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Abstract Dengue virus causes about 100 million cases of
dengue disease per year in the world. Laboratory diagnosis
is done mainly by serological techniques, which in many
cases use crude virus extracts that may cause cross-reactions
to other flaviviruses. These undesirable cross-reactions can
be reduced or eliminated by using recombinant proteins
based on restricted epitopes. Aiming to decrease flaviviral
cross-reactions and non-specific interactions in dengue se-
rological assays, a plant expression system was chosen for
recombinant antigen production as a reliable and inexpen-
sive dengue diagnostic tool. In the present report, the lettuce
plastid transformation system was applied to achieve effi-
cient and stable tetra-epitope peptide antigen production,

and its reactivity was evaluated. For this purpose, one puta-
tive epitope at positions 34 to 57 of E protein within the
junction site of domains I and II of dengue virus (DENV) 1
to 4 serotypes linked by glycine linkers was expressed in
lettuce chloroplasts. The potential immunoreactivity for the
four DENV serotypes was evaluated using sera from
patients of positive and negative dengue cases. Results
indicated an overall sensitivity of 71.7 % and specificity of
100 %. No cross-reactions with the sera of yellow fever-
positive or healthy individuals vaccinated against yellow
fever were observed. This novel approach may provide an
alternative system for the large-scale production of dengue
recombinant antigens useful for serodiagnosis.
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Introduction

Dengue virus (DENV) is an enveloped positive-strand RNA
virus in the genus Flavivirus, family Flaviviridae, which
causes one of the most prevalent arthropod-borne human
diseases worldwide. About 100 million cases of dengue
disease are registered every year. The infection causes sub-
clinical, mild dengue fever or can causes a more severe form
as dengue hemorrhagic fever or dengue shock syndrome
(WHO 2009).

DENV consists of four antigenically distinct serotypes,
known as 1 to 4. The incidence of each DENV serotype
changes frequently. The genome sequence divergence
among the four serotypes is greater than 30 % (Beaumier
et al. 2008; Kanagaraj et al. 2011). Currently, dengue diag-
nosis is mainly performed by serological tests such as IgM
antibody capture (MAC)-ELISA, IgG-ELISA, and NS1 an-
tigen capture ELISA (Lima Mda et al. 2010) and/or
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molecular techniques (conventional reverse-transcription
(RT)-PCR and real time RT-PCR) (Fry et al. 2011).
However, molecular techniques require more specialized
equipment, the standardization of protocols, and well-
trained handlers to perform the assay (Fry et al. 2011),
which are more expensive and difficult to manage in devel-
oping countries where dengue is endemic. The most com-
mon protocols used are MAC-ELISA and IgG-ELISA,
which detect DENV-specific IgM and IgG antibodies in
patients’ sera (Lima Mda et al. 2010), but these protocols
require the DENVantigen, and, in many cases, the antigen is
produced by live DENV injection into the brain of suckling
mice. The use of crude extract of virus represents a potential
risk to manipulators due to exposure to infectious viral
preparations. In addition, the viral antigens produced by this
process may cause cross-reaction with antibodies of other
flaviviruses due to common epitopes present in virions
(Anandarao et al. 2006; Cuzzubbo et al. 2001). One viable
alternative method to produce an antigen that reduces cross-
reaction is the expression of recombinant viral proteins
based on restricted epitopes, which is inexpensive and safer
in bio-security terms (Anandarao et al. 2006; Kurane 2007).

Since dengue is endemic in Brazil, an efficient and inex-
pensive diagnostic kit that is easy to produce and handle is
always requested. In this situation, a plant protein expres-
sion system presents an alternative and attractive tool for
recombinant protein production, including antigens.
Transgenic plants have been used as they can constitute a
low-cost approach, and the recombinant protein produced
may be used at low purity in some cases; furthermore,
protein production is easy to scale up according to demand
(Lossl and Waheed 2011). One domain from DENV enve-
lope protein (domain III) has already been expressed in
Nicotiana plants, with a fusion of hepatitis B core protein,
and this showed good immunogenicity and potential use for
DENV vaccine or diagnostic reagent (Kim et al. 2010;
Martinez et al. 2010), demonstrating the viability of the
plant system to express DENV antigens. These two studies
used plant viral vector systems to produce the DENV anti-
gen, while in the present work, the chloroplast transforma-
tion system was chosen.

Due to some characteristics of chloroplast DNA transfor-
mation (transplastomic), this system is more advantageous
than plant nuclear genome transformation. Many therapeutic
proteins have been expressed in transgenic plants via the
nuclear genome (Lim et al. 2011). However, nuclear trans-
formants often present a low expression level of recombi-
nant protein because of gene silencing (RNA interference)
ability in the plant host and integrations in inappropriate loci
(Daniell et al. 2002; Lim et al. 2011). Chloroplast genetic
engineering has almost all the advantages of a bioreactor,
escaping from plant gene silencing, although posttransla-
tional modification is not ideal for some proteins due to

the prokaryotic nature of the chloroplast. The chloroplast
expression system still possesses good ecological character-
ization since, in many cases, gene flow via pollen is not
observed (Lossl and Waheed 2011). During the last decade,
the plastid transformation system has been well established
and optimized. Viral and bacterial antigens have been
expressed in plastids, and the initial immunological studies
showed promising results in animal models (Lossl and
Waheed 2011).

Lettuce (Lactuca sativa L.) was chosen as the plant host,
because it is a commercially important crop and can be
cultivated in indoor hydroculture systems; furthermore, it
has already shown high potential for expression of heterol-
ogous proteins in its chloroplasts. Recent reports showed the
utilities of lettuce plastid expression systems producing
therapeutic proteins (Lim et al. 2011), vaccines (Davoodi-
Semiromi et al. 2010; Lossl and Waheed 2011), and DENV
VLPs (Kanagaraj et al. 2011). In the present report, we used
the lettuce plastid transformation system, which showed
itself to be an efficient protein expression system. With this
system, tetra-epitope peptide for potential use as antigen in
diagnostic assays was successfully produced. The reactivity
of this antigen to patients’ sera was also evaluated.

Materials and methods

Recombinant peptide selection and design

The same epitope region of the E protein gene on DENV 1
to 4 serotypes covering a portion of domains I and II at the
34–57 position (24 aa) from E protein (a junction site),
which was deduced from the literature on epitope mapping
(Beasley and Aaskov 2001; Falconar 1999; Roehrig et al.
1990), was selected for multiepitope protein expression
(Fig. 1a). All putative epitope sequences were obtained
aligning DENV 1 to 4 amino acid sequences (GenBank
accession numbers: DENV 1—AF226685; DENV
2—AAA17499; DENV 3—AY679147; and DENV
4—NP_073286, respectively), which were conserved in
most isolates worldwide in each serotype. The tetra-
epitope peptide (named cE-DI/IIp) was designed comprising
four DENV epitopes (ordered as DENV-4, -3, -2, and -1
sequences) joined by penta-glycine linkers between epit-
opes -4, -3, and -2, and linked directly between -2 and -
1 for the extended tertiary structure in C-terminal re-
gion. The hexa-histidine tail (HisTag) was added at the
C-terminal of the tetra-epitope as a reference tag
(Figs. 1b and 2). The codon usage was optimized for
lettuce chloroplasts to obtain better translation efficien-
cy. For convenient purification of tetra-epitope peptide
as chloroplast compartment, no addressing or exporting
peptide was added onto the peptide.
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Protein structure prediction and epitope structural analysis

The Bioinfo Meta Server software (Ginalski et al. 2003) was
initially used to indicate a specific template for the tech-
nique of threading. The best scores from the algorithm 3D
Jury (J Score 35.75 and R-score 8.04) suggest the PDB
structure (code 1oke) of crystal structure of the DENV-2
envelope protein (Modis et al. 2003) due to the high struc-
tural identity to the cE-DI/IIp peptide, which comprised
amino acid residues from domains I/II.

Three hundred theoretical tridimensional peptide struc-
tures were constructed using Modeller v. 9.8 for each pep-
tide (Sali and Blundell 1993; Eswar et al. 2006). The final
peptide model, i.e., geometry, stereochemistry, and energy
distributions in the model, was evaluated using PROSA II to
analyze packing and solvent exposure characteristics and
PROCHECK for additional analysis of stereochemical qual-
ity (Wiederstein and Sippl 2007) being DOPE and GA341
utilized for model selection. In addition, RMSD was calcu-
lated by overlap of Cα traces and backbones onto the
template structure through the program 3DSS (Sumathi et

al. 2006). The peptide structures were visualized and ana-
lyzed on Delano Scientific’s PyMOL (DeLano 2002) (http://
pymol.sourceforge.net/). In order to calculate the grand av-
erage of hydropathicity, known as GRAVY, ProtParam was
used, which is a tool that allows the analysis of various
physical–chemical parameters for a given amino acid se-
quence (Wilkins et al. 1999).

Lettuce plastid transformation

The transformation vector used for lettuce chloroplast was
based on the pRL1001, described by Kanamoto et al.
(2006). The pRL1001 vector consists of the lettuce plastid
rbcL–accD intergenic region as a targeting site for homolo-
gous recombination, an aadA cassette (tobacco rrn promoter–
aadA-tobacco psbA terminator) and a GFP expression cassette
(tobacco psbA promoter–gfp-tobacco rps16 terminator). The
gfp was replaced by the DENV tetra-epitope gene cE-DI/II
between the SphI and XbaI enzyme restriction sites to gener-
ate the vector pRL-DEN4-1, which was used for the transfor-
mation of lettuce (cv. Veronica) chloroplasts according to
Kanamoto et al. (2006). Basically, lettuce plants were asepti-
cally cultured on Murashige and Skoog (Wilkins et al. 1999)
medium containing 3 % (wt/vol) sucrose and 0.6 % (wt/vol)
agar under long-day conditions (16/8 h light/dark) at 25 °C.
For particle bombardment, young leaves of 3–4 week-old
lettuces were harvested and used. Pieces of leaves were incu-
bated for 1 day on regeneration media [Murashige and Skoog
(MS) medium supplemented with 3 % (wt/vol) sucrose,
0.1 mg/L 6-benzylaminupurine (BAP), 0.1 mg/L alpha-
naphthaleneacetic acid, 0.6 % agar (wt/vol), pH 5.8] with

a

b

c

DEN-1 MRCVGIGNRDFVEGLSGATWVDVVLEHGSCVTTMAKNKPTLDIELLKTEVTNPAVLRKLC 60

DEN-2 MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEAKQPATLRKYC 60

DEN-3 MRCVGVGNRDFVEGLSGATWVDVVLEHGGCVTTMAKNKPTLDIELQKTEATQLATLRKLC 60

DEN-4 MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGKPTLDFELTKTTAKEVALLRTYC 60

JEV FNCLGMGNRDFIEGASGATWVDLVLEGDSCLTIMANDKPTLDVRMINIEASQLAEVRSYC 60

WNV FNCLGMSNRDFLEGVSGATWVDLVLEGDSCVTIMSKDKPTIDVKMMNMEAANLAEVRSYC 60

YFV-17DD AHCIGITDRDFIEGVHGGTWVSATLEQDKCVTVMAPDKPSLDISLETVAIDRPAEARKVC 60

SLEV                  FNCLGTSNRDFVEGASGATWIDLVLEGGSCVTVMAPEKPTLDFKVMKMEATELAATVREV 60   

NH2-MAQGKPTLDFELTKTTAKEVALLR-GGGGG-MAKNKPTLDIELQKTEATQLATLR- -GGGGG-
MAKNKPTLDFELIKTEAKQPATLR-MAKNKPTLDIELLKTEVTNPAVLRHHHHHH-COOH

Fig. 1 Amino acid sequence
analysis of flavivirus epitope
(a) and tetra-epitope peptide
(b, c). a Multiple alignment of
epitope region of domains I/II
junction site: DEN-1 to 4,
dengue virus serotypes 1 to 4;
JEV, Japanese encephalitis
virus; WNV, West Nile virus;
YFV, yellow fever virus (17DD
=vaccine strain in Brazil);
SLEV, St. Louis encephalitis
virus. b Amino acid sequence
of tetra-epitope with glycine
linker and hexa-histidine tail.
cModel of tetra-epitope peptide
compiled by PyMOL 3D model

15 kDa

1     2     3     4     5     6     7

Fig. 2 Western blot analysis using anti-HisTag antibody. The arrow
indicates the molecular mass of 14.8 kDa. Lane 1, benchmark pre-
stained protein ladder (Invitrogen). Lane 2, crude extract from non-
transformed lettuce plant. Lanes 3–7, crude extract from transformed
lettuce leaves from T1 progeny
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the adaxial side region directed upwards. The bombardment
was conducted as previously described by Aragão et al.
(1996). Bombarded leaves were kept for 2 days in the regen-
eration media, cut into pieces of 4 mm×4 mm, and placed
with the adaxial side down on the regeneration media contain-
ing 100 mg/L of spectinomycin and 500 mg/L polyvinylpyr-
rolidone. The backbone of pRL provides spectinomycin
resistance for the transformed cells. Spectinomycin-resistant
shoots were obtained 90 days after bombardment and were
screened by PCR for the presence of the cE-DI/II gene, and,
after confirming the positivity, a leaf piece of this shoot was
subjected to three rounds of selection on spectinomycin selec-
tion medium to eliminate non-recombinant chloroplast DNA.
Regenerating shoots were transferred into a sterile box con-
taining the BAP phytohormone-free half-MS medium includ-
ing 50 mg/L of spectinomycin for rooting. Plantlets were
acclimatized and allowed to set seeds. Potential transplastomic
plants were cultivated under long-day conditions (16/8 h
light/dark) in a greenhouse.

Analyses of gene integration by PCR

Chloroplast DNA was extracted according to Doyle and
Doyle (1987), using CTAB buffer. Primers annealing the
initiation site of the multiepitope gene (forward: 5′-
CTAGTGTGCTTGGGATC-3′) and the coding regions of
accD gene (reverse: 5′-CAATAGATGAATAGTCATT
CGACG-3′) were used for the confirmation of transgene
integration. The amplified DNA fragments were analyzed
by agarose gel electrophoresis.

Chloroplast and tetra-epitope extraction

Chloroplasts from 200 g of leaves were isolated by macer-
ation in 8 mL of 1× PBS pH 7.4 with 0.5 M sucrose, filtered
in cotton, and followed by two steps of centrifugation, one
at 50×g for 12 min separating supernatant, and the other at
1,000×g for 10 min to obtain a chloroplast pellet. For
protein extraction, a pellet from 50 mL of filtered maceration
was resuspended in 2 mL of 1× PBS pH 7.4 with 1 % Triton
X. After 15 min on ice, the clarification indicated the chlor-
oplasts’ lysis, and the light green supernatant was recovered
for Western blot and ELISA assays. Then, the cE-DI/II epi-
tope was purified using Ni-NTA purification system
(Invitrogen) according to the manufacture’s instruction.

Western blot analysis

Chloroplast proteins from 0.1 g of leaf was macerated with
100 μL of PBS pH 7.2 containing 1 % Triton X. After
15 min on ice, the lysate (10 μL) were separated by 12 %
SDS-PAGE and transferred to a nitrocellulose membrane.
The membrane was incubated in a blocking step with 4 %

skim milk in 1× PBS pH 7.2 for 30 min with agitation. After
three washes (3 min each) with 1× PBS pH 7.2 containing
0.1 % Tween 20, the membrane was incubated with a
commercially available murine anti-HisTag monoclonal an-
tibody (1:5,000 dilution, Sigma-Aldrich) diluted in PBS-
skim milk for 60 min. After three times of washing steps,
the membrane was incubated with anti-mouse polyclonal
IgG-alkaline phosphate conjugate (1:1,000 dilution,
Sigma-Aldrich) for 60 min. The blotted membrane was
washed three times and developed in NBT/BCIP substrate
solution for 15 min at room temperature.

In-house IgG-ELISA for detection of anti-DENV IgG
antibodies

In this study, the sera of 80 patients from DENV positive
cases (n=53) and non-dengue cases (n=27) were analyzed
in an in-house IgG-ELISA for detection of anti-DENV IgG
antibodies using the DENV recombinant tetra-epitope pro-
tein produced in lettuce as antigen source. The tests included
DENV-1 to 4 positive sera as well as positive DENV cases
not serotyped from epidemics in the years 1998 to 2011. For
the cross-reactivity and specificity studies, yellow fever-
positive sera in convalescent phase and healthy individuals’
sera with or without vaccinations against yellow fever were
also analyzed. All sera were received at the Flavivirus
Laboratory (Oswaldo Cruz Institute/Fiocruz, Brazil) as den-
gue fever suspect from patients with febrile illness consis-
tent with dengue according to WHO criteria (WHO 2009).
The DENV infection was further confirmed by virus isola-
tion, detection of DENV RNA by RT-PCR, (Lanciotti et al.
1992) and/or detection by MAC-ELISA. The negative sera
were considered as negatives by all the methods described
above. Briefly, 96-well ELISA plates were washed five
times with 200 μL of 1× PBS pH7.4 containing 1 % of
Tween 20 (wash buffer). Each microwell was coated with
5 μg of purified protein diluted in 60 μL of PBS pH 7.4
buffer, for standers protocol, or with 60 μL of cE-DI/II
peptide crude extract diluted in carbonate/bicarbonate buffer
pH 9.6 or PBS pH 7.4 and incubated at 37 °C for 2 h or at
4 °C overnight. Then plates were washed five times with
wash buffer and blocked in 10 % normal goat serum in 1×
PBS pH 7.4 (standard solution) for 1 h at 37 °C. One
hundred microliters of DENV positive or negative sera
diluted in the standard solution were incubated at 37 °C
for 45 min for IgG capture. After five washes (with wash
buffer), 90 μL of goat anti-human IgG peroxidase conjugate
(Sigma-Aldrich) diluted 1:1,500 was added. After 45 min at
37 °C, the plates were washed five times again and 90 μL of
peroxidase substrate solution was added. Plates were incu-
bated for 20–40 min at room temperature, and the optical
density (OD) was measured at 405 nm. Each serum sample
was tested in duplicate. As a negative control, proteins
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isolated from non-transformed lettuce were used to coat the
plates. The cutoff OD value for seropositivity was set above
the mean OD plus three standard derivations of the negative
control sera. The calculations of sensitivity, specificity, ef-
ficiency, negative, and positive predicted values were cal-
culated as follows: sensitivity: TP/TP + FN × 100 %;
specificity: TN/TN + FP × 100 %; efficiency: TP + TN/TP
+ FP + FN + TN, where TP is the number of true positive;
FP, the number of false-positive; FN, the number of false
negative; and TN, the number of true negative.

Accession number

This tetra-epitope gene sequence was deposited in the
EMBL/DDBJ/GenBank databases with the accession num-
ber of AB779692.

Results

Design of tetra-epitope DENVrecombinant protein (cE-DI/IIp)

By the multiple alignment of amino acid sequences of
envelope protein of four serotypes of DENV and other
common flaviviruses [yellow fever virus (YFV), Japanese
encephalitis virus (JEV), West Nile virus (WNV), and St.
Louis encephalitis virus (SLEV)], the region chosen for
epitope expression (Fig. 1a) was variable among these
viruses except one conserved motif KP[TS][LI]D observed
with them (Fig. 1a). The order of amino acid sequences of
each epitope was DENV-4/DENV3/DENV2/DENV1
(Fig. 1b). The extended coil structures were predicted in C
terminus (Fig. 1c), and all epitopes seemed to be exposed.

Analyses of gene integration

To confirm the gene integration for lettuce chloroplast
DNA, PCR was performed using a forward primer which
anneals the flanking region of the gene and a reverse primer
which anneals the accD coding region in chloroplast ge-
nome. As expected, the fragment of 866 bp was observed
only in transplastomic lettuce DNA (Fig. S1).

Protein expression analysis

To confirm the peptide expression, Western blot analysis
was performed using anti-HisTag antibody to detect DENV
tetra-peptide with hexa-histidine in the C terminus. A crude
chloroplast extract of transformed lettuce leaves from T1
progeny from the second round selection was analyzed
(Fig. 2). The Western blot analysis (Fig. 2) showed the
expression of the target protein in an expected size of
approximately 12.1 kDa.

In-house IgG-ELISA using recombinant DENV tetra-epitope
peptide

Aiming to access the potential use of the recombinant
DENV tetra-epitope peptide in dengue diagnosis, we stan-
dardized an in-house IgG-ELISA protocol using purified
tetra-epitope (data not shown). After standardizing protocol,
the crude lettuce chloroplast from the plants of the second
round selection by spectinomycin was used for antigen
coating ELISA. For coating onto ELISA plate, two different
buffers, 1× PBS pH 7.4 (the same used in extraction without
Triton X) and a carbonate/bicarbonate buffer pH 9.6 were
compared. No significant differences were observed in ei-
ther buffer system (data not shown), so for further study,
only phosphate buffer was used for antigen coating. The
minimum volume of lettuce extract to detect DENV IgG
antibodies in DENV positive sera was determined as 40 μL
diluted in 1× PBS pH 7.4 or in a carbonate/bicarbonate
buffer pH 9.6. There were no positive reactions in negative
controls using crude extract of non-transformed lettuce with
dengue positive and negative sera (Table 1). A total of 80
human sera (53 DENV cases and 27 negative cases) were
used to evaluate the potential use of DENV tetra-epitope
antigen. In this analysis, an overall sensitivity of 71.7 % and
specificity of 100 % (Table 2) were obtained. The assay
efficiency was 0.86. Preliminary results observed in Table 2
and in Fig. 3 indicated the differences between serotype
sensitivities. A higher sensitivity was observed in DENV-1
cases (91.6 % [11/12]), while sensitivities of 86.6 % (13/15)
and 75 % (9/12) were observed for DENV-2 and DENV-3
cases, respectively. The lowest sensitivity was observed in
DENV-4 cases (18.2 % [2/11], Table 2). All three dengue
confirmed cases from non-identified infecting serotypes
were positive by IgG-ELISA using the tetra-epitope recom-
binant peptide (group E) (Table 2, Fig. 3). The cutoff value
was set at 0.136 and DENV-2 showed the highest OD values
for some sera (Fig. 3). As expected, there were no cross-
reactions with yellow fever (group G) or healthy individuals
vaccinated against yellow fever (group H) or false-positive
(groups F–I).

Discussion

Nowadays, many rapid tests for dengue immunochromato-
graphic diagnosis have been developed and have become
commercially available. However, the ELISA format still
presents advantages over other methods due to its ease in
handling a large number of samples and its relatively high
sensitivity in detection of dengue (Peeling et al. 2010).
Aiming to develop an inexpensive serological diagnostic
tool for dengue in an ELISA format, with good sensitivity
and specificity and ease of large-scale kit production, the
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lettuce chloroplast protein expression system was chosen.
Due to the compartmentalization of expressed protein in
lettuce chloroplasts, two simple centrifugation steps, fol-
lowed by chloroplast lyses in phosphate buffer containing
1 % Triton X, are enough for antigen preparation, since
other proteins from chloroplast do not show any cross-
reactivity to human sera. We produced a tetra-epitope re-
combinant antigen which was able to detect IgG antibodies
against the four DENV serotypes of DENV with an overall
sensitivity of 71.7 % and specificity of 100 % without the
need for heavy-duty purification steps, which can reduce the
production costs of the diagnostic test. Many commercially
available ELISA kits use attenuated virus or recombinant
virus protein produced in Escherichia coli or other cell

cultures as their antigen source, which need fine purification
for diagnostic use (Batra et al. 2011; Cuzzubbo et al. 2001;
dos Santos et al. 2004). Otherwise, human sera may cross-
react to host proteins, resulting in false-positive.

The overall sensitivity and specificity observed in our
analysis for the detection of anti-DENV IgG can be consid-
ered as satisfactory when compared to other commercial
kits. According to Peeling et al (2010) in an Evaluation of
Diagnostics series, two kits that use DENV 1–4 recombinant
antigen for the detection of IgM and IgG showed overall
sensitivities of 77.8 and 60.9 % with specificities of 90.6
and 90 %, respectively.

Transplastomic lettuce production can be done by plant-
ing the seed in soil or in a hydroponic system in confined

Table 1 ELISA IgG using
chloroplast protein crude extract
from transformed and non-
transformed lettuce

aThe same sample was tested
from each extract in duplicate
(absorbance 1 and 2). The num-
ber in parentheses indicated the
sample number. PBS 1× signi-
fies the use of phosphate buffer
instead of serum incubation

Samplea Transformed lettuce Non-transformed lettuce

Absorbance
1

Absorbance
2

Absorbance
1

Absorbance
2

DENV-1 (1) 0.205 0.217 0.112 0.104

DENV-1 (2) 0.291 0.317 0.106 0.104

DENV-1 (3) 0.18 0.17 0.091 0.099

DENV- 2 (1) 0.256 0.254 0.068 0.07

DENV-2 (2) 0.48 0.482 0. 055 0.061

DENV-2 (3) 0.194 0.193 0.062 0.057

DENV-3 (1) 0.249 0.248 0.102 0.105

DENV-3 (2) 0.223 0.244 0.062 0.067

DENV-3 (3) 0.475 0.472 0.055 0.061

Negative serum with dengue symptoms (1) 0.116 0.116 0.111 0.098

Negative serum with dengue symptoms (2) 0.125 0.126 0.114 0.106

Health serum (1) 0.110 0.107 0.105 0.108

PBS 1× (1) 0.088 0.089 0.084 0.042

PBS 1× (2) 0.092 0.096 0.093 0.089

PBS 1× (3) 0.043 0.045 0.069 0.091

Table 2 IgG-ELISA by using
crude lettuce extract from
DENV tetra-epitope peptide
from E domains I/II for the di-
agnosis of dengue serotypes 1–4

aA–E, groups of DENV positive
sera classified (or not) by sero-
types; F–I, groups of DENV
negative sera

Groupa No. of positive sera/total tested (%)

Negative Positive

A (DENV-1 cases, n=12) 1/12 (8.3) 11/12 (91.6)

B (DENV-2 cases, n=15) 2/15 (13.3) 13/15 (86.6)

C (DENV-3 cases, n=12) 3/12 (25.0) 9/12 (75.0)

D (DENV-4 cases, n=11) 9/11 (81.8) 2/11 (18.2)

E (DENV cases, serotype not identified; n=3) 0/3 3/3 (100)

Total for groups A–E, n=53 15/53 (28.3) 38/53 (71.7)

F (healthy individuals, n=05) 05/05 (100) 00/05

G (yellow fever cases, n=03) 03/03 (100) 00/03

H (healthy individuals vaccinated against yellow fever, n=03) 03/03 (100) 00/03

I (negative dengue cases presenting dengue fever symptoms, n=16) 16/16 (100) 00/16

Total for groups F–I, n=27 27/27 (100) 00/27
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spaces and scaling up according to demand (Kanamoto et al.
2006), not requiring sophisticated infrastructure. The only
laboratory equipment required for the production of the
antigen is one middle-speed centrifuge for chloroplast pre-
cipitation, demonstrating the real potential of this system to
produce DENV antigen inexpensively.

The epitope gene selected for four serotypes (which was
the same position in E protein) is a rather unusual choice for
DENV antigen. Most of the recombinant antigens for den-
gue detection targeting E protein use domain III (Batra et al.
2011; Martinez et al. 2010; Saejung et al. 2007), which is
described as the most immunogenic epitope carrier of the
envelope (Batra et al. 2011; Goncalvez et al. 2004;
Gromowski and Barrett 2007; Lisova et al. 2007; Roehrig
et al. 1998; van der Schaar et al. 2009). Our antigen covers
the border region of epitopes of domains I and II of the four
DENV serotypes. Despite already being described in the
literature (Beasley and Aaskov 2001; Falconar 1999; Lai
et al. 2007; Roehrig et al. 1990), these epitopes have not yet
been used as a diagnostic tool. Lai et al. (2007) demonstrat-
ed the importance of epitopes located in domain I of DENV-
4, since they neutralized viral infection by DENV-4 in vitro
and conferred protection against infection with the same
serotype in mice and Rhesus. In our study, the epitope
position 34–57 aa showed good antigenicity, confirming
the potential use of domains I and II as a diagnostic tool
without cross-reaction with yellow fever, an endemic and
important disease in Brazil (Table 2, Fig. 3). As observed in
Fig. 1a, the amino acid analyses revealed significant

divergences among DENV, STEV, YFV, JEV, and WNV
except KP[TS][LI]D motif. Due to the absence of JEV and
WNVand very low incidence of SLEV in Brazil (Mondini et
al. 2007; Rodrigues et al. 2010), the cross-reactivity tests
against these viruses have not been assessed yet.

Although the in silico model demonstrated that epitopes
were exposed, in vivo conformation may assume different
forms due to high structural flexibility. In this view, extended
coil structures were predicted in C terminus (Fig. 1c). Despite
the template shows a beta sheet conformation, a random coil
conformation was observed here. This fact could be explained
by the absence of non-covalent forces observed in the tem-
plate complex structure that probably maintains such second-
ary structure. Moreover, the model analyses showed that most
amino acids present in side chains would be exposed due to
high flexibility of glycine linkers, giving this peptide theoret-
ically exposed to the outside (Fig. 1c). This could be evaluated
by high b-factors, represented by larger diameter ribbon struc-
tures, especially found in glycine-rich regions of three-
dimensional structural modeling (Fig. 1c).

However, serotype 4 might not be exposed enough to bind
antibodies, which could explain the low efficiency of DENV-4
diagnostics compared to the other serotypes. The lower sen-
sitivity of tetra-epitope for DENV-4 remained unclear.

Some commercial kits based on ELISA protocol, which
were evaluated by Peeling et al. (2010), had a mean speci-
ficity of around 80–90 %, while the diagnostic system
developed in this study showed the specificity of 100 %.
This high specificity is probably due to the minimal cross-
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Fig. 3 IgG antibody response
to DENV tetra-epitope
produced in lettuce chloroplasts
determined by in-house IgG-
ELISA. The A group, positive
DENV-1 cases; B group,
positive DENV-2 cases;
C group, positive DENV-3
cases; D group, positive DENV-
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serotype not identified;
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G group, yellow fever cases;
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vaccinated against yellow fever;
I group, negative dengue cases
presenting dengue fever
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reactive proteins to human antibodies in lettuce crude pro-
teins. This is a remarkable advantage against bacterial sys-
tems of recombinant protein expression.

Although our data are preliminary and the validation of
the kit is still ongoing, the low-cost diagnostic tools devel-
oped in this study can contribute to all public and private
health-care centers in Brazil, more precisely diagnosing
dengue cases in this country.
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