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INTRODUCTION

Antibodies provide protection of the organism against
microorganisms, allergens, toxins, among other molecules,

The I mmunoglol?uligs (Ig), also 'knoyvn as antibodies, are contributing to its neutralization and subsequent elimination by
proteins present in high concentration in the blood plasma of o 010 1ot and cellular machin ery of the immune system
vertebrates (Schroeder & Cavacini, 2010). The main function (Forthal, 2014). In addition, these molecules are also

of thF:se molecules 1s to recognize antigens fore1gn.tf) considered essential biotechnological tools in several
organisms, in order to neutralize them (Schroeder & Cavacini, biological assays because they are able to specifically

2010). Regardless of their clags, Igs have a structure co.mposed recognize epitopes of target molecules (Darwish, 2006). The
of two heavy polypeptide chains, whose molef:ular weight can main assays that are applied can include immunodiffusion,
vary from 50 to 70,000 Daltons, and two light polypeptide enzyme-linked immunosorbent assay (ELISA), Western blot,
Cha,l ns Of, mglecular we1ght around 23,000 Daltons. The even advanced microscopy and immunohistochemistry
variation in immunoglobulins becomes even greater when o pniques, being essential for studies to elucidate the
1nvest.1g.at1ng other groups of a.mmals. In b1.rds, reptlle§, biological activity of several proteins. Among the several
amp h1b1aps and some fishes, Fhe 1mmunoglobu11n Y (IgY) is classes of immunoglobulins, IgY stands out in terms of its
the most important class of antibodies (Munhoz et al., 2014). sustainable production, good yields, and its molecular
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specificity that is superior to that of IgG, which is produced
from mammals and widely used in scientific works (Munhoz
et al., 2014). Lectins are defined as proteins that present at
least one non-catalytic domain capable of specific and
reversible binding to mono- or oligosaccharides (Peumans &
Van Damme, 1995). These proteins are widely distributed in
nature being found in all organisms and viruses (Peumans &
Van Damme, 1995). Inside the lectin group, those obtained
from Legume plants are the most well studied. This is a group
of structurally-related proteins that can present variation in the
carbohydrate specificity and affinity (Lagarda-Diaz et al.,
2017). Legume lectins are capable of eliciting various
biological activities such as anticancer, anti-inflammatory,
vasorelaxant, among others (Holanda et al., 2012). Despite
having several reported effects and a high potential for
applicability, the biological mechanisms related to these
activities have not been fully determined and specific
antibodies to lectins would be necessary for the design of tests
to elucidate these mechanisms.

Vatairea guianensis lectin was purified from seeds and showed
specificity for N-acetyl-D-galactosamine/D-galactose and
derived sugars. Structurally, VGL is a glycoprotein with
tetrameric oligomerization and molecular mass of 120 kDa.
This lectin can elicit some biological activities such as
vasorelaxation and binding to cancer antigens (Marques et al.,
2017; Silva et al., 2012). In this context, the current
manuscript aimed to produce, purify, and -characterize
antibodies anti-VGL from chicken eggs, for application in
immunological assays.

MATERIALS AND METHODS

Animals: Laying hens of the Dekalb White breed aged
between 20 and 22 weeks have been purchased from farms
located in cities near the city of Fortaleza, Brazil. The
purchased chickens have been vaccinated against the main
recurrent diseases in poultry. The chickens were housed in
suspended accommodation cages in the poultry sector of the
Zootechnics Department of the Federal University of Ceara.
Cleaning has taken place daily and water and food will be
offered ad libitum until the start of laying. The experiments
started when the chickens were 24 weeks old, where the
animals should weigh approximately 1.8 kg and reached the
laying level of at least 5 eggs per week. Experimental
protocols have been approved by the Ethics Committee of
UFC following the guide of Care and Use of Laboratory
Animals of the National Academy of Sciences (8th Edition,
2011).

Lectin purification: Vatairea guianensis lectin has been
purified from seeds following the protocol published by (Silva
et al., 2012). The purity of the sample has been accessed by
SDS-Page (Laemmli, 1970).

Immunization of the chickens: For the application, a stock
solution of VGL at 1 mg/mL in NaCl 150 mM was prepared
and diluted to 200 and 400 pg/mL (in NaCl 150 mM) prior to
application. In the first application only, the lectin was diluted
in Freund adjuvant. 3 groups of 3 chickens have been applied
for the experiment, one group receiving VGL at 200 ug/mL, a
second group receiving 400 pg/mL and the third group
receiving saline-only. The inoculation was performed using 1
mL syringes with needles with 21x8 mm. The inoculations
have been carried out in the pectoral muscle at intervals of 10

days. The process was repeated 10 times (100 days of
experiment). A volume of 1 mL was applied in each
immunization.

Egg collection and IgY enrichment: The collection was
carried out daily and started one week before the first
immunization extending until two weeks after the last
immunization (Amro et al., 2018). Therefore, the eggs were
collected daily after the natural laying has been identified.
Subsequently, they were stored in a refrigerator at 4 °C for a
maximum of 30 days. For each group, eggs collected over 7
days will be considered a sample. For the IgY purification
process, 3 eggs or more from each sample had their yolks
collected and were considered a pool. The other gems in the
corresponding sample were stored in a pool as described
above, for possible later use, if necessary. To separate and
clarify the yolks, they were separated from the egg white,
washed with distilled water and immediately wrapped in paper
towels in order to remove as much albumin adhered to the
surface. Subsequently, the membrane of each yolk has been
pierced with a sterile needle and the content was transferred to
a beaker. The 3 yolks (considered a pool) will be frozen until
later use.

For the protein fraction obtention, a pool of yolks was thawed,
diluted in ultrapure water in a 1:10 ratio and homogenized with
the aid of a glass stick. Then, this mixture was acidified with a
HCI solution until pH 5.0. Then, the acidified solution was
centrifuged for 9,000 g for 10 minutes at 4 °C. The pellet was
discarded, and the supernatant was subjected to protein
precipitation with ammonium sulfate in 0 - 30% saturation
which was left to stand for 4 hours at 4 °C. Then, the material
will be centrifuged again, using the centrifugation parameters
described above, the supernatant discarded and the precipitate,
called F 0-30, dialysed exhaustively against ultrapure water
followed by dialysis against 20 mM sodium phosphate buffer
with potassium sulfate 0.5 M pH 7.5. Soluble proteins were
quantified by the Bradford assay using BSA as standard
protein (Bradford, 1976).

IgY purification: The antibody purification was achieved by
affinity chromatography in a HiTrap® IGY Purification matrix
(GE Healthcare®). For this, the F0-30 fraction has been
applied in a previously equilibrated matrix (with sodium
phosphate 20 mM with phosphate sulfate 0.5 M pH 7.5). Non-
retained proteins were eluted with the equilibration solution
while the retained protein was removed from the matrix with
sodium phosphate buffer 20 mM pH 7.5. Fractions of 1 mL
were collected and monitored by spectrophotometry at 280 nm
wavelength. Fractions containing IgY were pooled, dialyzed
against ultrapure water and freeze-dried for posterior use.

Western blotting: In order to assess the specificity of the
polyclonal anti-VGL antibody, a western blotting assay has
been performed (Mahmood & Yang, 2012). For this, the lectin
from Vatairea guianensis was separated using a 12% SDS-
PAGE gel. In order to monitor both the electrophoretic run and
the transfer of proteins, the molecular marker TrueColor High
Range Protein Marker S2600 (Sinapse ®) has been used. The
electrophoretic run was carried out under standard conditions,
according to the method previously described. Then, the
proteins adsorbed on the gel were transferred to the
nitrocellulose membrane (GE Healthcare®) using the SE300
miniVE Blot System (Hoefer ®) with a voltage of 25 V and
current at 300 mA for 3 h. The 25 mM Tris-HCI, 183 mM
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glycine and 20% methanol solution will be used as the transfer
solution. Both the electrophoresis gel, as well as the membrane
and the other parts of the transfer system, were previously
conditioned with this same solution. After the transfer, the
membrane was incubated for 16 h with TTBS buffer (100 mM
Tris-HCL, pH 7.5, 150 mM NaCl and 1% Tween 20) plus 0.5%
skimmed milk in order to block sites of nonspecific
interactions. Then, the membrane was incubated for one hour
with the polyclonal anti-VGL antibody at a ratio of 1:100 in a
solution containing TTBS and 0.5% skimmed milk. After the
incubation, three washes of the membrane (of 15 minutes
each) were performed with TTBS to then proceed with the
second incubation with the secondary antibody. The assay has
applied chicken anti-IGY (IGG) antibody conjugated to
alkaline phosphatase (A9171, Merck®) at a ratio of 1:1000
with an hour's incubation in TTBS with 0.5% skimmed milk.
After incubation, three washes of the membrane were
performed with TTBS followed by development with
SIGMAFAST ™ BCIP® / NBT (B5655, Merck®). The
membrane labeling for Vatairea guianensis lectin indicates the
specificity of the anti-VGL antibody.

RESULTS

Maintenance and immunization of the chickens: The
chickens have been kept in cages, as previously described. All
animals remained healthy throughout the immunization
process, showing no abnormalities in their development and
egg posture. At the sites of injection of the antigen there were
no signs of pain when pressing, discomfort or edema. This
could be the result of the short time of manipulation and
inoculation (5 min maximum) and the skills of the handler that
have reduced the stress levels of the chickens. During the 15
weeks of the experiment, eggs have been collected from each
experimental group. The egg production was stable with about
19 eggs per group per week. For each week, 3 eggs were
selected at random for IgY purification.

IgY purification: The produced anti-VGL IgY was purified in
two steps from egg yolks, the first step consisted of an
ammonium sulphate precipitation followed by affinity
chromatography, in which the antibody was retained in the
matrix and eluted with phosphate buffer (Fig 1). Soluble
protein content was about 8 mg/mL. SDS-Page presented 2
bands corresponding to 68 kDa and 28 kDa indicating the
purity of IgY preparation (Fig 2).

Western blotting: Results from western blotting have
demonstrated the specificity of the polyclonal anti-VGL IgY
antibody (Fig 3). During the SDS-Page run, 2 aliquots of
different preparations of VGL have been detected by applying
the reaction involving the alkaline phosphatase signaling the
binding between the IgY antibody produced in the present
work in 1:100 proportion to the secondary antibody. By
showing the antigen-antibody affinity, the current results
indicate the possibility of application of this antibody in
analysis with immunoassays in processes such as
vasorelaxation and cancer (Korekane ef al., 2012; Wu & Haab,
2010).

DISCUSSION

The present study produced and partially purified antibodies of
the IgY class against the lectin extracted from seeds of

Vatairea guianensis (VGL). Therefore, the protein in question
was used as an antigen to challenge laying hens.

Sodium phosphate
buffer 20 mM pH 7.5

Absorbance (280 nm)
=

13 s 7 9 1w B 15 17 19 2
Fraction

Figure 1. Affinity chromatography of the protein fraction on a
HiTrap® IGY Purification matrix previously equilibrated with
sodium phosphate 20 mM with phosphate sulfate 0.5 M pH 7.5.
The unbound fraction was eluted with the equilibration solution
and the retained protein was eluted with sodium phosphate buffer
20 mM pH 7.5. Fractions of 1 mL were collected and monitored
by absorbance at 280 nm

— Heavy chain (68 kDa)

— Light chain (28 kDa)

Figure 2. SDS-Page of IgY depicting the heavy and light chains.
1 2 3
45 kDa
35 kDa
25 kDa

Figure 3. Western blotting with the Anti-VGL antibody
produced in the current work. 1 - TrueColor High Range Protein
Marker S2600; 2 and 3 - Vatairea guianensis lectin bound with
the IgY
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The hens used were from the Dekalb White line and the anti-
VGL polyclonal IgY antibodies extracted from the egg yolk.
Li et al. (1998) (Li et al., 1998) carried out a comparative
study between white chickens of the Single Comb White
Leghorn line and red chickens of the Rhode Island Red line for
the production of specific IgY antibodies against bovine serum
albumin (BSA). The authors demonstrated that the protein
concentration and the amount of anti-BSA antibodies, for each
mL of pure yolk, was similar in both strains. Chickens can be
immunized through different routes depending on the
immunization protocol (Eto et al., 2012). However, for the
production of polyclonal IgY, in most birds, they are
immunized intramuscularly with protein antigens and Freund's
adjuvants (Aragjo et al., 2010). In that study, the chickens
were immunized via the intramuscular route which, according
to Wooley and Landon (1995) (Woolley & Landon, 1995),
results in high levels of antibodies 28 days after immunization.
In addition, the resulting antibody may have a 10-fold higher
specificity when compared to chickens immunized with the
same antigen subcutaneously. Furthermore, chickens
immunized by the intramuscular route continue to produce
specific antibodies for more than 200 days (Horton et al.,
1985). Likewise, chickens can tolerate the use of common
immunological adjuvants, as the oily adjuvant used in this
study.

Normally, the laying capacity of chickens is not affected by
the injection of the antigen (de Paula ef al., 2011; Matheis &
Schade, 2011). On the other hand, some authors report a
frequent side effect in chickens, which is the transient drop in
egg production during the immunization period (Hatta et al.,
1997). The distribution of the inoculum in different places
reduces local inflammation and can avoid a reduction in egg
production (Schwarzkopf & Thiele, 1996) possibly by dividing
the inflammatory process in several points, being less
aggressive. Local inflammatory reactions are a concern,
although they are not always seen in chickens. The results
demonstrate that these reactions were not noticeable in the
experiment conducted. This fact is possibly due to the low
concentration of the antigen and the application of the antigen
at various points. In addition, no significant drop in egg laying
was noted. The transovarial passage of IgY takes
approximately 5 days (Mohammed et al., 1998). The half-life
of IgY circulating in adult birds is approximately 36 to 65
hours. This is much shorter than the sheep IgG half-life, which
is approximately 15 days. According to several authors, serum
specific antibodies are transported to the yolk with a delay of
5-6 days or 3-4 days. The delay may be involved with eggs
subjected to their final processing, during which the IgYs are
transferred to the yolk together with other selected proteins.
The amount transferred appears to be independent of the size
of the egg (Patterson et al., 1962; Woolley & Landon, 1995).
The amount of IgY produced by a chicken can be 20 to 40 g
per year (Ferreira Junior et al., 2012). The concentration of it
in egg yolks is constant and it is possible to obtain about 100
mg in a single egg. The productivity of IgYs antibodies in
chickens can be 5 to 10 times greater than the productivity of
IgGs in rabbits (200mg IgG / 40mL blood). Within this
quantity of IgYs produced, only about 3 to 3.2% of the
antibodies are specific to the antigens administered (Akita &
Li-Chan, 1998). Throughout the experiment it is believed that
a relatively high amount of IgYs was produced. IgY
antibodies appear in the chicken serum approximately 4 days
after inoculation of the antigen, reaching a maximum title in 6
to 8 days, and declining after that.

The antibody titer can be strongly increased by booster
immunizations. According to the results of Petterson et al.
(1962) (Patterson et al., 1962), some chickens respond with
mammalian-like antibody kinetics, while others respond to the
same immunization protocol with an increase in antibody titer
following the first immunization, but fail to bring about any
significant change after the second immunization. There are
many methods for purifying immunoglobulins from eggs. The
main ones include: Precipitation methods using ammonium
sulfate or sodium sulfate (Akita & Li-Chan, 1998),
polyethylene glycol (PEG) (Polson et al., 1980), caprylic acid
(McLaren et al., 1994) and carrageenan (Chang et al., 2000),
chromatographic methods: affinity chromatography (Lesley &
Groskreutz, 1997), ion exchange chromatography (Schade et
al., 2014), hydrophobic interaction chromatography (Schade et
al., 2014), among others. All the techniques mentioned above,
as well as the protocols derived from these methodologies,
have proven to be efficient for the purification of
Immunoglobulin Y. In the 19th century it was discovered that
the immune serum could be used to treat infectious diseases
(Munhoz et al., 2014). In the early 20th century, serotherapy
was used to treat a wide variety of bacterial infections,
including those caused by Corynebacterium diphtheriae, in
addition to applications for treatment and diagnosis, there are a
number of possibilities for IgY applications. In the specific
case of IgYs produced in our study, one can apply them in
immunohistochemical studies and several others.

Conclusion

The immunization of laying hens with Vatairea guianensis
lectin (VGL) induced the production of polyclonal antibodies
against this protein. The antibody was successfully produced
and purified. In this sense, the IgYs produced in this work
constitute a powerful biotechnological tool to be made
available for future studies and open doors for their application
in lectinology as well as in other histochemical studies.
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