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Cloning and Expression of D-like Aspartic Protease of Anisakis simplex
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[Abstract]  Objective  To clone and express the full length of D-like aspartic protease gene (AsAP) of the third
stage larvae of Anisakis simplex. ~ Methods According to the partial information of D-like aspartic protease encoding
gene of A. simplex from GenBank, specific primers were designed to amplify 3’end and 5" end of AsAP gene using rapid
amplification of ¢cDNA ends (RACE), and the full length of the D-like aspartic protease gene was obtained. Using total
RNA of the third-stage larvae of A. simplex, coding sequence of the AsAP gene was amplified by reverse transcription-
PCR (RT-PCR). The PCR product was digested by KcoR  and Sal , and cloned into pET32 vector. The recombinant
plasmid was checked by double enzyme digestion and sequencing, and the positive recombinant plasmid was transformed
into K. coli BL21 (DE3). Expression of the protein induced by IPTG under gradient concentration and different time was
conducted. Result A 1753 bp full length of AsAP was obtained, which contained 30 bp 5'UTR, 361 bp 3'UTR and a
1 362 bp open reading frame (ORF) encoding 453 amino acids with a predicted molecular mass of M, 50 726. It showed
65% identity with the D-like aspartic protease of Ancylostoma ceylanicum. The predicted amino acid sequence contains
two conserved catalytic motif, an active site flap, an S2 subsite and an S3 subsite. A 20 amino acids signal peptide was
found in the N-terminus, with significant hydrophobic property. Different concentration of the IPTG (0.2 ~1.6 mmol/L)
showed little effect on the expression, and the production of the protein was up to maximum after 2 hours induction.
Conclusion The AsAP gene has been cloned and expressed.

[Key words] Anisakis simplex D-like aspartic protease Cloning Prokaryotic expression

Supported by the National Natural Science Foundation of China (No. 81171595) and the Natural Science Fund of Fujian Province (No.
2010J01229).

*  Corresponding author, E-mail: dmluo@xmu.edu.cn

(Anisakis simplex) (Ls) a2y
: (No. 81171595) ; 21.3% L%,
(No.2010J01229) L
3
: s 361005

, E-mail; dmluo@xmu.edu.cn Ls



IgE “s) ,

(Caenorhabditis elegans ) |

(Schistosoma japonicum)™ | (Ancylostoma
Jap Vi

10,11]

caninum) ™’ | (Necator americanus)*

(Meloidogyne incognita)"*

[7,10,11,13]

s

Ls. (E. colt) BL21 (DE3) DHS5«a

RNA (RNAprep pure Tissue) |
(TIANprep Mini Plasmid Kit)
(2xTaqg Plus PCR MasterMix)

( ) s Tag . Sal . EcoR | 3’
cDNA (RACE) (3’-Full RACE
Core Set Ver 2.0) . ¢cDNA (1st Strand
c¢DNA Synthesis Kit), DNA T,

( ) ;
( )

2xTaq

(SDS) .,
. (Tris) |
N,N,N" ,N’- (TEMED) ,
(EZ-10 Spin Column DNA Gel Extraction Kit)

( ) . PCR

Thermal Cycler) ,
RAD) , (DYY-8C)

, (SE 250) o

(C1000™
(BIO-

3 L; AsAP
GenBank EST
(EHO005287) , AsAP-F. 5'-GGAGACAT-
CACCTGCTAAA-3", AsAP-R: 5'- TGAGGAGGAGTT-
CCAATC-3", 5 L; RNA;
55ul RNA, 3'RACE ;
4ul  AsAP-F  3'RACE (5'-TACCGTCGT-

Chin J Parasitol Parasit Dis Aug. 2012, Vol. 30, No. 4 . 295 -
TCCACTAGTGATTT-3") 1.5 pl, 25 pl 2x
Taq , 50 ls : 95°C
5min; 95°C 30s, 54 °C 30s, 72 °C 1 min, 40
; 72 °C 7 min, 435l RNA  5'RACE
, 08l  AsAP-R  5RACE
(5"-CATGGCTACATGCTGACAGCCTA-3")
0.5 pl, 7.5 pl 2xTag , ddH,0
15 pl, 72°C 40s, 35 ,
o 1 PCR (1:100)
, AsAP-F 3'RACE (5" -CGCGGA-

TCCTCCACTAGTGATTTCACTATAGG-3"); AsAP-R

5'RACE (5'-CGCGGATCCACAGCCTACTGAT-
GATCAGTCGATG-3") 2  PCR,
o PCR N N
pMD18-T o
(DNAMAN) 3" 5'RACE
AsAP o
4 L; AsAP
(http://www.
ncbi.nlm.nih.gov/gorf/gorf.html ) , SignalP 3.0
° BLASTP
, Clustal W2
http://www.ncbinlm.nih.gov/sites/ http://www.expasy.org/

prosite/ , Swiss-Model

) o

5 pET32a-AsAP
AsAP
(ExAsAP-F) . 5 -CCGGAATTCAGAAGCCGTCGTGTC-
CAT-3', (ExAsAP-R): 5'-ACGCGTCGACC-
TATCAAGCGTCACTCCG-3', , RNA,
c¢DNA, c¢DNA 5 pl, S5pl 10 x

, 8l (dNTP, 2.5 mmol/L) ,
ExAsAP-F ExAsAP-R (10 mmol/L) 4 pl, 1 pl
Taq (5U/ul), 6 pl MgCl, (25 mmol/L)

50 wl, : 95°C 5min; 95°C 30s, 57 °C
30s, 72%C 30s, 35 ; 72 °C 7 min, PCR
42 pl. 10 x H 5pl. EcoR  Sd
2 ul, . 37C 3h; 16 pl pET32a
. 10xH 2ul. EcoR  Sa 1,
, 37°C 3 h, 1% ,
o 14 pl PCR L2l
pET32a(+) . 2pl T, L2l 10x



« 206 - 2012 8 30 4 Chin J Parasitol Parasit Dis Aug. 2012, Vol. 30, No. 4
, 16 C o E. coli AsAP 30bp 5'UTR  361bp 3'UTR,
DH5a . 1B 453 .20 . BLASTP
pET32a (+)-AsAP E. coli BI21 (DE3), D- ,
LB o (Ancylostoma ceylanicum)
65% , 123 ~134
6 (VIFDTGSSNLWYV) 310~321  (AIADTGTSLIAG)
, 37°C , LB , )
N (A 600 ) 06 ~08 o 9 1 ’
, 2 ml , 0. 167~178 (QIQYGTGSMKG) 11
02, 04, 06, 08, 1.0, 1.2, 1.4 1.6 mmol/L ° 107 (Q107)
-B-D- (IPTG), 37 °C 180 r/min S3 s 389~391 (MGI) S2
4 h, 1 ml , 12 000xg o , 2
1 min, 50 wl 1 x SDS , B- 2
, 5 min, 12% - ( ); 11
(SDS-PAGE) L 50 ml B- (2.
, IPTG 1.0 mmol/L., 37°C 180 1/
min , 05h 1ml , 8
SDS-PAGE o
1 RACE
PCR , 3’'RACE 1 500 bp
200~300 bp . 5'RACE
350‘ 200 100 bp ( l)o 1500 bp 1. Catalytic motif; 2: Active site flap; 3:
350 bp ) 1511 bp Catalytic residue.
386 bp, 3’ A o DNAMAN 3’ 2 D-
Fig.2 3D structure of the D-like aspartic protease
RACE  5'RACE , 1753 bp
AsAP , GenBank ,
GU073453, 3 pET32a(+)-AsAP
EcoR Sal pET32a,
2 AsAP , E. coli DH5«, , EcoR
Sal 2 , 1 6 000 bp, 1
b
o bp 1300bp ( 3), :
1400 o
1 000 1 000
800 800
600
500 4
400
200 SDS-PAGE : IPTG (0.2~
200 200 1.6 mmol/L) ,
100 (M,) 60000 (4,
M1: DNA (200bp); 1: 3’'RACE PCR ; M2: DNA , o
(100bp); 2: S'RACE PCR , 1.0 mmol/L. TPTG 2h, ( 5).
M1: DNA marker (200 bp), 1: PCR products of 3'RACE; M2: DNA
marker (100bp), 2: PCR products of 5'RACE.
1 AsAP 3’'RACE  5'RACE PCR
Fig.1 Electrophoresis of AsAP gene 3’'RACE and
5'"RACE PCR products /



2012 8 30 4 Chin J Parasitol Parasit Dis Aug. 2012, Vol. 30, No. 4 « 207 .

D- s
10 000 N N
5000
3000 © ’ D-
2000 2000 [11,13]
1600 °
1000 1200 (Opisthorchis viverrini)
1000
800
[22]
2 o
M1, M2: DNA ; 1 pET32a(+)-AsAP .
M1, M2: DNA marker; 1: pET32a(+)AsAP digested by EcoR  and Sal . ©
3 pET32a(+)-AsAP
Fig. 3 Identification of pET32a(+)-AsAP by restriction endonuclease
b
[23]
o 9’ ’
M, M 1 2 3 4 5 6 7 8 9
o
97 400
66 200 D- N 20
43 000 ,
o ) D'
31000
b
20 100 - ) o
M: ; 1~9: 0,02, 04, 06, 08, 1.0, 1.2, 14 ’ ’
1.6 mmol/L. IPTG o
M: Protein Marker; 1-9: Induced with 0, 0.2, 04, 0.6, 08, 1.0, . S3 (107)
1.2, 14, and 1.6 mmol/L. IPTG respectively.
4 IPTG SDS-PAGE ’ o 82
Fig.4 SDS-PAGE analysis of the recombinant protein induced (389~391) Met—Gly—ﬂe 3
with different concentration of IPTG .
, , (Drosophila
melanogaster) (Danio rerio)  Met-Gly-Leu;
Met-Gly-Met,
M,
97 400 [le-Gly-Met, Ser-Gly-Leu, S2
66 200 s
43 000 18]
(o}
31000
20100 [ 1] Moneo I, Caballero ML. Anisakis simplex larvae release allergens
during a short incubation in diluted acid which can be used for
M. 3 1~8: lImmol/L. IPTG 0. 05, 1.0, 1.5, 20, clinical diagnosis[J]. Alergol Immunol Clin, 2002, 17(4). 201-
25,30 35h, 207.
M: Protein marker; 1-8: After 0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, and [2] Farjallah S, Slimane BB, Busi M, et al. Occurrence and molecular
3.5h induction with 1 mmol/LL IPTG respectively. identification of Anisakis spp. from the north African coasts of
5 SDS-PAGE Mediterranean sea [J]. Parasitol Res, 2008, 102(3). 371-379.
Fig.5 SDS-PAGE analysis of the recombinant protein [3] Luo DM, Fang WZ. Study on infestation and dynamic of anisak-
expression at different time iasis pathogen in marine fishes from Taiwan Strait [J]. ]
Oceanography Taiwan Strait, 2000, 19(2): 218-222.
( . .
[J1. , 2000, 19(2): 218-222.)
IgE s [ 4] Rodriguez-Mahillo Al, Gonzalez-Munoz M, Gomez-Aguado F, et
al. Cloning and characterisation of the Anisakis simplex allergen
© Anis4 as a cysteine-protease inhibitor [J]. Int J Parasitol, 2007,
C Anis 1145 37(8/9): 907-917.
. (6] . 7] [5] Scala E, Giani M, Pirota L, et al. Occupational generalised urti-
Anis 2%, Anis 377, caria and allergic airborne asthma due to Anisakis simplex [J].
Ani s 448 SXP/RAL-2 Ani s 517, Eur J Dermatol, 2001, 11(3): 249-250.
. Q[1920] N - £019] [ 6 ] Rodriguez-Perez R, Moneo 1, Rodriguez-Mahillo A, et al. Cloning
Anis8 Anis9%, Anis6 ™, and expression of Anis9, a new Anisakis simplex allergen [J].
Anis 72, Mol Biochem Parasitol, 2008, 159(2): 92-97.

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



- 298 -

2012 8 30 4

Chin J Parasitol Parasit Dis Aug. 2012, Vol. 30, No. 4

[7]

Samara C, Tavernarakis N. Calcium-dependent and aspartyl protea-
ses in neurodegeneration and ageing in C. elegans[J]. Ageing Res

characterization of an IgE-reactive protein from Anisakis simplex:

Anis 1[J]. Mol Biochem Parasitol, 2000, 107(2): 263-268.

Rev, 2003, 2(4). 451-471. [16] Pérez-Pérez J, Fernandez-Caldas E, Maraiion F, et al. Molecular

[ 8] Becker MM, Harrop SA, Dalton JP, et al. Cloning and charac- cloning of paramyosin, a new allergen of Anisakis simplex[J]. Int
terization of the Schistosoma japonicum aspartic proteinase involved Arch Allergy Immunol, 2000, 123(2): 120-129.
in hemoglobin degradation [J]. J Biol Chem, 1995, 270 (41): [17] Asturias JA, Eraso E, Martinez A. Cloning and high level expr-
24496-24501. ession in Escherichia coli of an Anisakis simplex tropomyosin

[9] Yang YR, Wei H, Qin Weiwen, et al. Expression and charact- isoform [J]. Mol Biochem Parasitol, 2000, 108(2): 263-267.
erization of aspartic protease gene in eggs and larvae stage of [18] Moneo I, Caballero ML, Gonzalez-Munoz M, et al. Isolation of a
Ancylostoma caninum [J]. Parasitol Res, 2009, 104(6): 327- heat resistant allergen from the fish parasite Anisakis simplex [J].
1333. Parasitol Res, 2005, 96(5): 285-289.

[10] Brown A, Girod N, Billett EE, et al. Necator americanus (human [19] Kobayashi Y, Ishizaki S, Shimakura K, et al. Molecular cloning
hookworm)  aspartyl proteinases and digestion of skin macro- and expression of two new allergens from Anisakis simplex [J].
molecules during skin penetration [J].  Am J Trop Med Hyg, Parasitol Res, 2007, 100(6): 1233-1241.

1999, 60(5): 840-847. [20] Kobayashi Y, Shimakura K, Ishizaki S, et al. Purification and

[11] Willamson AL, Bridley PJ, Loukas A. Hookworm cathepsin D ¢DNA cloning of a new heat-stable allergen from Anisakis simplex
aspartic proteases: contributing roles in the host-specific degradation [J]. Mol Biochem Parasitol, 2007, 155(2). 138-145.
of serum proteins and skin macromolecules[J]. Parasitology, 2003, [21] Puente P, Anadon AM, Rodero M, et al. Anisakis simplex: The
126(2): 179-185. high prevalence in Madrid (Spain) and its relation with fish

[12] da Rocha Fragoso R, Lourenco IT, Nogueira Batista JA, et dal. consumption [J]. Exp Parasitol, 2008, 118(2): 271-274.
Meloidogyne ingognita: Molecular cloning and characterization of a [22] Suttiprapa S, Mulvenna J, Huong TN, et al. Ov-APR-1, an
¢DNA encoding a cathepsin D-like aspartic proteinase [J]. Exp aspartic protease from the carcinogenic liver fluke, Opisthorchis
Parasitol, 2009, 121(2): 115-123. viverrini:  Functional expression, immunolocalization and subsite

[13] Brindley PJ, Kalinna BH, Wong JYM, et al. Proteolysis of specificity[J]. Int J Biochem Cell Biol, 2009, 41(5): 1148-1156.
human hemoglobin by schistosome cathepsin D [J]. Mol Biochem [23] Loukas A, Bethony JM, Mendez S, et al. Vaccination with recom-
Parasitol, 2001, 112(1): 103-112. binant aspartic hemoglobinase reduces parasite load and blood

[14] Moneo I, Caballero ML, Gomez F, et al Isolation and characteriza- loss after hookworm infection in dogs [J]. PLoS Med, 2005, 2(10):
tion of a major allergen from the fish parasite Anisakis simplex 1008-1017.

[J1. J Allergy Clin Immunol, 2000, 106(1): 177-82. ( . 2012-02-29 : s )

[15] Arrieta I, del Barrio M, Vidarte L, et al. Molecular cloning and

:1000-7423(2012)-04-0298-03 [ ]
’ ’
[ ] 2010 1~6 179 N
. , IgG , .
) ° ) IgG
51.4% (92/179), .
30.7% (55/179) . 44.7% (80/179) 69.8% (125/179), s
( P<0.05), .
( )
. R532.23 : B
Detection of Clonorchis sinensis Eggs in the Ground
Gallbladder Stones by Microscopy
MA Rui-hong, QIAO Tie", LUO Xiao-bing
(The Second People’'s Hospital of Panyu District; Institute of Gallbladder Diseases, National Hepatobiliary
and Enteric Surgery Research Center of MOH ; Gallbladder Diseases Institute of Panyu District, Guangzhou
511470, China)
, s s 511470
* , E-mail: fqj1958@163.com



