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ABSTRACT. Equine infectious anemia caused by equine infectious
anemia virus is an important disease due to its high severity and incidence
in animals. We used a phage display library to isolate peptides that can
be considered potential markers for equine infectious anemia diagnosis.
We selected peptides using IgG purified from a pool comprised of 20
sera from animals naturally infected with equine infectious anemia virus.
The diagnostic potential of these peptides was investigated by ELISA,
Western blot and dot blot with purified IgG and serum samples. Based on
the results, we chose a peptide mimetic for glycoprotein gp45 epitopes
of equine infectious anemia virus, with potential for use as an antigen
in indirect diagnostic assays. Synthesis of this peptide has possible
applications for the development of new diagnostic tools for this disease.
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INTRODUCTION

Equine infectious anemia (EIA) is an illness resulting from the persistent infection
by the equine infectious anemia virus (EIAV), which is a member of the family Retroviridae
and genus Lentivirus. EIAV presents three main structural-functional genes gag, pol and env
and also a high mutation capacity generating the arousal of distinct viral variants that may get
rid of hostage immune control (Leroux et al., 2001; Howe et al., 2002), hampering diagnosis
and development of vaccines. EIA has no treatment or effective vaccine and disease control
is carried out by diagnosis followed by identification, isolation and sacrifice, segregation, and
transit restriction of seropositive animals (Sellon et al., 1994; Cook et al., 1996, Brangan et
al., 2008). The disease is considered one of the main obstacles for horse raising in Brazil due
to impossibility of national and international trade of the animals.

The most frequently tests used for EIA diagnosis are AGID and ELISA but several
factors may cause inconsistent results that need to be confirmed by more sensitive and
specific techniques (Soutullo et al., 2001; Trono et al., 2001; Leroux et al., 2004; Paré and
Simard, 2004; Alvarez et al., 2007a, Cappelli et al., 2011). Techniques such as PCR and
Western blot have been developed, evaluated and utilized as complementary tests or con-
firmations for EIA, as well as for other retroviruses (Johnson et al., 1998; Choi et al., 2002;
Alvarez et al., 2007a). A low sensitivity or specificity of diagnostic test may yield false
results making the efforts more complex in the control and eradication of diseases (Trono et
al., 2001), and alternative antigen production methodologies for being utilized in serologic
diagnosis may produce enhancements in the techniques and consequent improvement of the
programs for EIA control and eradication.

According to the World Organization for Animal Health, the AGID antigen used in
EIA diagnosis may be prepared from spleen cell cultures of the EIAV-infected equines in the
acute phase of the disease or from a recombining expression system (Coggins et al., 1972;
Nakajima and Ushimi, 1971; Alvarez et al., 2007b). Nevertheless, the classic method for
preparation of EIAV antigens from spleen or dermis cell cultures from equines has an enor-
mous disadvantage, because it can be contaminated by proteins from the cell culture or from
the host, which may generate non-specific results in diagnostic tests. Besides, EIAV cultures
are time-consuming and costly for large-scale antigen production (Alvarez et al., 2007b). A
number of factors must be considered in the selection of antigenic preparations, such as time
spent, the amount of material needed, the complexity and purity of viral proteins, the equip-
ment available, and the costs for obtaining the final product (Llames et al., 2000).

The phage display technique was utilized in this study to identify antigenic epitopes
from EIAV for use as antigens in serological diagnosis for EIA (Folgori et al., 1994; Leong
et al., 2008). In this technique, proteins or peptides are expressed through a fusion to the
bacteriophage proteins found on its surface, while the DNA that codifies the fused polypep-
tide is inside the phage. The phages presenting the peptides are submitted to interaction with
immobilized antibodies in a solid support. The ligants are eluted and may be enriched for
various cycles of selection by affinity. The identity of selected peptides may be determined
by sequencing the inserts present in the genome of the recombining phage (Smith and Scott,
1993). When the receptor used for selection by affinity is an antibody the selected peptides
from a randomic library are considered mimetic in relation to the natural corresponding epi-
tope (Smith and Petrenko, 1997). The use of mimetic peptides like antigens in the diagnosis
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presents advantages over the use of natural antigens, because they make a specific focus pos-
sible and eliminate the cross-reactions in the diagnosis (Smith and Petrenko, 1997).

Due to the economic damage caused by EIA and the importance of the laboratorial
diagnosis for the improvement of prevention and erradication activities related to the disease,
in this study, peptides presented by phages were selected through phage display technology
and by immune assays for discovering mimetic epitopes for EIAV.

MATERIAL AND METHODS
Purifying positive and negative IgGs from equine sera

Equine serum samples, from the Retrovirus Laboratory collection of the Department
of Preventive Veterinary Medicine of Federal University of Minas Gerais, were tested for EIA
diagnosis by ELISA with recombinant protein gp90 (rgp90) according to Reis (1997) and us-
ing AGID according to the protocol by Coggins et al. (1972) and adaptations by Nakajima and
Ushimi (1971).

A pool comprising 20 sera from EIAV naturally infected animals and another pool
comprising 20 negative sera were utilized to purify positive and negative IgG samples by
affinity chromatography using Hitrap Protein G HP columns, in an AKTA system, following
manufacturer instructions (GE Healthcare®). After elution of the column the positive and neg-
ative IgG portions obtained were neutralized using buffer 1 M Tris-HCI, pH 8.0, lyophilized
and resuspended in deionized/sterilized water. The concentrations of purified IgG and rgp90
were estimated by spectrophotometry at 280 nm and using the Bradford method (Bradford,
1976). The samples were submitted to electrophoresis on 16% SDS-PAGE and stained with
Coomassie-blue R-250. The molecular weight marker Bench Mark Protein Ladder (Invitrogen)
was used for comparison.

Biologic selection (biopanning)

The library Ph.D.-C7C™ New England BioLabs® was used for selection of peptide
sequences. First, 150 pL negative IgG and 150 pL positive IgG were added at the concen-
tration of 100 pg/mL in 0.1 M NaHCO,, pH 8.6, for adsorption in different wells of the
microtitration plate (MaxiSorp™ - Nunc) for 18 h at 4°C. The adsorption solutions were
discharged and the adsorbed wells on the plate were blocked for 1 h at 4°C with 250 pL
blocking buffer (0.1 M NaHCO,, pH 8.6, 5 mg/mL BSA, 0.02% NaN,). The wells adsorbed
on the plate were washed 6 times with TBST solution (50 mM Tris-HCI, pH 7.5, 150 mM
NacCl, 0.1% Tween 20, v/v).

Phages from original library at the concentration of 4.0 x 10" PFU were diluted in 100
L TBST solution and added to the microtiter well adsorbed with negative IgG and incubated
for 1 h at 4°C, under mild agitation. The supernatant with non-linked phages was transferred to
the well containing positive IgG and incubated again for 1 h under mild agitation at 4°C. After
incubation with positive IgG, the non-linked phages were discharged and the well was washed
10 times with TBST. The phages linked in this target were eluted with a buffer containing
0.2 M glycine-HCI, pH 2.2, and 1 mg/mL BSA for 10 min under agitation at 4°C. The eluate
was transferred to microtubes and neutralized with 2 pL of the buffer 1 M Tris-HCL, pH 9.1.

Genetics and Molecular Research 11 (3): 2182-2199 (2012) ©FUNPEC-RP www.funpecrp.com.br



Peptides selected for detection of equine infectious anemia 2185

Aliquots of the eluted phages were utilized for determination of titers. The remaining eluate
containing phages was utilized for the amplification through the infection in Escherichia coli
ER2738. Four selection cycles were performed for the enrichment of the phages containing
the linking peptides. From the 2nd cycle, the washing buffer stringency increased from 0.1 to
0.5% with Tween-20. The procedures for biopanning, amplification, precipitation, titration,
and DNA purification of the phages were performed according to instructions from the manu-
facturer (New England BioLabs®).

Sequencing and analyses

For sequencing reaction 500 ng template DNA (DNA of each phage), 5 pmol -96
glII primer (5'-OH CCC TCATAG TTA GCG TAA CG-3' - Biolabs) and Premix (DYEnamic
ET Dye Terminator Cycle Kit - Amersham Biosciences) were used. The reaction was carried
out on a plate thermocycler (MasterCycler - Eppendorf). The sequencing was carried on a
MegaBace 1000 (Amersham Biosciences) and DNA sequences obtained from the automatic
sequencer were processed by the software of the equipment (Sequence Analyzer, Base Caller,
Cimarron 3.12, Phred 15).

Analyses of deduction in silico were performed with the peptide sequences using
the DNA2PRO program (available at the RELIC software, https://relic.bio.anl.gov/programs.
aspx). The AAFREQ program (available at the RELIC software, https://relic.bio.anl.gov/aaf-
regs.aspx) was used to calculate the frequency and diversity of amino acids inside the popu-
lation of selected peptides. The search for similarities between the peptides selected was ac-
complished through multiple alignments using the Clustal W version 18.1 software (available
at www.ebi.ac.uk/clustal W/) (data not shown).

Wild phage

The phage M13KE (New England BioLabs®) was used as a negative control for im-
munoassays. This phage does not present the peptide fused at protein III of the viral capsid.
According to the manufacturer information, this clone may be useful as a control or in titration
of phage stocks. The procedures of amplification, precipitation and titration of the wild phage
were the same used for the phages selected from the libraries.

ELISAA

Precipitated phage samples were submitted to ELISA tests aiming to select only re-
active phages with IgG from sera of EIAV-positive animals and non-reactive with IgG from
EIAV-negative animals. High-affinity microtitration plates (MaxiSorp™ - Nunc) were ad-
sorbed with positive and negative IgG. Forty-four wells were adsorbed for 2 h at 37°C with
1 pg positive IgG and another 44 wells of the same plate were adsorbed with 1 pg (100 uL/
well) of negative IgG diluted in bicarbonate buffer (0.1 M NaHCO,, pH 8.6). Wells in each
half of the plate were use as reaction controls without IgG adsorption. The plates were blocked
for 18 h at 4°C using 300 pL/well 5% PBS/BSA (0.13 M NacCl, 0.002 M KCl, 0.008 M
Na,HPO,.12H,0, 0.014 M KH,PO,, pH 7.4, 5% BSA), and washed 3 times with 0.1% PBST
(PBS solution + 0.1% Tween 20).
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Phage samples were diluted to the concentration of 1 x 10" PFU (100 pL/well) in
a solution of 0.5% PBST/3% BSA (0.13 M NaCl, 0.002 M KCI, 0.008 M Na,HPO,.12H,0,
0.014 M KH,PO,, pH 7.4, 0.5% Tween 20, 3% BSA), and dilutions of each phage sample (in
duplicate) were incubated in wells adsorbed with positive and negative IgG for 2 h at 37°C. The
wild phage (negative control) was added on the adsorbed and non-adsorbed wells. The plates
were washed 8 times with 0.1% PBST solution and incubated for 1 h at 37°C with antibody
anti-M 13 conjugated to peroxidase (Sigma) diluted 1:5000 (100 pL/well) in a solution of 0.5%
PBST/ 3% BSA. Plates were washed as previously described and the reaction was revealed by
the addition of 0.03% H,O, and 1 mg/mL o-phenylenediamine in 0.1 M citrate-phosphate, pH
5.0. The reaction was interrupted by adding sulphuric acid (2 N) and the optical density (OD)
was determined by spectrophotometry at 490 nm (Titertek Multiskan Plus, Flow Laboratories,
USA). The cut-off value was calculated based on the OD obtained for wild phage (cut-off = wild
phage average value + 2X the standard deviation value for wild phage). The ELISA index (EI)
was calculated taking the average OD of the duplicates divided by the cut-off values. Values
greater than 1 were considered to be positive. The paired #-test was performed in order to verify
the difference between the Els obtained using the STATA 10.0 software (http://www.stata.com/).

ELISAB

Phages selected by ELISA A were tested by using 30 positive serum samples and 30 nega-
tive serum samples for EIAV infection. The equine serum samples were previously tested using
rgp90 ELISA according to Reis (1997), and by Agar Gel Immunodiffusion according to Coggins et
al. (1972) and adaptations by Nakajima and Ushimi (1971). Each selected phage sample and wild
phage at concentration of 1 x 10" PFU (100 pL/well), and 1 pg (100 pL/well) rgp90 protein were
diluted in 0.1 M NaHCO,, pH 8.6, and adsorbed on microtitration plates (MaxiSorp™ - Nunc) for
18 h, at 4°C. The plates were washed twice with 0.05% PBST solution and blocked with PBS con-
taining 5% skim milk powder for 1 h. After 3 washings, wells were incubated (in duplicate) with 30
positive serum samples and 30 negative serum samples diluted 1:500 (100 pL/well, in duplicates)
in PBS solution containing 1% skim milk powder, for 1 h at room temperature. The wells that did
not receive serum samples were considered blank reactions. After six washings, wells were incu-
bated with the antibody anti-equine IgG conjugated to peroxidase (Sigma) diluted 1:5000 (100 pL/
well) in PBS solution containing 1% skim milk powder for 1 h, at room temperature. The plate was
washed 6 times and the reaction was revealed as described for ELISA A. The OD was determined
by spectrophotometry at 490 nm (Titertek Multiskan Plus, Flow Laboratories, USA). The cut-off
value was calculated based on the OD values of the protein rgp90 with the negative serum samples
(absorbance average for rgp90 with negative serum samples plus 2X the standard deviation). The
EI was calculated separately for positive and negative serum samples (negative EI: average ab-
sorbance of each negative serum - average for wild phage with negative sera/cut-off; positive EI:
average absorbance of each positive serum - average for wild phage with positive sera/cut-oft). The
t-test was performed in order to verify the difference between the ELISA indexes obtained using
the STATA 10.0 software (http://www.stata.com/).

ELISA competition A

The ELISA competition assay was performed to verify if the phages selected by
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biopanning and in ELISA A were able to compete with the protein rgp90 for binding to
positive IgG samples.

The IgG-purified samples from positive sera were diluted for the concentration of 1
ug/well in 0.1 M NaHCO,, pH 8.6, and adsorbed on microtitration plates (MaxiSorp™ - Nunc)
for 18 h, at 4°C. After 2 washes with 0.05% PBST solution, the plates were blocked using PBS
solution containing 5% skim milk powder for 1 h, at room temperature. After blocking, the
plates were washed 3 times with 0.05% PBST.

The wild phage and phage samples were diluted to a concentration of 1 x 10" PFU (100
pL/well), and rgp90 was diluted to concentrations of 0, 4, 8, and 16 pg/uL in PBS with 1% skim
milk powder. Each phage sample (100 pL) was mixed to each rgp90 concentration (100 pL) in
duplicates and incubated in the wells for 1 h, under agitation, at room temperature. As a control
of phage reaction, in 2 wells of each column were added to phage samples (1 x 10! PFU) without
protein rgp90. The wells without samples were the blank of the reaction. Wells were washed 6
times with 0.05% PBST solution and incubated with the antibody anti-M13 conjugated to peroxi-
dase (Sigma) diluted 1:5000 (100 pL/well) in PBS with 1% skim milk powder. The plates were
incubated for 1 h at room temperature and washed 6 more times.

The reaction was revealed and the OD was determined as previously described. The cut-
off value was calculated based on the OD obtained for the wild phage (cut-off = wild phage average
value + 2X the standard deviation value for wild phage). The EI was calculated taking the average
OD of the duplicates divided by the cut-off values. The STATA 10.0 software (http://www.stata.
com/) was used to calculate the variation coefficient for each phage in the experiment.

Dot blot

Nitrocellulose membranes (0.2 um, Amersham Pharmacia) were sensitized with se-
lected phages (1 x 10" PFU/well), wild phage (negative control, 1 x 10" PFU/well), with
rgp90 (positive control, 1 png) and blocked in TBS solution with 5% skim milk powder for
1 h under agitation, at room temperature. After a wash with 0.05% TBST solution (50 mM
Tris-HCI, pH 7.5, 150 mM NaCl, 0.05% Tween 20), IgG positive and negative (400 pg), 40
positive sera and 40 negative sera for EIA (1:1250) were diluted in blocking solution and in-
cubated with each membrane for 1 h under agitation, at room temperature. After 5 washes, the
membranes were incubated for 1 h with anti-equine IgG conjugated to alkaline phosphatase
(1:5000, Sigma) diluted in blocking solution, under agitation, at room temperature. After 5
washes, the reactions were revealed by adding NBT/BCIP solution (Sigma Chemical) and
interrupted by deionized H,O.

Dot-blot competition

The phage samples that reacted in dot blot with positive sera and non-reacted with
negative sera were submitted to the dot-blot competition test. The phages sensitized in the
membranes were tested for their ability to compete with the protein rgp90, in solution, for
binding to the antibodies from positive serum samples for EIAV infection.

Nitrocellulose membranes (0.2 pum, Amersham Pharmacia) were cut into strips and
sensitized with selected phage and wild phage (negative control) at the concentration 1 x 10"
PFU and 1 pg rgp90 (positive control). After the sensitization, membranes were blocked with
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TBS solution with 5% skimmed powdered milk for 1 h, under agitation, at room temperature
and washed once in 0.05% TBST. Positive and negative serum samples were diluted 1:1250
in blocking solution. The membranes were incubated for 2 h, under agitation, at room tem-
perature with positive sera, negative sera, and positive sera mixed with 80 pug protein rgp90
(competition). After 5 washes with 0.05% TBST, the membranes were incubated for 1 h with
anti-equine IgG conjugated to alkaline phosphatase (1:5000, Sigma Chemical) in blocking
solution, under agitation, at room temperature. After 5 washes, the reactions were revealed by
adding NBT/BCIP (Sigma Chemical) and interrupted with deionized H,O.

Western blot

The Western blot test was used to confirm if the peptide fused to the protein III (pIII)
of phages differentiates positive and negative serum samples for EIA. The selected phage
(1 x 102 PFU), wild phage (negative control, 1 x 102 PFU) and 10 pg rgp90 (positive con-
trol) were submitted to electrophoresis on SDS-PAGE (16% acrylamide). The samples were
electrotransferred for 2 h at 280 mA, 4°C to nitrocellulose membranes (0.2 pm, Amersham
Pharmacia) that were blocked by TBS solution with 5% skim milk powder for 1 h under agi-
tation, at room temperature. After a wash with 0.05% TBST solution (50 mM Tris-HCI, pH
7.5, 150 mM NaCl, 0.05% Tween 20), IgG-positive and -negative (400 pg) and positive and
negative serum samples for EIA (1:1500) were diluted in blocking solution and incubated in
the membranes for 1 h under agitation, at room temperature. After 3 washes, the membranes
were incubated for 1 h with anti-equine IgG conjugated to alkaline phosphatase (1:5000,
Sigma Chemical) diluted in blocking solution, under agitation, at room temperature. After 3
washes, the reactions were revealed by adding NBT/BCIP (Sigma Chemical) and interrupted
by deionized H,O.

ELISA competition B

Microtitration plates (MaxiSorp™ - Nunc) were adsorbed for 18 h at 4°C with protein
rgp90 (1 pg/well) diluted in 0.1 M NaHCO,, pH 8.6. After this step, the plates were washed
twice with 0.05% PBST and blocked with PBS solution containing 5% skim milk powder for
1 h. Positive and negative serum samples were diluted 1:500 in PBS solution containing 1%
skim milk powder and incubated in duplicate. The positive sera were diluted 1:500 and mixed
with 1 x 10" PFU of E12 and wild phage (competition), which were also incubated into the
wells in duplicate. The wells without serum samples were the blank of the reaction. After a
2-h incubation, the plates were washed 6 times and the anti-equine antibody conjugated to
peroxidase (1:5000, Sigma) was added. After incubation for 1 h and six washes, the reaction
was revealed and the OD was determined as previously described. The statistical analysis of
the results was carried out utilizing the Prisma 5.0 software for ANOVA with the Bonferroni
test for the comparison of the averages of the duplicates of the OD values obtained through
ELISA.

Bioinformatics analysis

The sequence of the selected peptide was analyzed in comparison to sequences of
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EIAV proteins stored in the “GENEBANK?” through the BLAST - Basic Local Alignment
Search Tool software (http://www.ncbi.nlm.nih.gov/BLAST/). To find the maximum of simi-
larity among the selected peptide and the EIAV proteins the program MATCH (available at
RELIC, http://relic.bio.anl.gov/match.aspx/) was used.

Synthesis of the peptide containing mimetic epitopes of the EIAV

At this stage the system of multiple mimetic peptides (multiple antigen peptides)
based on the selected phage by phage display and immunoassays was utilized. The synthetic
peptide was planned with 5 repetitions in tandem, presenting the same spacer -GGGS- and
C-terminal amide for stabilizing the peptide structure. The peptide was synthesized by Gen-
scrip (www.genscript.com). The synthetic peptide called VAIE-E12 presents 51-amino acid
residues, molecular weight 4840.2 kDa, isoelectric point 8.2, and a positive charge (+0.5) in
pH 7.0.

ELISA VAIE-E12

ELISA assays were performed to verify the VAIE-E12 reactivity with 30 samples of
positive sera and 30 samples of negative sera for EIAV infection.

The synthetic peptide was diluted in sterilized deionized water and its concentra-
tion determined by spectrophotometry at 280 nm and by the method of Bradford (1976).
Microtitration plates (MaxiSorp™ - Nunc) were adsorbed with VAIE-E12 (0.5 ug/well)
diluted in bicarbonate buffer (0.1 M NaHCO,, pH 8.6), for 18 h at 4°C. After adsorption
the plates were washed twice with 0.05% PBST and blocked using PBS solution containing
5% skim milk powder for 1 h. The plates were washed twice and serum samples diluted
1:20 (100 pL/well) in PBS solution containing 1% skim milk powder were incubated in
duplicate. Adsorbed wells that did not receive serum sample were considered blank reac-
tions. After the 1-h incubation at room temperature, 6 washes with 0.05% PBST were car-
ried out. The anti-equine antibody conjugated to peroxidase (Sigma) diluted 1:5000 (100
pL/well) in PBS solution containing 1% skimmed powdered milk was added in each well.
After incubation for 1 h and six washes were carried out, the reaction was revealed and the
OD was determined as previously described. The PRISMA 5.0 software (GraphPad, http://
www.graphpad.com/prism/) was utilized to carry out the #-test for evaluation of average
values of the OD obtained through ELISA.

RESULTS
Phage selection

Eluates containing phages obtained by biopanning were titrated to estimate the phage
quantity selected for the 4 cycles using the Ph.D.-C7C™ library and it was observed that titers
increased gradually from the 1st to 4th cycle.

After sequencing, 28 peptide sequences were translated and 23 different sequences
were identified, because the sequence TATSHLF was selected 4 times (4 identical phages)
while the sequence GNSWYNS presented 3 repetitions. The calculations of the total frequen-
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cies for each amino acid in the peptides obtained by the AAFREQ software showed a greater
frequency of hystidine, leucine and serine.

The search for similarities among the 23 different sequences was performed using the
Clustal W version 18.1 software (http://www.ebi.ac.uk/clustalW/), and revealed some common
motifs among the selected peptides: SHLF, ATSHxF, SHxF, THxF, and IQPLL (data not shown).

ELISA A

The reactivity between the phages and the purified [gGs was tested by ELISA A. Only
phages that reacted with IgG purified from positive sera for EIA and non-reactive with IgG
purified from negative sera for EIA were selected. An EI greater than 1 was considered to be
positive (Figure 1). In this assay 11 clones were selected: C3, C4, C8, C9, D4, D11, E1, E12,
G3, H1, and H9.

For verifying differences among the Els obtained based on the reactivity of the 11
clones with positive and negative 1gGs, the paired z-test was performed utilizing the STATA
10.0 software. The value for P < 0.001 showed a significant difference in the reactivity of
phages with positive and negative 1gGs.

ELISA A:reactivity of phapes with IpG purified from positive and nepative sem for EIA
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Selected phapes

Figure 1. Selection of phages by the ELISA A test. Phages presenting the ELISA index greater than 1 for positive
(pos) IgG and lower than 1 for negative (neg) IgG were selected. EIA = Equine infectious anemia.
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ELISAB

ELISA B assay was performed to verify the antigenic characteristic and reactivity of
the 11 phages selected by ELISA A to positive and negative serum samples for EIAV infec-
tion. Only the phage E12 and protein rgp90 were able to differentiate positive and negative
sera (Figure 2) showing significant differences between average values for IE obtained with
positive and negative samples (z-test; P < 0.001; STATA 10.0).
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ELISA B: reactivity of phages with positive and negative sera for EIA

12

B pos
neg

ELISA Index

wid C3 C4 CB C9 D4 DIl El EI2 G3 Hl H9 rzp%0
Selected phages

Figure 2. ELISA B: reactivity of the selected phages with 30 positive (pos) sera and 30 negative (neg) sera for
equine infectious anemia (EIA) (average values of ELISA index).

ELISA competition A

According to results obtained by ELISA competition A, the increased concentrations of
protein rgp90 in solution with the phages lead to a decrease in reactivity of the phages with the
positive IgG adsorbed on the plate, when compared with the wells that received phage samples
(1 x 10" PFU) without protein, showing that there is a competition between rgp90 and phages
to react with the IgG (Figure 3). By using the STATA 10.0 software, the variation coefficient
was determined in the experiment: C3 = 26%; C4 = 45%; C8 = 36%; C9 = 33%; D4 = 38%;
D11 =31%; E1 = 42%; E12 = 83%; G3 = 38%; H1 = 46%; H9 = 35%; wild = 26%, and was
observed that phage E12 presented the greatest decrease upon increasing the rgp90 concentra-
tions, pointing to greater competition of this phage in comparison to other clones (Figure 3).

ELISA competition A

0.50 7

s ——C3

0.40 | —---C4

035 4 Ez
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g 025 4 :;“

0.20 4 —m-E12
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0.10 4 :.:i;

0.05 | el

0 .

1gp90 concentration (pg)

Figure 3. ELISA competition A: selected phages and rgp90 in competition to react with IgG purified from positive
sera for equine infectious anemia. OD = Optical density.
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Dot blot

In dot-blot assays, the results were based on the intensity of staining, and the phages
C4, C8, C9, E12, H1, and H9 were able to differentiate positive and negative IgG (Figure 4).
For analysis with serum samples, just phage E12 was able to differentiate positive and nega-
tive sera for EIA (Figure 5). The wild phage did not react with the IgG and serum samples.

C3 C4 C8 CY D4 D11 E1 E12 &3 H1 H9 W

@ O ¢ -~ oo -

Figure 4. Evaluation of phage reactivity with IgG in dot blot: superior membrane incubated with negative (Neg)
IgG, and inferior membrane incubated with positive (Pos) IgG. W = Wild phage.
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m‘....... & e
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Figure 5. Evaluation of phage reactivity in dot blot with 10 positive and 10 negative serum samples for equine
infectious anemia (on the left of the line: membranes incubated with positive sera; on the right of the line:
membranes incubated with negative sera; C8 and wild phage did not react with serum samples; data not shown).

Dot-blot competition

Nitrocellulose membranes adsorbed with E12 phage, wild phage and rgp90 were incu-
bated with different positive and negative serum samples and with positive sera containing 80
ug rgp90 (competition). In the membranes incubated with positive sera mixed with rgp90, the
E12 phage presented low reactivity when compared with membranes incubated with positive
sera only (Figure 6). The protein rgp90 (in solution) competed with E12 phage (adsorbed) to re-
act with antibodies from positive serum samples for EIA. The rgp90 adsorbed in the membrane
competed also with the rgp90 in solution, similarly to the phage. The wild phage did not react
with serum samples. The E12 phage and rgp90 presented low reactivity with negative sera.
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Figure 6. Dot-blot competition assay: E12 phage competing with rgp90 to react with positive sera for equine
infectious anemia [A+, B+, C+ = positive sera; A+ (comp), B+ (comp), C+ (comp) = positive sera containing 80 pg
rgp90; A neg, B neg, C neg = negative sera; wild phage (W) = negative control].

Western blot

Western blot test was performed to confirm if the peptide fused to the plll of phage
E12 differentiates positive and negative serum samples for EIA, and the specific reaction of
the antibodies from positive sera with plll (~42 kDa) of the phage E12 and with rgp90 was
observed (Figure 7). No reactivity was detected with wild phage. According to results from
the Western blot only the peptide fused on plll of the E12 phage was specifically recognized
by purified IgG (data not shown) and by antibodies from sera used for immunoassays, and not
other sequences that constitute the viral particle of the phage.

rgpS0 W

E12

Figure 7. Nitrocellulose membrane showing Western blot results for reactivity of E12 phage, wild phage and
protein rgp90 with positive serum sample for equine infectious anemia (protein III, pIIl: ~42 kDa; rgp90: ~39 kDa;
wild phage (W): negative control; /ane M = molecular weight marker).

ELISA competition B

The rgp90 was adsorbed in the wells of the plate and incubated with positive se-
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rum samples (positive control), negative serum samples (negative control) and with posi-
tive serum samples mixed to phage E12 (competition). This assay enabled verification
that E12 phage in solution with positive serum samples competes with rgp90 adsorbed to
the wells for binding to antibodies of the positive sera for EIA. This result was found due
to the smaller OD obtained in the wells that contained the phage, in comparison to the
wells where the same positive serum samples were applied without the phage (Figure 8).
Utilizing the PRISMA 5.0 software (http://www.graphpad.com/prism/) for ANOVA with
the Bonferroni method, it was possible to observe that the absorbance values were statisti-
cally different between the positive sera and the positive sera in solution with phage E12,
and between the positive and negative sera (P < 0.05).

P<0.05
1.0+

b P<0.05

oD

e ———
R
L
Positive Positive Negative
sera +E12 sera

Figure 8. ELISA competition B: evaluation of results obtained by optical density (OD) for analysis of competition
between E12 phage (in solution) and rgp90 (adsorbed) for binding to the antibodies from positive serum samples for
equine infectious anemia.

Bioinformatics analysis and synthesis of the peptide

The sequence of the peptide fused on the E12 phage was analyzed in comparison to
sequences of EIAV proteins stored at “GENEBANK” using the BLAST software (http://www.
ncbi.nlm.nih.gov/BLAST/). The results showed a similarity of the peptide (TATSHLF) with
the glycoprotein transmembrane gp45 coded by the env gene of EIAV (database accession
Nos. AAK21107.1, AF327877.3, AAK21113.1, AF327878.1), and utilizing the MATCH soft-
ware, a maximum similarity region represented by A7SH was observed (Figure 9).

According to the results of immunoassays and bioinformatics analysis, the sequence
exhibited by E12 phage was selected to produce the synthetic peptide. The system of multiple
mimetic peptides was utilized, and VAIE-E12 synthetic peptide was designed with 5 repeti-
tions of the TATSHLF sequence, presenting the spacer -GGGS- and C-terminal amide:

VAIE-E12
TATSHLFGGGSTATSHLFGGGSTATSHLFGGGSTATSHLFGGGSTATSHLF- NH3
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Figure 9. Maximum similarity point (47SH) between peptide fused on the E12 phage (TATSHLF) and gp45
glycoprotein of the equine infectious anemia virus.
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Results of the reactivity of peptide VAIE-E12 in ELISA with serum samples from
animals naturally infected by EIAV

The reactivity of the synthetic peptide VAIE-E12 was tested by ELISA. The PRISMA 5.0
software (http://www.graphpad.com/prism/) was used for the #-test analysis and the obtained
value for P < 0.0001 showed a significant difference between results with 30 positive sera and 30
negative sera for EIAV infection (Figure 10).
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Figure 10. Evaluation of results obtained by optical density (OD) in the ELISA test using the synthetic peptide
VAIE-E12 for testing 30 positive and 30 negative serum samples for EIAV infection (#-test; P < 0.0001; GraphPad,
Prisma 5.0).

DISCUSSION

The development of suitable diagnostic techniques aiming at the improvement of mea-
sures for control and eradication of diseases has been the goal of many studies. In the case of per-
sistent infection by EIAV, a reliable diagnostic method capable of identifying the initial phases of
EIA is of major importance to prevent the spread of the virus in flocks, because the carrier animals
are considered to be the source of infection for the healthy ones, since there are no vaccines that
protect against all variants of the virus (Sellon et al., 1994; Cook et al., 1996; Trono et al., 2001).

Several techniques have been recently developed and utilized for AIE detection and
many studies have been focused on the enhancement of the production of purer antigens to
improve the sensitivity and specificity of the serologic diagnosis for disease (Sentsui et al.,
2001; Trono et al., 2001; Alvarez et al., 2007a,b; More et al., 2008).
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The phage display techniques have been frequently utilized in the solution of a num-
ber of biological problems (Smith and Petrenko, 1997), from the discovery of epitopes to the
development of diagnostic platforms and vaccines (Ziegler et al., 1998; Casey et al., 2009).
This methodology enables the identification of new antigens without previous information
about the specificity of the antibodies, avoiding the need for monoclonal antibodies for char-
acterization (Parmley and Smith, 1988, 1989).

In the present study, the isolation of homologue peptides from those of EIAV may
be explained by the repeated cycles for peptide selection out of affinity towards the purified
IgG from positive sera for EIA. So, the selection and amplification cycles tend to produce the
prevalence of peptides recognized by antibodies with higher titers, generating subpopulations
of specific phages with affinity to positive IgG (Parmley and Smith, 1988, 1989). Phage en-
richment during the selection process was also discovered because the titers increased gradu-
ally from the 1st to the 4th cycle, producing evidence that the selection procedure for peptides
was directed to the biological target.

A higher frequency for hystidine, leucine and serine was observed in the analysis
of amino acid frequency of the selected peptide sequences, implying that these are the main
agents in the peptide-immunoglobulin interaction in the processes of biological selection (data
not shown). The critical amino acids in peptide sequences provide indications of specificity
in the process of the recognition of the ligants, and the presence of common motifs between
peptides may be related to a selection favoring the ligant, from the indication that these amino
acids may be critical for peptide recognition by IgGs (Cortese et al., 1995). Through the analy-
ses of proteic alignment it was possible to observe that selected peptides contain critical resi-
dues with identity and conservation and that could imitate the structure and role of the original
epitopes existing in EIAV (data not shown).

The protein rgp90, used as an antigen in the indirect ELISA test according to Reis
(1997), was used as control in all experiments and showed a significant difference of reactivity
between positive and negative samples in ELISA, Western blot and dot blot. The wild phage
was used as a negative control in the assays since it does not present the peptide fused in the
plI (Meade and Kemper, 1988). The results obtained by Western blot showed that peptides
fused on pllI of the selected phages are specifically recognized by purified IgGs (data not
shown) and antibodies of positive serum samples, and not other sequences that compound the
viral particle when compared to the wild phage (M13) in the site corresponding to the insert.

During procedures with the purified IgGs the E12 phage presented the ability to com-
pete with rgp90 for linking to the IgGs, besides differentiating positive and negative IgGs in
all assays. In tests using serum samples, E12 was able to differentiate all positive and nega-
tive animal sera in ELISA and dot blot and also competed with rgp90 for the linkage to the
antibodies of EIAV-positive serum samples in these assays. Due to its characteristics as an
antigenic sample in the immunoassays the E12 phage presented potential for use in diagnostic
tests to detect EIAV infection using a serum sample. Through the analyses of the E12 peptide
sequence for the similarity to the EIAV protein sequences available on GENBANK, the ho-
mology was observed between the peptide and the EIAV transmembrane glycoprotein gp45,
coded by the gene env. The region of maximum similarity represented by ATSH seems to be
integrated in the interaction of the peptide with the purified IgGs and with the antibodies of
the sera used in the assays.

Animals infected by EIAV present a strong immune response against the glycopro-
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teins gp90 and gp45 (Leroux et al., 2004; Shen et al., 2005), which are frequently utilized as
antigens in the serologic diagnostic tests for EIA detection. Although it is widely used as an
antigen for diagnosis, the gp90 is considered as the main target of antigenic variations during
the infection (Howe et al., 2005; Shen et al., 2006). This fact may compromise the diagnosis
when the foreign EIAV antigen is used to detect antibodies in the sera of infected animals
by an EIAV variant in different areas. Biochemical and immunological studies showed that
conserved epitopes can be noticed in gp45, pointing to the possibility that for being a better
conserved protein, the use of gp45 as an antigen for diagnosis constitutes an alternative to the
problems caused by the variations found in gp90 (McGuire et al., 2000; Belshan et al., 2001).

Despite the similarity between the peptide from the E12 phage and gp45, this peptide
competed with the rgp90 for reaction with antibodies in the immunoassays, and it may be due
the presence of epitopes existing in the different viral proteins that cross-react with the antibodies.
Although there are no similarities between the selected peptide sequence and protein gp90 from
EIAV, up to now, there are no Brazilian sequences of the protein gp90 in GENBANK; thus, it
would be appropriate to carry out a detailed molecular study with Brazilian EIAV isolates for a
comparative analysis between sequences and verification of this hypothesis.

In the present study, according to the antigenic features observed of the peptide in the
immunoassays with serum samples and with the IgGs it may be suggested as an alternative
antigen in the diagnosis of EIA. The use of mimetic peptides as antigens for serological diag-
nosis obtained from phage display libraries has been suggested by other authors as an alterna-
tive for the use of complex viral antigens, because the small peptides may eliminate the high
ratio of unwanted epitopes found in the preparations of complex antigens, thus contributing
to improved diagnosis (Casey et al., 2009). Besides these factors, the use of selected peptides
from libraries as controls in diagnostic immunoassays, replacing native antigens, has been
suggested. The mimetic peptides may also work as precisely defined positive controls proper
for use in diagnostic tests as an alternative when the original pathogen is hard to obtain or has
no stability and in cases of virus presenting erratic distribution (Ziegler et al., 1998).

The results obtained using ELISA with the synthetic peptide VAIE-E12 designed from
the peptide sequence presented by the E12 phage showed that phage display selection was an
efficient method to produce a new antigen for EIA diagnosis. The VAIE-E12 peptide presented
a significant difference in reactivity with positive and negative serum samples, which makes it
a potential candidate for diagnostic usage. A wider number of samples should be evaluated for
standardization of the use of this peptide in serologic tests such as ELISA.
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