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Abstract

Fip-gts, a fungal immunomodulatory protein isolated from Ganoderma tsugae, has been reported to possess therapeutic effects in the treatment of cancer and autoimmune disease.  To cost-effectively produce Fip-gts and bypass the bottleneck involved in the time-consuming purification of Fip-gts from Ganoderma tsugae.  Thus, we intended to incorporate the SPbbx secretion signal to recombinant baculovirus to express glycosylated and bioactive rFip-gts in baculovirus-infected insect cells and Trichoplusia ni larva.  In this study is the first in which employed the aerosol infecting T. ni larva with recombinant baculovirus for economical and high-level production of foreign protein.  Results showed that the total amount of rFip-gts obtained from a single larva was approximately 0.125 mg; an equivalent amount would be produced by 4.85 x107 infected Sf21 insect cells.  In addition, the rFip-gts purified from Trichoplusia ni larva can induce the expression of the IL-2 in murine splenocytes reach a level that similar to LZ-8 (a known potent immunomodulatory protein purified from Ling zhi, Ganoderma lucidum).  Thus, our results demonstrated that the larva-based baculovirus expression system can successfully expressed rFip-gts with the assembling capability required for maintain immunomodulatory and anticancer activity.  This approach will open a new avenue for the production of rFip-gts and facilitate the immunoregulatory activity of rFip-gts becomes available in the future.
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Introduction
Fungal immunomodulatory proteins (Fips), a glycoprotein family identified in Lingzhi which isolated from Ganoderma lucidum (G. lucidum), Flammulina veltipes (F. veltipes), Antrodia camphorata (A. camphorata )and Ganoderma tsugae (G. tsugae), termed Ling zhi -8, Fip-fve, Fip-vvo, Fip-aca and Fip-gts, respectively [1-5].  Among of these Fips, Ling Zhi-8 (LZ-8) is a known potent immunomodulatory protein for anticancer and as a potential adjuvant for cancer DNA vaccine [6-10].  It has been reported that Fip-gts and LZ-8 exhibit a high identical in their amino acid sequences, composed of 110 amino acid residues, which significantly similar to the VH region of immunoglobulin in both amino acid sequence and secondary structure [5,11].  Fip-gts is the more efficiently mitogen for human peripheral blood lymphocytes (hPBLs) than Fip-fve or Fip-vvo [3].  In addition, Fip-gts can induce macrophages and T lymphocytes to produce interleukin 2 and tumor necrosis factor-α [12-15], and significantly inhibit the proliferation and invasion of tumor cells [16-18].  As aforementioned, Fip-gts has the potential to use in the therapeutic treatment of tumors and autoimmune diseases.  However, it is a large hindrance for biomedical application because the extraction and purification of Fip-gts from G. tsugae is complicated, costly and time-consuming.  It is well known that G. tsugae is very expensive food.  Moreover, the quality and quantity of purified Fip-gts is usually dependent on the cultivation process [19].  Obviously, how to provide a stable supply of highly bioactive Fip-gts for biomedical application with the improvement of its production process at the same time is an important issue since Fip-gts is lack of glycosylation when functionally expressed in E. coli as found in literature [5] and expressed in insect cells by our previous study [20].  It is well known that E. coli could not suitable for the biomedical application because the endotoxin will contain in the protein preparation.  Since, baculovirus is not infectious to vertebrates and does not produce pathogenic or toxic compounds in humans; it thus offers an ideal and safe system for the expression of therapeutic or medicinal proteins [21, 22].  Thus, we try to incorporate the SPbbx signal sequence to recombinant baculovirus to express glycosylated, properly folded, and bioactive rFip-gts.  Furthermore, we examined whether insect larva, Trichoplusia ni (T. ni), could act as a cost-effective alternative to insect cell culture for the production of rFip-gts in this study.  As reported, the larva-based baculovirus expression system is more economical for expressing foreign proteins than insect cells culture [23, 24].  On the other side, the post-translational modifications of foreign proteins are more similar of the native protein when expressed in larva than when expressed in insect culture [25, 26].  In addition, we have developed a novelty and efficient aerosol inoculation for baculovirus-infected T. ni larva in our recently report [27].  In this study is the first in which employed the aerosol infecting T. ni larva with recombinant baculovirus for economical and high-level production of foreign protein.  The immunomodulatory activity of rFip-gts was evaluated by measuring the induction of interleukin 2 released from murine splenocytes.

Materials and methods

Insect cells and larvae

The insect cell line used in this study was Sf21 (Invitrogen, USA), which was originally isolated from the ovarian tissue of Spodoptera frugiperda (fall armyworm). The cells were routinely cultured at 26 (C in TNM-FH basal medium (Sigma, USA) and supplemented with 10% fetal bovine serum (FBS, Hyclone) [24]. The Sf21 cells were passaged 2 times weekly, and fresh media was provided every 2 days. The insect larvae used were Trichoplusia ni Hubner (cabbage lopper) reared on an artificial diet in an incubator maintained at 25±1 (C, 12 h light/12 h dark, and 65±5% humidity. In this study, the fourth instar larvae were used for infection and expression of rFip-gts. 
Generation of recombinant baculovirus 

The recombinant baculovirus vAcP10Gts was generated from the pAcP10Gts plasmid containing the Fip-gts gene fused with an additional 6His tag at the carboxyl terminus by the P10 promoter of transfer vector pAcUW21 (PharMingen, San Diego, CA) as our previous study [20] (Fig. 1 upper panel). On the other side, for expression of the glycosylated rFip-gts protein, a pAcP10SPbbxGts plasmid was constructed. First, an 81-bp nucleotide sequence encoding a 19-amino-acid SPbbx signal peptide and four N-terminal amino acids from the neuropeptide bombyxin [28] (GenBank accession no. D00340) containing BglII / BglII restriction sites was synthesized by Bio-Basic (Canada). After treatment with endonuclease BglII, the SPbbx DNA fragment was ligated to the BglII-digested pAcP10Gts to generate the recombinant plasmid pAcP10SPbbxGts (the SPbbx signal peptide in frame fusion with Fip-gts). A schematic presentation is shown in Fig. 1 lower panel. The resulting plasmid, pAcP10SPbbxGts, was confirmed by restriction enzyme analysis and automated sequencing. The recombinant baculovirus vAcP10SPbbxGts was generated from Sf21 insect cells by co-transfection with plasmid pAcP10SPbbxGts DNA and linearized AcRP23.LacZ DNA (PharMingen), as suggested by the manufacturers. A single recombinant baculovirus was selected after three rounds of plaque assay. The recombinant baculovirus was propagated in Sf21 cells, and plaque titration of the virus was determined according to the standard protocol described by O’Reilly et al. [24]. 

Expression of rFip-gts in the Sf-21cells 

The cells were infected with the recombinant baculoviruses vAcP10Gts and vAcP10SPbbxGts at multiplicities of infection (m.o.i) of 5 per 72 h. The infected cells were harvested and homogenized in lysis buffer containing 500 mM NaCl, 20 mM Tris-HCl pH 8.0, 1% NP-40, and a protease inhibitor cocktail (Sigma, USA), then sonicated with a 3 mm-diameter probe in an ultrasonic processor GE 601 for 6 ( 30 s. The culture supernatant was clarified by centrifugation at 10,000 ( g for 15 min at 4 (C and was then filtered with a 0.22-mm filter membrane. Sample identity was analyzed by SDS-PAGE, glycoprotein staining, and western blot with anti-His antibodies, as described below.
SDS-PAGE, glycoprotein staining, and western blot analyses

The soluble protein was quantified using a protein assay kit (Bio-Rad Lab., Hercules, CA) with bovine serum albumin (BSA) as a standard. Samples were prepared by mixing 15-μl aliquots with an equal volume of 2 ( sample buffer, and all samples were boiled for 5 min and stored at 4 (C prior to electrophoresis. SDS-PAGE was conducted in 15% polyacrylamide gel and visualized by staining with Coomassie brilliant blue G250. For glycoprotein staining, proteins were resolved in SDS-PAGE and then stained according to the description of the manufacturers of the Gelcode( glycoprotein staining kit (Pierce, USA). For western blot analysis, proteins resolved in SDS-PAGE were transferred to a PVDF membrane (PerkinElmer, Wellesley, USA) in a Bio-Rad Trans-Blot system according to the manufacturer’s instructions. The membrane was subjected to immunodetection using a polyclonal mouse anti-His IgG (GE Healthcare, NY, USA) (1:500) and goat anti-mouse IgG-horseradish peroxidase (Jackson ImmunoResearch Lab., PA, USA) (1:1000) as primary and secondary antibodies, respectively. The immunoblotted proteins were visualized using an enhanced chemiluminescence ECL western blotting luminal reagent (PerkinElmer, Wellesley, USA) and quantified using a Fujifilm LAS-3000 chemiluminescence detection system (Tokyo, Japan).
Production of rFip-gts in Trichoplusia ni larva
For aerosol inoculation, 30 larvae at different stages were randomly selected and confined to a 9-cm2 dish. The dish was then placed in a Potter Spray Tower (Burkard Manufacturing) with a 0.7-mm liquid jet that generated 5.5x 104 Pa (8 lb/in2) of jet propulsion to administer a 1-mL solution containing vAcP10SPbbxGts (titers 1x109 pfu/mL). Following aerosol spray, these larvae were placed into separate cages and reared in a 25±1°C incubator; an artificial diet was provided during the experimental period [29]. After aerosol infection, the larvae were regularly fed a fresh, uncontaminated diet. The infected larvae were collected at regular intervals of 48, 72, and 96 h post-infection and frozen at –20 °C until use. Frozen insect larvae were homogenized using an extraction buffer containing phosphate-buffered saline (PBS), pH 7.2, 0.01% Triton X-100, 2.5 mM dithiothreitol, 10 mM β-mercaptoethanol, and a protease inhibitor cocktail (Sigma, USA). The homogenate was centrifuged at 10,000 ( g for 15 min at 4 (C, and the supernatant was further clarified using a 0.22-mm filter membrane. The total soluble proteins were obtained from infected larvae and were lyophilized in a freeze-dryer (Eyela, Tokyo, Japan), then stored at 4 °C. Sample identity was determined by SDS-PAGE, glycoprotein staining, and western blot analyses.
Purification of rFip-gts 
6His-tagged rFip-gts was purified using a Ni-NTA affinity column under native conditions. All purification steps were carried out at 4 (C. Infected Sf21 cell culture supernatant and infected larvae extracts containing rFip-gts were dialyzed by native binding buffer (50 mM NaPO4, 0.5 M NaCl, pH 8.0). The dialyzed supernatant was combined with 5 ml of 50% Ni-NTA slurry (Novagen, Darmstadt, Germany) in binding buffer and incubated with agitation overnight. The slurry was poured into a His-bind quick column and drained. The column was then washed with 10 volumes of lysis buffer and 6 volumes of wash buffer (500 mM NaCl, 20 mM Tris-HCl, and 60 mM imidazole, pH 7.9) and eluted with native elution buffer (binding buffer plus 250 mM imidazole). Purified samples containing rFip-gts were verified by SDS-PAGE, glycoprotein staining, and western blot analyses. The purified rFip-gts samples from infected cell culture supernatant and from infected larvae were quantitatively analyzed by scanning and digitizing the immunoblotting membrane using an AlphaImager image-analyzing system (Alpha Innotech, San Leandro, CA) and the computer program AlphaImagerTM2200 version 5.5. One microgram of purified rFip-gts protein was used as a reference for calculation. Data were collected from triplicate experiments, and the resulting values were averaged and analyzed by one-way ANOVA using JMP 5.01 (JMP, a business unit of SAS, 1989-2002, by SAS Institute, Cary, CA).

MALDI-MS of rFip-gts

The expected protein band of rFip-gts resolved in SDS-PAGE was manually excised from the gel and ground into pieces. The gel pieces were washed twice with 50% acetonitrile and 10 mM NH4HCO3 for 15 min. The protein in the gel was then reduced and alkylated at 56 (C for 15 min in 10 mM dithiothreitol and 10 mM ammonium bicarbonate, followed by overnight in-gel digestion at 37 (C with 0.1 (g of TPCK-treated modified porcine trypsin (Promega, Madison, WI) in 10 mM ammonium bicarbonate. The supernatant containing the resulting tryptic peptide was combined with those extracted twice from the gel pieces by 50% acetonitrile / 5% formic acid and subjected to MALDI- MS (UltiMate 3000, Bruker Daltonics, Dionex, MA, USA) at the Biotechnology Center at China Medical University, Taiwan.

Determination of IL-2 in mouse splenocytes

The immunomodulatory activity of rFip-gts was examined via measured IL-2 released from murine splenocytes. The splenocytes of naïve mice (Balb/C; 8-10 weeks old) were isolated by the Ficoll-Hypaque method [30] and resuspended to 1 ( 107 cells/ml in RMI 1640 medium (GibcoBRL, Frederick, MD) supplemented with 10% FBS, 100 units/ml penicillin, 200 mmole/l L-glutamate, and 10 mmole/l Hepes, pH 7.3. Cells were seeded in 0.1 ml of medium into the wells (1 ( 106 cells/well) of a 96-well plate (Nunc, Rochester, NY), and 2 (g of rFip-gts in 0.1 ml of the RPMI 1640 medium was added to obtain a final rFip-gts concentration of 10 (g/ml. LZ-8 kindly provides by Dr. Jiunn-Liang ko. Commercial concanavalin A (Con A, Sigma, USA), a known T cell mitogen that induces cytokine production in lymphocytes [31] (Wermerskirchen et al. 2000), was used as a positive control at a concentration of 5 (g/ml. After incubation at 37 (C under 5% CO2 for 48 h, the splenocytes and culture supernatants were collected. The levels of IL-2 in the culture supernatants were determined using a commercial IL-2 cytokine protein array containing IL-2 murine cytokines (Biosource, Carlsbad, California) and a solid-phase enzyme-linked immunoabsorbent assay (ELISA) as described by the manufacturers. To quantify IL-2 cytokine concentrations, a serial dilution (1000, 500, 250, 125, 62.5, 31.2, and 15.6 pg/ml) of recombinant mouse IL-2 was prepared as a standard. Each well in the 96-well plate was coated with 100 (l of diluted capture antibody (biotinylated goat anti-mouse IL-2 of 1 (g/ml diluted in PBS) and incubated at room temperature for 2 h. After three wash steps, each well in the plates was developed with 100 (l of streptavidin-HRP for 20 min and then measured immediately at 450 nm using a microplate reader (TeKon Technologies, Irvine, CA).

Statistical analysis

All statistical analyses were performed and evaluated by one-way ANOVA using JMP 5.01 software (JMP, 1989-2002, by SAS Institute, Cary, CA, USA) while a P value of <0.05 was considered to be statistically significant.

Results and Discussion
Expression of rFip-gts in Sf21 cells 
To evaluate the expression of rFip-gts by baculovirus expression system, Sf21 cells were infected with recombinant virus vAcP10Gts and vAcP10SPbbxGt at m.o.i. = 5 for 72 h. As revealed in the SDS-PAGE analysis, a protein band of about ~14 kDa (the molecular mass of non-glycosylated form of rFip-gts-6His was 13.5 kDa) was detected in vAcP10Gts-infected Sf21 cells (Fig. 2a).  By contrast, an additional and clearly visible protein band of approximately 15 kDa (close to the molecular mass of the rFip-gts-6His with a SPbbx signal peptide) was found in the vAcP10SPbbxGts-infected cells on a Coomassie blue stained gel when compared with the vAcP10Gts-infected Sf21 cells (Fig. 2a).  A similar result was also observed in western blot analysis using a 6His antibody (Fig. 2b).  Moreover, it is worth noting that a band of molecular size slightly greater than the 15-kDa protein band was also detected in western blot analysis; this band was expected to be a processed and glycosylated form of the putative rFip-gts protein.  The results showed that the bombyxin signal peptide (SPbbx) to rFip-gts enabled the entry of nascent peptide chains into the endoplasmic reticulum, and then the majority of the glycosylated Fip-gts was recovered (Fig. 2).  In addition, results indicated that a molecular size ~15-kDa protein band corresponding to the molecular mass of the processed form of the putative 6His-tagged rFip-gts was detected; the characterized size is the same as native processed Fip-gts ~15 kDa in G. tsugae [5]. 

Production of rFip-gts in T. ni larvae

To examine the expression of rFip-gts in T. ni larvae, fourth instar larvae were infected of a concentration of 1x109 pfu/ml of vAcP10SPbbxGts by aerosol inoculation. As previously report, the efficacy of aerosol infection was approximately 100% in fourth instar T. ni larvae, when the virus titer was 1x109 pfu/ml [26].  In a preliminary assessment, most of the infected larva were liquefied and death at 120 h post-infection.  Total soluble proteins were collected from the infected larva at regular intervals of 48, 72, and 96 h post-infection and were subjected to western blot analysis using a 6His antibody.  As shown in Fig. 3, the putative rFip-gts protein of ~15 kDa was distinctly detected at 72 h post-infection, and the intensity further increased at 96 h post-infection.  These results show that putative rFip-gts was expressed in the infected larvae in a time-dependent manner and reached a maximum at 96 h post-infection.  In addition, two protein bands of less than 15 kDa were also detected at 96 h post-infection, probably the proteolysis products of the putative rFip-gts, which this might by the cell lysis of T. ni larva at 72-96 h post-infection.

Purification and identification of rFip-gts

The rFip-gts was further purified from the soluble extracts of vAcP10SPbbxGts-infected Sf21 cells and vAcP10SPbbxGts-infected T. ni larva by one-step of nickel-chelated affinity chromatography and was analyzed by glycoprotein staining, and LC/MS/MS.  As revealed on the glycoprotein staining, the purified rFip-gts protein of ~15 kDa was found to be glycosylated, as shown in Fig. 4a.  To further verify that purified rFip-gts in the extracts of insect cells and T. ni larva had been correctly expressed, the affinity-purified ~15-kDa protein was subjected to MALDI-MS analysis for protein identification.  In both cases, peptide fragments corresponding cumulatively to the 49 amino acid residues of Fip-gts and covering nearly half of this protein sequence were identified in the MALDI-MS analysis (Fig. 4b).  These results indicate that the affinity-purified ~15-kDa protein was in fact rFip-gts correctly expressed in Sf21 cells and T. ni larva.  The amounts of rFip-gts and total soluble protein obtained during the purification process from insect cells and T. ni larva were depicted in Table 1 and 2, respectively.  The recovery yield of the one-step Ni-NTA affinity column purification was nearly 80% in the vAcP10SPbbxGts-infected insect cells and T. ni larva.  Approximately 1 mg of obtained rFip-gts was from 3.9x108 vAcP10SPbbxGts-infected insect cells.  By contrast, about 1 mg of rFIP-gts could be obtained only from 8 infected T. ni larva, the equivalent of 0.125 mg of rFip-gts per larvae.  Thus, the rFip-gts produced in one T. ni larvae was the equivalent of rFip-gts obtainable in about 4.85 x 107 Sf21 cells.  The results suggest that it is more efficient to produce rFip-gts in T. ni larva than in insect Sf21 cells. 
Effect of rFip-gts on IL-2 release in treated murine splenocytes

Mouse splenocytes were used to examine the immunoregulatory effect of rFip-gts on IL-2 expression, an IL-2 cytokine ELISA assay system was employed with ConA as a positive control and PBS as a negative control.  To evaluate the potency of the rFip-gts produced in T.ni larva, we used the LZ-8 (2 μgl) to evaluate the rFip-gts effects on IL-2 expression. Since, LZ-8 is a potent T cell activator, capable of causing the upregulation of IL-2 expression [32, 33].  The results showed that the rFip-gts produced from vAcP10SPbbxGts-infected T. ni larva possess the same potency as LZ-8 in inducing the release of IL-2 from splenocytes (Fig. 5).  In contrast, the level of IL-2 induction resulting from the non-glycosylated rFip-gts was lower than glycosylated rFip-gts (Fig. 5).  Evidently, the glycosylated rFip-gts produced in vAcP10SPbbxGts-infected T. ni larvae possesses a higher specific immunomodulatory activity than non-glycosylated rFip-gts.  The results also indicated that the post-translation processing in rFip-gts could play an important role for enhancing and maintaining the required immunomodulatory activity of the T lymphocytes.  It is well known that polysaccharide polymers were responsible for many biological activities such as anti-inflammatory, immunostimulating, complement activation, antithrombotic function.  In addition, it has been demonstrated that the polysaccharide polymers could play a major role for pharmacokinetics and physiological functions [34].  Accordingly, it was observed by microscopy when lymphocytes of murine splenocytes treated with glycosylated rFip-gts formed obvious cellular aggregates, whereas only few cellular aggregates were observed in non-glycosylated rFip-gts (Fig. 6).  Since, the hPBL cellular aggregates are coincident with the upregulation of ICAM-1 expression and T cell proliferation [35].  Obviously, the glycosylated rFip-gts is more potent in the induction of ICAM-1 expression and T cell proliferation than unglycosylated rFip-gts.  Consequently, we suggested that glycosylated rFip-gts is a better source than that lacking glycosylated rFip-gts for evaluating its potential applications.  
Conclusions
Fip-gts, an immunomodulatory glycoprotein purified from G. tsugae, presents potent immunomodulatory effects in vivo and anticancer activity in vitro.  As aforementioned, Fip-gts will be clinically useful as an immune adjunct agent for the treatment of autoimmune diseases and cancer.  In our results showed that baculovirus-infected Trichoplusia ni larvae with aerosol inoculation actually can express and produce the active rFip-gts with the correct folding and processing required for maintains the immunomodulatory activity.  Evidently, the glycosylated rFip-gts possesses a higher specific immunomodulatory activity than lacking glycosylated rFip-gts.  Thus, a reliable scheme was developed to express and purify active glycosylated rFip-gts by this larva-based baculovirus expression system with aerosol inoculation in this study.  The results demonstrated that insect larva, Trichoplusia ni (T. ni), can act as a cost-effective alternative to insect cell culture for the production of rFip-gts.  Obviously, in this study also provide a stable and economical supply of bioactive rFip-gts for biomedical application.  In addition, the larva-based baculovirus expression system with aerosol inoculation will provide a useful and economical platform to produce various valuable foreign proteins in the future.  
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Table 1

Purification of 6His-tagged rFip-gts expressed in the vAcP10SPbbxGts-infected insect cells.

	Step
	Total protein a
(mg)
	Total rFip-gts b
(mg)
	Recovery
(%)
	Purification fold (%)

	Insect cells lysate 
	10.2
	   0.49
	    100
	     1

	Ni-NTA
	1.2
	   0.38
	     77.2
	      6.59


a 1.9 x 108 Sf21cells was used to purify rFip-gts.

b rFip-gts protein mass was determined by densitometric analysis of a western blots.

Table 2

Purification of 6His-tagged rFip-gts expressed in the vAcP10SPbbxGts-infected T.ni larva.

	Step
	Total protein a 
(mg)
	Total rFip-gts b
    (mg)
	Recovery
 (%)
	Purification fold (%)

	larva lysate 
	12.7
	   1.25
	    100
	     1

	Ni-NTA
	1.60
	   0.95
	     76.5
	      6.03


a A total of 10 larvae were inoculated and collected at 96 h post-infection and were then stirred in 10 miniliters of PBS for the purification of rFip-gts.

b rFip-gts protein mass was determined by densitometric analysis of a western blots.

Figure legends

Fig. 1. Schematic presentation of the construction of the baculovirus transfer vectors pAcP10Gts and pAcP10SPbbxGts.

The pAcP10Gts displays the N-terminal 1-6 amino acid of Fip-gts. The pAcP10 SPbbxGts displays the secretion signal sequence derived from Bombyx mori and the N-terminal 2-5 amino acid of Fip-gts. The hatched box indicates the Fip-gts gene.

Fig. 2. SDS-PAGE and western blot analysis of rFip-gts expressed in Sf21 cells. 

Sf21 cells were infected with either of the recombinant baculoviruses vAcP10Gts or vAcP10SPbbxGts at an MOI of 5 for 72 h. Crude lysate proteins (20 (g) of infected and non-infected Sf21 cells were resolved on a 15% SDS-PAGE gel (a). A duplicate gel was transferred to the PVDF membrane, and the recombinant rFip-gts was detected by western blot using an anti-His antibody (b). Lane 1, uninfected Sf21 cells; Lane 2, vAcP10Gts-infected Sf21 cells; Lane 3, vAcP10SPbbxGts-infected Sf21 cells. The positions of the putative glycosylated rFip-gts and lacking glycosylated rFip-gts proteins are represented by the solid and dashed arrows, respectively.

Fig. 3. Western blot analysis of rFip-gts expression in T. ni larvae.

      Fourth instar T. ni larvae were infected with recombinant AcMNPV vAcP10SPbbxGts by aerosol inoculation at a concentration of 1x109 pfu/ml. The infected larvae were harvested at regular intervals of 48, 72, and 96 h post-infection. The extracts of infected T. ni larvae were separated on a 15% SDS-PAGE gel. Consequently, they were subjected to immunoblot analysis with an anti-His antibody. The arrow indicates the position of the rFip-gts protein.

Fig. 4. Detection of the purification of rFip-gts. 

rFip-gts was purified by nickel-chelated affinity chromatography under native conditions. The purity of rFip-gts from SF21 cells and T. ni larvae was resolved on a 15% SDS-PAGE gel and was stained using a glycoprotein staining kit (a).  Lane 1, horseradish peroxidase used as a positive control; Lane 2, high-purity rFip-gts from vAcP10SPbbxGts-infected Sf21 insect cells; Lane 3, high-purity rFip-gts from vAcP10SPbbxGts-infected T. ni larvae. Moreover, affinity-purified rFip-gts was subjected to protein identification by MALDI-MS analysis. The peptide fragment of rFip-gts identified by MALDI-MS analysis is underlined (b). 

Fig. 5. Effects of the immunomodulatory activity of rFip-gts on the release of IL-2 cytokine from murine splenocytes.

The effects of rFip-gts on the expression of the IL-2 gene and the release of IL-2 cytokine in murine splenocytes were examined by the ELISA method. The glycosylated rFip-gts expressed in the vAcP10SPbbxGts-infected T. ni larva and the lacking glycosylated rFip-gts expressed in vAcP10Gts-infected T. ni larva were examined. In this treatment, glycosylated and non-glycosylated rFip-gts proteins (2(g, 10 (g/ml) treated with murine splenocytes. Data are expressed as relative concentrations obtained from ELISA readings under 540 nm with reference to an internal control. These data were obtained from three separate experiments and are presented as the mean ± standard deviation (S.D.), P<0.05 (statistically significant).

Fig. 6. Effects of rFip-gts on the cellular aggregation of murine splenocytes.

In this treatment, the glycosylated and non-glycosylated rFip-gts proteins (10 (g) treated with murine splenocytes for 48 h and then observed under a light microscope (Olympus type IX700). 
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