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Abstract

In this study, a method for expressing Cryptosporidium hominis GP60 glycoprotein in Escherichia coli for production 
of polyclonal anti-GP60 IgY in chickens was developed aiming future studies concerning the diagnosis, prevention and 
treatment of cryptosporidiosis. The full-length nucleotide sequence of the C. hominis gp60 gene was codon-optimized 
for expression in E. coli and was synthesized in pET28-a vector. Subcloning was performed on several different strains 
of BL21 E. coli. Temperature, time and inducer IPTG concentration assays were also performed and analyzed using 
SDS-PAGE. The optimal conditions were observed at a temperature of 37 °C, with overnight incubation and 1 mM of 
IPTG. Purification was performed by means of affinity chromatography using the AKTA Pure chromatography system 
and the Hi-Trap™ HP column (GE Healthcare). The recombinant protein GP60 (rGP60) thus generated was used to 
immunize laying hens owing the production of polyclonal IgY. Western blot and indirect immunofluorescence showed 
that the polyclonal antibody was capable of binding to rGP60 and to Cryptosporidium parvum sporozoites, respectively. 
The rGP60 and the IgY anti-rGP60 generated in this study may be used as templates for research and for the development 
of diagnostic methods for cryptosporidiosis.
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Resumo

Neste trabalho, foi desenvolvido um método de expressão da glicoproteína GP60 de Cryptosporidium hominis em 
Escherichia coli visando produzir anticorpos IgY anti-GP60 em galinhas para utilização em estudos futuros com os objetivos 
de diagnóstico, prevenção e tratamento da criptosporidiose. A sequência completa de nucleotídeos do gene gp60 de 
C. hominis foi códon-otimizada para expressão em E. coli e sintetizada no vetor pET28-a. A subclonagem foi realizada 
em várias estirpes diferentes de E. coli BL21. Os ensaios de concentração do indutor IPTG, temperatura e tempo foram 
realizados e analisados ​​por SDS-PAGE. As condições ótimas de expressão foram observadas em temperatura de 37 °C, 
incubação durante a noite e 1 mM de IPTG. A purificação da proteína foi realizada por cromatografia de afinidade 
utilizando o sistema de cromatografia AKTA Pure e a coluna Hi-Trap™ HP (GE Healthcare). A proteína recombinante 
GP60 (rGP60) foi utilizada para imunizar galinhas poedeiras para produzir IgY policlonal anti-rGP60. Verificou-se por 
Western blot e por imunofluorescência indireta que o anticorpo policlonal apresentou reatividade com a rGP60 e com 
esporozoítos de Cryptosporidium parvum, respectivamente. A rGP60 e a IgY anti-rGP60 geradas neste estudo podem ser 
utilizadas como modelos para o desenvolvimento de ensaios para pesquisa e diagnóstico da criptosporidiose.
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Introduction

Human cryptosporidiosis is caused predominantly by 
Cryptosporidium hominis and Cryptosporidium parvum (CACCIÒ 
& POZIO, 2006; XIAO & RYAN, 2004). Outbreaks of human 
cryptosporidiosis are associated with ingestion of oocysts that 
are present in food sources or in recreational or drinking water, 
and with direct or indirect contact with human or animal feces 
(FAYER et al., 2000; KARANIS et al., 2007; LEITCH & HE, 
2012).

Cryptosporidiosis is usually diagnosed through staining techniques 
on fecal smears, aimed towards detecting oocysts. Besides being 
laborious and time-consuming, these techniques require high levels 
of experience for interpreting the results and have low sensitivity. 
Commercial immunological assays (direct fluorescent antibody assay 
and antigen capture enzyme-linked immunoassays) and molecular 
methods are also used and generally exhibit higher sensitivity and 
specificity than staining techniques (JEX et al., 2008).

Although several genetic markers are used for specific identification 
of Cryptosporidium, the most commonly used locus for subtyping in 
molecular epidemiology studies is the gp60 gene, which encodes the 
glycoprotein GP60. This gene is of great importance in molecular 
epidemiology due to its several regions of high polymorphic rates 
(STRONG et al., 2000). C. hominis has six subtypes of the gp60 
gene, and subtype Ib is the dominant and most widely distributed 
form (JEX & GASSER, 2010; FOURNET et al., 2013).

Besides being a prominent molecular marker, the gp60 gene has 
functional significance because the GP60 glycoprotein is associated 
with adhesion of the parasite to the host cell (CEVALLOS et al., 
2000; O’CONNOR et  al., 2007). Therefore, it is a potential 
candidate for developing new drugs, vaccines, diagnostic methods 
and treatment options for cryptosporidiosis (PREIDIS et al., 2007).

Production of polyclonal antibodies (IgY class) in laying 
hens, through extraction of immunoglobulin from egg yolk, is an 
innovative and expanding branch of biotechnology (PAULY et al., 
2009). Replacement of mammalian immunoglobulins by chicken 
IgY for developing immunological diagnostic tests has several 
advantages like lower cost, ease of sampling, large quantities of 
antibodies recovered from egg yolks, high affinity and specificity 
of antibodies, ease of purification and no need to bleed or sacrifice 
animals (SCHADE et al., 2005; PAULY et al., 2009).

Thus, development of diagnostic methods using the recombinant 
protein GP60 (rGP60) and anti-rGP60 IgY provides promising 
diagnostic tools, as well as further knowledge for future studies 
with the objectives of detection, prevention and treatment of 
cryptosporidiosis. The present study aimed to clone, express and 
purify the rGP60 glycoprotein of C. hominis and immunize laying 
hens in order to obtain polyclonal anti-rGP60 IgY.

Material and Methods

Animal Research Ethics approval has been obtained from School 
of Veterinary Medicine of Araçatuba Committee for Ethical Use 
of Animals (FOA-00554-2013).

Codon optimization and gp60 gene synthesis

The full-length sequence of the C. hominis gp60 gene, subtype 
Ib (GenBank FJ839882), consisting of 1008 base pairs and 
335 amino acids, was used as a reference gene. A polyhistidine 
tail, start and stop codons and restriction sites (XbaI and XhoI) 
were added to the gp60 gene sequence. The full insert sequence 
was synthesized after being modified to optimize codon use for 
E. coli (PUIGBO et al., 2007), for cloning into the pET28-a vector.

Transformation

The TransformAid bacterial transformation kit (Thermo Fisher 
Scientific) was used to transform the vector pET28-a-gp60 in 
E. coli JM107 cells. The successful clones were purified using the 
five-minute GenElute™ plasmid miniprep kit (Sigma-Aldrich). 
This step was included only for expansion and storage of the 
resulting plasmids.

Expression of GP60 protein

Selection of E. coli strains

The plasmid thus generated (pET28a-gp60) was transformed 
into competent cells of different strains of E. coli BL21: Xjb 
Autolysis (Zymo Research), Rosetta (DE3), pLysS, CodonPlus, 
pRARE, C41 (DE3) and C43 (DE3). These last five strains were 
provided by the Virology Laboratory, School of Medicine of São 
José do Rio Preto (FAMERP).

Transformation in competent E. coli cells

The Z-Competent Cell™ transformation kit (Zymo Research) 
was used to make competent E. coli strains, in accordance with 
the manufacturer’s instructions.

A mix of 100 mL of each competent bacterium and 5 μL of 
the purified plasmid construction pET28a-gp60 was used for each 
transformation. Aliquots of transformed bacteria were grown on 
culture plates with LB solid medium containing kanamycin, at 
a final concentration of 20 mg/mL, for approximately 16 hours 
at 37 °C. A culture of each colony was produced using 3 mL of 
LB containing kanamycin (20 mg/mL) and was incubated for 
16 hours at 37 °C, in a shaker.

Induction of protein expression

To induce expression of the GP60 protein, Luria Broth medium 
(LB) (Sigma-Aldrich) containing kanamycin (20 mg/mL) was 
added to reach a final volume of 30 mL. The mix was incubated 
in a shaker for approximately 3 hours at 37 °C. At the ideal OD 
corresponding to 600 nm (a value between 0.6 and 0.8), an aliquot 
of 1 mL was sampled from each culture (of the non-induced sample) 
and the isopropyl β-D-thiogalactoside (IPTG) (Sigma-Aldrich) 
inducer was added and incubated under different conditions.
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Temperature (25 °C and 37 °C), time (4, 8 and 16 hours) 
and IPTG inducer concentration (0.1 mM, 0.25 mM, 0.5 mM 
and 1.0 mM) were assayed in order to maximize the efficiency 
of protein expression.

The cultures (induced and non-induced) were analyzed on 
12% sodium dodecyl sulphate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and gels were stained with PageBlue™ protein staining 
solution (Thermo Fisher Scientific).

Protein purification and refolding

Bacterial lysis was performed by means of three rounds of 
sonication, each of 20 seconds, with 20 seconds of rest between 
rounds. The rGP60 was purified by means of affinity chromatography 
using the AKTA Pure chromatography system (GE Healthcare), 
Unicorn V5 software and Hi-Trap HP column (GE Healthcare).

The purified product was viewed using 12% SDS-PAGE. 
The protein was dialyzed using the Amicon Ultra-3K 0.5 mL 
column (Merck Millipore) and a dialysis buffer (20 mM NaH2PO4 
and 500 mM NaCl, at pH 7.4). A refolding buffer (50 mM Tris-base, 
0.4 M L-arginine, 1 mM glutathione (GSH) and 0.1 mM 
glutathione disulfide (GSSG) at pH 8.0 was used to store the 
protein (TSUMOTO et al., 2004). The protein concentration 
was measured using the spectrophotometer BioPhotometer Plus 
(Eppendorf ).

Production of anti-rGP60 IgY

In order to obtain polyclonal anti-rGP60 IgY, two hens 
were immunized as following: 0.5 mg of rGP60 was mixed with 
complete Freund’s adjuvant (Sigma-Aldrich) and was inoculated 
intramuscularly into different parts of the pectoral muscles with a 
total volume of 1 mL (500 μL of antigen and 500 μL of adjuvant). 
The inoculation was repeated with 0.25 mg of antigen on the 
10th, 20th and 30th days using Freund’s incomplete adjuvant 
(Sigma-Aldrich).

Serum samples were collected from the hens before the 
inoculation with rGP60 for use as negative controls. The indirect 
enzyme-linked immunosorbent assay (ELISA) was used to ascertain 
that inoculated hens were negative for anti-Cryptosporidium 
IgY. The antigen used in ELISA was produced from 23 × 106 
C. parvum oocysts that were purified in cesium chloride gradient, 
diluted in PBS (pH 7.4) and sonicated in an ice bath for 10 cycles 
of ten seconds, with 20-second resting intervals between one 
cycle and the next. After protein assaying using the BCA kit 
(Sigma-Aldrich), the antigen was used at a concentration of 
10 μg.mL–1. Serum samples were tested at a 1:1,000 dilution 
(serum/5% skimmed milk). A conjugate composed of anti-chicken 
IgY (whole molecule)-peroxidase antibody produced in rabbit 
(Sigma-Aldrich) was used at a dilution of 1:5,000 (conjugate/5% 
skimmed milk). After 20 minutes of addition of the substrate 
tetramethylbenzidine (Invitrogen), the enzymatic reaction was 
stopped with 1N HCl. The reactions were read using a microplate 
reader (Labsystems Multiskan EX), with a 450 nm filter.

The IgY present in the egg yolks was purified using a 
delipidation-and-precipitation procedure that first separates the 

proteins from the lipid and then isolates the IgY fraction, in 
accordance with the manufacturer’s instructions of the Pierce 
Chicken IgY purification kit (Thermo Fisher Scientific).

Western blot

The reactivity of anti-rGP60 IgY was verified using the Western 
blot technique. The rGP60 was separated by means of 12% 
SDS-PAGE and was transferred to a 0.45-micron nitrocellulose 
membrane (Thermo Fisher Scientific). Lysozyme (14.3 kDa) and 
proteinase K (28.9 kDa) were also applied to the gel as negative 
controls.

The membrane was blocked for one hour with 2% bovine serum 
albumin (BSA) (Sigma-Aldrich) and incubated with anti-rGP60 IgY 
for 30 minutes. After three washing steps of 15 minutes each using 
10 ml of phosphate-buffered saline/Tween20 (PBS-T: 8g NaCl, 
0.2g KCl, 1.44g Na2HPO4, 0.24g KH2PO4, 0.5 ml tween 20, q.s.p. 
1L distillated water, pH 7.4), the membrane was incubated with 
anti-chicken IgY (whole molecule)-peroxidase antibody produced 
in rabbit (Sigma-Aldrich). It was then washed again three times 
with PBS-T, exposed to Enhanced Chemiluminescence (ECL) 
Western Blot Substrate (Thermo Fisher Scientific) and viewed 
using the ChemiDoc MP Imaging System (Bio-Rad).

Indirect immunofluorescence

The indirect immunofluorescence (IIF) test was performed 
to determine the reactivity of anti-gp60 polyclonal IgY towards 
C. parvum sporozoites.

C. parvum was used because of lack of availability of C. hominis 
sporozoites. Sporozoites of C. parvum were excysted from oocysts 
purified from the feces of naturally infected calves using water-ether 
sedimentation technique (MELONI & THOMPSON, 1996) and 
cesium chloride gradients (ARROWOOD & DONALDSON, 
1996). To promote excystation, oocysts were incubated in acidified 
water (pH 2.4) for 20 min at 30 °C, centrifuged (10 min at 1800 g) 
and resuspended in 1ml of HBSS (pH 7.4) which contained 
0.02% sodium taurocholate (Sigma-Aldrich) for 1 h at 37 °C, 
centrifuged (10 min at 1800 g) and resuspended in 1ml of HBSS 
(pH 7.4) (KING et al., 2012).

The slides used for IIF were firstly treated with polylysine 
(Sigma‑Aldrich) that had been diluted in the proportions of 
1:20 in deionized water (ARROWOOD et al., 1991). To this, 
25 μL of C. parvum sporozoites (conserved in 3% buffered formalin) 
were added. The sample drop was left to dry out completely at 
room temperature. Subsequently, 25 μL of anti‑GP60 polyclonal 
IgY was added at two dilutions (1:50 and 1:100) in 0.01 M PBS 
(pH 7.2), followed by incubation in a humid chamber at 37 °C, for 
30 minutes. Following incubation, rabbit anti-chicken IgY-FITC IgG 
(Sigma-Aldrich) was added and the slide was incubated in a humid 
chamber at 37 °C, for 30 minutes. At the end of the incubation, 
the sample was washed using 0.01 M PBS (pH 7.2). The slide 
mounting was completed using a cover slip over 25 μL of mounting 
buffer (90% glycerol in 0.01 M PBS, at pH 7.2; and 0.1 mg/mL 
of p-phenylenediamine) (PLATT & MICHAEL, 1983).
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The reaction was read under an Olympus BX-50 microscope 
using a 100 W mercury light bulb with a U-MWU2 filter (DAPI) 
and a U-MWU2-B filter (fluorescein), at a magnification of 400×.

Results and Discussion

The lack of GP60 protein expression using the BL21 
CodonPlus and pRARE strains has motivated use of different 
strains of E. coli in attempting to solve this difficulty of 
expression, which is possibly related to protein insolubility 
or toxicity (SHAW & MIROUX, 2003; BANDMANN & 
NYGREN, 2007). Although many published papers have 
reported success regarding expression of heterologous proteins 
using E. coli, problems such as low levels or absence of protein 
expression, degradation and formation of inclusion bodies are 
common and hinder successful production of recombinant 
proteins (SORENSEN & MORTENSEN, 2005). Alternatives 
such as varying the temperature or inducer concentration, 
and use of mutant strains of E. coli, modified through genetic 
engineering, may solve certain problems relating to protein 
expression (BANEYX & MUJACIC, 2004).

Expression of GP60 protein was successfully achieved with 
the BL21 Xjb strain (Zymo Research) with a yield of 850 µg/mL. 
The remaining strains (Rosetta, CodonPlus, pRARE, C41 and 
C43) did not form any colony on the culture plate or show any 
band corresponding to the induced protein. Two clones were used 
to standardize the processes of expression and protein purification. 
Several different assays were performed to maximize the efficiency 
of protein induction, i.e. incubation time: 4, 8 and 16 hours; 
inducer concentration: 0.1 mM, 0.25 mM, 0.5 mM and 1.0 mM; 
and incubation temperature: 25 °C and 37 °C. These showed 
that the optimum conditions for expression of the glycoprotein 
GP60 consisted of using 1 mM of IPTG inducer, at 37 °C with 
16 hours of incubation (Figure 1).

The anti-rGP60 IgY used for Western blot was successfully 
extracted and purified to a final concentration of 22 mg/mL. 
In Figure 2, a 60 kDa band can be seen, and this confirms that 
binding of anti-rGP60 IgY to the rGP60. We also observed the 
presence of a clear trail below the band of interest, which was 
probably due to protein degradation, thus resulting in antigens 
of lower molecular weight that were recognized by the polyclonal 
IgY (ZHANG, 2003).

Indirect immunofluorescence using polyclonal anti-C. 
hominis GP60 IgY made it possible to view C. parvum sporozoites 
(Figure 3). The positive results from the IIF test showed that the 
anti-C. hominis GP60 IgY recognized antigens that were present 
in C. parvum sporozoites. This result was expected since these 
two Cryptosporidium species, as well as other genetically similar 
intestinal Cryptosporidium species present cross-reactivity in various 
diagnostic techniques (JEX et al., 2008).

In the present study, the gp60 gene of C. hominis was 
successfully expressed in the expression system of the E. coli 
BL21 Xjb strain. Anti-rGP60 IgY was produced and purified 
successfully, and its binding to rGP60 and C. parvum sporozoites 
was confirmed. The rGP60 and anti-rGP60 IgY thus generated 
may be used for research and for the development of diagnostic 

Figure 1. SDS-PAGE (12%) of the inducer concentration test. 
1:Protein Ladder (kDa); 2 and 7: non-induced; 3: 1 mM IPTG; 4: 
0.5 mM IPTG; 5: 0.25 mM IPTG, and 6: 0.1 mM IPTG. The arrows 
indicate the bands corresponding to rGP60. The gel was stained with 
PageBlue™ protein staining solution (Thermo Scientific). 
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Figure 2. Western blot analysis of purified rGP60. Chemiluminescence. 
Arrow: purified protein. Negative controls: lysozyme and proteinase K.
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methods for cryptosporidiosis such as antigen capture ELISA 
for the detection of Cryptosporidium antigens in fecal samples 
and the indirect ELISA aiming seroepidemiology studies in 
animals and humans.
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