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Abstract: Dengue is a major arbovirus affecting humans today. With the growing number of cases,
it is essential to have large-scale production of antigens for the development of diagnostic kits for
the rapid detection of patients infected by the virus and consequent proper medical intervention for
them. In this work, we express the prM/M and E proteins of dengue virus-3 in yeast Pichia pastoris
KM71H. The proteins were produced in soluble form in the supernatant of the culture and were
purified by precipitation with ammonium sulfate. The fraction of 80% of ammonium sulfate was used
as an antigen in an indirect enzyme-linked immunosorbent assay (ELISA), providing a sensitivity
of 82.61% and a specificity of 89.25%. Thus, the methodology proposed here showed promise for
obtaining antigens of dengue viruses and creating quick and inexpensive diagnostic tests, which is of
great value since large portions of the areas affected by this disease are economically neglected.
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1. Introduction

Dengue is a major arbovirus affecting humans, with 2.5 billion people living in areas considered
at risk, about 50 to 100 million infections annually, and 500,000 among these evolving to more severe
forms of the disease, including dengue shock syndrome and dengue hemorrhagic fever. In 2016,
2.1 million cases were reported by the World Health Organization in the Americas alone [1].

The causative agent of this disease is the dengue virus, which consists of four antigenically related
serotypes (DENV1–4) [2]. These are mosquito-borne viruses belonging to the Flaviviridae family,
which includes other members of great medical importance, including yellow fever virus, Japanese
encephalitis virus, West Nile virus, and tick-borne encephalitis virus [3]. The dengue virus bodies
are spherical and icosahedral with an RNA genome of approximately 11kb having a single ORF that
encodes a polyprotein processed by the host and viral proteases into three structural proteins (C, prM,
and E), that form the virion components, and seven nonstructural (NS1, NS2A, NS2B, NS3, NS4A,
NS4B, and NS5) proteins involved in the replication cycle of the virus [4,5].

The main target of the neutralizing antibodies against a flavivirus is the envelope protein (E).
The native E protein is a homodimer with a molecular weight of about 55–60 kDa that covers the surface
of the viral membrane and is responsible for important biological activities essential for viral infectivity,
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such as recognition of the cellular receptor. Due to the function of adsorption and membrane fusion
performed by this protein, several neutralizing epitopes are located in the E protein, making it
an important antigen for the development of vaccines and for diagnostic use [5–7].

Interaction between the prM and E proteins is the main factor that drives the assembly of
viruses [8]. Moreover, during the replicative cycle, the prM protein acts as a chaperone for the folding
of the E glycoprotein. After cleavage, the pr peptide interacts with homodimers of E, stabilizing them
and preventing their cleavage [9]. The structural protein of the envelope (E) is the target of several
studies focusing on the importance of its glycosylation for the assembly of viral particles, infection,
and interaction with the host receptors. Since it is the first target against which the immune system
mounts a response, glycosylation is also important for antibody production [10].

Laboratory diagnosis of dengue can be accomplished by viral isolation from samples of
patients, detection of the viral genome, detection of viral antigens, especially the NS1 protein,
and serological studies. Basic serological tests have been used for the diagnosis of dengue infection,
such as hemagglutination inhibition (HI), complement fixation (CF), the neutralization test (NT),
capture and sandwich types of ELISA, and point-of-care (PoC) tests [6,11,12]. Despite the availability
of different laboratory techniques for the diagnosis of dengue, some obstacles must be overcome for
the development of techniques and new tools, such as obtaining antigens of dengue viruses on a large
scale to capture specific antibodies present in suspected sera.

Traditionally, antigens used in diagnostic kits are those derived from cell culture or from
the brain of an infected newborn mouse, which makes obtaining antigens on a large scale laborious
and expensive [13,14]. The use of recombinant proteins in serological assays for the detection of dengue
is a good alternative.

Several strategies have been used to verify the expression of dengue virus proteins in heterologous
systems [15–19]. Among these is the production of viral proteins in the yeast Pichia pastoris.
These methylotrophic microorganisms are capable of producing high levels of recombinant proteins.
Additionally, P. pastoris can reach high cell densities and grow in inexpensive culture media [20,21].
Accordingly, P. pastoris is an important alternative for the production of recombinant proteins that
require post-translational modifications not achieved in bacterial systems.

In this work, we express the prM and E proteins of dengue virus-3 in the yeast P. pastoris
as an alternative for obtaining dengue virus antigen on a large scale. The proteins produced were good
antigens for use in diagnostic tests, as shown by the results obtained through its use in indirect ELISA.

2. Materials and Methods

2.1. Yeast Strains and Plasmid

The host used in this study for expression of recombinant proteins was a Pichia pastoris strain
KM71H (MutS), purchased from Invitrogen, San Diego, CA, USA. The expression plasmid used was
the pPICZαA (Invitrogen, San Diego, CA, USA), which contains the zeocin-resistance marker, used for
the selection of transformants in P. pastoris and Escherichia coli. Moreover, the plasmid has the AOX1
promoter and the pre-pro α factor secretory of Saccharomyces cerevisiae.

2.2. Cloning the Sequences of the prM/M and E Proteins in the Expression Vector pPICZαA

The sequences of the proteins prM/M and E (1986 bp) of dengue-3 (DENV3) virus were obtained by
chemical synthesis due to need of codon optimization for expression in yeast, and the correct sequences
were confirmed by sequencing (Genscript, Piscataway, NJ, USA). The sequences of interest were cloned
into the expression vector pPICZαA after double digestion with restriction enzymes NotI and EcoRI.
The vector was linearized with SacI enzyme and electroporated into P. pastoris KM71H. The transformed
yeasts were selected on medium YPDS containing 500 µg/mL of Zeocin, as described in the Invitrogen
Easy select TM Pichia expression kit manual (Invitrogen’s Easy Select Pichia Expression kit manual)
and confirmed by PCR using the following primers for domain III of the dengue-3 virus E protein:
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5′-TCACAAGAAGGTGCCATGCAC-3‘ and 5′-AGACAACTTCAAAGCCTTTTC-3′, resulting in a 408
bp amplicon. The correct integration of the genes of interest of the AOX1 locus in the genome of the yeast
P. pastoris was confirmed by colony PCR using primers AOX1: 5′-GACTGGTTCCAATTGACAAGC-3′

and 5′-GCAAATGGCATTCTGACATCC-3′, resulting in a 2300 bp amplicon (referring to the prM/M
and E sequence plus the AOX promoter sequence).

2.3. Expression of Recombinant Proteins

The recombinant yeast was grown in YPD medium for 24 h, followed by BMGY medium for
biomass accumulation until an OD at 600 nm of 20. Thereafter, they were washed with water containing
1% yeast extract and 2% peptone and suspended in BMMY medium with induction of 1% methanol
every 12 h for five days. The culture was then centrifuged at 3000× g for 20 min and the supernatant
obtained was centrifuged again at 7000× g for 20 min. The supernatant was subjected to precipitation
with 20%, 60%, and 80% of ammonium sulfate. The fractions were collected, suspended in water,
and kept at 4 ◦C for further analysis.

2.4. Recombinant Protein Characterization

The proteins present in the fractions obtained from the precipitation with ammonium sulfate were
separated on SDS-PAGE 12%. The bands corresponding to protein E in each fraction were quantified
on the SDS-PAGE by densitometry with a standard curve of BSA. The samples were transferred to
a nitrocellulose membrane to be analyzed by Western blot assay. After the transfer, the membrane
was blocked for two hours with phosphate-buffered saline (PBS) (0.1 M NaCl, 2 mM KCl, 10 mM
Na2HPO4, 1 mM KH2PO4 pH 7.4) at room temperature with 5% skim milk. After washing with
PBS-0.5% Tween 20, the membrane was incubated with pooled sera from patients with confirmed
dengue diluted 1:50 in PBS for 1 h at 37 ◦C. After washing as described, the membrane was incubated
for one hour at 37 ◦C with anti-human IgM or IgG labeled with peroxidase (Sigma-Aldrich, Inc.,
St. Louis, MO, USA) diluted 1:10,000 in PBS. After washing with PBS-0.5% Tween 20, the membrane
was developed with TMB (Sigma-Aldrich, Inc., St. Louis, MO, USA) according to the manufacturer’s
specifications for the visualization of the bands of interest. A densitometry analysis was performed
with the bands immunostained in the Western blot to confirm the yield of the differential precipitation
using ammonium sulfate.

To confirm whether the recombinant protein E was glycosylated in yeast, a reaction was performed
using periodic acid–Schiff (PAS). The E protein precipitated with 80% ammonium sulfate was
electrophoresed (SDS-PAGE 12%) and transferred to nitrocellulose membrane. The membrane
was washed with 12% trichloroacetic acid for 5 min. The next steps were carried out at 4 ◦C in the dark.
The membrane was treated with 0.5% periodic acid for 15 min and then washed 3X with 15% acetic
acid for 5 min. 50 mL of Schiff’s reagent were added and incubated for 30 min. Finally, six washes
were performed with 7.5% acetic acid for 1 h, and the membrane was dried at room temperature.

2.5. Samples of Sera

Sera from 184 patients were provided by the Central Laboratory of Public Health of the State of
Rondônia (LACEN/RO) and the Central Blood Bank of the State of Rondônia, Brazil (FHEMERON/RO).
All sera were tested and used in accordance with protocols approved by the Central Blood Bank of
the State of Rondônia, Brazil and all samples were kept anonymous. Of the 184 samples, 46 were IgG
positive and 46 were IgG negative using Dengue Duo IgM and IgG ELISA Capture Kits; 92 were IgM
positive and 46 were IgM negative using both kits MAC-ELISA IgM (Pan-Bio, Brisbane, Australia)
and Dengue Duo IgM and IgG ELISA Capture Kits (Sanofi, Bridgewater, NJ, USA) (Table 1). The virus
serotype could not be determined using these kits.
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Table 1. Serological status of the serum used in this study and test type used.

Positive Negative Test

Anti-IgM 92 46
Dengue Duo IgM and IgG ELISA Capture Kits

+
MAC-ELISA IgM

Anti-IgG 46 46 Dengue Duo IgM and IgG ELISA Capture Kits

2.6. Indirect Enzyme-Linked Immunosorbent Assay (ELISA) for Detection of IgM and IgG

The fraction obtained by precipitation with 80% ammonium sulfate was used to sensitize
polystyrene 96-well plates (Maxisorp, Nunc, Roskilde, Denmark). To these, 5 µg/well of proteins were
transferred in a carbonate-bicarbonate buffer pH 9.6 and incubated at 4 ◦C overnight. Plates were
blocked with PBS containing 5% fetal bovine serum for 30 min. Samples of sera were diluted 1:100
in PBS-5% fetal bovine serum and 100 µL of each dilution were added to wells in duplicate. After
incubation at 37 ◦C for two hours, the plates were washed with PBS-0.5% Tween 20, and anti-IgG
antibody or anti-IgM human conjugate with peroxidase (Sigma-Aldrich, Inc., St. Louis, MO, USA)
diluted 1:2500 in PBS- fetal bovine serum 5% was added to them. The plates were incubated at 37 ◦C
for 1 h. After five washes as previously described, the substrate TMB was added (Sigma-Aldrich,
Inc., St. Louis, MO, USA), following the manufacturer’s recommendations. The reaction was stopped
by adding 50 µL of 2M H2SO4. The absorbance was measured on a spectrophotometer at 450 nm
(Multiskan, Thermo Scientific, Waltham, MA, USA).

2.7. Statistical Analysis

Receiver operating characteristic (ROC) curves were analyzed to estimate the diagnostic cutoff,
sensitivity, and specificity (INSTAT software, GraphPad, San Diego, CA, USA).

3. Results

3.1. Construction of Recombinant Pichia pastoris Clones Expressing the prM and E Proteins of DENV3

To obtain yeast clones expressing the prM and E structural proteins of DENV3, the sequences of
the codon-optimized genes were cloned into the expression vector pPICZαA, as shown in the scheme of
Figure 1. The constructed pPICZαA-prM/M-E-DENV3 was used to transform yeast P. pastoris KM71H
and this transformation was confirmed by PCR of yeast colonies using specific primers for domain III
of the E protein of dengue. The correct insertion of the genes under study into the host genome was
confirmed by colony PCR using primers AOX1 (Figure 2).

Figure 1. Cont.
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Figure 1. The prM/M and E sequences used for expression in P. pastoris. (A) Sequence of prM/M
and E proteins of dengue-3 virus that was codon optimized for expression in yeast; (B) scheme of
the construction of plasmid pPICZαA-prM/M-E-DENV3.

Figure 2. Construction of Pichia pastoris expressing recombinant prM/M and E proteins. (A) Amplification
by PCR with primers for the domain III of the E protein of dengue-3 virus; lines (1–3) show the band of 408
bp related to domain III of dengue virus-3; line 4 shows the negative control and MM line, the molecular
marker. (B) PCR with primers for AOX1 were used. Lines 1 and 2 show the band of 2300 bp; line MM,
molecular marker.

3.2. Expression of Recombinant Proteins

To obtain the prM/M and E proteins of DENV3, P. pastoris containing the genes of interest were
grown in a selective medium and induced with 1% methanol every 12 h. The culture supernatant was
subjected to precipitation with increasing concentrations of ammonium sulfate (20%, 60%, and 80%)
and analyzed by electrophoresis, as shown in Figure 3A. The quantification of the bands by densitometry
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demonstrated that most of the protein E was precipitated from the fraction of 80% of ammonium sulfate
(Table 2). The fractions were analyzed by Western blot using sera from patients with confirmed dengue,
evidencing the presence of a band of 60 kDa in all fractions corresponding to the molecular weight
of protein E. The densitometry graph of the bands marked with antibody confirms the presence of
a greater amount of protein E in the precipitation fraction with 80% ammonium sulfate (Figure 3B). This
fraction of protein E, precipitated with 80% ammonium sulfate, was analyzed separately and confirmed
by the PAS reaction being a glycoprotein (Figure 3C). The same band observed on the SDS-PAGE
and Western blot was stained at the height of 60 kDa on the PAS membrane.

Figure 3. Molecular characterization of recombinant protein. (A) SDS-PAGE; MM—protein molecular
maker; (1–3) fractions from precipitation of the supernatant of culture from the yeast with 80%, 60%,
and 20% ammonium sulfate; arrow head indicates the bands corresponding to the E protein DENV3.
(B) Western blot; MM—molecular weight marker; fractions from precipitation with concentrations
of 80%, 60%, and 20% of ammonium sulfate using sera from patients with anti-dengue positive.
Bands of 60 kDa protein corresponding to E protein are observed in all fractions. (C) Protein E
(fraction 80% ammonium sulfate): SDS-PAGE silver-stained; Western blot and PAS assays, respectively;
MM—molecular marker.

Table 2. Quantification of E protein by band densitometry.

Ammonium sulfate Densitometry (Area) [] µg/mL Yield

80% 46,031 131.213 53.52 %
60% 36,070 102.7731 41.92 %
20% 3997 11.20171 4.56 %

Standard curve equation: y = 350.25x + 74,009; R2 = 0.9933.

3.3. ELISA

Fractions obtained from precipitation with ammonium sulfate were used as antigens to sensitize
plates for indirect ELISA. The originating fraction from precipitation with 80% ammonium proved
most satisfactory as an antigen for detection of dengue, with a sensitivity of 82.61% and specificity of
89.25%, and with the cutoff of 0.2138 for the test determining the presence of anti-dengue IgM in sera
analyzed. For the assay of IgG, the results obtained using the same fraction was a sensitivity of 76.09%
with a specificity of 84.78% and 0.1043 cutoff (Figure 4 and Table 3).
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Figure 4. Indirect ELISA using protein E-DENV3 produced in P. pastoris. Results of dengue-positive
and negative (healthy individuals) samples in IgM (A) and IgG (B) detection. The horizontal line
indicates the cutoff value of the assay.

Table 3. Sensitivity and specificity of the anti-dengue IgG indirect ELISA.

% Sensitivity % Specificity Cut-Off

Anti-IgM 82.61 89.25 0.2138
Anti-IgG 76.09 84.78 0.1043

4. Discussion

Dengue fever affects a large portion of the world’s population, mainly those located in tropical
and subtropical regions in Asia, Oceania, Africa, and the Americas [5,6,22]. Since there are no
effective vaccines available, rapid and inexpensive diagnostic tests are essential. In this work, we
produced the structural proteins prM/M and E of dengue-3 virus in soluble form using yeast P. pastoris
as an alternative for obtaining antigens in large scale. DENV-3 was the most prevalent serotype for
several years in the first decade of this century in Brazil [23].

The culture supernatant was subjected to precipitation with concentrations of 20% to 80% of
ammonium sulfate. As seen in SDS-PAGE (Figure 3A), there is the presence of a band of 60 kDa
corresponding to E protein in all fractions analyzed, which was confirmed by Western blot (Figure 3B).
This is in agreement with results described by Sugrue and colleagues, in which the production of the E
protein of DENV1 in P. pastoris was followed by degradation by proteases [24]. PAS reaction confirms
that the fraction of protein E precipitated with 80% ammonium sulfate was glycosylated in Pichia
pastoris (Figure 3C). Glycosylation is a very important factor for the correct folding of the protein and to
obtain an antigen more similar to that expressed in the mammalian host, affecting the recognition of
antibodies in diagnostic tests positively.

However, the antigenicity of the proteins produced was preserved as confirmed through
a retrospective study using the indirect ELISA. The fraction obtained by precipitation with 80%
of ammonium sulfate provided a sensitivity of 82.61% and a specificity of 89.25% for determining
the presence of anti-IgM antibodies in patient sera. These values obtained are according to the different
sensitivity of commercial diagnostic kits, as described in a comparative study in which the efficacy of
commercially available tests for determination of IgM antibodies in sera from patients were analyzed,
which obtained a range of 85% to 89% of sensitivity and 88% to 100% of specificity [25]. Thus, antigens
produced here are promising for use in diagnostic tests for dengue, and an optimization step can be
performed to improve sensibility and specificity.

Despite the other fractions from precipitation with ammonium sulfate also containing the E
protein of DENV3 recombinant, as shown in the Western blot assay, it showed to be less effective
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as an antigen for the ELISA assay (data not shown). One reason for this result is that the fraction of
80% may have contained most immunogenic epitopes of the virus, and thus provided greater power of
discrimination between samples during the test.

Rocha and colleagues used a mixture of E proteins of four serotypes produced in E. coli as antigens
in a test IgG-ELISA. The results were 91% sensitivity and 98% specificity [15]. Here, however,
the results for the IgG-ELISA were 76.09% of sensitivity with a specificity of 84.78%. However,
the fact that dengue viruses have epitopes that are also present in other flaviviruses which can
trigger cross-reactions should be taken into account. These occur more frequently in relation to IgG
antibodies than IgM [26,27]. Moreover, usually the IgG-ELISA tests have reduced sensitivity among
the flaviviruses [6]. It is interesting to note that the sera used in this study are from patients in northern
Brazil, where other epidemics caused by different flaviviruses occur. In addition, other factors that
can affect the effectiveness of serological tests are the infecting serotype and whether the infection is
primary or not [28].

However, it is important to note that the results are promising and of great value since the proposed
methodology to obtain the antigens does not require expensive and laborious methods of protein
purification. Thus, the structural proteins of other serotypes of dengue virus could be produced using
the same strategy employed here, seeking to create inexpensive and large-scale diagnostic tests, which
makes the production of these antigens accessible to regions where dengue is endemic.

5. Conclusions

From the data obtained in this study, we can conclude that the prM/M and E proteins were produced
correctly in yeast P. pastoris and were good antigens when used in ELISA tests for a retrospective
study of dengue. Moreover, the methodology provides a good alternative for obtaining dengue virus
antigens on a large scale, since expensive and elaborate techniques for protein purification are not
required, reducing the costs related to antigen production for development of point-of-care devices.
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