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The present study was attempted to compare the
Neospora caninum (N. caninum) antigenic bands recognized
by different bovine immunoglobulin classes. A total 10, 5,
2, and 6 antigenic bands were exhibited on immunoblot
profiles against bovine IgM, IgE, IgA, and IgG, respectively.
A 46 kDa band was probed as a common antigenic band
except IgA; 69 kDa band was bovine IgM and IgE; 33, 37,
55, and 79 kDa bands were bovine IgM and IgG; 72 kDa
band was found IgM and IgA profiles. Based on the
analysis, it appeared that different immunoglobulin
classes recognizing different antigenic molecules were
cooperating to cope with neosporosis.
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Neospora caninum (N. caninum), an obligate intracellular
protozoan parasite, is known to have a great similarity to
Toxoplasma gondii (T. gondii), which is belonging to the
same phylum Apicomplexa [4]. This parasite has been
identified as a contagious pathogen in animals worldwide,
particularly cattle and dogs [5].

Antigenic proteins from N. caninum have been identified
and tested for diagnosis by a number of investigators [6,7],
but, there are very few reports available on the humoral
immune responses against N. caninum as opposed to 7.
gondii studied well at different stages of infection. Briefly, 7.
gondii specific IgG usually appears within 1-2 weeks after
infection and reaches its peak concentration within 1-2
months, after which it gradually declines, though it
generally persists for life [18]. [gM appears earlier and
declines more rapidly than IgG during toxoplasmosis [11].
IgA and IgE also show in the early stage of infection [14, 15,
19]. These reports suggest that an examination of each
immunoglobulin class may contribute to understanding of
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the immune reaction in neosporosis [1].

In this study, N. caninum antigenic proteins recognized by
bovine IgM, IgE, IgA, and IgG were explored with sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) immunoblotting by comparing their molecular
weights and the intensity of their antigenic bands.

The N. caninum KBA-2 isolate [8] was maintained and
subjected according to Lee et al. [9]. Purified tachyzoites
(approximately 1 x 10°%) were dissolved in 40 mM Tris-base
(Sigma, USA), disrupted three times by freeze-thaw cycles
in liquid nitrogen, and then sonicated (XL-2020; Misonix,
USA) at 5.5 Watts for 15 seconds, 8 times on ice slurry.
Following that, 1% (v/v) Triton X-100 (Sigma, USA) and
50% (v/v) 2 x SDS Sample Buffer' (Sigma, USA) were
added to a suspension of disrupted tachyzoites and boiled
for 5 minutes. Protein concentrations of the samples were
estimated using the Bradford protein assay kit (Bio-Rad,
USA).

In order to produce anti-N. caninum serum, live KBA-2
tachyzoites (1 x 10°) suspended in PBS (pH 7.4) were
administrated intravenously to one Holstein cow confirmed
as N. caninum and T. gondii negative by indirect fluorescent
antibody test (IFAT) [2,12]. The cow was housed in a pen
for the duration of the experiment according to the
guidelines for experimental animal resources developed by
Gyeongsang National University. Serum was collected 13
weeks post-inoculation and stored at —20°C until use. In the
collected serum, the antibody titers of N. caninum and T.
gondii were evaluated as 1 : 800 and below 1 : 100 by IFAT,
respectively.

The N. caninum tachyzoite lysate was separated in 10%
SDS-PAGE gels. The gel was then transferred onto
polyvinylidene fluoride (PVDF) membrane (Immobilon-P,
Millipore, USA) for immunoblotting. Immunoblotting was
performed as described by Mansfield [10]. The PVDF
membranes blotted were incubated with bovine anti-N.
caninum serum in a 1 : 1 dilution ratio with 5% (w/v) skim
milk in phosphate buffered saline (pH 7.4). The specific
antigenic proteins corresponding to each bovine immunoglobulin
class were then further incubated in a 1 : 2,000 dilution of
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Fig. 1. SDS-PAGE immunoblot profiles of N. caninum tachyzoites lysate with bovine IgM, IgE, IgA, and IgG

horseradish peroxidase (HRP)-conjugated anti-bovine IgG,
IgM, and IgA (Koma, Korea). For the detection of IgE
specific antigenic protein, a 1:40 dilution of mouse anti-
bovine IgE monoclonal antibody [16] was incubated for 1
hour and then washed 3 times for 15 minutes with a TBS-T
buffer (20 mM Tris, 500 mM NaCl, 0.05% (v/v) Tween 20,
pH 7.4). It was then re-incubated in a 1 : 2,000 dilution of
HRP-conjugated goat anti-mouse IgG (Jackson, USA) for
an additional hour. After washing 5 times with a TBS-T
buffer, PVDF membranes were soaked in ECL Solution
(Amersham, Sweden) for 1 minute and exposed to X-ray
film (Fuji, Japan) for 30 seconds.

Afterwards, the immunoblotted bands were digitalized
using an Agfa Arcus 1200™ image scanner (Agfa-Gevaert,
Belgium), and the acquired images were analyzed using
Phoretix™ 2D software (Ver. 5.01, NonLinear Dynamics,
UK). For purposes of more precise discussion, immunobloted
image analysis was performed at least 3 times, and several
minor bands, which showed non-reproducible exhibition
during the image analysis, were not analyzed at all.

The results showed that the SDS-PAGE immunoblot
profiles of N. caninum tachyzoites lysate were exhibited 10,
5, 2, and 6 antigenic bands with bovine IgM, IgE, IgA, and
IgG, respectively (Fig. 1 and Table 1). Bands placed at 46
kDa were commonly recognized by bovine IgM, IgE, and

IgG. The band at 69 kDa was found on both bovine IgM and
IgE profiles. The bands at 33, 37, 55, and 79 kDa were
exhibited by both bovine IgM and IgG. The band at 72 kDa
was also seen in both IgM and IgA profiles. Of these

Table 1. Molecular weights (M.W.) of antigenic bands

M.W. Antigenic bands

(kDa) IgM IgE IgA 1¢G
103 1
79 2 18
75 19
72 3 16
69 4 11
63 17
61 12
55 5 20
49 6
46 7 13 21
41 14
37 8 22
33 9 23
30 15
29 10




antigenic bands, those placed at 33 (IgM and IgG), 49
(IgM), and 79 kDa (IgM and IgG) were strongly recognized.

Generally, antibodies only bind to antigens that stimulate
their production and each immunoglobulin responds to the
antigenic proteins of a pathogen according to their own
specific features of immunoglobulin class [17]. The analysis
of host’s each immunoglobulin response against N.
caninum, therefore, might be helpful to understand the
immune response of bovine neosporosis. In this study, all
immunoblot profiles showed either common or individual
antigenic bands probed with different bovine immunoglobulin
classes. The antigenic bands recognized by only one
immunoglobulin class seemed to stimulate the host immune
system into producing a single class of immunoglobulin. In
contrast, the antigenic bands commonly recognized by
several immunoglobulin classes might react with the host
immune system into producing multiple immunoglobulin
classes. Thus, if these commonly recognized antigenic
proteins might be use as a vaccine for neosporosis, it seemed
to be effective candidates since it might stimulate the host
immune system to make a number of immunoglobulin
classes against N. caninum.

As shown in Fig. 1, the profile probed with [gM exhibited
a number of common antigenic bands, either with 1gG or
IgE. However, bands between IgE and IgG profiles
presented fewer commonalities. The N. caninum SDS-
PAGE immunoblot profiles in this study displayed many
bands when probed with IgM (10), as compared to those
that were probed with IgG (6), IgE (5) and IgA (2). In the
diagnosis of protozoa infection, the activation of host IgM
and IgE immune responses were used to interpret that the
host was at an early and progressive stage of infection [3,
13]. The donor cow used this study, therefore, was highly
suspected to be undergoing progressive infection with N.
caninum and entering to the point of a chronic phase since
the immune responses of IgM and IgG reacted more
strongly than those of IgE and IgA.

In conclusion, comparing immunoblot profiles with
different immunoglobulin classes might be useful for
planning strategies to develop effective vaccine candidates
and for making an interpretation of infection stage.
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