Koo

JOURNAL OF FISHERIES OF CHINA

Fa3 B H 2
2019 4F2 A

Vol. 43, No. 2
Feb., 2019

X E %S : 1000-0615(2019)02-0389-11 DOI: 10.11964/jfc.20171211104

RS ERERBEREBEEMMP-160Y 52 & &Rk

N

1 1,2 1 = 1
ZHu&, WE#®ES,  HA, w5 Y,
R, o', AEE
(LT BRI AR, TR EEKF S FAYSEERSLGE, LT KiE
2. REWMABEREER, BEZRK&MENESLRE, L7 KE  116600)

116023;

ME: AR4BZABMMP)Z - M@ MaptERmEakMBEL. YFR
MMPsZ {5 | 5 & e Wt e 9 tE A, AL X ARACER R TE T (Al 55 & B & A B
164k B (4/-MMP-16)#] cDNA2 K 7 7|, F 3t EJr FIAFAEfsh G # 4T T A1 & o475 KA %
i 7% ot & EPCR(QRT-PCR) i , 2 Al A T Aj-MMP-16 W E (7 /5 1 F AR T H
PR EARURRRERN B EREmE R R EE R ERET, 4-MMP-16 3K
#cDNA& K %2976 bp, &4 —342bphy S 445 5 X, — /963 bphy3' Ik 454 X5 JF ik
i #AE(ORF) A 1 671 bp, %HASSTHEEE, MMEZaosFEA6 I Lk, TR K
479, Aj-MMP-16 24 B A WMMPsZ ik & B 44/ N-Smaf KK &R A K. C-3f
K FEERABEERK. Aj-MMP-165 5 4 f (WMMPs L — @ i dl il e, 5§ % €&
IR B By MMP-1648 il 1% % & o Aj-MMP-162k FlmRNAZE (7 #| 5 & H R ¥ HH KL, Kk
EREARYPEN. B KEEE. TR A RE; ENERTENE, 4-
MMP-16 X FImRNAZ“ L E "R E AR PR 2 BEE F & T EFHRELL; WZIE fo ks
2 AT E R G, R 4 P Aj-MMP-16 2 EmRNAR £ B 8 # 7+ & o Aj-MMP-16%
MHREGHNSAMRREE REXEUNRRENEFREERZWHEM.

XKBHE: GRS, EReBEAR;, XETE, REHN

FEIDES: Q785; S968.9

2 Jifg 1 B it (extracellular matrix, ECM)2&18
FH 40 53 004 3T 43 A 7 200 B 3% T B840 A 1] Bt ) oK
SrFP, mRIEE N EE RN 4EE N
FAR, ZH5HBEAEK . SSRGS RS,
ECMTE K Z 808 FBAE N R e 7, BAE
He i 4> J& B 1 B (matrix metalloproteinases,
MMPs)AE T 7T & AR 2 . MMPs & — 8 i
0" SR E T EAUKREES, EREMECME
HEMEZR . MMPsXTIRIG AR . RIAER N . 4
LM ESEREELZWEN, TTIZFET
3l AR DR BT

MMPsJ& — 8 FI B, A4 5t i g
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MMP-3. MMP-10FIMMP-11, #] [&f#ECM (1)
EHZHE ., SEE0MEMEER, 25
MMPsililg Ji (8Os /s (e B iR ik
DR NS LT R L5, A+ MMP-7HIMMP-
261" (SIS A BIMMPs: 15 IR L 3h W1 1R P 7L
2R 35 1 i Ik JUL B 4 22 25 I (MMP-17 HIMMP-
25)Fn4%p 1 B2 8 H (MMP-14 . MMP-15,
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MMP-16HIMMP-24), J&%5 4 AIMMPsRE 345
MMP-2f J512; (6)HAMMPs: MMP-12, MMP-
19, MMP-20, MMP-22, MMP-23%5, jX£EMMPs
a0 B Y 2 2R

K= PIMMPsHIHH OGS AL %, nfa v
13 a4 (Danio rerio). #(Cyprinus carpio). /)N
W B4 (Oryzias minutillus) . 2188 78 J7 il (Takifugu
rubripes)% U0 D 2 i) I (R BR B DI (Pinctada
martensii) . 2= @8 (Haliotis diversicolor)ZE!'"",
Rz Zh ) v 58 (4 BRI JH (Strongylocentrotus pur-
puratus) . /i {115 (Apostichopus japonicus)5>">1,
i) 202 BB s 1) iy B RACSR AR, oA HE
BB, 4. BESEEY R, IR S S 1E
HWFFEMMPs IR AEY) o R, (5 2 BATEL
= E SR EM AT A, e T KR 3R 5
M E MR Z —. BEE FRFMALH AR WY, e
F WA R T TR S R AR DG R Y
HREFIME FHPLHIBIE TS, X5 B B 45 A 20 3L
A 5T K F c DNAK ¥ HR 34 g B £ R (RACE),
e R A7 R 2 B 5T 4 s AR 1 160 (K] (4)- MM P-
16)/) cDNAS K P4, Xt H 445 ) 3ol 28 S 2 )7 41
MRFAE DEAT T R0 B, IR 0RO T xR
mRNATE RIS AR AL, Ak B & AR B
B UL K J T R % R i R as B E O,
Wb — 25 TR AR 2 4)j-MMP- 163 R (1 52 52 B A1 HL
PRAEBE PR LA, o IR ABESE 05 M 2 MMPs
AR S5 A S RE 2 HERF 22 AR

1 M5k
1.1 SRR
LI S0 FH i 5 0 2 R i

(10.0+1.2) g H iL T B VAR R0 5 Be 5
FAL, SRAVP IR SR, WEKIRISC, #
f#£32, pH7.8, MAFFFE.

53 H Ak S B A R S (Vibrio
splendidus) P ¥ 28 #0486 (Bacillus cereus), i
PRI R B DL B R B o A B4 T VR T B
(colony-forming units, CFU)E 7~ o K LR 2Fh 41 B
7E28 °C. 150 r/minfl¥ 55 14 T £ 5% =X HUE K
JE 3B, A% U T B SR B AE4 000 o/min kT
4 °CE15 min, FF LW, A #ER K 73 5l
AT UUIE R AW EZ 10" CFU/mL, T 05
SR T 5 o

1.2 SLIWAE

2K cDNAY 3 3 3 7 ) 2 2 s LD
RAT Aj-MMP-165E H 17K 73 cDNAJF 51124, FIH
Primer Premer 5.01% 11 43 7SI MR D)., &K
14 % FISMART RACE ¢cDNA Amplification Kit
(TaKaRa)i{ &, 83T 5 UPCRIEFT 5HI3 A i [
IR, 515 PCRIZ Y 451429 94 °C 3 min;
94°C30s, 72°C 3 min, 5/F#; 94°C30s,
70 °C 30's, 72 °C 3 min, 5PE¥; 94 °C 30,

#z1 51¥F5
Tab.1 Primer sequences
519 F51(5"-3") A&
primer sequence (5'-3") usage
MMP-16-3-RACE-1P GGCTGCCCACGAGATTGGACAC 3'-RACE
MMP-16-3'-RACE-2P TAGGATGGGCGGTGTATTCGTGA 3'-RACE
MMP-16-5'-RACE-1P AGGTCCAAAGGCGTGAGCGAGG 5'-RACE
MMP-16-5'-RACE-2P ATCGGGTTCAGAGCGGCGTAGG 5'-RACE
UPM (long) CTAATACGACTCACTATAGGGC 3'H15-RACE
-AAGCAGTGGTATCAACGCAGAGT
UPM (short) CTAATACGACTCACTATAGGGC 3'H15-RACE
NUP AAGCAGTGGTATCAACGCAGAGT 3'Fl15'-RACE
MMP-16-Qper-F GTGGCAAACATTTATCCCGAGG PIGER qRT-PCR
MMP-16-Qper-R TGGGCAGCCACTAAAAACAGGT PtE R qRT-PCR
Cytb-Qper-F TGAGCCGCAACAGTAATC WS reference gene
Cytb-Qper-R AAGGGAAAAGGAAGTGAAAG WS IR  reference gene
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68°C30s, 72°C3 min, 30/MEFF; 72°C 10 min,
4 °CHER . LISE T S PCRY= W) B, HEAT552
BPCRIZN , JZ W45/ 494 °C 3 min; 94 °C 30,
68°C30s, 72°C3min, 30/MEFF; 72 °C 10 min,
4 °CLRI

1G22 1.5 % 1Y) B e W R S LUK 43 S R
W, ER A T AR TR () A PR R R AT
G E

5 5 5 #1 ¥ % ) 352 HE (ORF) Al 2 ik iR
5 %1 #1 2% F ORF finder (http://www.ncbi.nlm.
nih.gov/gorf/gorf.html), i it SMART (http://smart.
embl-heidelberg.de/) i 1715 5 JIK 90 0 1 356 PR 2
i . 2 B P8 L X TR 58 Kk & 4 A il 4K
MEGA 6.0, Neighbor-Joiningi: & & 48 &
HW .

RNA4Z I R 3P 2H 21 B RNA$E iU
) G CRARAE AL b 5t A BR 2 B EE U 2 A
[Fi) £ 2 K 24 T R 0850 A 1 400 L P EL RN, FLTK
K RNA R 568 o IR & (A 4y B (B 5
NanoPhotometer, & [& Implen’\ ) )4 I RNAF) 4i
JE RN .

R AR R R BIR M E SR
Yang 55 P 7 b 05 0 S Ak K SE B AR
100k 175 1 28 32 76 21 /K F H1 (80 cmx45 cmx
45 cm), HFARITEGAN AT HY) +FIE/N
(0.5 cmx0.5 cm), KA bl 2 SRR ok B I 2
5x10” CFU/mL, 5546 (8] 4 K 47K 1741 #b 5800
LN o K05 S Ak B 4 B (R 45T) . T
(FP AT 5 )3 A2 B B, <A 1
07550 S (A BE H B 1A 1 68058 9 B o5 (A2 <0.2 em)
RubfE, BAMERRT; bR 1. giiSEk
BE H B 2~3/ 15107 B 25(0.2 em<H 4£<0.5 cm), K
wpE, BAMERR S A I O Sk
BE S PR B KT ARtz , nhJIE, R 2 A RE
B KRGO BEA B i 2, 455 5 I 2 B
T A8 A BE 2H 21 (15t 97 Ak ) T IE 1A RE ZH 4003 1 TR
A, MHEBAWA TR, T-80 cCUKF A
% H .

AR E RSB PRSI R S
i 79 5L TR AR SRy SR S S TR R, 4 0l Dyl 5K
AT 2% G e ) A0 S A 2 760 77 (8 22 1R PH P
[ RN W 18 T S SR = I O (€= I 1 B <% W ]
4 IEREZEMAT R A4 3N AT LR, Ry

240, LRI, TAARSET . XHHIR
Yirf, BT mL G R 8 1) g EL 0 S e A s S
50 pLAEHER K s Seu b, FH RRE B O Bk 1)
05 2 5550 WX 14 40 B AE B R KRR
WG4, 12, 24, 48, 72H196 hJy 5 4% 525 40
RS Rl 2, SRR AR I W K TR 5
PIRIZ R RIR A, 434 TEPE T, 4000 r/min
A F4°CE 010 min, F& BB, KR 401
B ARA TR, T-80 CCUKFI A&
5B 3 % 2 FPCR (QRT-PCR)S#1  4
ANFE A S RNA A PrimeScript™ RT reagent Kit
(TaKaRa)#F AT 545 5%, BN AR R R0y 25 A4 BR
UL B AT . AR SRR R R SIS
Wi qRT-PCREF Ir & 519, CybfE NS %
K7 qRT-PCRZ FHISYBR Green I 44k} (SYBR
PrimeScript™ RT-PCR Kit II, TaKaRa), 7£Mx3005p™
2 )t & E PCRY (Stratagene, La Jolla, CA, USA) I
AT o N AARFR20 uL, £U4%10 uL 2xSYBR Pre-
mix Ex Tag™ II (Tli RnaseH Plus), 0.4 uL ROX Refe-
rence Dye I, 2 uL cDNAKRES:, 5[4/450.4 umol/L,
6.8 nLE B F K, JhiZ&fF: 95°C30s; 95°C
10s, 56°C25s, 72°C25s, 40MEH, HAHE
SIEATIRE A, RN AL mRNAK X %

BESAH B HISPSS 19.05K 7 #E
17 ZE 7 224381 (One-Way ANOVA) K Duncan[X
ZEWE, BFEMKFHP<0.05,

2 4R

2.1 Aj-MMP-16EE B cDNAFF 5 53 47

Aj-MMP-163£ K [ cDNAJT 41| 4= K 42 976 bp,
GenBank % 5t 5 MF 538722, f4%—-~342 bpliy5’
U AR GRS X, —4~963 bpAY 3t AR gA X ; Tk
e SEAE(ORF) M1 671 bp, Zit557 2R,
MEH T8 N63.11 ku, 255 479, &It
FR 7 A M 2, Aj-MMP-1640 7 N-3i i ik X
(prodomain), £ [X (hinge region). fi#fk X (cata-
lytic domain)Fl C-¥i; 28 IfiL £1. &K 4% 4 X (hemopexin
domain)4 ™ ZE A3, Sy BLAY T MMPs 5 % 8 11 45
(). RIS, Aj-MMP-164F Jy 45 4
MMPs, b B A7 —A~ 85 IR TE X . A/ Bk XA — A
PRI G AL IX BAT & R SF Y HEXGH-
XXGXXH ¥4, MEfbim b, IFH&H —4
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Ko ¥R 43 &

4> J&@ £5 M B0 1] 9] (tissue inhibitor of metalloprotei- 45 4 (four-bladed B-propeller structure).

nasc,

ML ZLR A5 5 8 FAR T A X R 2D R A 5 IX
BEANERBIT T, B —Fh a5 iR e 2 X

88
175
262
343

433
31
523
61
613
91
703
121
793
151
883
181
973
211
1063
241
1153
271
1243
301
1333
331
1423
361
1513
391
1603
421
1693
451
1783
481
1873
511
1963
541
1214
1301
1388
1475
1562
1 649
1736
1823
1910
1997
2084
2171

TIMP) W45 A s, 5 BCRE KRB IX 5 2 .
2.2 Aj-MMP-1684 [E]iE 43 4

TENCBIZE o £ 8 2 b >R FIBLASTp Xt Aj-

GOGAGATTCTAGG TACGCAGC TAATAGOCTOC TAGT TTCCGCAGTG TGTCAAATACTGAAGAAGTOCCATTACTGOGTGGTTGACTA
AGACAGACGCAGCAGGGTATATATAAACCC TACGOCCGCTOC TGAACCCGATCAGAAAGAATCACCTGAGTCGAGCAACACATTACTT
CTGGOAAANGC T TACTAATAAGG TG TTGT TAGAT TGGTTGCAATCAAACGGGAAAGAATTCATTAAGGTACTTTTACAGTTAAGGT
CCAGACGTACCG TGOCTGTGAAATATATATATATATACTTCAGAACGAATTTGAACTGCAAACCACTGGAAGAGACACCATC
ATCCCCC TCCATAGATTATCTTATCTGCTCC TC TC TCTAATTETCTCGATETCTGCTGTT TEGTACAGGCACT CAGGGGAAAACGATTCAA
M A VvV D R L S ¥ L L L S YV I v & M S A V C R G T Q G K T I Q
GAAATTGC TG TATCTOCCGGAGAATCTOCCAAACTGCACTGGACTTCTTAAAGAAGTACAAATACGCTTGCAGCGATCAAATCCGATGAAACCGTG
B I A vV S P E N L @ T ¢ L D F L K K ¥ K ¥ ¥V ¢ D @ M D E T V
GCTGAATAACCTGAT TGATCCATOCCGAGCT T TGAGGCAAT TATACGTAATATGCAATTATATATGCCTGACGTGGATCCTACTGGCATTCTG
v N N L I D 8 B F E A X 8 R N M Q@ L Y M P D V D P T C I L
GATGATAAGACGATAGCTGCGATGGCCATGCCOGOGT TG TGG TG TACCTGATCCTAGOGGAGAAGCTCACGAAACTATAGGGGGCCGTTTG

D D K T I A A M A M P[R cC G VvV P DIP s 6 BE G D E T x G G

AGACGTTTTTCGCATTCGGGTGGCCGATGGGAAGAGAGAAAGATAACATATAGGGTGCTTAACGC ACCTCCGGAATTGAACTATGATGTC
Fsusccnvzznxx1vnvLNAPPBLNan
GTAAGAGAGGCCATCAGAAGAGCCTTCAATGTGTGGCAAACATTTATCCOGAGGGACTTTGTAGAGGTTGCTTCAGGACAGGCTGACATC
R OE & T R ORCA T oW W OW @G OO O Om OB W B W A E S s X
ATGATGAAATTTGGGGAATACCATCACGGAGATCCATACCCA’ CGCCTTTGGACCTTTOGGS
MM E P @6 E Y A H G B P Y B F D & P B 6 T R A E AT G P F G
TATGGAGACCCAATCGAAGGAGACGTTCATTTCGATGACTCTGAAACAT TCTCAGTTCGTACATTCGATGATATCAACCTGTTTTTAGTG
* o W T R GEBY W D s R T E W EwEw DD e = i
GCTGCOCACGAGATTGGACACAGTTTAGGTTTAGGCCACTOCCAGGACTCT. TGGCACCATTCTATTCCGGATACCAGCTA
A__Al'!#::'63'1!1._511;_!!30031‘)\1.@APFYSGYQP
AACTTCGAACTTCCGTATGATGATATCCTTGGAATACAAACTCTTTA TACACCAAGGGAAAAACCAGTGACAGTT
NOF R OEE T R OB K B G BT BT OS 5 R P BT OPRE ORE K P Y T OW
AAACCAGTAACACAGGCGATGCAAACCACTGAGCTACCTCTTGTGTGCCAAATGTCATTTGATTG TGTAGCCTACATCAGAGGAGAGATT

K P ¥V T Q© A M Q T T E L P L. VvV € Q9 M S ¥ D C v A Y 1 R G E |
TTTGCTTTCAAAGAGGATCGCTTTTGGAGGG TTOGGGAGCCAGGTAAATCTCT TACGCCTGCAGAGGG T TACAAGACAAACGAATTCTTC
F A F K E D R F W R v 13 E » G K S L. T P A E G Y K T N E F F
AAGGGTT TACCTTOCGGGCATTCAGGCGGC T TATGAGCGATAT TACGATCAACGAATCCTT TTCTTCAAAGGAAGGGAATACTGGGTGTAT
K G L P s G | Q A A Y E R Y D o R I L F F K G R E Y W Vv Y
GATGGTATTGAGCCGCTGCCTGGT TACCC TAAACTCATCGCAAACCTCAGT TCAGACT TGCCAGGTAACTTACAAGCTGCTGCTACTTIGG
D G | | E P L. P G Y P K L 8 A N L S s D L P G N L Q9 A A A T w

GGCGAGTATAACAAAGTGTATTTCTTTAAGAGAGGACGAGTTTATCGCTACGATGAATTTGAGAAGAAGGTAGACGAAGGGTACCCCTAC
G E Y N K v Y F F K R G R v x R X (5] E F E K K v D E G 3 P Y
COCATOCGATTCAGTCTTCCCTGGTGTACCAAAAGGAT TAGATGGAGCTTTCAGATATAATGACAAAATGGCTTACTTTGTCAAGGGTAAG
P i | D s v F P G V P K G L. D G A " R - N D K M A r F VvV XK G K
TACTACTACCGC TACAACGACATAACCAGGAAAGT TGATGACGGTTATCCGCGACCATTOGTIGCTGATTTCTTTGGTTGTAATOCCAAAT
¥ ¥ ¥ R ¥ N D I T R K VvV D B G Y P R P F VvV A D F F 6 C N P N
CTGTATATTTTCAACGCGAGTAAACAACACAGATTACGAT TACTTTGGAATGGGTAATGACAACGCGTGGTAGCGTGCTTTCTATAAATTTT
L ¥ I F N € VvV N N T D ¥ D ¥ F € M G N D N 66 G & ¥V L S I N F
ATCTITCCATATTTTACTCATGTTCATAACATCTCTCGTAGTGTCATCTTAG
1 | o H 1 i L. M F I T S I v v S s -
AGTATACACATGGGC TAAAAAAATCCTGATGTGTAT TATTTATATATATTTTATTCATTCATTTCTGGGTCGGACATTTAGCAGAA.
TAAAATTAAGGOG TCATT TAATGATACGAATAGC TCAATTTTAATAGGTTGACATTTAAAAAAACGAAAACCAAAGAGOGAGCTAA
ACAAAATATGAGAAAAATGCAATGCTTCACTTTC TGC TGAAAGCAATGCTGAACTTCATTATGTATAACAATTCATAGGTCAATGC
TATATAACTAAGGAACTGATCAAAATCAGATTATGACTTATAAGTAAGTAGTTTGATATT TCCCATAAATTCATCCCTTTCAGCCT.
AGCTTCTCGGAGCCATAT TGGG TOCCC AAGAGTC T T TATAGGATGGGOCGG TG TATTCGTCGAGAGCAAAGCGGCTACATGG T TGGGGAI
CLGGGAGGETCAGOGAAACAAAT TG TCAAACCATC TCATTAAACGCATTCAATGATACTCGCCCCTGAAGAGATGCAGTACTGTGG
AAACTAACATTTTC T TGATGAC TAACAAAATTGT T T TATGT TCGAAAT TGATCAAAAAAAATATTGACTTTCATTTGC TAGGTTTA®
AATAAGCAACAATAGAACGTTGTCACAAGT TAAAGAATATTGATT TTTAAACATAAACTGGTAATATCTGAATATTTCTTGTACTT
ATACAAAAGCAATTTCTTAACAGTTTTATGAGCAAAAGAAGGAAGAATTATTAGAGAAAAAAAATTAAAATCTTCATTATGCAAAT.
ATT TATAGATG TAAT TATTCGT TT TTGAAATGTC TG T TAT T TAAT TCG T T T TACTACTC T TTTGTCATC TTTTGTCAATTATGCAC
TCATT T rTACATAGTT TTG TATGAT TATACCAAACGACGAGCAACCATT TCATTTTATATTGTCTTICTAAATTAATAAACGAGAGT
ATTTTCAAAAAAANAAAANAAAAAANAAANANAAAAAAAAN

B 1 Aj-MMP-16E%E ) cDNAF S R S E B F 5

TRIR R RAE S PIASIIHE 89 FF 51 50 500 22 7R 2 & BROT R A0S P81 L Ron i IX s I B A 3R A iE M b e 41 i 1

B R R R R S R . IR RN AN R P A KM AR R A 43 SO RR B RIR e X, +RoR & b5 T

Fig. 1 The full -length ¢cDNA and amino acid sequence of Aj-MMP-16

Underline was signal peptide; two boxed sequences indicate cysteine switch and activation sequence respectively; red was catalytic zone; shadow

sequence was catalytic center sequence; circle was amino acid methionine residues; blue were four repeat sequences of hemopexin domain; yellow was

transmembrane region; * was the termination codon
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2 A, T iflS

ST 4 R R B K MMIP- 1614 T e M 36 35 393

MMP-16Z MR 7 5 2t 47 R IR PR R A B, HYH
SO AIMMP- 1640 DL e i, 945%; 5L
W (Poecilia reticulate) AL F140%; 5 =W EF
4= (Bison bison)f A LE N39%; 5K i A (Aca-
nthaster planci). JCAE ST (Rousettus aegyptiacus) .
Y FR (Chinchilla lanigera)F [ Wk 5 ( Tinamus guttatus)
(AR RLIE S 38%(1%12).
23 Aj-MMP-16i#t 1L 73 47

FIHIMEGA 6. 0% {11 48 4 1 4t A OC Z L R
MRGEHAR . ZR B, WAL YMMP-16%4

—W3Z, HHMMP-160— %, RITEhYHh—
W3, Aj-MMP-16F11HMMP-16 5 — W32, 5

LG RV G o AFHENRIREELR BIR, MMP-

168 —W Y, MMP-24%h— %, MMP-14%
F—W. %, Aj-MMP-16F1H 1 MMP-163 H —
W32 (E13).

3'1

SPMMp-16 -
PrMMp-16 -
BbMMp-16: -~~~
ApMMp-16+
RaMMp-16 =
CIMMp-16 =
TgMMp-16: —————-———mm—m
HsMMp-16 = LTF i

AjMMp-16 *

SPMMp-16
PrMMp-16
BbMMp-16
ApMMp-16
RaMMp-16
CIMMp-16
TgMMp-16
HsMMp-16
AjMMp-16 +

2.4 Aj-MMP-16EEHEHRESAEHRAFH
RILTH

qRT-PCRAG I 25 2L 7R, Aj-MMP-165% [
mRNATE( RIS A8, . LA B2 IR 17
FVAR A0 M b S A ik, JF H AR MR b Y 3R
KRR, W R TEHAM A AU i Rk i (P<
0.05), 7TEfHRBERIRZ, TEMEEP R RILE
AR, WUR R 2 2 H] Y 22 5 A8 i 3 (P>0.05),
1B 5 HAth 2% 2H 2L 3R 3k 1 22 57 1 3 (P<0.05)(1&14)

2.5 Aj-MMP-16EFE £« H#S (B
HIRIE D

qRT-PCRAEG M 45 R Won, FE“fb 1. 11,
IR B, 4j-MMP-163: I mRNATE “fk iz 1 BE 241
AU By R IR B R A IE W AR BE P SRR E 1
1645 . offi F144f% (E5). K& “fb B B i

W, Aj-MMP-163£ R mRNATE “fk iz 14 BE 41 41

HsMMp-16
AjMMp-16 =

2 Aj-MMP-16 5 £ B 751 5 H fth 7 89 BR 14 bk 4
SPMMP-16 (% B EREEH, S. purpuratus, AY878927); PIMMP-16 (UL #%, P. reticulate, XM_008438393); BbMMP-16 (3£ M5 4, B. bison,
XP_010860429); ApMMP-16 (K i &, 4. planci, XP_022103714); RaMMP-16 (L IE B i, R. aegyptiacus, XP_016008643); CIMMP-16 (4 i, C.
lanigera, XP_005381812); TeMMP-16 (4 W 15, T. gurtatus, XP_010220738); HSMMP-16 (N, Homo sapiens, NM_005941); AjMMP-16 ({}j 1| %, 4
Jjaponicus, MF 538722)

Fig.2 The multiple sequence alignment of Aj-MMP-16 amino acid sequences
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89| N\ H. sapiens MMP-16
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Fig.3 Phylogenetic tree based on amino acid sequences of MMPs
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Fig. 4 Expression analysis of Aj-MMP-16 mRNA in
different tissues
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level; the same below
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Fig. 5 Expression Analysis of Aj-MMP-16 mRNA at

different stages of skin ulceration syndrome
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PO R PR A, A B R A
HEXGHXXGXXH Y #3422 iR 7% 5 (H) il 5
Zo® TEARTE L IC A B, PP 2 IR ke A 25 T I 45
f, PRIz’ TV BeaE X B, ol e X
MM 2L R G5 A KA R ms 8. KM ER
A X 5RYFEESETONA L, mHEGFE
F 8] A0 A % T-MMPs B B 30E 5 67 F R
fiff o PR LA E AR P R X A TR T
4545 BIMMPsH, A3 5 1% 2 MMPs [ % T 4 i A
FRVET . LS A R MMPs & A7 7 i 928 20 i K He
FHE IO R AT 4 A0 B ) A0 M S 1, R MMPsI Z 44

O %84 control group
O JEIREEL V. splendidus group

1. B R EA B, cereus group
ab
10
g
% r d
g 8
K g ¢
=2 o ef b
TE 4 b f
& € e
bc
21 aa a a ’—;—‘_}h a a a a
,LCEm_[]
0 4 12 24 48 72 96
HUEER ] /h

sampling time

El 6 KRB RBUGA-MMP-16EEREBR
Fig. 6 Expression analysis of Aj-MMP-16 mRNA after the pathogenic bacteria challenge
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Cloning and expression analysis of MMP-16 gene from sea cucumber
(Apostichopus japonicus)

LI Shilei', YANG Aifu'?, DONG Ying', GAO Shan',
CHEN Zhong', SUN Hongjuan', ZHOU Zunchun "
(1. Liaoning Key Lab of Marine Fishery Molecular Biology,

Liaoning Ocean and Fisheries Science Research Institute, Dalian 116023, China,
2. National Aquatic Product Safety Testing Key Laboratory,
Dalian Entry-Exit Inspection and Quarantine Bureau, Dalian 116600, China)

Abstract: Matrix metalloproteinases (MMPs) are proteolytic enzymes that degrade extracellular matrix. In order to
study the function of MMPs in the immune defense of Apostichopus japonicus, the full-length cDNA sequence of
the matrix metalloproteinase 16 gene, named Aj-MMP-16, was cloned using RACE method. The sequence
characteristics and function of Aj-MMP-16 were preliminarily analyzed. The results showed that the full-length
cDNA of this gene was 2 976 bp, including a 5’ non-coding region of 342 bp, a 3’ non-coding region of 963 bp,
and an open reading frame (ORF) of 1 671 bp encoding 557 amino acids. The predicted molecular weight of Aj-
MMP-16 protein was 63.11 ku and isoelectric point was 4.79. Functional domain analysis revealed the typical
MMPs family protein structure of Aj-MMP-16 including N-terminal propeptide region, hinge region, catalytic
region, hemopexin-like domain and transmembrane region. Multiple sequence alignment and phylogenetic analysis
showed that Aj-MMP-16 shared a certain degree of conservatism with MMPs of other species and had the highest
identity with MMP-16 of Strongylocentrotus purpuratus. Quantitative real time PCR showed that the 4j-MMP-16
mRNA was expressed in all tissues of 4. japonicus, and the expression levels were from high to low in the order of
respiratory tree, intestine, coelomocytes, tube feet, muscle and body wall. At different stages of skin ulceration
syndrome progression, the expression of 4j-MMP-16 mRNA in ulcerate body wall was significantly higher than
that of the normal body wall. After the pathogenic bacteria challenge, 4j-MMP-16 mRNA expression increased
significantly in coelomocytes. The results suggested that 4j-MMP-16 may play important roles in visceral
regeneration, inflammation and immune response in sea cucumber.
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