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PCR(qQRT-PCR)A il B 7~ , HsCtsL1-like mRNAZE T JIiE & & 3k & 55, H k2 07 2 A kg

o A
AEAAXMER, 55T WEEH LR LK

2N E, A 28 B Fn AT JE HsCisL1-like mRNA% K FE £ 75, BrHEE—
e B 45 KR

R e, ARK GELI-like; AP KDL, wE; FI44; qRT-PCR

hESHES: Q785 S917.4

2l 2135 1 i (Cathepsin, Cts)f&—FIFE7E T 4%
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i (LG HLEABB, C, F. H, K. L, O,
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10 34 W4, A5 R4 4L UL L-like 56 B 1Y I B IR RRAE S AT 1557

Niu5TE 45 9% v id 5a B 3 Crs LG4 WAL, {HH
FITTE R 7K DU 28 A7 oK DL AT HE S A8 % e B A %
WF5E . EIRATZHIETE T, 2 ith 45 ik rpr
TERE I S N — A HsCisLIE R, I IEW HZS 540
928 07 R I 1Y, AT T It 5 e T 5 2 ARV K DL
%%, Hrp e CrsLI HAL I B B35 1746 1
ANFEW A, AT &R FIIRE, B4
SCHFFE H I

b I T H AR B EE R, SRS K
RS T(Mollusca) . 8 4% (Lamellibranchia) |
WA J& (Hyriopsis), 53 E = F WL A 5 & A [5)
P 19974F fy VL PGP Tl 3L T T/K B TT & 2 FI A H
G|, 19984 N T 25y, HHFRMRE
FE . Ui B PR B IS AR ) 5 AE Ry S, IR A AR
BEREY K, BV REFRE L —HE
ROK 235 D200 SRS Eab 4, AAFFE
A 174 Wb S e 1L 400 L DN SC P v U7 5 5 %o S
JE AT R AR i 25 3K 45 Crs LI 55 — A W R EST)F
§, K HRACEH R4 1% % N 2K cDNAJF
G, JF T 0 SR Y 90 AT R T,
[i5] i >R FH 52 15 2% 't 2 B PCR(qRT-PCR) 46 ) i% V.
R AN [) 21 20 g Xo) 8 510 R Ja% % 5 AN [) e () o5
M IRAG O, DA i — 20 TR A58 1% 2 TR 1Y
Ty R K X5 L BT ()P g AL B8 LAl
1 MEE T
1.1 SLIear Rl

by B B SR ) VE G A8 PN T TR B TE &N
)t e R R R M, by = R A BRI
LM FE K (120£4.5) mm ., 72 56(69.21+1.6) mm .
7151 (32440.5) mm, A b ] S5 = B K RS
(800 mmx=400 mm)H 8 F —Jil . B FRWIE, KA
K TSR A RK, BEEKIR22~25 °C,
pH (7.5+0.1), ELLAS, B2 dfK1/3, FFHEME
W /NEREE . EFRASRE, REALEERG HEE, I
Homgnp . AR AT, 68, . BAE.
Jell. R FEEMONE, WA E KGR
T-80 CHIMRIR KA 2 H . 8BINE (Vibrio
anguillarum) PS5, B2 NE I B 1R K%
B S, B A 9R5 VIB2 (ATCC 43306), ANSE
W= AR AR, BH

1.2 A&

cDNA X &EPCR s & FAARTIH=ZE A

A I 0 1t 20 S cDNASCET ) I IR 4t
T, WSCERBRRERE S EWREERMAE
THAEREWKE . 30 uygmL)BLBF-H, 37°C
B E IR R, W PR b & R (K
WE . 30 pg/mL)M LB /R85 3% 3 b F37 °C,
220 r/min®% R ok B 5RO R 1R AR AR AT
PCRY" 3 ., PCRIZJV{AZ : 10xPCR Buffer (Mg”
Plus) 2.5uL, dNTP Mixture 1.0 pL, F#1.0 uL,
. TSI HMI3EFIMI3RA1.0 pL(3) 10 pmol/L),
TaKara Ex Taq (5 U/uL) 0.2 pL, ddH,O%ME E25 uL,
PCRIZ W #2J5 : 94 °CHIAE 43 min; 94 °CAZ
30s, 45°CiH k30s, 72 °CH#E{H2 min, 341E
sy 72 °CAFEAT min; 10 °CZ 1E W AR IR .
P38 7= W R 1.0 %o T i B e r vk AT R U
VEHCY 14 7= ) Fr By K 750 bp 5 2 XT3 R
% A TR . D F AR B 5 £ BLAST S0 AT
W A — 257 9 AR [E F HsCsL (IN604558.1)11)
73— [R5

RNA #) 32 B Fa cDNA #94- %, 2 W AT
Jo B b i 2H 20 ) Trizo i 7 (Invitrogen,
USA)— B BUERNA, RNAK B Fl 4l 5 FH A%
fiz I %€ {¥ (Nanodrop 2000){ll % , Ff H DNase I
(TaKaRa, Japan)iH fb &b ¥ S RNA LM B 356 4 4
DNARY SR, )5 R A 1.0%E0 )R B 6 e el ok A
M52 # ¢, i FISMART™-RACE ¢cDNA
Amplification Kit(Clontech)% i.3’-RACE-Ready
cDNA, %M. %4h, LiOligo (dT)184F J J &% 3%
1%, FHRE S EEM-MLV (Promega, USA)FiR
& J7 B BRNA K5 5 lUeDNA, L% 5 1)
cDNAH THHFRIL W .

cDNA &K %, [&F2 5 5 57 SC P T A5 3R
15 (4 Hs Ces LI [R) R 7 BOAAL 2 5 g Al B35 X7 471
(5'UTR) . 5&%& IT 5 [5] B2 AE (ORF)F1 3 i &8 43 J7 3]
(RILFIIMARIE 5“AATAAA”), 3552 T3
MR 40 LA b 3R A5 i Hs Ces LI [ U5 A Bt cDN AR
IS, &3 M RACES| ¥ (HsCtsL1-like-
3'GSP), #%MSMART™ RACE ¢cDNA Ampli-
fication Kitiit B 45, PI3’-RACE-Ready cDNAfE
FAEHT, fdi ] Advantage” 2 PCR Enzyme Systemiff
fIPCRY M, Frfi sl ¥k LA T AR A
(1), PCRZ N KZ: 10 xAdvantage 2 PCR
buffer 5.0uL, UPM 5.0 uL, HsCtsL1-like-3'GSP
1.0 uL, dNTP Mixture (10 mmol/L)1.0 uL, 3'-
RACE-Ready ¢cDNA 2.5 uL, Advantage” 2
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®1 FHARFFAASIDES

Tab.1 Information of primers used in this study

Gk EAR i SIFHI(5'—3")
primers sequences
MI3F TGTAAAACGACGGCCAGT
MI3 R CAGCAACAGCTATGAC

SMART IT™ A Oligonucleotidle =~ AAGCAGTGGTATCAACGCAGA
(12 umol/L) 3'-RACE CDS Primer GTACGCG (T),sVN (N=A, C, G,
A(3'-CDS; 12 umol/L) orT; V=A,G,orC)

. . . CTAATACGACTCACTATAGGG
10xUniversal Primer A Mix (UPM)CAAGCAGTGGTATCAACGCAG

(0.4 pmol/L) AGT
CTAATACGACTCACTATAGGG

Short Primer(2pmol/L) C
CtsL1-like -3GSP(HsCtsL1-like - GTAGGATATGGAACTCAAGAT
3RACE) GGCAAGG

. CGGAATTCATGCTACGTGTTTT
CtsL1-like ORF-F2 TCTATTGG

. CCCTCGAGCTACACTGTGGGG
CtsL1-like ORF-R2 AAACTGGAT
CtsL1-like qPCR-F3 CGACGAGTGGGAGCTTTACA
CtsL1-like qPCR-R3 AGCCAGTAAGTGTGTACGCC
p-actin QPCR-F AAGGTTACGCCCTTCCTCAT
P-actin qPCR-R GCCATTTCCTGCTCAAAGTC

Polymerase Mix 1.0 uL, PCR-Grade Waterfh /&t &
50 uL. PCRJZ 544 : 94 °CHIAE S5 min; 94 °C
APE30s, 72 °CHEMHI3 min, SMEHR; 94 °CAEE
30s, 70 °C B k30s, 72 °CIHEAH3 min, 51
5 94°CAEM30s, 68°CiEk3s, 72°CHE{H3 min,
25N 72 °CLIEH10 min, PCRY I /=¥ 4
1.0%I S RE M e PR VK o B A U IS, FH B b
Jiz [ R F] & (Omega, USA) RN, 4lifh, 3% 8%
TpMDI19-T# K, T NBSZASHMIE. coli DH 5a,
TLBVM (% Amp+)$5 5%, BH M va B 28 PCRY&E
Jaik & BT, 3R89 £ Blastn b XT 43
Br J& i 5 S Ces LES 43 [ I8 77 51, B J& i
DNAMANH A 55 # 77 5 §f 42 it ¢ e vp— 4>
B CesL5e B B cDNAJF A o W FH 519 CrsL1-like-
ORF-F2H1 CtsL1-like-ORF-R2VL | 3R 5 55 5143 -
RACE-Ready cDNA Wi 1T RT-PCRY" H K
A . A I DNAStarf 4 25 3% 1 cDN A FF 5]
)5 KORF, B¢ 15 24 3 /R )T 4 7E NCBIEK 4l
JE o AT BLASTP L X, il SignalP
4.0(http://www. cbs.dtu.dk/services/SignalP/) .
BioEdit., DNAMAN. DNASTAR. Simple Modular
Architecture Research Tool (SMART) (http://
smart.embl-heidelberg.de/) 45 B A4 43 5] T 122 22 Hk
M7 5 M BRAPE BT . (RS Ik . A A

http://www.scxuebao.cn

SEN IS . SR Clustal X1.83%K 4 % AH I & 5L 82
JPBNHEAT Z 750 X, 1 FH Megad. Ok {4 AH 48 45
4 (Neighbor-Joining, NJ)i ¥4 2t 43T B2 .
qQRT-PCRH 7 R FHqRT-PCRE; A A I 5
v o 5 DR 1Y) 2 U S 2 S T K 8 IR RIS 1Y
o PiE N KT o AR A5 21 1 B 5L I cDNA 2 K 7
HI1 LA FNCBI_F 2\ A5 [ f-actin(EU047596), 4351l %
Th—XF Rk M5 9 DI TqRT-PCR, Xf F 41
ZURIRLL, FEHLERS Hfd R =i b iy, SRH
AH R 41 BU0R & vk o3 i B B 40 B . B AR E
B . BERE. MIFENL. B . DR | R
BOWE A E A mRNA, Jf % bR gy k3RS
cDNARNT ; 75T WA S0 7 %8 HS0 H il
LA L2, 43 B A R A KA v, SEe 4l
T8 P 52 LN 1 5 50 pL 8 3 1 2 G R 15 3R 10
i 51 B # & T pH 7.589PBS(phosphate buffer
saline) ™, MRULBE T I 40 B 1T Eobi b5k
4.2x10° bacteria/mL), *FH&41{F 550 uL PBS, 43
WAEFESFOh, 2h, 4h, 6h, 8h, 10hFI12h
B2 06 4 0 A A ) of 40 B R P AL, i b
J7 153K A% cDNARI R . AR5 5t e Bl & (i &
ol 35 )(Takara) il 77 QRT-PCREG N . PCRJZ 7 {4
% H20 pL: 10 pL 2xSYBR Green Real-Time PCR
Master Mix, 1.0 pLAE4#% (10 umol/L), PCR Forward
FlReverse Primer (10 umol/L) 0.4 uL, ROX
Reference Dye (50%) 0.4 pL, ddH,O%hE £20 puL,
FEAFER TR 3 AT, LAZRIBARICE AR AR
B X . PCRIZIVFEF : 95 °CHIZAE 60 s
94 °CAEPE1S s, 60 °CiBk30s, 72 °CIHEfH30 s,
A0EIR 5 72 CCAAEH 10 min, N F 2744CT 4y
B X RIAEP, DL g dE A 31k, SPSSHK
A3 AT 397 T A 5 DA mRINATE it Mg e b 1) 68 1 0
2 23 I TR R R R B AT BRI R T 24011
S3HT, P<0.05 25 W3, P<0.01 ki F 25

2 4R

2.1 e HsCesL1-like 55 R EH 5 47

b 4% 0 110 200 i cDN A SC 2 U B Bk BB T
W, EBRERAAKF 543 58— 4K 1015 bpf A
Br, N FHDNAStarfk 4 £ $8 0t )5 51 % b ) e K
ORF, B3I 159 & 318 )7 9 #E NCBIE 98 J&  1F
FTBLASTPEL AT, i HOoA i i HsCesL 19 55—
ANRNEIER, R = INLAX 43, 4% N HsCisL1-



10 4] %4, 4. MR SR UL -like B R 1 5E BE K RIS RFAE 43 BT 1559

like, HALF5'-UTR . JF R 2 HE (ORF) A3 -
UTRH 47 51 (K72 1Z 75 h AR R B ARAS 5
“AATAAA” mRNARFEE I F“ATTTA”), J§
Y $E 32 GenBank, iS5 HKF015273, NiE—#
AT HsCesL1-like5E B 13" -UTRIFF , 7E M IR
b, Wi RS Y (CtsL1-like-3GSP)HEFT3 -
RACEY # . 3'-RACEZH— 1 K/NH399 bp
cDNAF B, ZJFHIH & A 1P mRNARFRE (5 5
“ATTTA” . INZRBHEBRMARSE S
“AATAAA” M 14 PolyAR., [F I, H7i1HF5)

BE— L PERERIGAIE , & HsCtsL1-likef cDNAF
51414 k1280 bp, HsCtsL1-like cDNAFL$E 31 bpliy
5'-UTR. 993 bpfJORFHI256 bpHy3'-UTR (1),
RILTRIT ) M il J1, HsCtsL1-like3E R 4 5 —
A~ 1330/ = SE R 41 R ) AR B, W0 AR AT
WZ36.86 ku, MR LN6.23, SO
SCRR 012 PR g A SignalP 4.0 . SMARTZE X}
HsCtsL1-likedE H 25/ 553 BT R W], H N & F
16 BL R A A5 5 Ik, AT JER A0 1 45 44 Sel 57 T
H525~840 Z HEMR Z B, BLAAIK G5 H 3AL T 56

1 CCCTGTGCTGAGCAGTGATCTACGGAACAAG
32 ATGCTACGTGTTTTTCTATTGGTTGGGTTTCTGGCCCTAGGGCTATCATTCAACGTGGAGC TGGACGACGAGTGG
1 M LRVYFLTLVWV¥GFILALTGILSTFUNYVETLTDTIDE

107 GAGCTTTACAAGACAACCTACAACAAGAACTATGTACAAAAGGAAGGTCTTGTCAGGCGCTTTATTTGGGAAGAT
26 |ELYKTTYNEKNGYVQKEGLVYERREFTIWED |

182 AACCTAAAGCGTGTCCAGCAACATAACCTGGAGGCGGACOGTGGCGTACACACTTACTGGCTCGGAATGAACGAA
51 |NLKRVQQHNLEADRGVHTYWLGMNE|

257 TATGCOGATATGACTACTGAAGAGTTTGTCAGCACCATGAATGGATTCAAATACGATGCATCCAAGACAAATTGT
76 |y ADMTTEEFNSTHMNGFEKTYDASEKTDNEC

332 GGAAAGTTTACATTCCCGAGTAACTTACAGTTATCTGACCTTCCTGCATCGATCOATTGGAGGACAAAGGGCTAC
0 sxrrrepsnitaorsolLpPasIDWERTEKGTY
407 GTCACGCCAATCAAGAATCAGGGTCAGTGTGGATCCTGTTGGGCCTTTTCAGCTGTCGGATCCCTTGAAGGACAG
126 VTPIKNBGQCGSBWAFSAVGSLEGQ
557  ATGGGATGCCAGGGAGGCTTGATGGACCAGGCTTTTAAGTACATCATCGTCAATAAAGGCATCGATACAGAAGCA
176 ¥ 6 CQGGLMDGQAFEKTYITIVNEKGTIDTEA

632 [CTTATCCATACAAAGCACAGGATCAAAAGTGCAAGTTCTCACAAGCGAATG TAGGAGCCACCGAAGTTAGCTGC
201 S YPYKAQDO QEKTCEKTFSQANVYVGATEVSEC
707  ATGGATATCAGATCAGGTAGTGAAGCTGACCTTCAGAAGGCTGTAGCAACAGTTGGTCCCATCTCAGTTGCTATA
226 M DIRSGSEA ADLG QKA AVATVGPTISVATI

782 GATGCCAGCCACAATTCGTTCCAGT TG TACAAGCATGGAATCTACAGTGACCCACAATGTGATCCTCAAGCTCTG
251 DASHNSTFAQLTYIEKHGTITYSDPAGQCDEPUGQQATL

857 GACCATGGAGTCCTAGCTGTAGGATATGGAACTCAAGATGGCAAGGACTATTGGCTAGTTAAGAACAGCTGGGGT
276 D H GV LAVGYGTQDGKDTYWLVEKRNS STWG

932 ACAAGCTGOGGTATGCAGGGTTACATCATGATGGCCAGAAACAAACACAACATG TGCGGCATAGCCACCAAATCC
301 T SWGHMQGTYTI HMMARENTEKTHNBMECGTIATE KS
1007 AGTTTCCCCACAGTGTAGGATTGTTGACTCAGCAACTCATCCTGATG TGTTAAATATGCAGCATAATAGAATTCT
326 S FPTV *

1082 ATCGTGTTGTTTGTTTTTTATTC TAAAAAGGAAAACGACGTTCATTTCTCAAAT TACATAGTGCATG AACAAT AA
1157 TATGGGATGAAAGACCCGG TGCAGCGATAATTACAT TTG TGAAATGACTTATAT TTACAGG AAAATATTAAATAA
1232 AAGTAATCCTGAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAARA

1 HsCtsL1-like DNAZ 75 R3S R EELF 5
AN b Y T IR R R (55 IR CABA S 80 43 b s AT KA PP 20 B O ME b s BR8-S R T IR A
B f CLHE Sk bron s A SUE ARFLAE 4 7 FIGCXGGELXU T R 2 7m s O& <7 (1 A A A6 35 1 AL 51 (Cys 138, His277/1 Asn297) il 4 B 1
(GIn132)H B 82 0 J7 HEAR Y ML 78 poly AT 215 '3 AATAAA T RIZE KRt RNAARFE (5 5 ATTTAH FRIE &R .
Fig.1 Full cDNA sequence and predicted amino acid sequence of HsCtsL1-like gene
The start (ATG) and stop (TAG) codes are in bold and underlined. Putative signal peptide sequence is showed in shadow. The predicted propeptide
inhibitor domain is in box. The mature peptide domain is bold. The putative cleavage site for propeptide is indicated by vertical arrow. The cathepsin L

signature sequence GCXGG is double underlined. The conserved catalytic triad residues (Cys"*, His””’ and Asn*”’) are bold, boxed and shaded. The
classical polyadenylation signal (AATAAA) is underlined. One RNA instability motif (ATTTA) is underlined with dotted line.
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114~3300 FAERR 2 0], HAFTE T 418U F LT
AT 19135 257 GCXGG(BL T 45 177~1811), L
K ph 88 B DR 1 AR IR AECys ™(C) . Hiis™ ()R
Asn®®7 (N YL 9 16 3 P 4 4k 6 45 R — 4 th
GIn"2(Q)ZH 1. i A5 1 4 BH B 7 7 (oxyanion hole).

2.2 HsCtsL1-like[@ B 5 7

FI FHBLASTP X} HsCtsL 1-likeif 17 [ I 7 43
Br, KIS A HsCtsL1-likedE 5 45 1% (AGL
33704. )AL W5 (XP_011432381.1) CtsL1#¢ AH AL
PEfcmr, ¥iK67%. 545 CtsL2 (AGL33705.1).,
Fi 82 (Lottia gigantea)CtsL (XP_009064230.1), &
PR BRI CtsL2 (ADC52431.1). &Ik £: U CtsL1
(ADC52430.1). ML &Ll (Haliotis discus
hannai)CtsL(AFV73398.1) %) [ P54 43 51 4 63%
63%. 62% . 62%M61%. ¥ FH Clustal W
HsCtsL1-like i I (%) 2 2 12 J¥ %] 5 HsCtsL (AEX
88474). =AML EECtsL (ADV03094). K 415
CtsL1(EKC31777). & ERHE DI CtsL1 (ADC52430)
FICtsL2 (ADC52431)., B 5 ffi(Danio rerio)CtsL1
(NP_997749). HE U JINEE (Xenopus laevis)CtsL2
(NP_001087489). B3 (Gallus gallus)CtsL1
(NP_001168481) . /N (Mus musculus)CtsL
(EDL16242)F1 N\ (Homo sapiens)CtsL2(CAA75029)
HEAT R L X508, 9F 2% O A SCikt 1, i
I HsCtsL1-like7E 2 B 24 25 11 I A9 i 14 Ik 0] )
P A5 AE Asp(D) P FlLeu(L)' 5% 3 2 8] (K 2) ;
HsCtsL1-liketh 77 75 % HoAth 9 Fh CtsL %) 44~ 15 4 o7
FRSFEIERR . Q. V. HYT, N, 4,
CtsLAY i <7 56 5 5 b5 25 5 51 ERF/WNIN . GNFD
M GCXGGTEHsCtsL1-like 1] 4% 3] (&2), F*H
Clustal X1.83FIMEGA 4.08 {4, J& T AL &
¥4 HsCtsL1-like[R) oAt 7 B CtsL 1 3 4t i AL 1
(K3), LICtsS. CtsHAICtsBYE NAMEE, HsCtsLl1-
like[F] 4i 1 CtsL1 B 2 BN —/N 3, Z e FERHC 4
W5 B B RE DL A CsL1TR ZE AR R 4 2 b, i A
T 2 28 22 1) Hs Cts LA 7] = 1 WAL i A1 4 23058 i 1)
CtsLRTE S — 32 I, 4il% . Al BRAE DA 41 05
) CtsL2 5 B IRCtsLE N — 3, HHESh Y CtsLE
h A — K3, RN EED R CesS .
CtsHFNCtsBIY £ Jy B — 7

2.3 HsCtsL1-like mRNA%H 28 35 3% $54F

qQRT-PCRA} Mt Hs Cts L 1-like 3 X 75 b 145 ik R

http://www.scxuebao.cn

FlIH AP RIEKFE, SR ABHsCtsL1-like
mRNATZENFAE . 88, BER . OBE. IHE . RE
BE . MM . B RSN E R R R Rk, o,
TEFME R A, HUCHIE | KR,
HUIM A, 75 R b Y Rk b (K14)

2.4 thiR%E HsCtsL1-like mRNATE o [ 88 5 &
FH T HRIEFES

N YL T, SR FHQRT-PCR v K6 It i
e . 240 B R0 T v Y Hs Cts L1 -like mRNAFE X T
RGO i Rkt fh, S5 R LM, xHHA
W) Hs CtsL1-like mRNATE 1 563 /i A1 5 e 14 AH
X A B B AR AP > 0.05); 88 5T I S
U5 2H T HsCtsL1-like mRNATE AT IE vp 32 35 828 4k
W2 A 009805 2 hi 2 T 55 (P<0.05), #£2~6 hiti 3
TR, F8 haum b Tt I 38 B 55 & {E (P<0.05),
SRJG I UE T B G R T (181 5-a) 5 L 4 1l
YNt o Hs CesL1-like mRNATE 1 588 51 7 191 0~2 h
&% FFH(P<0.05), JFT2~6 hii L TR, 7E8h
A W BT (P<0.01), ARJE S BT R REAIR
(E5-b). M 17 SR 38 T 1 B B (0~12 ),
HsCtsL1-like7e [T I 1120 Jif v 2 35 14 i (R A8 4k
B, ¥ e Tt TR R R R T S T
REAR 1 18 3 28 (1#1 5).

3 iR

A 5% K F cDNASCJE i A5 MIRACEHE A
A HsCrsL1-like DNAS KT F, 5 C A0 H ALY
Pl CesLIFI R o CtsLAE S V5 A4 F: Jbk 280 1R 25, 11 il
FORNE AMECIR G R E R 5, HAREN
it 225 44 LA B AR SF AL AL RN ARAL A1 CsLAE 4
JEL PN B DTS TR M 0 R B RO AR AE, MR
ik (signal peptide) . i #4411 i 5K (propeptide) Fl 5§,
K (mature peptide) = #Rr 4H B%. HL R A4 4l
BCA A S R B Cts LA 7 25 4 JF 9 bR &
ERF/WNINMIGNFD™?; i Ik A7 78 A 45 F 1 <8
FFGCXGG" K Cys(C). His(H). Asn(N)FlI
GIn(Q) & & BE PRSP AL s 1510 11 AHIF5E v B 11
HsCtsL1-like, &S0 HE 75 BA CtsLIY 4514
FRAE . 25 2 7 8 b 2 RO SF 36 7 05 (B 1, 2),
H N 2] C oy th 75 5 AR (1~16) . Hif K 40 il 35k
(25~84) FB AN (114~330) = 4, HA%
HLREHIFREE . EYRM*WHN'VI N | G™*N*Y"*D™ .,
G'"C'Q' GG MR SF R Q. ¢t HY
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QK-—-MIK ESTILAIGNNF
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B2 SthiRiFHsCtsL1-like[S] E fth ¥ % Y CtsL B9 & EBL 7 51 L 3
— B R UL By AR R BB RN s A5 T IR ORI ) 45 A SR B IR A3 ) RNV BR R s i Sk 3RS B AR T e AR B IR B D)
BIAL s HAE AR LAR % P FIERWNIN, GNFDAGCXGGH B 7 B BAR ;A8 7 i GIn(Q). i A4 ¥% #£ £ s Cys(C)- His(H)H
Asn(N)E S AR H o (1) 8 b HsCtsL-like;  (2)7th i ik HsCtsL(AEX88474); (3) = ff ML EE CtsL (ADV03094); ()1 445 CtsL1 (EKC24845);
(5)& i Bk B T CtsL2 (ADC52431);  (6)5 i Bk £ T CtsL1 (ADC52430);  (7)BE B £ CtsL1 (NP_997749); (8)3E ¥ /T CtsL2 (NP_001087489);
(9JRFGCtsL1 (NP_001161481); (10)/MFK R CtsL (EDL16242); (11) A CtsL2 (CAA75029)
Fig. 2 Amino acid sequence alignment of H. schlegelii HsCtsL1-like with other species’CtsLs

The portion of consensuses or high similarities among sequence are marked by black or shadow. The signal peptide, propeptide inhibitor domain and
mature peptide domain are indicated with over-lines. The arrow indicates the cleavage site of the propeptide. Cathepsin L signature sequences such as
ERWNIN, GNFD and GCXGG are marked with corresponding letters in picture. The oxyanion hole, glutamine (Q) is denoted with dark spot. The
conserved catalytic triad residues (Cys, His and Asn) are indicated by stars.(1): H.schlegelii HsCtsL1-like; (2): H.schlegelii HsCtsL (AEX88474); (3):
Hyriopsis cumingii CtsL (ADV03094); (4): Crassostrea gigas CtsL1 (EKC24845); (5): Pinctada fucata CtsL2 (ADC52431); (6): P. fucata CtsL1
(ADC52430); (7): Danio rerio CtsL1 (NP_997749); (8): Xenopus laevis CtsL2 (NP_001087489); (9): Gallus gallus CtsL1 (NP_001161481); (10): Mus
musculus CtsL (EDL16242); (11): Homo sapiens CtsL2 (CAA75029)

NE o AR JESCRRIRTE , CtsL s AR 7 107 1 ﬁ?ﬂﬁﬁmﬁﬁm%WmaﬂmmmM%m
C. H. NAH i fb =HRARZEH, RS TR FED™ FIL™ Z[H], 1wm%%§
PEALE, QREHY BB LA B FIRA/EHT 1" FRPro(P), ﬁﬁs,m%ﬁa@mM%N

CSLTEEBHA MR IEAE T, SO MEARIEN A& ERSFRPRIEA 2, ﬁ%&?w%&
T, WK R A W A SV e, AR SR LAY PRI S R N i A — 2D K
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96 st Hyriopsis schlegelii HsCtsL1-like <
430%  Sinonovacula constricta CtsL1(AGL33704)
K44 Crassostrea gigas CtsL1(EKC31777)
I EREE DL Pinctada fucata CtsL1(ADC52430)
42 Lottia gigantea CtsL(XP_009064230)
4% Sinonovacula constricta CtsL2(AGL33705)
AEREE VL Pinctada fucata CtsL2(ADC52431)
54 K4t Crassostrea gigas CtsL2(EKC24845)
YR ¥ 8% Eriocheir sinensis CtsL(ADO65978)
¥ELU5EE Cristaria plicata CtSL(AEK01110)
ik Hyriopsis schlegelii CtsL(AEX88474)~
100! =4 Hyriopsis cumingii CtsL(ADV03094)
B T f8, Danio rerio CtsL1c(AAH75887)
“R¥H Strongylocentrotus purpuratus CtsL(XP_780713)
40 Sinonovacula constricta CtsL4(AGL33707)
%431% Sinonovacula constricta CtsL3(AGL33706)
JUFLGfl Haliotis diversicolor supertexta CtsL-like(ACR43934)

100

91] &liERBEL Pinctada fucata CtsL(ACQ90252)
53 KAt Crassostrea gigas CtsL4(EKC36431)
99 K45 Crassostrea gigas CtsL3(EKC36430)
100 — /M Mus musculus CtsL(EDL16242)
99 ¥ 5 iR Rattus norvegicus CtsL(NP_037288)

-I: A\ Homo sapiens CtsL2(CAA75029)
79  Homo sapiens CtsL1(NP_001903)

100 Bt I 41 Danio rerio CtsL1b(NP_571273.1)

PEL 1 Danio rerio CtsL1a(NP_997749)

J5 3% Gallus gallus CtsL1(NP_001161481)

AH}I JRifs Xenopus laevis CtsL(NP_001087489)
— 100 ity JIVWE Xenopus tropicalis CtsL1(NP_001004869)
I){]':EJ 4 Danio rerio CtsS(AAI07613)

99 _lj TV Xenopus laevis CtsS(NP001086670)
69 A\ Homo sapiens CtsS(AAC37592)
P4t Danio rerio CtsH(AAH67615)
4100:)\ Homo sapiens CtsH(EAW99143)
JE s Xenopus laevis CtsH(NP001091187)
AL PHINIE Xenopus laevis CtsB(NP001079570)

100 ‘Ij B & #8 Danio rerio CtsB(AAH65589)
43 A\ Homo sapiens CtsB(AAH95408)

95

—
0.05

B3 FIRAMEGA 4.05 #3932 B & T CtsLREER Fr FIHINJ F 4t i 1L A

L ek HsCtsL1-like ) A7 B FH 87 Sk AR 7 s 20 XA BUE 7R 1000/K E S FE AT B B MBS A5 RK B R G/ SUK A420.050K B 4

Fig. 3 NJ phylogenetic tree based on CtsL. amino acid sequences by MEGA 4.0

HsCtsL1-like is emphasized by an arrow. The branches were validated by bootstrap analysis from 1000 replications, which were represented by

percentage in branch nodes

25 PRI, HsCtsL1-like 2 @ T HL 5 (1 21 e i R®, AR, AN AY — L an

GPRAE UK frﬂf“” B BRAE DL USRI g R AR AE CrsLI 2
TE—Sefbeh, FEAEZ A CisLHYIEAY . WA MY, G g R G 0 v B R ] G B Crs LY

BRAT, KIS CrsLEEPF W ARIFF 5, 2460 44‘1@&5‘]%%? s B EREE DA AT 34 CrsL
R kA e MRs, e dfarp, o A, #Hﬁ%ﬂﬂﬁ%%#?’iﬁl@”f&%ﬂ$

KIA 3 CesLE R AL, =P a2~ W 28U 7 51 A [A] 20 23 () 3 3k o S v fn 22 S 0k,

e

RIvERE, SELGRRKI, AN RERHNEL 5?%@%%%%%%O$H%¢,&MMm%
25 5L, T AR 3 A Sk AT RE S e HAH 5 Crs Ltk I v B S8 E T — B CtsL(Hs Cts L1 -like) 5
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Bl 4 HsCtsL1-like 2 R £t i A E AL Ky
HEXTRIES
uﬂacnnﬂjm%%ﬁ Fﬁ%i‘ﬂ’]#ﬁﬁ%iﬁﬁﬂﬂzi’ﬂﬁiﬁ?ﬁ
kIR A% AL SUM R A 20 4 R 22 5 B 3 (P<<0.05), ¢
z!zrvéﬂ,/drﬁxﬂiméﬂ,/\%%%ﬁm W#E(P<0.01), H, 1JF
WE, 2.8, 3. 082, 4. 00, 500, 6 K, 7.9 E, 8. I

4, 9. /%, 10. ShERK

Fig. 4 Analysis of relative expression of HsCtsL1-like in

n=3;x+SE

HsCisL1-like 3 PR A X 254 i
relative expression of HsCtsL1-like

different tissues of H. schlegelii

The relative expression of gene transcript from qRT-PCR analysis was
calculated to the f-actin mRNA level. Data are given as plus or
minus the standard error of the means(means+SE), “*”
indicates P<0.05, “* * ” indicates P<0.01. 1. Liver, 2. Gill, 3.Foot,
4.Heart, 5.0vary, 6. Testis, 7. Kidney, 8. Blood, 9. Intestines, 10. Mantle

W, 52ZH%E N HsCisL" ML, WHE R
%1 T ORF X AR LA M 60.33%, S B 26 11 7 41
AHAME 452.91%, BLASTPSS R B, #HESH
HsCtsL1-likeZ% [ [/ 45 4% (AGL33704.1) CtsL1 A
IR, B E167%. MG HE 8 ()7 51 2E 1k 4
& B, HsCtsL1-like[F] 45 1% CtsL 14 /2 R 75 [7] —
N B, BRJE PRI A . A R B DU CtsL
RAEMK—Z L, mIRATZ 00 %E M HsCtsL
FEHHE 1 = ML | R S0 Ces LI 5l 5 7
J—3 ko FATTHY Y R G AL A FINTu SR
A 114 32 20 R DR ) 2 P R A R A R K Y 2R 2R A
oL, HULHEN, FEMBRE: G, HsCrsL1-likeR]
REJESR)E T CisLE TG WAL, HHsCtsL1-like Rl
HsCtsLIE B KR, HsCtsL1-like ] fE 2 H
HAR S CtsL-likedE AL , B ATT3X Fh 78 HE Ak it 72
AR R A 22 R Sl R T RE Loy T
AR5

WHERET, R ALK 0] T %
SN IR A 2 T RE R I — AR B 5
HsCtsL1-likefE JIFNE 3R 5 i f fm . HLUROE DR S A0
P, X 54508 CreL1"HIBE S 1 CrsL1a™ R 4 21
RRER G WA, BRI CosL 1M

JHAE Tiver
m i R R L2
V.anguillarum group

OPBS VES AR
PBS control group

*

n=3;X+SE

N W A N

—

HsCtsL1-like B RFHR 221k &
relative expression of HsCtsL1-like

‘ 0 2 4 6 8 10 12
I H]/h time
(a)
A blood
2 : %&@%ﬁ% groupss n=3;X+SE
20 oPBS EGTX R
PBS control group

HsCrtsL1-like JE[R KR40k &

relative expression of HsCtsL1-like

fF[A)/h - time
(b)

5 b8 HsCtsL1-like mRNAZE 88 31 5 % 38 T BT Bt
(2)F0 10 28 B2 (b) 7 B9 235 HHE
xRS LI T SRR 6 T A N ) 5 2 R R 35 (P<<0.05); x*
2R 77 X NI Ti) s AR G T F A 1) 5 2 5 R R 2 (P<<0.01)
Fig. 5 Expression level of the HsCtsL1-like mRNA in
liver (a) and blood (b) after Vibrio anguillarum
stimulation.

“*”indicates a significant difference (P<0.05) at this point

compared with other time points; “**”indicates a vety significant

difference (P<;0.01) at this time compared with other points
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KB B B iR O B % A0 M 2 R R
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De Gregorio™ X} B E R g iy 55 K, CrsLFik
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CrsLTEF IR i Rk i 3 B, RH S
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CrsLFE 2 5 7 A RE 0 2 S i, 9k 68 5 B
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Molecular characterization and expression analysis of
Cathepsin L1-like from Hyriopsis schlegelii

PENG Kou, HU Beijuan, ZHAO Daxian, WANG Junhua, SHENG Junging,
WU Di, SHI Jianwu, HONG Yijiang”
(School of Life Sciences, Nanchang University, Nanchang 330031, China)

Abstract: In order to study the role of another Cathepsin L (CtsL) isoform from Hyriopsis schlegelii in immune
responses, we isolated and characterized a novel CtsL gene from the freshwater pearl mussel Hyriopsis schlegelii
using cDNA library screening and rapid amplification of cDNA ends (RACE), and it was named HsCtsL1-like
(GenBank accession No. KF015273). The HsCtsL1-like cDNA was 1280 bp long, and consisted of a 5'-
untranslated region (UTR) of 31 bp, a 3'-UTR of 256 bp with a polyadenylation signals (AATAAA) at 11
nucleotides upstream of the poly(A) tail, and an open reading frame (ORF) of 993 bp encoding a polypeptide of
330 amino acids with 36.86 ku predicted molecular weight. The theoretical isoelectric point was 6.23. Sequence
analysis showed that the putative HsCtsL1-like protein sequence sharing similar structural features with other
reported CtsLs containing a typical signal peptide sequence with 16 amino acids (Met'~Ser'®), a propeptide
inhibitor domain(Try**~Phe**) and a mature domain(Leu'"*~Val**’). And some signature sequence tags were
identified for CtsL family proteins in other species including the oxyanion hole (Gln), the active triad formed by
Cys, His and Asn, and the conserved ERF/WNIN, GNFD, GCXGG and OCHN motifs can all be found in the
HsCtsL1-like protein sequence. Moreover, homology analysis revealed that HsCtsL1-like shared the highest
identity (67%) with CtsL1 (AGL33704.1) from the razor clam, Sinonovacula constricta, while the similarities of
HsCtsL1-like with the reported Hyriopsis cumingii (ADV03094) and H. schlegelii CtsL (AEX88474) were both
52.91%. The phylogenetic tree revealed that the HsCtsL1-like clustered with the invertebrate CtsL cysteine
proteases and was also closely related to S. constricta, Crassostrea gigas and Pinctada fucata CtsL1. Real-time
quantitative reverse transcription PCR (qRT-PCR) showed that HsCtsL1-like is expressed in a wide range of
tissues including the liver, gills, foot, heart, ovary, testis, kidney, blood, intestines and mantle, with the highest
level of transcripts in liver, followed by ovary, testis, intestines and blood, while there is rare expression in other
tissues. After Vibrio anguillarum stimulation, the expression level of HsCtsL1-like mRNA was significantly up-
regulated at 2 h and 8 h in liver and blood. These results suggested that HsCtsL1-like belongs to subtype 1 of the
CtsL subfamily, and it might play an important role in the freshwater mussel, H. schlegelii immune response.

Key words: Hyriopsis schlegelii; cathepsin L1-like(CtsL1-like); tissues expression; cloning; sequence analysis;
gRT-PCR
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