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5{(%%@1, i—?‘ﬂ %1,29 %éﬂ%%%l 5&@{6%1,
AHE, BREET, THAY
(LEERZEEENSEY TS, W JET 361021;

2. KPS I TR E R it 7B & TR 7L, \E EIT 361021)

WE: I HRLIRNEREVHHGEEENEERE, TRUSAEHIFARAEL,

Bt 4 B & G 4 44 4| 7| (tissue inhibitor of metalloproteinase, TIMP) 7£ 4% £ % 66 4150 H %,
WA R E 5 X4 8 & A B 1 (matrix metalloproteinase 1, MMP-1) By 48 B 1E | % % o
LIt PCRE AR W KSR T TIMP cDNA 75|, 42K H4 2291 bp, #| | NetNGlyc 1.0
Server F1 NetOGlyc 4.0 Server 2 %t TIMP t & 2 8 /7 7| 47047, 4R 21, TIMP & 3
NBEHNFEEMLE, AL TE 47, 77 F0 152 (L8 Asn, DR —PNEER O-HFH AL
fLg, BT # 108 fey Thre % FH L ERE R, o s TIMP 2 XBRF I 5 &€
B, KTFE Y. R F TIMP B 7 2148 L 2 5] 4 76.0%. 18.9% Fr 19.3%. Uﬂ RN E
EPCREARGA T B A MINE R LT BR P A TE AR TIMP R REFIL, KA
EMEHREEEH, TIMP A MM E MR T AR T REEHNTE L. FIA RNA THhE
A2 R WK 4 S 80 TIMP o MMP-1 8 %3k X, #F % TIMP 5 MMP-1 78 4 S #4791
BWaZEFHNHEEIERAXR. ERExR, WK MMP-1 k%85, TIMP X E R % iR,

i TIMP 5% 3 % 2| ¥ | Bf , MMP-1 %3k & 8 % T, JH TIMP % ik % MMP-1 i # %,
il MMP-1 k35 % TIMP Ef#% . A %A B T 487 TIMP X H 5 MMP-1 48 & 1k | #£ %
DM AERREREFHIME, WA N AANFE GG R RET N EHE
REEIR): oo, BlAMMINE; 2BEaBRALNH A, XRLBEA®K 1, HEEM;
K RME %%

hE 525 Q 785, S944.4'5 XHkFRERS: A

i S B T AR 3 ¥ 17 (Mollusca) 8 /2 40 P A4 80%, (i fEE AL B (Haliotis
(Gastropoda) 5 47 1€ /£ H (Archaeogastropoda) 1 #} discus hannai) i 3% [ A0 i EE 2L AR AP S,
(Haliotidae) #f1J& (Haliotis), B-AWEMIEFRMZy  WEZMKXEARMEERMNIEZ - BT
EMAE, MAE AN 2 —, SRR EE A A A A R O TR IR A Z KRB R L AU AR
M B IE AR P SR AE A R 2019 AR TR E B R, <dbfiEg 3R IR U BIAR A S X
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o 21 4 L R T A S T 9 T A2

I e 5 | ) 5 A 5 Wi B £ 7™k A1 J5
WY FEERRZ P Hrb, @I IR (Vio-
rio parahaemolyticus) ) B fe i L H & —
T PR 0 22 TR BAE TR, T LABKEE TR AE )
RN, PR A Y AR ER A AR SR A SO £,
HHABTCEHESI WS, S BR] H Se Rt
28 SN R HRAE o J5L R0 1 T2 A S o AR A B 1Y)
TRV RIERGAL T ZFZ AR PR K R
B, B4 AR AR CHE . Toll FESZAK |
1R Z AR RBURE RS, BRIz A, 2 51k
CUBEAE | I Jhk U 4 A A g R 155 B R K
51 FULTE SR 1) 6 KA G2 o 78 v 4% o
FEHI®,

F it 4> J& 5 F ¥ (matrix metalloproteinases,
MMPs) J&— 28 57 BE AR~ I MM T 5 B8 R4 5 1
() 2 1K BT MIMIPs 1 2% 38 Fh BE B BB %
BKUEER AL RGN ) S I F R,
PG 32 e SR KF- L TR AN 46 TR R g 2H 2
HH 77 (tissue inhibitors of MMPs, TIMPs) f¢) 4%
FEHIUI, TIMPs J&— L FREEA, )72
B2 T w2 A 1 N TN S 61053 o 1 N 1
JL . P9 A AR MR S 2 MMPs £
A PR PSR 7, TIMPs BE 45 5 M40 ) MMPs
TG ST P Al . TIMPs 54 W] (19 MMPs 31
WMARMEMS, Rt mar s
MMPs HZESTE R 1 0 1 Z AR, ZE PR
AE R 1 M4 FE R (extracellular matrix, ECM) By F&
E A EEAERY, fEhZ U5+, TIMPs A
AT P06 MMPs 36 M, H HA 4000 K T REAE
F, AT AT A A0 MG A MRS L, il ECM
DU, M, TIMPs i A] 4 ECM AR A il i
EIA L, A0 g e LE RN R

Chen 45U SR, @IV I 50 w7 J e
HA SR MMP-1 KA W% FIR, H MMP-1
AT R U A DG L R () 22 5K M A M Ay 3 1, (HLE
PR PER 7] TIMP (9 BAR DI Rg s NI AE . DRI,
AL DA A S AL A B R X 5, s RE AR B TIMP
J¥5, 8T T TIMP 18 880 35 AN 7 2 21 % @l
IR R TS R IAE O, TP IRE T
TIMP 5 MMP-1 B EAEHIE R . A RA BT
T S S TN R B AL, X T
TIMPs 5 MMPs 7E 8K 3l ) 92 v i AH B4R A
AEEE L,

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

1 MESTHE

1.1 SCISdRt

TN — 1 {5 A 0 S ot g A e 4 R ) T
B E bR F=se g s, FEERFREA 40g, T
20 °C B FF 3~4 d J5 i AH OGS o A A T b B
I MK B A 25 Kok =ik Y, & 12h
e 1k,

1.2 EEETERBURE LR

SIS AR S E R SR IS, BEALPRE 3 H, ik
EMARELANAE . FFBEAR . B2 LA, . AhE
JEFIPERR ,, ANFRMAMFHLSUR GG & Tl A&
o BRI ABEEMBEL Y A 2 41, B4l 20 H,
TR ZH VE ST RIS SR (2x107 CFU), % BEZH 1 5
[FZE AR PBS, 41 12, 24, 48 f172h J5, 43l
BEALPRE 3 H, WA S0 = B e 4 (I ibk
ELAA . B8 AR, AFRAMEMFALURS G
BTFRAGH. DS iEEs k.,

1.3 5 RNA BYIREXK cDNA &%

25 RNA #2050 & (Tiangen) SR k4
Ao R op A A1 21 (Mt L i . FIe s . B AL
PRI SNEBRIPERR) B9 5 RNA, l 1.5%
A4 SRR BRE I FEL ARG DU 7 0 £ S8 B, {1 Nano-
drop ND1000 £z {l] RNA ¥ f& X 4 . 4% PrimeSc-
ript™ II 1st Strand cDNA Synthesis Kit (TAKARA)
PR UL A S 58 s FH cDNA, I SMARTer
RACE 5'/3' Kit(TAKARA) & i, cDNA K iR~
H4 (rapid amplification of cDNA ends, RACE) |
cDNA. K A Al 241 mRNA W5 — 5, F A
ReverTra Ace® qPCR RT Master Mix with gDNA
Remover (TOYOBO) & i H T7¢ )5 & PCR (quan-
titative real-time PCR, gqPCR) i cDNA,

1.4 TIMP EE=E

MR P54 6 0 (H. diversicolor) TIMP J¥ 3| 1%
THIER M5 (F 1), PAaiarh#l cDNA h itk
1 TIMP FF i %] 2 4E (open reading frame, ORF)
FH) . R4S 2 A ORF #5114 11 RACE ¥ 1
FIER 8519 (% 1), LL5', 3-RACE cDNA Jyti
M, 3718 50 3ESMASIX (untranslated region, UTR),
LA B A LM TIMP ¥ 5 2K .

1.5 BEEAUSSN. ZFIILEMAGFH L
Sy
F| Fl NetNGlyc 1.0 Server #l NetOGlyc 4.0
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128 KopE OE R 46 45

&1 TIMP K RS54
Tab.1 Primers used for TIMP cloning

ClE/E S 51 HI(5"-3")

primer name primer sequence

TIMP (ORF)-F ATGGAGTTTTCACCAGCTGTTTTG
TIMP (ORF)-R TCAACATGTCAGGTTGGGAAAGTT
TIMP-5' RACE GGCGCAAAGTCGGCTTGACAGAAGTA

TIMP-3' RACE TCACATTGCCCTGTCATGGAGATGGA

Server #1443 % TIMP 25 [1 781 Hh 5 7 1) N-#
FEAA AR O-WEBAL 7 UHEA T F0M . 7E NCBI th
HBLAST T:H (http://blast.ncbi.nlm.nih.gov/Blast.cgi)
18R 15 2 9% o058 TIMP [RIRE B P4, Al A
DNAMAN #4547 2 75 kT, i#ad Mega 7.0 #%
PR HEOR TR ) Fh TIMP Z 512 )7 41 1) R GE i ALY

1.6 RHEE PCREMEREFIA

FRYE 4 o #0600 TIMP . MMP-1 38 8 51 % 31
qPCR G (3% 2), LA p-actin fE R NS HH, |
H TransStart” Top Green qPCR SuperMix (TransGen
Biotech) 73 7 TIMP 1l MMP-1 7 4% 5 £ 1 4% 2H 21
S R A IR TR R G i JS ) KRGk 25 e . gPCR
SR 2 (10 uL): 2xqPCR SuperMix 5 uL, 1F [7]
5|9 (10 pmol/L) 0.2 uL, J= 7 51 (10 pmol/L)
0.2 uL, 50xPassive Reference Dye 0.2 uL, cDNA
1.0 uL, ddH,0 3.4 uL. T ABI 7300 18£8 P AT
L PCR Y4 : 94 °C WAEME 30's; 94 °C B 5's,

60 °C IEfH 31 s (VLR ER), THFH 40 ;5 TG4
H5, M 55°CTHEZE 94 °C Hil a4
FEahIE 3 ANE, B RN E TR I

1.7 RNA T &40 TIMP 1 MMP-1 %14

FIF siRNA 7ELEU TR (https:/raidesigner.
thermofisher.com/rnai-express) 435 % 1 3 2545404
] TIMP FI MMP-1 ¥§ 51 siRNA, $EPEFTHELIFF
[y siRNA FE R4 B8, siRNA FE5I L4 3. A In
vitro transcription T7 kit (TaKaRa) &4 & R 207
51 siRNA, ¥ H 7% fft T siRNA % (50 mmol/L
Tris-HCI, 100 mmol/L NaCl, pH 7.5) %, 3 /i
Nanodrop ND-1000 il 72 #¢ B o 1 fll 7 i P o b A
WA 30 pg i SEPEAY sIRNA (3T L 51 1) siRNA
LR B AECRHILAN o BeAh, R RS
PBS MW BB 2 IO IR, e G @i o P
SN TRV W A B X B, AR 12, 24
48 F 7205, AR 3 HA S I Mk W, T
4 °C 500%g F3.L» 10 min, 5.0 YA A i 7k 2 240 i
HTFRgti . DL ESmESR 3K,

1.8 BUES

iz Ffl GraphPad Prism 5 3R {F 40 P ECHE M R =
Zxil, SRR 7 229311 (One-Way ANOVA)
TG T, WA YRR P<0.05, B EE
KN P<0.01,

#2 WHREEPCRASY
Tab.2 Primers used in the qPCR assay

B[R 44 TR 553" RIEFH(5'-3")

gene name forward primer reverse primer
TIMP TTCGTCTTTGAGGCTTTGGTA ATCACAGGAGAAGTCAGGGAA
MMP-1 GGAACACGGAGATGGACAATAC GTTGGGGGGTGAGGATTAGAC
p-actin AGATGTTGCTGCGTTGGTTAT GATGGGGTACTTGAGGGTGAG

&3 RNA FHSLIFATA siRNA F51
Tab.3 siRNAs used in the RNA interference assay

siRNA T 51 4 Fk IE X (57-37) L (57-37)

sequence name sense strand anti-sense strand
TIMP-siRNA1 CCAACTGGACCACTGACAA TTGTCAGTGGTCCAGTTGG
TIMP-siRNA2 CCCTGTCATGGAGATGGAT ATCCATCTCCATGACAGGG
TIMP-siRNA3 GGACATACTTGCTTACCAT ATGGTAAGCAAGTATGTCC
MMP1-siRNA1 GCTACCTCAACACCGACTA TAGTCGGTGTTGAGGTAGC
MMP1-siRNA2 GGTTGCTGCTCATGAATTT AAATTCATGAGCAGCAACC
MMP1-siRNA3 GCAAGAGCCGCATCTTCAT ATGAAGATGCGGCTCTTGC
scrambled siRNA TTCTCCGAACGTGTCACGT ACGTGACACGTTCGGAGAA
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2 4R

WAEMPNAL P RFE A SR, &
205 WL B U R A DA DG &R A
fitf . HeRAMPEE R ER, MINEREY A G5,
Heafin ik B AR B TIMP Rl MMP-1 363583 &
B EJEY, ME A MMPs 5 KSR 5, TIMPs
WA AT BEE 1 JE 5 MMPs (192635 5151k 2 5 4%
204 6t () B N B G e b AR . (B H A C T TIMPs
S £ B P G s TP AR O S MMPs (1A B
FHRR A Z D

2.1 SR TIMP IR [E

D24 25 25 60 i 94K £ 2 7L cDNA B, s
15%2| TIMP cDNA 2K 351 (K 1), 1% cDNA &K
42291 bp, Hd 5'9E 465 X (untranslated region,
UTR) 133 bp, 3'-UTR 1690 bp, JFHIIEHE (open
reading frame, ORF) 468 bp, 4% 155 A~ LR
FREL . MET RS )T I — A N5 5 K
(1~22 aa) Ml 25 FE & [ (nutrin, NTR) &5 # 35K ,
NTR Z5H 380 A 6 MRsF I E =Rk . FIH]
NetNGlyc 1.0 Server X TIMP i) 2 52 15 5 i 1743

1 GAATGGAAAGGCAGGGAAGGTGGGCGGCAGTGTGACCCAGGAAGTGCTGCCACCTATGCC
61 AGGTTTATAAATACGGAGACATGATTTCATGAGTTAGTAGTGGAACCAGGACACTCACTC
121 GACAGAAGCAAAAATGGAGTTTTCACCAGCTGTATTGTTCGTGATGGCAATGTTGTCAGT

1 M E F S

P A V L

F VM A M L S V

181 TGTCATGGAAACAGAAGGATGCATGTGCGAATTCCTGTCTCTGAGGGAGTACTTCTGTCA

17 v M ETE 6 ©M

E F L S 1L RE Y rF@©o

241 AGCCGACTTTGCGGTGAAGGCGATTCCTTCC

37 A D F A V K A T

CTGGACCACTGACAATGATCTAGAAGC
SN W T T D N D L E A

301 TGCCAAGTCGACCTTCACCCTTAATATCCTTCACTCATACAAGATGCCAAGTTTCCTGGC

57 A K S T F T L N

L H S Y K M P S F L A

E T E I T V S

361 T?ﬁ;GAGACAGAGATCACAGTGAGCTCCTGGGAGAGTGACGGACTCTGTGGTATAAACCC

W E S D 6 L O G I N P

421 TGGTAGACCATCATATGGCCAACAACATCAACAGACACACAGGCCCATCTTCATCACAGG

97 G R P S

Y G 0 o H QO ©Q H R P I F I T G

481 AGAAGTCAGGGAAGATGGTACATTATGGACTCAGCTGTGTAGTCACATTGCCCTGTCATG

117 E V R E D G T L W T O L @D S H I A L S W
541 GAGATGGATACCAAAGCCTCAAAGACGAACAATCGAAAAGTTTCCAAACCTGACATGCTG
137 R W I P K P Q R R T I E K F P L T GD *
601 ATCAGCCAATCGGAAACAAGAAATGTTTGCATAGCCAATCAAAATCAAGGCCAAGTACTA

661 CTGTTTCATCACAAACAATGTGTCTGAATGGCATCATAGATTGTAGCCAATGTTAAGACC
721 GAAAAACCTGGACTGGTCAAAATGGTGAATGTGCTACTGACTTGCTCTGCAGTTATGACA
781 TGGTGCCAACCAATCCACACTTGGTGACTTTGTGAAAATGTTGATGTGTTGGCTGTTTGG
841 TTTGATTAGTATACATATGAAGTGTTTTATATGATTAATGGACTGCTTATCATGATGTAA
901 AATCCCTTTGCTTTGTGAATGAGTAATACACAAACAAAGGACATACTTGCTTACCATGGC
961 TCCTGTCATGTGTCATGTCACAAAAGTATGTCATGACATGTCTGATTGGACAGAGCAACA
1021 TATCAATGATTAGCCAATCATAAGTCAGAATTTGCCATGGACATGTAAGTGCAAGGTCCT
1081 TCAAGATAACGGCTGCTGACTACACACAAAAGGCCATATTTGTTTACTTTTCTTGGTTTT
1141 CTGGCTCTATGGAAACAAATATTTGGAACAATGGAGGAAAAACACTTCTTTTTGATATTT
1201 TAATTAAATTAGTTGATCACTTTATTTCTGTTATTATAAAAAAAAATGTTTTTCATAAAC
1261 AAATAAACACATTCTAATGTTATAATGATCAGTTGGTCTGTTACGACTAAAAGGTGGTTT
1321 TGTCATGCATGACATTTTAAGTATCATGTTCCCATCCACTGGAACGTTTTGAAAACACAT
1381 CGAAGCATCTTTTATAAACAAAAACAGATCAAGATCTTCACATCACAAGGTTTGATAAGG
1441 TTTTATCTATACAAGGGCATTTAGAATTTTAACCTTATCAAAATTATAAARAAGTAGTCTT
1501 AAGCATCAATAATTAGACATGTITTATGTGCCCTTGGTGTTTAATATGTTGAATACAATAT
1561 CATATTTTGTTTTGACACACCATTTGTTTGATAATAATCTGAAAACAAGAATAAAGCGTG
1621 ATTTAATGAGGAAACTATGATTAATGTAAATACATGAAAATGTGTGCTTGACATATTGTA
1681 CAATACCGTATATGTCCGCAGATAAGCTGAATTTTGAGGACCAGAAAAAATTTCTGTAGA
1741 ATCGGATTATCCACGGGATACACTTTCATGATGGTATTTTTGAGATCGTGATCTGTCAGT
1801 AACATCGCCTGAATGACGGTCCGATAGATTACAACTTCCTGAAAGTTTGGAAGTTGCCAC
1861 GACTAGAGCCATTATTGTTAAAAATTATCAATAAAGTTATTATTATACACCAATGTTGTC
1921 ATTATTAAAAAAATGTTATGCATGTTAATACTTCCGATAATAAGTTTTCAATTCAATTTT
1981 CAAAGTTTATCATTCTTCATAAACTCCACAATCTTTACATGTAACAATACATGTAATCCA
2041 CATCTATAATATATAATCCACAGATGAAATCGCCAATAGCTATTACGTACGTTTTGCAAA
2101 GTTCATAAATTGATAGTGAACAAGTATCTACCTTTACAAGATAGACACAGTTTTATGGAT
2161 AACAACTTCTTTAATACTGTGAAAAGCAACGTATCGGTATAGATCCTTATACCGTTGTCA
2221 AGCAAGACTGAATTTATTGCTGAATAAAGTTTAATTTTTTACAAAAAAAAAAAAARARAARA

2281 AAAAAAAARAA

E1 TIMP %EEEE

FIFNIES K REEFT

TRIZA NTR 453K, PR R Ak O B R A Y, N-RE A AT O-Wl S AL AL k323 50 28 AN = A TE A

Fig. 1 Nucleotide sequence and deduced amino acid sequence of TIMP

The NTR domain was underlined. The cysteine residues were marked with circle. The N-glycosylation and O-glycosylation sites were marked with dia-

monds and triangles, respectively
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Koo R

46 &

Br, SPRERIEA 3 MR N-BHE LA, 7

BER T 47, 77 F1152 %) Asn; {#iFH NetOGlyc
4.0 Server FX {4 X} TIMP 1) & 5L 1y 51 #4773 97
BV EH —DNTELEN OMSALN AL, TR
108 {3 1) Thr.
f8 i DNAMAN {4 X6 A /] 495 Ff TIMP 24 B
MRy TZ P8 X, SRR, sk TIMP
AILTRITH) 52 b Kk Ji (Crassostrea gigas) .
Vet (Tegillarca granosa) H TIMP 9 7 51 AL 73
Bk 76.0% . 18.9% F119.3% (K1 2), W] TIMP 7
HARS Py B PRSF A
it Mega 7.0 FAFAY AR ) Fl TIMP 24 5
R 7 50 () R e AR o 32 3R e it AR SR FH AR 421k
F 455, Bootstrap {H 4 1000, FERIP %L & £ 1
F, I BE R B B (Saccharomyces cerevisiae)
WHUEEE H. discus hannai
el H diversicolor

K4t C. gigas
Vel 7 granosa

AL H. discus hannai
Ztatfl  H. diversicolor

YE AR INEE . 8] A R 1) 4 S04 it Fn 4%
BETE A GRAE , SCREARREE (FR(EH 100), FEi%
S ZIE OB 2 533, 4302 5 (R @ #A 5))
YT A W A e i, R W A S B TIMP 7R
Ay 3 BB ARSI, R SRS
TIMP {143 [/ 4H 56 HoA B s i [l s, i -5 Atz
SGXAMYFRRLER2ZER (B 3). 2 Lk
ANFEPIFE TIMP ZEFE R R 25 57,
FTFH R (Chordata) 1 TIMP W5 E A &
LA, MRS R TIMP B85 H A8 88
V>, BfeE— .

22 TIMPEHYEZHHZHELAPHRIEE

FFHZE N 5E 1 PCR A ARG I 45 230 4 45 2H 41
B TIMP WK TH M . 5B BN, TIMP 1845208
B 25 A B Rk (K 4. R RKF L,

Zetufifl, ABY87360.1;

K4t C. gigas
Vel 7 granosa

AL ELE  H. discus hannai

Jetidifl  H. diversicolor
KAt C. gigas
Vel 7 granosa

LI H. discus hannai

Zetidifl  H. diversicolor
KAt C. gigas
Vel T granosa

WL H. discus hannai
Zutafifl  H. diversicolor
KAt C. gigas

Jedlt T granosa

AL H. discus hannai
Jttfl  H diversicolor
K4t C gigas

Vet 7. granosa

B2 FEREzIH TIMP SEEEF

KA, AAWS52530.1;

HEFS PAVEF vMANML sVUMETEGEMBEF L SLRE I 39
GeM8CFT PLRD) E 39

STHE@MeDE THRONNZeSARE 39

YBOPAHEQOHZETVEY 40

AV TPSNWTTONDT EARKSTETENTLESYRMP. . . .. .. 7
UV PSNWTTDNEGL SARSTETEHIVETYKIP. . . .... .
Y BT TVKEELKEGDESMGIPEPECKNYTVOFRKRCIFKG g
VIREKVREKTF TYDALNT . TEMPYEVKYVIRIKKIFKQTP -
SEEANETEITVSSWESDGIEE INFGRPS . IGOCHOCTHR |,
-VELANETELTVSSWESAGLEE INEGRPSMEQEHPRACR "
SSLLGSSDTLVIKTSGTPWINGEET MVISGFVEDE 19
.AEEELNDTTVAFTSSKDSEHBEVDLNVNELMLISGNUNGG |4
PIE I TGEVREDGTEWTQLCSHIALSWRWIP. . . . . . KPOR |44
PTE I TGKVMEDGSEWTELCCHIVLAWRWLS . . . . . . KPER 145
EFETNNCOWNPEYETIEPHCRRGIRYMYEQGCNCTIHHCR |59
RMDLHYCSWIEKYNNFTSICKRGVRFLYKNGCKCOVFRCE  |5g
RTIEKEREN. . . . ... o s 155
RRIRNEEN. . .. ... I | P 156
GENCD) NPDOI® THPGSYNTNDCYBKYGFCLPDT g7
GNGCN GVDEDHNSARERGLEG . DCYARKGICKKLG 197
........................ 155
........................ 156
FGVCYWKGNRMLGGCLORECGVLP 21
CGRCCWKRTHALKNCAPKEHSAHW 21

izl EQEZ = 40)

e, AFB81539.1

Fig.2 Multiple alignment of TIMP amino acid sequences from different molluscs

H. diversicolor, ABY87360.1; C. gigas, AAW52530.
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Hi P major

LR ZRFEWR N viridescens
92

M R. norvegicus

100 {*T‘ B. taurus
99 :

N H. sapiens

82 HNFLeE V. tameamea
62 LA P barbatus
32 KIGAER A ventricosus
RUE D. miranda

60

41

Vel T granosa
50 KALWE - C. gigas
48 ,7”&4{(%@ H. discus hannaivs
100““@% H. diversicolor
BRPIIERE S, cerevisiae

0.1

B3 RAMEEIMETEIME TIMP RE L EH
B, XP 017144835.1; G4 4 £, ABB88702.1; # %K R, EDL97726.1; 4, APG21189.1; A, AAX47478.1; X 35 4 whig,
XP_026486368.1; 4L #AZ 8L, XP_011631309.1; K J§ [# %k, GBL73882.1; i, XP 017144835.1; Vi, AFB81539.1; K 44,
AAWS52530.1; Z:fafifl, ABYS87360.1; BRIGEZEE, EXG83307.1
Fig. 3 Phylogenetic tree of TIMP from different species based on Neighbor-joining method

Pagrus major, XP_017144835.1; Notophthalmus viridescens, ABB88702.1; Rattus norvegicus, EDL97726.1; Bos taurus, APG21189.1; Homo sapiens,
AAXA47478.1; Vanessa tameamea, XP_026486368.1; Pogonomyrmex barbatus, XP_011631309.1; Araneus ventricosus, GBL73882.1; Drosophila mir-
anda, XP_017144835.1; T. granosa, AFB81539.1; C. gigas, AAWS52530.1; H. diversicolor, ABY87360.1; S. cerevisiae, EXG83307.1

TIMP fmliﬂilﬂéﬁiﬂ’wﬂ%%Liﬁ‘fﬁ, BEN) SE i BURl TIMP 5 MMP-1 3%k 5 . 4 TIMP @ ik 24~72 h
SMERE, WPERR . BE L WUAMATERIR T TIMP A Bt MMP-1 %3k R 2 B B S E (B 6), T 24
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Role of tissue inhibitor of metalloproteinase in the
anti- Vibrio immunity of Haliotis discus hannai

ZHANG Minghui ', ZHANG Qian '?, LIN Jinjin', ZHANG Lingjing ',
LIU Guangming ?, CHEN Yulei ", CAO Minjie "*'

(1. College of Ocean Food and Biological Engineering, Jimei University, Xiamen 361021, China;
2. National & Local Joint Engineering Research Center of Deep Processing Technology for
Aquatic Products, Xiamen 361021, China)

Abstract: As an important economic shellfish in coastal area of China, abalone is susceptible to bacterial infection,
especially Vibiro parahaemolyticus. Similar to other invertebrates, Haliotis discus hannai resists pathogen infec-
tion by innate immune response. Tissue inhibitors of metalloproteinases (TIMPs) are endogenous protein regulat-
ors of the matrix metalloproteinases (MMPs) family. As MMP-1 was engaged in the innate immunity of abalone,
the involvement of TIMP in the regulation of MMP-1 expression and activity as well as the immune responses
merits further investigation. In this study, the role of TIMP in the innate immune responses of H. discus hannai
against V. parahaemolyticus infection and the interaction between TIMP and MMP-1 were investigated. The full
length cDNA sequence of TIMP was obtained, and the expressions of 7/MP in different tissues of H. discus han-
nai were analyzed post Vibrio infection. The cloned 7IMP cDNA sequence was 2291 bp in length. NetNGlyc 1.0
Server and Netoglyc 4.0 Server were used to analyze the glycosylation sites of TIMP. The results showed that
TIMP had three potential N-glycosylation sites, namely Asn at positions 47, 77 and 152, and a potential O-glyc-
osylation site, namely Thr at position 108. Multiple alignment of TIMP amino acid sequences from different mol-
luscs showed that the similarities of TIMP in H. discus hannai with those of H. diversicolor, Crassostrea gigas and
Tegillarca granosa were 76%, 18.9% and 19.3%, respectively. In the early stage of V. parahaemolyticus infection,
the expression of 7/MP in hemocytes and gill tissues were significantly up-regulated. To study the interaction
between TIMP and MMP-1 in the anti-Vibrio immunity of abalone, RNA interference technology was used to
knock down the expression levels of 7IMP and MMP-1. After the silencing of MMP-1 gene in abalone, TIMP
expression was significantly up-regulated. When TIMP expression was inhibited, MMP-1 expression decreased
significantly. These results indicated that MMP-1 expression was positively regulated by TIMP, while TIMP
expression was negatively regulated by MMP-1 in abalone. In conclusion, the present study will help to reveal the
interaction between TIMP and MMP-1 in abalone innate immunity against V. parahaemolyticus infection. It also
provided new insights into the prevention and control of pathogens in abalone culture.

Key words: Haliotis discus hannai; Vibrio parahaemolyticus; tissue inhibitor of metalloproteinase; matrix metal-
loproteinase 1; interaction; innate immunity
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