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[#HZ] FIH PCR Al RACE % AR M4 40 8588 (Haliotis discus hannai) WP 58 [ 50 4 R 40 JHK I 32 (X
cDNAFF, FEXFHEEM AT 400 DS KRR & KBS ( Haliotis discus hannai leucine aminopeptidase ,
Hdh-LAP) ¢DNA 4:{3£ 3251 bp, 8 S'AE4RASX (5'UTR) 56 bp, 3'AE4SIX (3'UTR) 651 bp, JFikl
JZHE (open reading frame, ORF) 2544 bp, I:4gtd 847 N FEMRIEH, ZFF HXTEER BN, REAERF
)5 K4 WG (Crassostrea gigas) . # EEALT IR (Lottia gigantea) . B M (Saccoglossus kowalevskii)
H e B R KA S AR 4350 R 85% | 68% F1 61% , TN Hdh-LAP 3 X 46 2 11 5 (AR X 4 F Bl
95.09 ku, FRIRAFHL LN 5. 16, Hdh-LAP 25 H BT A5 LA o — SRBEF TR M N 32, Hib o - 88758 &
38.02% , LR 30.11% , B - 4785 22.43% , B - 9.45% . Hdh-LAP 53243 4 75 40 Jifd J5i
(59.2%) . ALK (10.0% ) FUAEEAK (10% ) v, 0 AT BELE R RLACIH AN P 7 (9 4= 9 & it 72 b &
PR S SR EN TIHERER, REET XLRMTERER, Hdh-LAP 54857 2 R 2 KB R il
Yt B PCR AR, Hdh-LAP FERIZEGIPLA | PR . PEAR . Mok anpt, 18, AMEIRE 6 142
Wik, ke b s, WRRZ, ERRd>,
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Abstract: The full-length ¢DNA of a leucine aminopeptidase from abalone (Haliotis discus hannai)
(Hdh-LAP) was cloned by PCR and RACE technology. The full length of Hdh-LAP gene was 3251 bp, which in-
cluded a 5’ untranslated region (UTR) of 56 bp, a 3'UTR of 651 bp and an open reading frame( ORF) of 2544 bp
coding 847 amino acid residues with an estimated molecular weight of 95. 09 ku and a theoretical isoelectric point of
5. 16. Interestingly, the amino acid sequences of Hdh-LAP showed a high degree of identity (85%) to those of Cras-
sostrea gigas and lower degree of identities(68% and 61%) to those of Lottia gigantea and Saccoglossus kowalevski.

[WFEHHEA] 2017 -06 - 15 [1EEAH] 2017 -07 -13

[HE4TB] EBXARBEESTE (31471640) ; WA HATRF LI B (201305015) ; & 17155 /i@ 1
WO H  (14CZPO30H]04 )

[1EEfRIT] iflfd (1989—), 5, WitA, NFHKENY RO, BEEE. Ha (1964—), B,
e, WA, FENFEE B KoK RN TAF5E, E-mail : mjcao@ jmu. edu. en,

http : /xuebaobangong. jmu. edu. cn/zkb



©32- FRREM (HRBERRD 22 %

The secondary structure of Hdh-LLAP was mainly composed of a-helices(38.02%) and random coil(30. 11%) . Sub-
cellular localization analysis revealed that Hdh-LAP was mainly distributed in the cytoplasm(59. 2% ), mitochondria
(10%) and lysosome(10% ), indicating that Hdh-LAP may play a role in signal transduction and transcriptional reg-
ulation in the energy metabolism and cofactor biosynthesis. Phylogenetic analysis exhibited that Hdh-LAP was close-
ly related to LAP from Crassostrea gigas. Quantitative real-time PCR (qPCR) showed that LAP gene was expressed
in all tissues, with highest expression levels in the hemocytes and muscle, while barely detectable in the hepatopan-
creas, gills, mantle and gonad.

Keywords: Haliotis discus hannai; leucine aminopeptidase; cDNA cloning; bioinformatics
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Z KB (aminopeptidase) J& T M1 BKEEZ K (peptidase family M1), JE—ZS M A R o IREEARY N
Ui PR D) B R SRR R L B PO R S IR AR T A — SRS R, DA R Ak
T AEAE TN ) MR ¥ E KRR N o SRRk L & — R AN I), &R 2o 2 26,
—RA KB EA A Y & —E, HReXt—Fh s LA 2 SR 5% S Sk MoK M 5 O3 — S UK XTIk
AR I A IERR IR IL A L —VEAR, T DUKAR LT i B E SRR L

SR IR (leucine aminopeptidase, LAP) J&—28%F 8 [ B ok 2 AGE N sy 22 56 112 % 56 U] R A%
e 2K . e — PR OB R 43 R A IR, Gl B A RO IR R SR, N A
A — AL A5, i 2R 5% A REE (1 N o K OB K F R dic Hh ke, LA 2 7k e vl 2 2 1R
Y MTHEAKBEARN S, R 2 8500 RS SRR, LAP J& UK 5 %
AR AL 22— KB 0005 B SRR sh b i b R SR I, DR e e
i T E S EE ISR EERI PR T R B, W8 (Haliotis discus hannai)
LA & S R AR A, i L R TR S DR AR P R A R AR e - 1 R — g,
Z 52 W WL PR A A0 2 o 4 i A U . 22 PR ER e . P DR B A N DD H B S o o
AR BT A IS R /IR, ITTHE— 2D /N IR R ity i 2 2 R W 5 B2 KB 1 = 55, HLAT,
KT K= R KB RT Y TR e s, . BURTINGS ( Theragra chalcogramma) "' | BE#E4AR
6 (Thunnus albacares) '* FI 41 ( Cienopharyngodon idellus) ! R IKEC BRI 7 B2 1k AT
HG (Crassostrea gigas) WIZIKBEREHBETERE " SCEERFIEATE— IR A T i KR S T BE 255
THEEN, (R, G T E BT DLt LA R A AR KBRS R WARGE , BEE E TR R
THFRBARWT R RE, ¥ A5 ERE oK™ shE AUB ARG FLER C o T B, A SCULA
FE R P BEEMUXTS, ke LAP JE 2351, XAV I RE SRt 7 o0, sE—20 58
N HEEE # PCR X LAP B RI7E GRS RN R ZH b Y 3R KK P BEA TR S, JE0120 BUI 2R LAP IS9)4F
SEVEROCEOLAN, N T RSB A IR Y S5 A A BRI IR 255

1 MBE5RE
1.1 SEIesrsl

3 A SR I T AR A JE TS Y, BEBUTT R (38.0 £2.0) g, K (58.22 £2.71) mm 4%
SURERL, ARFR TSR K SR L

FER vE BER AR B T AR SR N 2R 50 = I APRHIBCH T A SC BRI IA . AR . P
. MR CLAEAE BE L SRR
1.2 FERFA

L RNA iR H Roche; PrimeScriptTM Il st Strand ¢DNA &7 . RACE 57 &1 . rTaq DNA P
A1, pMD18 — T /& | T, DNA %% . DL2000 DNA Marker, PR N YIAEE Nde 1, EcoR 14530 F
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FAEY (Ki%E) ARAF; FUR/NMERF &M Universal DNA #lifk B & B RARA RN (b
50) ARRATE; KBFFE Topl0., TransScript®All-in-One First-Strand ¢cDNA Synthesis SuperMix for qPCR
(one-step gDNA removal) W F bt XX & AEMHARARAF,
1.3 SRWHE

1) &L RNA 420 cDNA S 4% cDNA & U] @ fE h i ik 4 o gl (WL, IFIBRAR |
MR AN, 8], PR SMERE) A9S RNA, BT 20450 1. 5% RO BRIR M BE I FL RS I 7 ) 1) e
P, f#H NanoDrop ND1000 $55M 3 0GR B B, A X4 TransScript©iﬁ%Uﬁ%5zﬂq?%ﬁlﬁ
FEH PCR 1) cDNA, HF 5'RACE f13'RACE i) ¢cDNA FHKHE SMART™RACE ¢DNA Amplification Kit
UL AT 5

2) S Hdh-LAP JEH va e 3 ad HoXE KO VPE4E WG (C. gigas, XP_ 011456155.1) , % T 3%
WHMR (Lottia gigantea, XP_ 009061355.1) . %% H (Saccoglossus kowalevskii, NP_001171778. 1) Fl
LI GLRAE (Sinocyclocheilus anshuiensis, XP_016324005. 1) [ LAP LN, R3] LAP 3 K W] J5 7
SFIXIE ., Primer 5.0 BPFFE LAP S ORSF XIN B03E PCR 514 (MLAR 1), DIAREUEBILY cDNA
AR AT PCR 718, P RNAKRR (25 pl): ddH,0 17.2 uL, 10 x buffer 2. 5 wL, dNTPs 2.0 pL,
LAP-F 1.0 pL, LAP-R 1.0 uL, #i#2 cDNA 1.0 pL, Taq /i 0.3 pL. PCR #4450, 95 °C #iAs it
3 min; 94 CAP£30s, 58 CiRK30s, 72 CHEH 2 min, 30 K; Hf5 72 CHEEM 7 min, SV 5E
JE, RS WL ) ERET R L 5% WO SRNEBEEERL, TR IEAT LKA I (100 V), FTHE
AL IR, 26 B IESEEERL A A W

x1 5¥FE5
Tab.1 Primer sequences
5|#%) Primer J¥%1(5" =3") Sequence(5’ -3") HI& Usage
LAP - F CAAAGAATACTTTGGCATTCCGTA Ffa] BB Middle fragments
LAP -R TCCTCCTTTGTATCTTTCGTGTAGC rfa] BB Middle fragments
LAP -5’ = RACE - outer AAGTCTGCAAGAGCAATAAGATCCA 5' —RACE
LAP -5’ - RACE - inner AACTGTGTCCGAATGTCAAACTCT 5' — RACE
LAP -3’ - RACE - outer AACTGTTCAAGGCAGAGAACTC 3’ —RACE
LAP -3’ - RACE - inner AAAAGGTTCGAAAATCACGTGTCAG 3’ —RACE
LAP - qPCR -F AAACTCCCAACTCACTCGCTTATTC ﬁj\lﬁ%i Fluorescence quantitative
LAP - qPCR - R TTTACAAATGCCTGTTTATTGGTGC YEIESE Bt Fluorescence quantitative
EFla -F GTTGGTGAGTTTGAAGCTGGTA V‘]%%[ﬁ Reference gene
EFla -R AAATCGTGCCTCAGAGTATGGT B FE A Reference gene

3) cDNA KUty 8 (RACE)  RAEI PCR #-47 3" F1 5/ K FE 5 B 14, 88 [ ik &
(25 pL): ddH,0 17.2 pL, 10 x buffer 2. 5 pL, dNTPs2.0 wL, LAP-F 1.0 pL, LAP-R 1.0 pL, #&
M cDNA 1.0 wL, Taq i 0.3 pL, PCR # #4400 F . 95 CHlAEM: 3 min; 94 CAPE30 s, 58 Cilk
30 s, 72 CHEMF2 min, FEHF 30 K; H)m 72 CHEAH 7 min, FEYILBUISHIEEIR B UK BAE S, FIH DNA
MR & AL T O 5 pMDI8 - T Bk iz, SR AL R IAAT M B2 S A0, PRI %, (1]
PCR HoiiEJfi% b sl 5 A U020 w0

4) FPEI AT I DNAstar 5.0 BHER PSR, 755 Hdh-LAP £ cDNA 4, Ff- Bl 2
B SEHE  (ORF)  (http://www. ncbi. nlm. nih. gov/gorf/orfig. cgi) , i1 PortParam (http://web.
expasy. org/protparam/ ) 53 AT Z IR 7 51 A9 B AL PE T, i i ExPASY (http://web. expasy. org/protscale/ )
TR H AR K, ] UCL (http://bioinf. cs. ucl. ac. uk/psipred/ ) FUil & H 5 ) — 24544, FIH
SWISS-MODEL ( https : //swissmodel. expasy. org/ ) 73 7 & FH BT 1) =24 454, #id Signal.P4. 1 (http://
www. chs. dtu. dk/services/SignalP/ ) 43 #T 8 H i 915 5 Bk, 8 3d http ://psort. hge. jp/form. html Tl &
H R AN, Mega 6. 0 #4 ( Neighbor-Joining ¥ ) ¥4 8 R Gr it b
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5) #t s PCR M FREESR R YE v AT 2 09 9801 Hdh-LAP J& 119806 &
PCR 5% (LAP-QF Fl LAP-QR), UL F1AF fE NS EA, 78T Hdh-LAP SR 745 22U P i 3Rk 25
SR RS T RS — bR B R e W, SR AT Y, RPN . 95 C AR
30 s; 94 CASPES s, 60 CHEMI30 s, 45 MEH; 52ME, N55 CTHER 94 CHilgmihd, B
FERIE 3 ANER, ROV IS ORI

6) HHEALEL  FH SPSS 19. 0 AT BN FE 22081 (One-Way ANOVA) , EPEKFEHR P <
0.05, #i KT P<0.01,

2 #R
2.1 Hdh-LAP EEH cDNA RERF T 531

FIF PCR #il RACE $i AR 5i 45 2 Hdh-LAP JE[R ) ¢DNA 42 K3 3251 bp, U8 5/ AEHBIX (5
UTR) 56 bp, 3'dE4af5X (3'UTR) 651 bp, JFRCIIEHE (ORF) 2544 bp, Zmfidh 847 M FEMRFE AL,
Hdh-LAP B HJF41 poly A K HiFA — 2 RIHIRZ 15575 AATAA (JLEI1) . £ SignalP 4. 1

1 AAAACTTTTGGCT/\GGAATTTC/\GCACCATGCCGGAAAAACGCGAGTTCAAACGTCTTCCAAC‘CGATGTTGTTCC
=Y

226
76
301
101
376
126
451 : ;
é;é TCTC/\GCA/\T/\TGCCT TC/\/\GTCTG/\CACCCC/\G/\C/\/\(‘/\/\C(‘CC/\/\CTGCCCTGTGGTCG (‘T/\TG/\CAG/\/\C
176 M
601 =
201 é
676 TGTTGTCGTGAGAGTCTATACACCAGTGGGGAAGAAGGAGCAGGGCAAGTTTGCTCTCGATGTIGCTGTGAAGAC
224 E vV K K E A V K 1
75? ( (‘TA(‘( CTTC TACAAA(:AATA(‘TTT(y(w(‘ATT( CGTACGGATTAC (‘AA(wAT(:()AT(‘TTATT()( TCTTGCAGACTT
231 L_P F Y K E Y F G 1 P Y G [ P K M D L 1 A I A D F
826 TCTTATCGGTGCCATGGAGAACTGGGGCCTGGTGACGTACAGAGAGACAGCCCTGCTGGTAGATCCCACCAACAG
276 L_L_G A M E N W G LV 1 ¥ R _E T A L L V D P T N S
901 CTCTGCCACTGCCAAACAACATGTGGCCCTGATTIGTCGGACATGAGCTGGCTCACATGTGGTTIGGTAACCTGGT
301
nJ(7)6 (A(, TAT (](’AA TGGTH (J(JAL AAA(_‘I I(; l(:(:(_ T (]AA TGAGGG l T I(;L(_ j Galeg l(:(;Al TGAGTACC lL l(:'l'(] TGGACTA
326 E G S E Y
1051 CTGCTTCCCAGAGTTTGACATTCGGAC ACAGTTCGTGAACTCTGACCTAGGCAGAGCTCTGGAGATGGATGCTTT
3 Q
Hgfl’ /\(‘/\( /\/\T/\(:T( AT(vCT/\T/\(:/\(:/\T( . (‘A(:T(:(:(v(:(‘/\T( (‘T(vAT(:/\(|(|T(|(|/\T(|/\/\/\TTTTT(:AT(:(‘( /\TTT( CT/\
376 S H A S
1201 CAGTAAAGGAGCCTCGGTCATCAGAATGCTGCACGACTATATTGGAGATGAGAGCTTCAAGAAAGGCATGAACCA
401 A S \4 il 1 K Q
1276 G TACCTGACAAANTTCAAATAC /\/\G/\/\TGCAGTC/\C‘TGA/\G/\TCTGTGGG/\GTCCCTTGGG/\/\/\GCCAGCGGG/\/\
6 L G K A S G K
135 ; A( ( (yGTC( TTGATGT(:ATGACAA( (,T()GAC(_AAAL AGATG(rGGTACCCCGTG(yT(yAAGGTCG(;TGA(yAAA( AAG
51 Q Q
1426 TGGC/\GT/\/\C/\G/\GTTTTG/\C( TTG/\C(C/\/\G/\G/\AGTTTTGTGCTG/\TGC/\GTA( /\GG/\GAAAG/\GGGCTCTTT
476 Q
1501 CAL(‘TGGATGGTGCCAGTATCAATCAC CA(‘AGCCAC G ATC CAAAGAAAGCTGCTGTAGT(‘ACTCTGCTGGACAA
501
1576 AA(LI(AAIGGAI(JI(A(A(JI l(L lAA(Al A(, (_(AC-ALLAGI(JGUI lAA(JGlAAA( l(Jl(_vACxl( I‘UIGG(JIGI
526 P D Q W C V_G V]
1651 (JTAL(‘(I(J(JT( (,A(;TACAQ( TLA(-AQA( (‘(,TTQA( A(;ATT( ATT( LT(;( (AT( AA(;AATAAAA( T( TQ( C AL( CAG
551 E K
1726 A(:ALA(;(]CI TGG l CI(;LAAAAI(;AL( l(_ T I(_A(_A(_ 1] l(yL lA(xA(]L A((y(xA i (]A T (_ T (_(_AL l(; T (y(:A I GT l( l(yAA
576 D R L G L Q
1801 GGTGGTGGGAGCCTTCGTCAATGAGGATGACTATACGGTGTGGAGCGATCTCACGGGGAACCTAGGACAGATCAG
1 T D T G N L G 1
18(7)6 (AILL 1(_A(|AA(,A( (yAL(y(yA I(,(yA(y(]AL 1] l(.AA(yAL l(A()(_AA()AAAC TACAAACCGGTH (y(x(((A
626 L L L Q N T D G F E D F K T F S K K L Y K P V A Q
1951 GTCCCTAGGCTGGGATGCCAAGGAAAGCGAAGGTCCGTTAGCGGCCATGCT ICGAGAGTTGGCTCTGACACGSCT
3 S G P
202}) ( (,(.( AAC rTAT(r(v/\(y/\T(v/\(w(:/\(vA(‘/\('T/\ ACAGAAGCCC! ('(‘/\/\/\/\(y(v'l']'( (vA/\/\/\T( /\( (vT(:T( /\(v(v/\/\A(y(yT(‘(‘(‘
G D _E T
2?[7)? Icc-rcc CTGCAGATCTGAAGGGACCAGTGTATTTGACAGTGATGGTCAATGGGGATGAAACCACATTCAATCAAAT
701 L_P L K P i N D E
2176 G/\TGA/\GTTGTACG /\CG/\CG( /\GAC/\TGC/\GG/\/\C/\/\/\/\AGTTCGC/\TC/\GC( GCTGT/\TCGGATC(‘/\T( AAAAG
K S S
2;%? X GAC(;AA( T(JAAGAA(:AAAG'I (yCT l'GAC I'T l'(rCTA T G'I ('l ‘GA'l I'AAAGT L. A()ATCCCAGGACA(,AGT(J T] l_l'GT(yA'I
751
2326 TGG( C/\GTT/\C/\CG/\/\CTCTTCA/\(‘GC/\C/\G/\/\CT( TC(TFGC/\CTTTGTCC/\GGACA/\GTGGACCGACCT/\CA
776
2401 CG/\/\ /\GAT/\C/\AAGGAGG/\TTC‘CTGCTGTCTCGACTCGTGGAGGTTTCCAC/\GACAACTTTGT/\ACAGAGGCTCG
01 Y G L
2476 l(_vL lAA(_v(JAA(_le(JA(JAAAl 1( (N l(JA(_vALLLAl l(,lCrCLL(.A(_rAAlL( l(.AL(_v ‘GICLAL l(.Al(AA(_lel 1GG
S S s S s s €
2551 G AC T(,G /\/\/\G GTAGTGTTGTAGC/\ /\GGG /\TC/\CTGT/\CT/\ A/\/\/\TGT/\A/\TGCT/\(;/\G AATGTGTG AC/\QTQCTT
3 i K A
zgzcl» TGTC (l(l(yAT(lTAA(l(y(ITT(I( GAGAACAAAGGGCGAGGCAAGGAGTCCTATTGTTCTTGCAACTCTTCACTGCCAA
2701 ACACTGGAATCCATGAATAGCAATTTGTACTAGCATATAGGTGAACAGTCTATGCAAACACCACACTATCCACAA
2776 AAGGCGTATGGTCCATGCACCTGTGTAAATCTTTAGGGACATGCAGCTGGTTCTGCTCTGATGGGTTTCAGTAAA
2851 GTATATACATGTAGTGTAGTTGTACAACACAGGGACGAGACAACTAACACCCACGATTCTGTAATTCTCATATTC
2026 TATAGTATCACAAGCTTATGTTTATCTTGCTGTAGTATTGTAAAAGCAAAGCTGACGTGATGTGTGCAACAAAAT
3001 ATTACAACTGTTCAATTTGGGGTTTAAACTCCCAACTCACTCGCTTATTCATATTAAGTGCTACTTAATGAGATC
5076 AGGTCTCTTTTACGAGATAGTGGTTGCAGTGTATTGTGCAAGTGGTATGTTCTACATTGTACTATTGTCAACACG
3151 GAATATGTACTGCACTTTCTTTAAGAATGATTGAGATGCACCAATAAACAGGCATTTGTAAAAAAAAAAAAAA

‘5‘6593- L I 2% 1 = 1 ¢ JJ:&E%?FH?JD?ﬁﬁ%%-?ﬁﬂﬁ@éﬁ%Nﬂ”‘“nﬁﬂ@ﬂﬁlibﬁ;?ﬁﬂ
T AL AR X T HE N Dy C 3 o DX IR A B T A A X,

Notes : The black font indicated initiation condon and termination codon ;dotted underlined sequence
was cytoplasmic domain; underlined sequence was the catalytic site sequence; the C terminal alpha

domainis boxed ;the sequence in grey background was Zn* hinding site.

B 1 Hdh-LAP cDNA R ESHSEEBF 5
Fig.1 Nucleotide and deduced amino acid sequence of Hdh-LAP
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Server ¥4 43H7, Hdh-LAP FEPE 4afith (4 LR T SIAAEAEAS K, S5l R, i r e
BN S X e AR X e AL A IX IR C i o X8R, ELAT LAP (R HLRIRAE
2.2 Hdh-LAP EARFHEFRMEH D
HEHE ProtParam tool T Hdh-LAP 3 [X 45 3
B AT 43 F i 95. 09 ku, FRISSEHL A
H5.16,, i8] softberry FELR TN H: — S 4fh#y, 45
KR, Hdh-LAP #E i F2EH 4 Fh 9045170 1
PRARL, Horb o - BR05E (5 38.02% , JCHLI Al
4 30.11%, B - 8 (5 22.43%, B - i fi1 i
9.45% , iz T PortSoale A4/ #F Hdh-LAP & H ‘
kb, SRR, WEATBUKE (granda- | V
erage ofhydrophobicity) & —0.291, JffLL Hdh-LAP U ‘
RFKHEEAD (WA 2) . , .
FIRIRIE A 5 SWISS-MODEL %} Hdh-LAP 0 100 200 300 400 500 600 700 800
PEATEE R A (LRl 3a), PEHL PDB Bk A R ' mﬁmm:
S H B 5P 5 — SOy 32.819% KB LAP Fig.2 yzros::t-)li::/i-\t: i:;izfoiﬁjcuih-LAP
(PDB: 4 hom) fE @M, #Hl Hdh-LAP '
M IR = a5, ARPEIZER I — RS A e oA B 45 A X (WL 3b) | C ¥ o X (LI 3c)
AL 4SS (LR 3d) .

Hphob. < Kyte & Doolittle —

| 4388 Score
_—
"
E—
ESS—

|
[\

N-Yfj N-terminal

a) Hdh-LAP ZAERR 7 51 1 = 20 25 44 Tl b) BB T4 A X
The predicted tertiary structure of Hdh-LAP

) C—3iit o X4 d) Al 1A X IR
C—terminal domain of Hdh-LAP Molecular modeling of the catalytic pocket
B 3 Hdh-LAP B9 =% &5 4 75 il
Fig.3 The predicted tertiary structure of leucine aminopeptidase in Haliotis discus hannai

2.3 Hdh-LAP SEBRF 5 L Xt K B 5 AR U 53 47

i} DNAMAN 4. 0 3K XA [RIHF Hdh-LAP B2 207 51317 Luxs, 45 38M], Hdh-LAP 5K
SEPEREAG | W AT R T B LAP SRR S0 85% | 68% I 61% , 1EJLFN I AR 14
YA, LAP MR T I TEMEALIX 5 5 ey 1456 XK AR A et (ILIE4)
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Haliotis discus hannai
Branchiostoma belcheri
Crassostrea gigas
Lingula anatina
Saccoglossus kowalevskii

EVIQAS. .. GDTSVAARNSVDKRAETAT
ATATRRPENDTKDLATSELQFNK@VETVT

KASEDTVTVEL D] k]
QK ARDKYV VISV D) i
LsSPTSITLASEEME oS ACHKAADAGDONLKAEVKFEPENAS VS| P gs 8o 100
NPENVIKLNSAE] EVK] !
LD| 0
n

=

GKEGD. . VTDVQIAYSERERILS
vBsuistiraanks. .. sTeTETYNKGEBETT
v e fp 1 gg

i EAfNK IV
t

Consensus

Haliotis discus hannai 196
Branchiostoma belcheri 200
Crassostrea gigas 20
Lingula anatina 197
Saccoglossus kowalevskii 197
Consensus

Haliotis discus hannai 296
Branchiostoma belcheri 300
Crassostrea gigas 300
Lingula anatina 297
Saccoglossus kowalevskii L A s 297
Consensus d v vrvytp gkkeqg fal va ktipfy yf i y Ipk dlia df glvtyretall dp nss

Haliotis discus hannai 396
Branchiostoma belcheri 100
Crassostrea gigas 400
Lingula anatina 397
Saccoglossus kowalevskii 397
Consensus. dal nsh ie vghp e deifd isyskgas

Haliotis discus hannai 496
Branchiostoma belcheri 499
Crassostrea gigas 500
Lingula anatina 497

Saccoglossus kowalevskii
Consensus

Haliotis discus hannai
Branchiostoma belcheri
Crassostrea gigas
Lingula anatina
Succoglossus kowalevskii
Consensus

Halioris discus hannai
Branchiostoma belcheri
Crassostrea gigas
Lingula anatina
Succoglossus kowalevskii

K TvD]
QRET)

THD|
EKBAT
KPS

1

o1 §1 Pl
LETES G
151 Koy

AT Y
csTRGS LA B

AE] 3 g1

k k V]
el SRR 1 K N[ 0 vl 59
10 ik D) G1) s \ . RV E 599
Vel CES oV il J ¢ 600
L.\l PR} GS| T sHA NS IR D) p 597
1 ERMS | G ) S PRDR [\ D! 595

n wkon yr i s v a

FEDER1 §s kK| 696

YPNEL @ oD MKV VEEK] G RE 699

GFED TS K KB KPV BS I A BE ENGVS 700

£ B B ¢ KB DK 1RQK] 2 cLvile 3 A 1 697

v 10N B 6 RN BLS P LADK] s LS i V| E 95
e 1

K|
n tedlw sl asgkpy

Consensus ytvw d T td Tgw

Haliotis discus hannai K. TN V@K DE] SECIgs T 796
Branchiostoma belcheri REPW: T R L LDBLRK s L@svsop ol 799
Crassostrea gigas K] LTIV N MMEEY DE LIS 1K 800
Lingula anatina Rl VLK D i VL& 797
Saccoglossus kowalevskii R 15 LA T L8 v 795
Consensus g y v d - g

Haliotis discus hannai £V, ISER:s sSSP ETRRMVL. . ... oo s 1 847
Branchiostoma belcheri i NESNYEKTRASL 870
Crassostrea gigas STSVLKERR 868
Lingula anatina i i K S ol C| AMLERDAENTRAFRK 866
Sacco SDKIKERfS 864

ssus kowalevskii NCIEEG) 2 KKWLE
f e

gfll rl

Consensus

YLHT . LT HE T 7R A IXAE PE rhl, SCER T HE T R MR T A S X, R LAP 2 5 91 LX) . Sfesr 4k B (A-
PA21554.1)  3C B 1 (XP_019614237.1) , K F- P41 W5 (XP_019917982.1) . JE U1 (XP_013406992.1) . #& & H (NP_001171778.1),
Notes : The catalytic active site was shown by dotted box;Zn** binding site on conserved domain was shown by box. GenBank accession number of
sequences used for alignment: Haliotis discus hannai  (APA21554.1), Branchiostoma belcheri (XP_019614237.1), Crassostrea gigas
(XP_019917982.1), Lingula anatina(XP_013406992.1),Saccoglossus kowalevskit(NP_001171778.1).

4 Hdh-LAP S E8F 5 5 i zh4 LAP M & 5 51 bk 3¢
Fig.4 The multiple sequence alignment of LAP from abalone with those from other mollusks

2.4 Hdh-LAP B

i Mega 6. 0 ZRAEXT AR IR LAP (205502 7 51 #E 17 A0, IFd R e (WWES),
IR EIN, AW FE 4R 3 MR, Hitp ., BIKELME (Sinocyclocheilus anshuiensis) F1JEff 42k
fill (Sinocyclocheilus rhinocerous) H—"W.32, HUEIKIY (Camelus dromedarius) F4:8%0 ( Panthera
pardus) H—AW.32, T2 K (Chinchilla lanigera) . 5 508 (Condylura cristata) F1% 5 i

o| ZKELIE Sinocyclocheilus anshuiensis

445|— VB 4488 Sinocyclocheilus rhinocerous
& FFE Chrysochloris asiatica

| BEIRERTY Camelus dromedarius
44837 Panthera pardus
HW4RE:  Callorhinchus milii
KPP Crassostrea gigas
o 4 5L £ 80 Haliotis discus hannai
39 F G 0 Saccoglossus kowalevskii
97 YRE 2 Chinchilla lanigera
ZEBFER Condylura cristata
PE 8 Lepisosteus oculatus
&M Lingula anatina
IR Anolis carolinensis

85

5 o LAP SHMWF LAP M R G L i
Fig.5 Phylogenetic tree depicting the relationship of HP-LAP with those from other species
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(Anolis carolinensis) , I (Lingula anatina) RS 4E6E (Lepisosteus oculatus) N—W37; KF
FEHG | A A SO — NS, MPWERES ( Callorhinchus milii) B — 32 W4k s £
] PRI R4 B R TS, X SRS KA RV 5
2.5 Hdh-LAP EEEAREARPHBENREES

Xof BE PRI AT 2H 2 d A 2 F 9 i DA T e 51
H—FPEZFBL, MAZOEE R PCR Kl Hdh-
LAP JEPITEG S0 B BRILPY . PRI . IR . 1fi
i, AMERCRERZA S AR XS RIA i, 4
FH, Hdh-LAP 3 75 T A d 81 ¥ £ 8,

~
x
'

* %

W
M

LAP B AH X 235 1
Relative expression of LAP

. 27
TEMLEM P B AR RS 0K B fer, HOKIENLIA,
PR AR R AR AR (UL 6) o I ZH i 1
i g Y LAP FEN Rk T BE 5% B2 5 AU 0
BSCRPERREA G, LA T Y 1 5 R ek PERR LA TN AN B SRS
ﬂﬁ%%;ﬁ\:%%ﬁ%o Gonad Muscle Lgerﬁi-fa; Hemocytes  Gills ~ Mantle
2.6 ?&tx‘{ﬁ,ﬁ HTAE 2H 2 Tissue

W% Hdh-LAP B9 =458 007, Wonfi BT 7R 22 57 W 3 (P<0.05) 5“7 4258 22 57 ik 35 (P<0.05) .
A A XA R 1 T4 A% O K BB X Notes: “*”indicated significant difference; “**”indicated extremely

TR ; =y N . significant difference.
B, A R, A, $t AP £ E

T CTASEE P T REDE LAP LI MER) S AEARHMETELSE
FEFRTRIL . Ogawa 25 L A8 K5 5 Fig.6 Expression analysis of Hdh-LAP
AR, WA T Glnl69 Fl Aspd06 {37 1 & gene in different tissues of abalone

ENEMEE B (APB) YIEINM SR I i AT 5 . Hattorid 25 BfE M1 SR T ZUIES | (ER-
APL) 1 Gln181 {37 St PRI E IR bk, X AP ILIX =S5 TR B, GInl32 Fl Asp265 JE1%
R ALK RN (IR 7)o iR 2 IR AN AR 1 LA B 5878 Je W 1
SR, AR R GRS B LAP AL X, FFXT GInl32 Al Asp265 M TAE s.5878 . LAP X4 FPa ik
BRI ARIRIFREE KM, WX Leu KRR, HAKIE Phe Al Lys'"”" |, 3lad 2 s 57 U728 LAP 7K
IR I E AR S, AT SRR i T4 255K Hdh-LAP S HAb S S 2 S R R I K AR

GIn132

Branchiostoma belcheri \ IYVALSNM 60
Crassostrea gigas v IV ALSNMg 60
Haliotis discus hannai v [AVALSNM|Z 60
Lingula anatina i / \ RV ALSNMIg 60
Saccoglossus kowalevskii 3 5 ¢ OTQFEATDARRAFP@WDEP A i IRVALSNMA] 60
Consensus gfyrsky p g a tqfeatdarrafp wdepa ka f tlv pk valsnm

a) GIn132 ASp265
Branchiostoma belcheri EJ 50
Crassostrea gigas 50
Haliotis discus hannai E] 50
Lingula anatina 50
Saccoglossus kowalevskii A A 50
Consensus yf i y Ipk dlia df gamenwglvtyretall dp nss k

b) Asp265

7 Hdh-LAP 5 S ikEE M1 HKIEAIXE ML= GIn132 #1 Asp265 Lk 3t

Fig.7 Alignment of sequences around GIn132 and Asp265 of Hdh-LAP with
other mollusks of the M1 family of aminopeptidases
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3 iFie

I X E AR 5 S OE 2 58 REGE YA B LAP JE R RS 0E 4T £ P8 L X, $R B R ST
(1 XIS 197, 1 PCR F RACE H AR M 4 20 4% i JIL A 21 20 v s B A5 3] LAP JEH cDNA 4>
K4t 3251 bp, fL% 5'UTR 56 bp, 3'UTR 651 bp, JFAlFiZHE (ORF) 2544 bp, 4t 847 NN IERR
BRI, KN, X Hdh-LAP JPHIRHIE R DRESEAT T 012540 M7, 4L 2 3R 22 7 91 L X Fl R G ik AL 43
Br, SRR, PO KO H R % O R R, A, Hdh-LAP J&—FPRK & i, BA
BB T4 A R R R S

G NEA 4 SR, REAE N R /K K | ok i sl 07 IOk e i el b 28 B iR . 2 KB A 1 ot 222
M 4 DS, A3 N v B-IX, AR, e B-IXER C o o X, TEAEALIX S, A
— BHE ML FEIE R A B PR S E RS HEXXH (X) (E M, XBUFHIH 6 ~7 MM F
gt TR S IRBE R 6 PR . ZEZ IR IS P rhu0y, His298 il His305 19 N BT, Glu319 U¥REE O J5
FUR—DK T, SHEFESERNEARLE T XSS AR T LAP 58 % = a5, Ik
FET LAP BTG TE . R N S E LMK gl e b, S8 PR — K FIENIK
YIS EAZR, S &R Glu281 SR AU, sk Hop itk MR N WIIE K Michaelis &
BWE, XA KIS TAE LA 0 RS RS A TR I, DTS & K g B v >

WURA LG Z R AN RIS, FEAFRZ R - ORISR | W IR A 0 5 i
WA BRI, WYIEE, RAKEE . EKEEEILE S 5N LU R, 8 T 5T Hdh-
LAP JERITE A S0 b i A )2 Dhg , FIHIZEGE B PCR HR X Hdh-LAP BERIZELAL AR | 8
AMVERE . MRELANAE . PERR SR L (A Rk AT A b, A5 R R, Hdh-LAP 5 FTE ik
ELAfE T A R, WA, TEMERR Rk Ik, MM S5 A S0 B e e PR A % )
KA,

S LAP 72 AR 7= sh W fe il e a2 h A 8 2157, (R0 828 DL 280 20 36 LAP (W BIFFE A L
i, AR E] LAP LR &K, il AW E B =P iaota & PCR #A, T H/EMDIgE, 45
P o R A A A AR B 1 R ) 20 FAILERLEAT TR0, A Jn 0 i R p AR 2, A
GIn132 F1 Asp265 1 s 25 A 520 Hdh-LAP R RS 09 B A, k2B TR T Al SR B rh 2
JUKTRR 114 A P D) i B4 JEE i

[ &% 3k ]

[1] SANZ Y. Aminopeptidases [ M]. Amsterdam: Springer Netherlands, 2007 243-260.

[2] WONG A H, ZHOU D, RINI J M. The X-ray crystal structure of human aminopeptidase N reveals a novel dimer and the
basis for peptide processing [ J]. Journal of Biological Chemistry, 2012, 287(44) : 36804-36816. DOI; 10. 1074/jbc.
M112.398842.

[3] TAYLOR A. Aminopeptidases; towards a mechanism of action [ J]. Trends in Biochemical Sciences, 1993, 18(5):
167.

[4] MATSUI M, FOWLER J H, WALLING L L. Leucine aminopeptidases: diversity in structure and function [J]. Biologi-
cal Chemistry, 2006, 387(12) . 1535-1544. DOI.10. 1515/BC. 2006. 191.

[5] NISHIMURA T, OKITANI A, RHYU M R, et al. Survey of neutral aminopeptidases in bovine, porcine, and chicken
skeletal muscles [J]. Agricultural & Biological Chemistry, 2014, 54(11); 2769-2775. DOI. 10. 1271/bbb1961. 54.
2769.

[6] TOLDRA F, FLORES M. The role of muscle proteases and lipases in flavor development during the processing of dry-
cured ham [ J]. Critical Reviews in Food Science and Nutrition, 1998, 38(4). 331-352. DOI. 10. 1080/
10408699891274237.

http : /xuebaobangong. jmu. edu. cn/zkb



555 WA, A DS R TR EIKAREE N cDNA v K Rk ©39-

[7] CADEL S, DARMON C, PERNIER J, et al. The M1 family of vertebrate aminopeptidases: role of evolutionarily con-
served tyrosines in the enzymatic mechanism of aminopeptidase B [J]. Biochimie, 2015, 109: 67-77. DOI.10. 1016/
j. biochi. 2014. 12. 009.

[8] CHEN X, WU G P, CATIQF, etal. Biochemical characterization of an aminopeptidase with highest preference for lysine
from Japanese flounder skeletal muscle [J]. Food Chemistry, 2012, 130: 679-686. DOI.10. 1016/j. foodchem. 2011.
07.109.

(97 WA, WRAAE, BCER, 5% Ssr ol B AL 7 vk e e & 1 ngpE B o8 e biik il [J]. K= 2, 2016,
40(2); 123-133.

[10] BtHBE, #hRa, wfdd, 4. 880488 (Haliotis discus hannai) FeJ0i 45 )@ 8 FHE-1 FE K cDNA 19 T8 [ M R A%

ik [1]. LRIEEM (ARPERR) , 2016, 21(5) : 321-329.

[11] CHIOU T K, MATSUI T, KONOSU S. Purification and properties of an aminopeptidase from Alaska pollack, Theragra
chalcogramma, roe [J]. Journal of Biochemistry, 1989, 105(4): 505-509. DOI; 10. 1093/ oxfordjournals. jhchem.
al22696.

[12] HAJJOU M, LE G Y. Purification and characterization of an aminopeptidase from tuna ( Thunnus albacares) pyloric cae-
ca [J]. Biochimica et Biophysica Acta, 1994, 1204(1): 1-13. DOI.10. 1016/0167-4838(94)90025-6.

[13] Xivkol, EEER, SR, % AN aREZ KRR 5@ aifb SYRpR (1], £RREFM (AARRE
B), 2008, 13(1) ; 24-29.

[14] WHARAM S D, WARDILL T J, GODDARD V, et al. A leucine aminopeptidase gene of the Pacific oyster Crassostrea
gigas exhibits an unusually high level of sequence variation, predicted to affect structure, and hence activity, of the en-
zyme [J]. Journal of Shellfish Research, 2009, 27:1143-1154. DOI.10.2983/0730-8000-27.5. 1143.

[15] OGAWA Y, OHNISHI A, GOTO Y, et al. Role of glutamine-169 in the substrate recognition of human aminopeptidase
B [J]. Biochimica et Biophysica Acta, 2014, 1840(6) ; 1872-1881. DOI.10. 1016/j. bbagen. 2014. 01. 002.

[16] HATTORI A. Glutamine-181 is crucial in the enzymatic activity and substrate specificity of human endoplasmic-reticulum
aminopeptidase-1 [J]. Biochemical Journal, 2008, 416(1): 109-116. DOI.10. 1042/BJ20080965.

[17] M. SR i B LA IR A = R S S IR ST [ D). BT BESER%:, 2016.

[18] ITO K, NAKAJIMA Y, ONOHARA Y, et al. Crystal structure of aminopeptidase N ( proteobacteria alanyl aminopepti-
dase) from Escherichia coli and conformational change of methionine 260 involved in substrate recognition [J]. Journal of
Biological Chemistry, 2006, 281(44) : 33664-33676. DOI;10. 1074/jbc. M605203200.

[19] JIANG W, BOND J S. Families of metalloendopeptidases and their relationships [ J]. FEBS Letters, 1992,
312(2/3) : 110. DOI.10.1016/0014-5793(92)80916-5.

[20] HOOPER N M. Families of zinc metalloproteases [J]. FEBS Letters, 1994, 354(1): 1-6. DOI.10. 1016/0014-5793
(94)01079-X.

[21] POLGE C, ATTAIX D, TAILLANDIER D. Role of E2-Ub-conjugating enzymes during skeletal muscle atrophy [J].
Frontiers in Physiology, 2015, 6:59. DOI.10.3389/fphys. 2015. 00059.

(REHE DEE RIHER MHE

http : /xuebaobangong. jmu. edu. cn/zkb





