FER, T H: 45
WEMMK S T8N 8495 kDa, 5O RIE MY
MASP1 (Dang et al, 2017)) 4 F & Al A MASPI
(Matsushita et al, 1998)#)5rF 2 l. CsMASP1 4t
(IR T 5 4 SignalP AU TG (5 5 ik, i
MASP1 HHFFIT & —B 19 aa 955 k(Dang
et al, 2017), W50 , MASP A9 SP [X(Serine protease
domain) &ML IIREIX, &G T 22 &R & H mE
U i AR ST A 4 R RR (His) . TR (Asp) FIZ2 TR
(Sen)%5: 3 MNRILMRILEL, 5 MASP Y22 &R 1 (A il
TPEA e (Wallis er al, 2000, 2007), TEAWFFEH,

SMART %53 7%, CsMASP1 &4 6 MNEEHE, 75
& 24~ CUB Z5#)18(47~168 aa, 215~327 aa) .1 > EGF
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ZER35(169~212 aa). 2 > CCP 45k3(331~392 aa,
397~461 aa)fl 1 > Tryp-SPc £5#415(478~752 aa), 5
SCHRHE 19\ MASP1(Matsushita ef al, 1998; Stover
et al, 2001; Dobo et al, 2016)4E B AHR], S5Ef
MASP1(Dang et al, 2017)25 3t AH [R] . 2224 % B 1
Ji 5 AR SR (SP)TEPE A 1 NS ) 4 S IR I . S it
M2 3 50 T 25 S S, 22 S PR AR 11 il 45 R R o 4 A
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FE LA SRS, 5 SRR IE Y SC B AR 68 (Endo
et al, 2003) ) ELXF &5 R —2, VLR IEPE O FE iR
AR . X S 5 MASP/CLr/Cls F G 7EL
K Jia er al, 2003), RGIALIF 4R PR,
CsMASP1 5[ AMIT oL MASP1 SEZ R Rir, 5
4 B A B 6555 10 25 (1) MASPL SEZ R RIRZ .
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Cloning and Expression Analysis of the MASP1 Gene from the Half-Smooth

Tongue Sole (Cynoglossus semilaevis)
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Abstract Mannan-binding lectin-associated serine protease 1 (MBL associated serine protease 1,
MASPI1) is an important activator in the complement lectin pathway. In this study, the cDNA of the
MASP1 gene from Cynoglossus semilaevis (CsMASP1) was cloned using a RACE method based on the
partial sequence of CsMASP1, and gene expression was performed by qRT-PCR. The results showed that
the full length of cDNA was 2507 bp in size, including a 5'-untranslated region (UTR) of 82 bp, 3-UTR
of 142 bp, and a complete open reading frame (ORF) of 2283 bp, encoding 760 amino acids. The

theoretical isoelectric point (pl) of the predicted protein was 5.33 and the molecular weight was 84.95 kDa.

Homologous alignment showed that the amino acids sequence of CsMASP1 had a high identity with those
of other species, approximately 42%~76%. The CsMASP1 gene was expressed in all tested tissues (liver,
intestine, spleen, head-kidney, gill, blood, brain, skin, heart, trunk-kidney, and gonad) in the healthy C.
semilaevis and the highest expression was in the liver (185.4). To study the expression patterns of the
CsMASP1 gene in an immune response, the specific expression of CsMASP1 was performed after Vibrio
anguillarum infection. The results showed that the expression of the CsMASP1 gene was up-regulated in
the liver, gill, blood, intestine, head-kidney, and spleen after V. anguillarum infection. The most
significantly up-regulated expression and the peak level at 6 h reached 15.4 times baseline in the spleen.
The results indicate that the CsMASP1 genes are involved in the immune response.

Key words Cynoglossus semilaevis; MASP1; Gene cloning; Gene expression; Immune response
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