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Abstract 

Introduction: Severe intestinal infections caused by V. cholerae, ETEC and EHEC have contributed to the 

mortality rate in developing countries. Vibrio Cholera, ETEC and EHEC bacterium with the production 

of CT, LT and Stx2 toxins respectively lead to severe watery and bloody diarrhea. This study aimed to 

investigate a trimeric vaccine candidate containing recombinant chimeric protein, encapsulate the protein 

in chitosan nanoparticles and assess its immunogenicity. 

Methods: The LSC recombinant gene was used. It is composed of LTB (L), STXB (S) and CTXB (C) 

subunits respectively. The LSC recombinant protein was expressed and purified and confirmed by 

western blotting. The purified protein was encapsulated in chitosan nanoparticles, and its size was 

measured. BalB/c mice were immunized in four groups through oral and injection methods by LSC 

protein. The antibody titer was then evaluated by ELISA, and finally, the challenge test of the toxins from 

all three bacteria was done on the immunized mouse. 

Results: After expression and purification LSC protein size of nanoparticles containing protein was 

measured at 104.6 nm. Nanoparticles were able to induce systemic and mucosal immune responses by 

generating a useful titer of IgG and IgA. The challenge results with LT, CT and Stx toxins showed that 

the LSC protein might partially neutralize the effect of toxins. 

Conclusion: LSC chimeric protein with the simultaneous three essential antigens have a protective effect 

against the toxins produced by ETEC, EHEC and Vibrio cholera bacteria and it can be used in vaccines to 

prevent Diarrhea caused by these three bacteria. 

 

Keywords: Escherichia coli O157:H7, Chitosan, Nanoparticle, Chimeric protein, EHEC, ETEC.  
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1. Introduction 

Diarrhea is still a major cause of mortality in young children in developing countries with inadequate 

health facilities. Almost more than 600,000 people die of infectious diseases annually [1]. V. cholerae, 

enterotoxigenic E. coli (ETEC) and enterohemorrhagic E. coli (EHEC) are among the most important 

factors in the development of severe intestinal diseases. 

Vibrio Cholera and ETEC are among the most important pathogens producing severe watery diarrhea in 

developing countries, which have been the second cause of mortality in infants[2, 3]. EHEC also causes 

many diseases, including bloody diarrhea and Hemolytic uremic syndrome (HUS), which is considered as 

a concern for public health globally [4]. The mechanism of action of these three microorganisms is very 

structurally and functionally similar, and all of them produce heterohexamer enterotoxin (AB5), resulting 

in diarrhea [5]. The ETEC is attached to the epithelial surface of the intestine by the colonization factor 

and produces LT toxin which is heat-sensitive, and its binding subunit is LTB [6]. The enterotoxin 

produced by V. cholerae is attached to the GM1 receptor at the epithelial surface and enters the host cell 

with endocytosis [7]. E. coli O157: H7, the most common EHEC serotype, has become a high-risk and 

pathogenic subtype of E. coli due to the production of Stx enterotoxin [4]. In recent years, the provision 

of effective subunit vaccine has been considered for the treatment and prevention of infections caused by 

these bacteria [8]. Hence, various antigens from these bacteria have been a candidate for vaccine 

production. Studies have shown that the LTB as an immunogen can produces weakened by attenuated 

effect against ETEC and it is an important candidate for vaccine production [9]. On the other hand, CTB 

which is non-toxic subunit of cholera toxin and has an adjuvant effect significant candidate for the 

vaccine against Vibrio Cholera is the. It also makes it possible that antigen attaches to the GM1 receptor 

that is present in many cells, such as neurons [10]. It should be noted that the combination of two subunits 

of CT-B and LT-B  has synergistic effect and produce a more effective vaccine for diarrhea caused by 

Vibrio cholera and ETEC [11]. STXB is also an essential component in the development of the EHEC 

vaccine, as it can produce specific and neutralizing antibodies Stx toxin [12]. 

Diarrhea is the second leading cause of mortality worldwide and it is necessary to design and produce an 

effective vaccine for these diseases. Although weakened live vaccines produce strong cellular responses, 

they also present hazards, including uncontrolled disease and inflammation [13, 14]. Inactivated vaccines 

produce poorer immunity although they do not have these risks. Therefore, subunit vaccines that create 

more immunogenicity and lower risk have been considered [15]. Since orally-administered protein-based 

vaccines are confronted with the problem of enzymatic degradation, encapsulating of protein into the 

nanoparticles protect the protein and the antigen can be transported to Peyer's patches at the epithelial 

tissue [16, 17]. Chitosan (D-glucosamine and N-acetyl D-glucosamine) are the natural polymer can be 
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used for production of nanoparticle which has some advantages such as the ability to adhere to intestinal 

epithelium, biocompatibility, non-toxicity, and being antimicrobial [18-20]. Chitosan nanoparticles 

improve the permeability of the intestinal epithelium and induce more immune cellular and humoral 

responses by increasing the activity of white blood cells [21, 22]. This response is associated with 

increased fecal (SIgA) and serum (IgG, IgA) antibodies which is evaluated using the ELISA test [23]. 

Since oral vaccines affect mucosal tissue, they provide more protection by producing SIgA in the 

intestine and prevent bacterial binding to the intestinal epithelium. However, the titer level of this 

antibody is much lower than that of serum antibodies, but it plays an essential protective effect [23-25]. 

Given the fact that currently licensed vaccines against three crucial gastrointestinal pathogens such as V. 

cholerae, S. Typhi and rotavirus are available, but there is no vaccine against other intestinal pathogens, 

including ETEC, Shigella and EHEC [26, 27]. This study aimed to investigate the immunogenic effect of 

nanoparticles containing a recombinant chimeric protein that includes LT-B (L), STXB (S), and the 

CTXB (C) subunits, which correspond to three bacteria of ETEC, EHEC and V. cholerae, respectively. 

By encapsulating this protein into the chitosan nanoparticles, we expect the protein to be delivered to the 

proper site in the gastrointestinal tract without degradation and breakdown, and it induces more immunity 

at mucosal surfaces as a proper candidate for an oral vaccine. 

 

2. Materials and methods 

2.1, Materials 

Chemical agents, kits and molecular markers from Merck, Sinagen, Qiagen, IPTG from Thermo, anti-IgG 

and IgA antibodies and Chitosan companies with an average molecular weight from Sigma-Aldrich were 

prepared. 

2.2. Strains of bacteria 

E.coli DH5α containing pET28-a-LSC plasmid was prepared from the National Institute of Genetic 

Engineering and Biotechnology (Iran). The LSC gene with accession no. JX866680 (GenBank) was used 

[5]. The size of the gene cloned in the pET28-a, is 960bp and it contains the subunits of lt-b, stxB, and 

ctxB. The product of this gene is the recombinant chimeric protein of LSC. 

2.3. Transformation of pET28a-LSC into expression host 

Plasmid extraction from E.coli DH5α contaning pET28a-lsc was performed by GeNet Bio kit. The 

extracted plasmid was transformed to E. coli Bl21 (DE3) and transformation was confirmed by Colony-

PCR with T7 promoter primer (5' TAATACGACTCACTATAGGG3') and T7 terminator primer (5' 

GCTAGTTATTGCTCAGCGG3') which these primers were added 300 bp to the lsc gene.  
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2.4. Expression and purification of the LSC protein 

E. coli BL21 (DE3) containing pET28a-LSC were cultured in LB growth medium with kanamycin (50 

µg/ml) and the expression was induced by 1 mM IPTG (Isopropyl β-D-1-thiogalactopyranoside). The 

expression was investigated at different time intervals (2 hours, 14 hours) at 37 ° C and the solubility of 

the protein was determined. The recombinant protein was purified with Ni-NTA column and the protein 

concentration was estimated by Bradford method. Finally, to remove urea and other salts, LSC protein 

was dialyzed against PBS buffer (pH of 2.7) [5, 28]. 

2.5. Immunoblotting of LSC protein 

The purified protein was blotted on the PVDF membrane at 75 volts for 2 hours and was blocked by skim 

milk 5% , and then it was washed three times with TBS-T (TBS buffer plus the 0.05% Tween). HRP-

conjugated anti-His tag antibody was added with 1: 2000 dilution in TBST and it was incubated with for 

1 hour at 37 °C. After washing with TBS-T, the detection was carry out with 0.5 mM DAB (Sigma).  

2.6. Preparation of nanoparticles containing LSC protein 

The LSC protein was encapsulated in the chitosan nanoparticles by an ionic cross-linking method [29]. 

The antigen was added gradually into the chitosan solution (2 mg/ml) for 10 minutes. Then, the solution 

was completely mixed for 5 minutes, and the pH was adjusted to 5.5, and it was kept on the stirrer for 30 

minutes. Then tripolyphosphate (TPP), an ion cross-linker, was added dropwise to a solution containing 

chitosan and an antigen. The sediment of the solution was collected by centrifugation at 13000 rpm (10 

min). The supernatant solution was then isolated from the sediment containing encapsulated protein, and 

the percentage of antigen loading in the nanoparticles was calculated. The mean size of the nanoparticles 

was determined using the Malvern Particle Size Analyzer. 

2.7. Immunogenicity in mice 

BALB/c mice (6-7 weeks) were divided into four groups (oral, oral-injection, protein injection, and 

nanoparticle injection) and two control groups (oral and injection). In the oral group, the mice received 

four doses of nanoparticles containing the recombinant protein LSC (70µg) orally. For oral-injection 

mice, three doses of the nanoparticle of recombinant LSC protein (70µg) were administered orally, and 

one dose of LSC protein (15µg) was injected intraperitoneally. In the protein injection group, the 

recombinant (15µg) protein of LSC was injected into the mice in four doses (the first three doses were 

subcutaneous, and the last one was intraperitoneally). In the protein injection group the complete and 

incomplete Freund adjuvant was used in the first dose and later doses respectively. In the injection 

nanoparticle, the LSC protein encapsulated in nanoparticles (15µg) was injected in 4 doses (the first three 

doses were subcutaneous, and the last one was intraperitoneally). In the injection control and the oral 
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control group PBS injection and antigen-free chitosan were administered respectively. Administrations 

were done at intervals of two weeks. Then, blood sampling was done from the mice. 

2.8. Titration of IgG and IgA antibody 

Indirect ELISA was used to determine the fecal and serum antibody titers. Purified LSC was coated with 

coating buffer (64 mM Na2CO3, 136 mM NaHCO3, pH 9.8). All incubations were performed for 1 hour 

at 37 ° C. After washing with a PBS-T buffer; the blocking was performed using skim milk 5%. Serum 

serial dilution was prepared using PBS-T and was poured into the wells as a primary antibody. Washing 

was done, and the HRP-conjugated anti-mouse IgG was added. Then, the reaction was performed at room 

temperature with the addition of 0.5 mg/ml OPD (O-phenylene diamine dihydrochloride) substrate. The 

reaction was stopped with 2.5 M sulfuric acid and the plate was read at 492 nm. In the case of fecal IgA 

titer, 1.5 gram of fresh feces of mice was well mixed with PBS containing PMSF solution. Then, 

supernatant fluid was collected by centrifugation (13000 rpm, 15 minutes) and the serial dilution was 

prepared and added to the wells as a primary antibody. 

2.9. Challenge assay 

Two weeks after the immunization, three challenges were done for all three bacteria of EHEC, V. 

cholerae and ETEC. In the challenge for EHEC, 109 CFU E. coli O157:H7 which produced only Stx2 

was administered orally to the mice, and then feces of mice were collected for two weeks. The feces were 

well combined with PBS and were cultured in Sorbitol-MacConkey agar, and the plate was incubated for 

14 h at 37 ° C. Then, the colonies of E. coli O157: H7 were counted [30]. In the challenges for V. 

cholerae and ETEC (only LT producer), these bacteria were cultured in LB growth medium. Then, the 

supernatant solution was used as a toxin and injected into the mice peritoneally. Finally, their mortality 

rate was evaluated in the immunized and control mice for 14 days. 

 

2.10. Statistical analysis 

Data in each examination demonstrated of three independent experiments and illustrated as the mean ± 

standard deviation (SD).  

 

3. Results 

3.1. Expression and purification of LSC protein  

Plasmid extraction from E.coli DH5α containing pET28a-LSC was performed and the plasmid was 

transformed to E. coli BL21DE3. The colony PCR was performed with T7 primer and the presence of 

LSC gene was confirmed by observing an approximate 1200 bp band on 1% agarose gel (Fig. 1A).  
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The recombinant LSC gene expression was confirmed by observing the 39 kDa band on the 12% SDS-

PAGE gel (Fig. 1B). This result showed that the LSC protein was expressed mainly as an inclusion body. 

Purification was carried out under denaturation conditions with the Ni-NTA column, and the analysis of 

12% SDS-PAGE indicated that the protein was present in the elution fraction (Fig. 1C). After dialysis the 

LSC recombinant protein was observed on the 12% SDS-PAGE gel. The expression of the recombinant 

LSC protein was confirmed by Western blotting (Fig. 1D). 

3.2. Evaluation of chitosan nanoparticles containing LSC protein 

The encapsulation and electron microscopy analysis of LSC protein in chitosan nanoparticles was 

accomplished by ion cross-linking method. The loading efficiency of this protein in chitosan 

nanoparticles was 88% and average size of nanoparticle was 10.46 nm with good quality (Fig. 2 A, B). 

3.3. Determination of IgG and IgA antibody titer  

The serum ELISA indicated a systemic response induction and increased serum IgG titer in all groups. In 

the LSC protein injected group indicated more raise of IgG antibodies than the nanoparticle injected 

group (Fig. 3A), followed by oral, and oral-injection groups respectively (Fig. 3B). The results showed 

that serum IgA titers of oral group were higher than the oral- injection and the fecal IgA titer (Fig. 3C). 

3.4. Challenges in immunized mice 

In a challenge with Ctx and LT, the mice were monitored for 14 days to determine their mortality. Six 

days after peritoneal injection of these two toxins, 100% of the control mice died. In a challenge with Ctx 

toxin in the oral-injection group, 66% of the mice survived until the end of day 14 and in the orally 

immunized group all of them died (Fig. 4A). In the group injected by nanoparticles, 33% of the mice 

survived, while 100% of the LSC protein injected group died (Fig. 4B). In a challenge with LT toxin, in 

the oral-injection group, 33% of mice survived until the end of the day 14 while the mice did not survive 

in other groups (Fig. 4C). Colony counting in the challenge with EHEC showed that the immunity 

generated against Stx could prevent bacterial binding to mice gut. Oral administration of these 

nanoparticles has had a more significant effect on preventing bacterial binding than other groups (Fig. 5). 

 

4. Discussion 

Severe intestinal infections caused by V. cholerae, ETEC, and EHEC, which lead to diarrhea, have 

accounted for a large proportion of the mortality rate in developing countries. Although diarrhea can be 

controlled by replacing fluids and electrolytes or by using antibiotics, due to resistance to antibiotics and 

antimicrobials, and the lack of healthy water sources, prevention, development and design of a vaccine 

can be considered as a more effective solution [3, 31, 32]. In recent years, attempts have been made to 

produce orally administered subunit vaccines and provide more protection in the intestine [33]. Toxins 
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from these bacteria (CT, LT, and Stx), have a key role in pathogenesis. These antigens are among the 

most important candidates for vaccine production and can induce more immune responses [34, 35]. A 

triple vaccine that can prevent these pathogens is desirable. In a study was indicated that using a chimeric 

protein composed of LTB and CTB could produce antibodies against both toxins [36]. Khalesi.et.al 

(2010), by injection of recombinant LTB protein, immunized the mice by neutralizing LTB [37]. In other 

study immunization of mice with Stx2 toxoid indicated that the anti-Stx2 antibody has protective effect 

and decrease colonization of EHEC in the intestine [38]. In this study, the recombinant LSC genes 

designed by Kazemi et al. (2016) were used which contain the subunit of ltb (l), stxb (s), and ctxb (c), 

respectively, belonging to the three bacteria of ETEC, EHEC, and V. cholerae [5]. In recent years, 

chitosan as a carrier in the medicinal field increases the antigen absorption by mucosal tissue through 

encapsulation of protein vaccines and induces more systemic and mucosal immunity [39]. Using of 

chitosan nanoparticles containing antigens from Vibrio cholerae [40] and EHEC [41] for immunization of 

mice showed appropriate immune response at the mucosal surfaces [40, 41]. In this study, chitosan 

nanoparticles containing LSC proteins were used to increase immunogenicity at mucosal surfaces and to 

deliver the vaccine, as a carrier, to the target cell in addition to protect the LSC protein from digestion and 

degradation. Mucosal vaccines are very appealing for children because they are administered without 

needle, pain, and fear. Also, these vaccines are preferred to traditional vaccine with advantages such as 

improvement of immunogenicity and ease of production [14, 23, 42]. The rate of protein loading in 

nanoparticles is also critical and shows the amount of vaccine in the nanoparticles that are supposed to 

reach the target cells. In this study, the percentage of loading of LSC protein was 88% which is 

appropriate compared with the research by Hosseini et al. (2018) (89.7%) and Noroozi et al. (2018) and 

Mirzaee Tabrizi et al. (2018) (90%) [43-45]. 

After immunization, the ELISA results showed raise of anti-LSC antibody in all immunized groups. The 

IgG titers in the mice immunized with recombinant LSC was higher than group immunized with 

nanoparticle containing LSC, followed by oral and oral-injection groups. The IgA antibody titer, which 

increases due to delivery of antigens at mucosal surfaces, was higher in the oral group than in the oral-

injection group. The proper adhesion of nanoparticles to mucosal surfaces, as well as the reaction 

between positively charged nanoparticles and negatively charged mucosal surfaces, is an apparent reason 

for high levels of IgA titer in the oral group [30, 46]. Based on other studies the IgG for oral 

administration and IgA low in our research titration of oral administration and IgA in compare to other 

group was low but titration of IgG for injection groups was high [47, 48]. This data confirmed the results 

from Kazemi et al. [5]. Also in a study a chimeric protein containing CFA/I, CfaB, CS6, LTB, and STa 

was used to immunize mice and the challenge of this immunized mice with ETEC showed 30% protective 
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effect in oral-injection group [49]. Furthermore research on vaccination against EHEC and ETEC 

protected immunized mice after 6 days while in our research the immunized mice decreased shedding 

after 10 days[50]. In this study the oral-injection group which showed the highest raise of IgA and IgG 

could neutralize to some extent, the effect of both LT and CT toxins. The challenge of Stx toxin showed 

that the oral group receiving the four doses of LSC protein encapsulated in the chitosan nanoparticles had 

the highest inhibitory effect on the colonization of the EHEC bacterium in the intestine.These 

nanoparticles by increasing the absorption of antigens induced mucosal immunity and prevented the 

bacterial binding to these surfaces and reduced pathogenicity and led to a lower bacteria excretion of the 

feces in the mice. Similar result reported in other study which used Stx2 toxoid for immunization and 

Immunization study against chimeric antigen against EHEC and ETEC [38, 50].   

In conclusion, the LSC chimeric protein encapsulated in the chitosan nanoparticles as a triple vaccine, 

while simultaneously providing three important molecules involved in the pathogenesis of V. cholerae, 

ETEC, and EHEC, can produce specific anti-LSC antibodies and thus has a proper protective effect 

against toxins of CT, LT, and Stx. Hence, its components can be considered as candidates for the design 

and development of a vaccine against intestinal diseases caused by these three bacteria. 
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Figure Legends: 

 
Figure 1. Analyses of plasmid, expression, purification and western blot analysis of recombinant LSC protein. A) 
Agarose gel electrophoresis analysis of plasmid by PCR with T7 promoter and terminator primer. M, DNA ladder; 
1, negative control; 2-4, PCR product of different colony of E. coli BL21 (DE3) containing recombinant lsc gene. 
B) Expression and purification of recombinant LSC analysis on the 12% SDS-PAGE. M, protein ladder; 1, before 
induction sample; 2-6, different colony of E. coli Bl21 (DE3) containing pET281-lsc induced by 1 mM IPTG. C)  
Analysis of purified LSC with Ni-NTA column; 1, bacterial lysate; 2, flow through; 3, wash; 4-8, elution D) 
Western blotting analysis with anti-his antibody, 1, Lysate of bacteria containing pET28a-LSC; 2, negative control, 
bacterial lysate before induction; M, protein ladder. 

Figure 2. Zeta sizer A) and electron microscopy B) analysis of chitosan nanoparticle containing the purified LSC. 

Figure 3. Titration of antibody in immunized mice. (A) Titration of IgG antibody in the groups were injected with 
recombinant LSC or chitosan nanoparticle containing LSC. (B) IgG titration in the groups were immunized orally 
with chitosan nanoparticle containing LSC and booster dose with inaction of LSC. (C) IgA titration in the serum 
and shedding of mice immunized orally and group with booster injection dose.    

Figure 4. Challenge assay with toxin of vibrio cholerae and ETEC. (A) Survival of mice immunized orally with 
nanoparticle containing LSC after challenge with Ctx toxin. (B) Survival of injection group in challenge with Ctx 
toxin. (C)  Survival of immunized mice in challenge with LT toxin. 
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Figure 5. Shedding colony count after challenge of immunized mice with 109 CFU of E. coli O157:H7.  
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• Vibrio cholerae, ETEC, and EHEC are the most important bacteria causing diarrhea.  

• This study investigated immunogenicity of a chitosan encapsulated chimeric LSC 

composed of LtB, StxB and CtxB subunits. 

• LSC nanoparticles can be used in vaccines to prevent diarrhea caused by these three 

bacteria 


