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spot syndrome virus, WSSV) , EditSeq
, (ORF) EcCatD
D BLAST

1
1.1
, (5.81£0.32)cm,
(1.18+0.35)g 200L PVC ,
30 24°C, 25, pH 8.2,
, 1/3,
Trizol Reagent Invitrogen ; SMART™

RACE Amplification Kit ~ Advantage 2 PCR Kit

Clontech ; DNA ;
PMDI18-T Top 10 TaKaRa
1.2 RNA cDNA

Trizol RNA,

1.0% RNA

SMART™ RACE Amplification Kit
cDNA
1.3 cDNA

cDNA

(Duan et al, 2013),
D EST
3'RACE

Primer Premier 5.0
5'RACE ,
3'RACE:  SMART™ RACE Amplification Kit
cDNA ,
CatD-F1 (1) UPM , 3
: 94°C 3min; 94°C 30s, 72°C 3min, 5
; 94°C 30s, 70°C 30s, 72°C 3min, 5 ; 94°C
30s, 68°C 30s, 72°C 3min, 25 ; 72°C  10min
5'RACE:  SMART™ RACE Amplification Kit
cDNA ,
CatD-R1 (1) UPM, 5'
3'RACE
RACE 1.0% ,
,  PMDIS-T
, Top 10 , PCR

1.4

DNAStar SeqMan

(http://www.blast.ncbi.nlm.nih.gov/Blast.cgi)
Protparam (http://www.expasy.org/
tools/protparam.html) ,
Interpro Scan (http://www.ebi.ac.uk/Tool/InterPro-
Clustal X

EcCatD CatD

, MEGA 4.0 ,

(neighbor-joining)
15 WSSV
WSSV

: (2012)

Scan)

,  26l1E
, 23<10° cfu/ml
,4C
10 ,
WSSV
7d 3,
WSSV , 50
20ul,
WSSV WSSV
20pl,
0 3 6 12 24 48 72h
, RNA , 6 ,
EcCatD

, RNA
1.6 EcCatD
Trizol
RNA, cDNA,
(2011a)
18S rRNA
D )
(18S rRNA-F  18S rRNA-R CatD-F2
1), WSSV
EcCatD
PCR 20ul, 10ul SYBR
Premix Ex Tag™ (2x), 0.8ul 10pumol/L CatD-
F2, 0.8ul 10umol/L CatD-R2, 0.4ul ROX Reference
Dye  (50x)*3, 2.0ul cDNA, 6.0ul DEPC

CatD-R2)(
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1 95°C 30s; 95°C 5s, 60°C 34s, 40 ; 95°C bp bp
15s, 60C Imin, 95°C 15s PCR , 2000
2—AACT SPSS 11 O 2000 1000
. 750
28S 1000
750 500
£1 AWMRFAAIIWFT 18S 500
Tab.1 The sequence of primers in this study
250 250
53 100
CatD-F1 AGCCGTGAAAGACCAGAC 100
CatD-R1 GAAGGGGCAGCGATGAGT
1 RNA 3'RACE 5'RACE 1.0%
CatD-F2 CAGTAGCCGTGAAAGACCAGA
CatD-R2 AAGAATCAACTCGCCACCTTC ‘ , o
Fig.1 Analysis of total RNA and amplification products of 3,
18S rRNA-F TATACGCTAGTGGAGCTGGAA 5'RACE by 1.0% agarose gel electrophoresis
18S rRNA-R GGGGAGGTAGTGACGAAAAAT M: DL 2000 Maker; 1: RNA; 2: 3'RACE ;3: 5RACE
5 2.2 EcCatD cDNA
3'RACE 5'RACE
2.1 EcCatD cDNA CatD cDNA s
Trizol EcCatD, GenBank JX508644
RNA, . OD34¢/OD>gp 1853bp, 120bp 5' (UTR), 572bp
1.91, RNA ; 1.0% 3’ 1161bp 3’
( 1),18S 28S rRNA R . AATAAA PolyA ( 2)
CatD-F1 CatD-R1 , EcCatD
UPM s 3'RACE 5'RACE 386 S (Metl-
587bp  936bp () Serl6) (Glul19-Arg45) (Arg46-Pro386),
1 CTT CTA ATT ACG ACC CGC TAT AGC GCA AGC AGT CGC ARG ACA GCT GAG TCC AGG GTG AGA GAT AAC TCA TTC TTC TCT CAG TTT GGT GAT 90
9] CGT CTA TTT CTT TGT GCT GTG GTG TTC AAC [ATG] ARG TCG TTG GCG TTC TTC TTT GCC CTE GTG GCT TTT GCT ACC TCG GAA TTT CAT AGE 180
Mm_K S L A F_F_F_ A L YU A F A T S E F H R
181 ATT CCT CTC CGA AAA TTC AAG ACC GCC AGG CAG AGC CTG AGA GAA GTA GAC ACC TCC ATC AAC CTT ATA CGC CGC CGT TGG GGA AAT ACA 270
I P L R K F K T A R Q@ S L R E U D T S I N L I R R¥R ¥ € N T
271 GGC CCC ATG CCA GAG CCT CTT TCA AAT TAC ATG GAT GCT CAG TAC TAC GGA CCT ATC AGC ATC GGC ACG CCG CCT CAG TCA TTC CGA GTG 360
€6 P M P E P L S N ¥ M D A Q ¥ v @€ P I S I G T P P Q@ S F R
361 GTA TTT GAC ACT GGC TCA TCC AAT CTC TGG GTT CCC TCC AAA CAG TGC CAT TTT ACA AAT ATT GCT TGC CTA ATT CAC AAC ARG TAT GAT 450
(AT ¢ s Kk o ¢ H F T N I A €C L I H N K ¥ D
45] TCG CGC AAG TCG TCG ACA TAC AAG AAG AAC GGG ACG GAA TTT GCT ATC CAG TAC GGA TCA GGG TCT CTC TCC GGA TAC CTG TCC ACC GAC 540
S R K S S T ¥ K K €6 T E F A I Q@ ¥ 6€ S 6 S L S 6 ¥ L S 1T D
541 ATA GTC AGC GTT GGT TCA GTA GCC GTG ARA GAC CAG ACC TTC GCA GAA GTT TTA AGT GAG CCA GGC ATG GCC TTT GTC GCA GCA ARG TTC 630
I U S U 6 S U A U K D Q@ T F A E U L S E P G M A F U A A K F
631 GAC GGC ATT CTT GGA ATG GCC TAC GAC AGA ATT GCE GTT GAT GGA GTC ACT CCT GTT TTC TAC AAT ATG GTT AGC CAG AAG CTT GTG CCT 720
P ¢ I L G M A ¥ D R I A U D G U T P U F ¥ N H U S Q K L U P
721 GCT CCA GTT TTC AGC TTT TAT CCC AAC AGA GAT CCC AGT GCT CCC GAA GGT GGC GAG TTG ATT CTT GGA GGC TCT GAC CCA AARA TAC TAC 810
A P U F S F ¥ P N R D P S A P E G G E L I L G G S D P K ¥ ¥
811 AAG GGA GAC TTT ACC TAT GTG TCT GTC GAT CGT GAG GGC TAT TGG CAA TTC AAG ATG GAT GGG ATG AAA ATG AAT GGG GTT GAT GTT cCA 900
K &G F«T ¥ U S U D R E G Y W Q@ F K M D G M K M N G U D U P
901 TTC TGT AAT GGT GGA TGT GAA GCT ATT GCT GAT ACT GGT ACC TCA CTC ATC GCT GCC CCT TCA GAG GAA GCT CGC CTT ATC AAC AAG AAE 990
F ¢ N ¢ ¢ ¢c eSS EEEYEEY # s £ E A R L I N K K
99] ATT GGT GCT AAG CCT ATT GTT GGT GGA GAG TGG ATG GTT GAC TGC AGT CTT ATT CCC AAT CTT CCC ACA ATT TCA TTT GTG ATG AAT GGG 1080
I 6 A K P I U € € E W M U Dp € S L I P N L P T I S F U M N G
1081 AAG CCA TTT ACT TTG GAA GGC AAA GAC TAC ATT CTT AGA GTC AGT CAG TTT GGC ARG ACA ACT TGT CTC TCT GGT TTC ATT GGA CTC GAT 1170
K P F T L E G K D ¥ I L R U s @ F & K T T ¢ L S €& F I 6 L _D
1171 GTA CCT CCA CCA ATG GGT CCC ATC TGG ATT CTC GGC GAT GTT TTC ATC GGT CGG TTC TAC ACA GAG TTC GAC ATG GGG AAC AAC AGE GIC 1260
u P P P P_I ¥ 1 L & D v F I @ R F ¥ T E F D H G N N R U
1261 GGC TTT GCC ACA GCT GCC TAG AGA GCA ACC AAG TAA AAC CAG TGT AGG TTT GTT GTT TTG ATT TTA TTT GCC TCA GAA ATT CAT GTT TAT 1350
€6 F A T A A =
1351 €AG TTC AAT TGT TCT TGA CAT CAG AAA TGT AAA CCG GTT TTG ATA TGA GAT CTT GAT TTA TTA AGT GGT TGG TTG TGA ACG GAA ARG AAA 1440
1441 ATG TCA GAT TTT CAG AAG TTT TGC TCT TGT GAT CCA TGA CAR TAA TTT TCC TAA TGG AAT CTC ATT TCA GAT TGA CTA AAG GAA TAT TTC 1530
1531 GTA TAT TTA GAA GCA CAT ATT AAA TTT GTT TAC GGT ATT GAC TAG GTT TTG TCA TGT GAG TGC ATT TCT CAA TTT TTA GTA CTT TTA AGT 1620
1621 AGA ARA TAT CAT AAT TGA CTG TGA GAA GGA GTA GAT ACC GAG AGT ATC TTG TET TAT TTG AGT TAA ATA TCG TAC CTG TGA TAA AGT ACA 1710
1711 GTG TAC TTG TGA TAT ACT AAG AGA ATT TAG ACG TGT TAT TGT ATG CAG TGT CTA ACA AAG CTT TCA ACT TGA TTT GGA TAT TCA AGT ATG 1800
1801 AGE CET TET TTC TGT AR TAA ATG GTT TCT GGC AAA AAA AAA AAA AAA AAA AR 1853
2 EcCatD
Fig.2 Nucleotide sequence and deduced amino acid sequence of E. carinicauda EcCatD gene
ATG , AATAAA : TAG * ,

N-
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42.36 kDa, 7.54 N- (N D)
, EcCatD 2.4 CatD
EcCatD 2 Real-time PCR EcCatD
(Val80-Val9l Ala268-Ala279) 2 , : EcCatD
N- (Asnl20  Asp233)
D Asp350-Pro357(DVPPPNMGP) , ,
2.3 EcCatD >
BLASTTP EcCatD (95
, EcCatD Real-time PCR
(ACV53024.1) , WSSV EcCatD
86% 80% ()] WSSV ,
(Polyrhachis vicina) (Tribolium castaneum) EcCatD (P<0.05)
(Callosobruchus maculatus) (AC056332.1) , 0—3h , 6h
(Bombus terrestris) (XP_003403066) , , 72h
(Apis mellifera) (XP_392857) 75% WSSV WSSV (Oh) ,
72% 72% 70%  69%; (Danio 0—3h , 3—o6h
rerio) (Gallus gallus) 59% ,
57% MEGA 4.0 ,
CatD , WSsv
EcCatD EcCatD 7 :
CatD ( 3 , EcCatD
(Bombyx , ,
mori) CatD 48h , (P<0.05),
, D EcCatD 72h ; WSSV
2 EcCatD (0—3h) , 3—
(VFDTGSSNLWV  ATADTGTSLIAA) 1 6h , , 6h ,
D (DVPPPMGP) 2 12—72h
b Homarus americanus ACV53024 3
100 Penaeus monodon ABQ10738.1
37 Exopalaemon carinicauda JX508644
Apriona germari AAL51056.1 s
82 499|— Tribolium castaneum XP 966517.1
Polyrhachis vicina JX508644 ( ,
50 Aedes aegypti EAT42285.1 2009) D
Bombyx mori AAP50847.1
77 Takifugu rubripes NP 001072052.1 ’
100 i Lates calcarifer ABV59077.1 ’
Danio rerio CAK11131.1
100 Gallus gallus NP 990508.1 ( >
o7 Rattus norvegicus AAH62032.1 2006 ,2012)
P 100 Homo sapiens AAA51922.1 D
0.05 £Sus scrofa AAY42144.1 (Lecaille
3 MEGA 4.0 CatD NJ etal, 2002) D

Fig.3 NJ phylogenetic tree based on CatD amino acid sequences by MEGA 4.0
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E. carinicauda SINLIRRRWE .} 100
P. monodon VLLLLALVALACADEL AVKVVHREWE . NE 100
H. americanus  «.vvvun MR.HLIFLVIVALATA.EL AVTRAHREWE .} 99
B. mori KISLEFLALIASSVM.AL ELELLRLKYD.V 101
A. mellifera .MFEAILCECAFIAIANA.LDV EIYQTHIFQE.DL 100
A. aegypti .MLIRSIIALVCLAVLAGAD. .EV EIXQLRLEKYNAVSGEY 103
A. germari .MSRLFLMSVECVFITVNCE..L HVGQVRERYE . VGEEA 102
D. melanogaster ~MQEVALLLVAFLAAAVAHPNSQEXPGLL ELQQLRIRYE. .GELY] 108
Consensus t
E. carinicauda v 209
P. monodon VN 209
H. americanus VE 208
B. mori v 209
A. mellifera VE 209
A. aegypti EX 212
A. germari I 212
D. melanogaster gy 217
Consensus sgslsg lstd v .
E. carinicauda ¥ !mvsvnnz 319
P. monodon 319
H. americanus 318
B. mori 317
A. mellifera 318
A. aegypti 320
A. germari 319
D. melanogaster 325
Consensus
E. carinicauda 385
P. monodon 385
H. americanus 384
B. mori 383
A. mellifera 384
A. aegypti 366
A. germari 385
D. melanogaster 391
Consensus
4 EcCatD CatD
Fig.4 Amino acid sequences alignment of E. carinicauda EcCatD with other species’ CatD
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Fig.7 Expression of EcCatD gene in E. carinicauda hepato- > 48h >
pancreas after V. anguillarum and WSSV injection Jia (2009)
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CLONING AND EXPRESSION OF CATHEPSIN D GENE IN
EXOPALAEMON CARINICAUDA

DUAN Ya-Fei"?, LIU Ping', LIJi-Tao', LIJian', CHEN Ping',
GAO Bao-Quan', XU Wen-Fei"®, WANG You-Kun'?

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao, 266071; 2. Ocean University of Shanghai,
Shanghai, 201306; 3. Ocean University of Dalian, Dalian, 116023)

Abstract The cathepsin D gene (CatD) of Exopalaemon carinicauda was first cloned using RACE method, which was
named EcCatD. The full length cDNA sequence of CatD is 1853 bp, which contains a 120 bp 5’-UTR (untranslated region),
572 bp 3’-UTR, and 1161 bp open reading frame (ORF) that encodes 386 amnio-acid polypeptides, which has the isoelec-
tric point (pI) of 7.54 and molecular mass of 42.36 kDa. Blast analysis revealed that the dentifies of EcCatD with other
crustacean species were over 80%, such as Penaeus monodon 86% and Homarus americanus 80%, indicating that this
protein was one of cathepsin D CatD family members. The phylogenetic analysis using neighbor-joining based on amino
acid sequences showed that E. carinicauda EcCatD was in the same category as CatD of P. monodon and H. americanus.
The expression level of EcCatD gene in different tissues were analyzed by quantitative Real-time PCR, the results showed
that the highest expression level of EcCatD gene was in hemocytes, and the hepatopancreas was the second. Real-time PCR
analysis showed that the expression level of EcCatD was up-regulated distinctly in the hemocytes and hepatopanereas of E.
carinicauda after challenged by Vibrio anguillarum and white spot syndrome virus (WSSV). EcCatD showed different
expression profiles in the hemocytes and hepatopancreas during V. anguillarum or WSSV virus infection. The results im-
plied that EcCatD might play an important role in the prawn immune system.

Key words Exopalaemon carinicauda,

Cathepsin D;  Gene cloning; Expression



