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Abstract To clone the ASP4 gene fromAncylostoma ceylanicum (Ace-ASP4) and evaluate the immune
protective effect induced by its reconbinant protein in mice, the ASP4 gene sequence was firstly amplified,
and the amino acid sequence of its enconded protein was subjected to bioinformatics analysis. The
recombinat protein was then expressed in prokaryotic cells to immunize mice. The proliferatin abilitily of
mouse spleen lymphocyte proliferation ability and serum IgG, IgG1 and IgG2a antibody levels were
detected using CCK-8 and indirect ELISA methods, respectively. In addition, the levels of IFN-vy, IL-2, IL-4
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and IL-10 in the serum of mice after the first immunization were also detected. Finally, after three
immunizations, the L3 larvae were orally infected at 500 larvae per mouse 48 h later. The number of larvae
in the lungs, gastrointestinal tract, and muscles were counted 48 h post-infection, and the reduction rate
was calculated to evaluate its immunoprotective effect. The results showed that: 1) The ORF of Ace-ASP4
gene was 750 bp long, encoding 249 amino acids. Bioinformatics analysis showed that Ace-ASP4 encoded
a hydrophilic protein with a signal peptide sequence and no transmembrane structure, and its three-
dimensional structure model had a good quality with a GMQE value of 0.9. 2) The molecular weight of Ace-
ASP4 protein was 27 ku, and it could be expressed both in the supernatant and precipitate, but mainly
enriched in the formed of inclusion bodies in the precipitate and had good immunoreactivity. 3) The Ace-
ASP4 recombinant protein can induce significant increase of IgG, 1gG1 and IgG2a antibodies in immunized
mice and promote the proliferation of spleen lymphocytes in immunized mice (P<<0.001). Compared with
the PBS control group, levels of IFN-y, IL-2, IL-4 and IL-10 in mice immunized with Ace-ASP4 recombinant
protein on the 35" day after the first immunization were significantly increased (P<C0.05). 4) After
challenge, compared with mice immunized with PBS, mice immunized with 50 pg/mL of recombinant
protein achieved a 52% reduction rate in the lungs, a 46% reduction rate in the gastrointestinal tract, and a
61% reduction rate in the muscles. In conclusion, Ace-ASP4 protein was successfully expressed, and can
induce strong immune response in immunized mice, which lays a foundation for further study of the

biological function of ASP4 gene and provides reference data for the development of A. ceylanicum vaccine.

Keywords Ancylostoma ceylanicum; ASP4 gene; prokaryotic expression; immune protection effect
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Fig. 1 PCR amplification of ASP4 gene
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Table 1 Amino acid composition of ASP4 protein in Ancylostoma ceylonensis
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(a)Hydrophilic analysis of ASP4 protein; (b)Analysis of ASP4 protein signal peptide ; (¢)Prediction of ASP4 protein transmembrane region; (d)

Prediction of tertiary structure of ASP4 protein.
2 ASPAZEAMEMERFNM
Fig. 2 Bioinformatics analysis of ASP4 protein
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(a) Ace-ASP4 [ J5UR% F 3k 74 s M« 2K 1T 20 1 IR bR 5 1: BL21-pET-28a-ASP4 %5 S 1 1 14 5 2: BL21-pET-28a-ASP4 % & J5 UL ¥ 5 3: BL21-
pET-28a-ASP4 1% S Ji L7 ;4: BL21-pET-28a-ASP4 AL & % T 2 mol/ L JR # ;5: BL21- pET-28a-ASP4 4 I & % T 4 mol/ L JR % ;6:BL21-
pET-28a-ASP4 AL PR % T 8 mol/ L R K ;7 4l Ak VLG 1 ASP4AZE 1. (b) Ace-ASP4 5485 2% 4y AU BH A i 75 A1 R BT His 45 25 PAPTAY Western
blot 45 5 s M« 2 1143 F 0 bR 5 1: ASP4 2K 1445 ekt B2 R I35 A9 R 5 2 : ASPA 3 1 5 J8% e K R P 1L 375 A9 BB 5 3: ASP4 4K 14 34 : pET-28a 25 1k

75T

(a) SDS-PAGE result of Ace-ASP4 prokaryotic expression products; M: Protein molecular quality standards; 1: BL21-pET-28a-ASP4
preinduction thallus; 2: BL21-pET-28a-ASP4 induced precipitation; 3: BL21-pET-28a-ASP4 induced supernatant; 4: The BL21-pET-28a-ASP4
inclusion body is soluble in 2 mol/ L urea; 5: The BL21-pET-28a-ASP4 inclusion body is soluble in 4 mol/ L urea; 6: The BL21-pET-28a-ASP4
inclusion body is soluble in 8 mol/ L urea; 7: ASP4 protein after purification. (h) Western blot results of Ace-ASP4 with positive Ancylostoma

ceylanicum dog serum and mouse anti-His label monoclonal antibody; M: Protein molecular quality standards; 1: Reaction of ASP4 protein with

healthy dog serum: 2: Reaction of ASP4 protein with positive serum of infected dogs; 3: ASP4 protein; 4: pET-28a empty carrier induced

product.

3 Ace-ASP4EAWIFRIE .41k K Western blot £ &

Fig. 3 Identification, expression and purification of Ace=ASP4 recombinant plasmid and results of rASP4 Western blot analysis
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Fig.4 Results of splenic lymphocyte proliferation test in

immune mice The same below.
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Table 2 Immune protection induced by rASP4 in BLAB/c mice
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