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Characterization of a cDNA-clone encoding Nc-p43,
a major Neospora caninum tachyzoite surface protein
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SUMMARY

Neospora caninum is an apicomplexan parasite of veterinary importance which invades many different cell types and tissues.
N. caninum tachyzoites proliferate intracellularly by endodyogeny. Eventually the massive proliferation of tachyzoites
leads to host cell lysis and the newly formed parasites are released and invade neighbouring cells. Tachyzoite cell surface
molecules could serve as ligands, mediating host cell adhesion and invasion. Nc-p43 is a recently identified N. caninum
tachyzoite surface protein which is functionally involved in the processes leading to host cell invasion in vitro. Affinity-
purified antibodies directed against Nc-p43 were used to screen a lambda gt22A-cDNA expression library constructed
from N. caninum tachyzoites. The cDNA insert of one immunoreactive clone was subcloned and expressed in E. coli as
a poly-histidine fusion protein. The identity of the resulting recombinant antigen termed recNc-p43 was confirmed by
immunoblotting, immunofluorescence and electron microscopy using affinity-purified antibodies. The sequence of the
cDNA insert encoding recNc-p43 was determinedt. Analysis of the deduced amino acid sequence revealed that Nc-p43
exhibited similarity to SAG1 (p30) and SAG3 (p43), 2 major surface antigens of Toxoplasma gondii tachyzoites. These
similarities were not reflected on the immunochemical level, since no cross-antigenicity between SAG1, SAG3 and Nc-

p43 was observed.
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INTRODUCTION

Neospora caninum is an apicomplexan parasite which
causes neuromuscular disease and abortion in dogs,
cattle and other animals (Dubey & Lindsay, 1996).
N. canminum was established as an independent
species by Dubey et al. (1988). For years, the
parasite was misdiagnosed as Toxoplasma gondii,
since the infective stages (tachyzoites) and the tissue
cysts of these two parasites are morphologically very
similar (Bjerkas & Presthus, 1988). Like 7. gondii,
N. caninum tissue cysts containing bradyzoites can
persist in infected tissue for several years (Dubey &
Lindsay, 1993). In infected animals, N. caninum
tachyzoites cause cell death by intracellular mul-
tiplication and produce grossly visible necrotic
lesions in a few days p.i.. Tachyzoites have been
found in many different cell types. In wvitro
cultivation of these tachyzoites has been achieved in
several well-established cell lines (Lindsay et al.
1993; Dubey & Lindsay, 1993), and parasites
obtained from cell cultures retain their infectivity for
animals (Dubey & Lindsay, 1996). Although car-
nivorous birds have been suspected as definitive
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hosts (Baker et al. 1995), the complete life-cycle of
N. caninum remains to be elucidated.

Distinct differences between Toxoplasma and
Neospora were demonstrated by immunohisto-
chemistry using antisera directed against the cor-
responding parasites, and by serological assays
(Bjerkas & Presthus, 1988; Bjerkas, Jenkins &
Dubey, 1994; Bjoerkman et al. 1994). Differences
have also been demonstrated at the genetic level.
Sequence analysis of ribosomal RNA genes from
similar coccidian parasites and of the p22 and p30
gene loci (Brindley et al. 1993; Ellis et al. 1994;
Holmdahl et al. 1994; Marsh et al. 1995), and the
finding that the T. gondii-specific Bl-gene is not
present in N. caninum (Burg et al. 1989; Miiller et
al. 1996) suggested clear phylogenetical differences
between the two species. N. caninum is now placed
into the family Sarcocystidae and is established as a
sister group to 7. gondii in the phylum Apicomplexa
(Ellis et al. 1994).

The surface proteins of all obligatory intracellular
parasites are prime candidates for mediating ad-
hesion and host cell invasion. Earlier investigations
have shown that the physical interaction between N.
caninum tachyzoites and host cell surface membranes
is mediated by a receptor—ligand system which is
most likely based on protein—protein interactions
(Hemphill, Gottstein & Kaufmann, 1996). Re-
cently, a major N. caninum tachyzoite surface protein
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named Nc-p43 was identified, and by using affinity-
purified antibodies it was shown that no
immunologically related proteins exist in 7. gondii
tachyzoites (Hemphill & Gottstein, 1996). Nc-p43
was demonstrated to be functionally involved in the
adhesion and invasion process in vitro (Hemphill,
1996). This paper describes the isolation and
characterization of a ¢cDNA clone coding for Nc-
p43, and demonstrates that, at the molecular, but not
at the immunochemical, level, this N. caninum
surface protein is related to SAG1 (p30) and SAG2
(p43), 2 major surface antigens of 7T. gondii
tachyzoites.

MATERIALS AND METHODS

Unless otherwise stated, all reagents and tissue
culture media were purchased from Sigma (St Louis,

MO, USA).

Vero cell culture

Cultures of Vero cells were maintained in 10-12 ml
of RPMI-1640 medium (Gibco-BRL, Basel,
Switzerland) supplemented with 79, foetal calf
serum (FCS), 2 mm glutamine, 50 U/ml penicillin,
and 50 ug/ml streptomycin at 37 °C/5 9%, CO, in T-
25 tissue culture flasks. Cultures were trypsinized at
least once a week.

Maintenance and purification of parasites

N. caninum tachyzoites of the Nc-1 isolate (Dubey et
al. 1988), and T. gondii tachyzoites of the RH strain
(Sabin, 1941) were maintained in Vero-cell
monolayers at 37 °C/59% CO, in RPMI-medium
containing 2 mM glutamine, 50 U/ml penicillin,
50 ug/ml streptomycin, and 2-79%, Ig-free horse
serum (Gibco-BRL, Ziirich, Switzerland). Parasites
were harvested from their feeder cell cultures as
previously described (Hemphill, 1996).

Preparation of membrane protein-enrviched fractions
of N. caninum tachyzoites employing Triton X—114

Fractions enriched for membrane proteins of N.
caninum tachyzoites of the Nc-1-isolate (5 x 107108
parasites/ml) were prepared as previously described
(Bouvier, Etges & Bordier, 1985; Hemphill &
Gottstein, 1996). In brief, purified parasites were
resuspended in 3ml of PBS, and phenyl-
methylsulfonyl fluoride (PMSF) was added to a
concentration of 0-2 mm. After a 5 min incubation on
ice, the cell suspension was adjusted to 0759,
Triton X-114, and parasites were extracted for
10 min on ice. The preparation was centrifuged
(30 min, 10000 g, 4 °C), and the supernatant was
collected. The Triton X-114 supernatant was then
incubated at 30 °C for 3 min, cooled on ice for
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10 min, and centrifuged as above in order to remove
possible aggregates. The supernatant was collected
and was again incubated at 30 °C for 3 min. The
detergent and hydrophilic phases were separated by
a further centrifugation step (3 min, 1000 g, 24 °C).
The supernatant was removed, and the detergent
phase was brought to 100 1 with PBS. This final
fraction containing potential cell surface membrane
proteins was further processed for SDS-PAGE by
methanol/chloroform  extraction as described
(Wessel & Fluegge, 1984).

SDS-PAGE, immunoblotting and affinity
purification of antibodies

Samples of total and Triton X-114 extracts cor-
responding to the same number of N. caninum and
T. gondii tachyzoites, as well as E. coli extracts
expressing recombinant Nc-p43 (recNc-p43, see
below), separated by SDS-PAGE and
electrophoretically transferred to nitrocellulose
filters. Blocking of unspecific binding sites was
carried out for 4 h at 24 °C in PBS containing 3 9%,
BSA (bovine serum albumin) and 0-3 %, Tween—20.
The antiserum directed against N. caninum was
applied at a dilution of 1:2000 in PBS/0-39%
BSA/0-39, Tween—20 overnight at 4 °C. The filters
were then washed 3 times in PBS/0-3 9, Tween, and
the bound antibodies were visualized using horse-
radish peroxidase (HRP)-conjugated anti-rabbit
immunoglobulin antibodies (Promega, Madison,
WI, USA) according to the instructions provided by
the manufacturers. As a control, nitrocellulose filters
containing E. coli lysates expressing recNc-p43 were
also incubated with the anti-rabbit-HRP conjugate
alone in order to exclude that the conjugate itself
would react with the recombinant protein.

Specific affinity-purified antibodies directed
against Nc-p43 or against recombinant Nc-p43 (anti-
recNc-p43 antibodies) were prepared as described
earlier (Hemphill & Gottstein, 1996; Hemphill,
1996). Briefly, the bands corresponding to these 2
proteins were cut from nitrocellulose filters following
SDS-PAGE and Western blotting. After blocking of
unspecific binding sites in PBS/39, BSA/0-39%
Tween—20, the anti-N. caninum antiserum was
applied at a dilution of 1:10 in PBS/0-39
BSA/0-39, Tween—20 overnight at 4 °C. After
washing the strip in PBS/0-39, Tween—20 three
times for 10 min each, the bound antibodies were
eluted in 900 ul low pH buffer (50 mm Tris, 50 mm
glycine, pH 2:6) for 5 min on ice with occasional
vortexing. Then the strip was removed, and 100 ul of
1 ™M Tris base was immediately added. The eluted
antibody fraction was centrifuged (10000 g, 20 min),
in order to remove small nitrocellulose particles with
bound antigen, and BSA was added to the super-
natant to a final concentration of 0-19%,. Affinity-
purified antibodies were aliquoted and stored at

were
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—20°C. They were used for immunoblotting at
dilutions between 1:100 and 1:200.

Construction and screening of a N. caninum
tachyzoite cCDNA library

Messenger RNA was prepared from freshly purified
tachyzoites employing the Trizol™ reagent and the
message maker™ kit according to the instructions
provided by the manufacturer (Gibco-BRL, Basel,
Switzerland). Double-stranded ¢cDNA  was
synthesized from 5 ug of mRNA and ligated into the
lambda-gt22A vector employing the SuperScript™
Lambda System (Gibco-BRL, Basel, Switzerland).
For in wvitro packaging the Gigapack Gold II
packaging extracts from Stratagene were used. The
primary library was amplified on E. coli strain
Y1090r- (Stratagene). Immunoscreening was
performed using the affinity-purified anti-Nc-p43
antibodies and secondary antibodies conjugated to
HRP (see above). Plaques which reacted positively
were isolated and subjected to several rounds of
rescreening until a pure plaque population was
obtained. The phage clone expressing the Nc-p43
cDNA insert was finally amplified.

Analysis of the Nc-p43 cDNA insert

The length of the Nc-p43 cDNA insert was
determined by PCR-amplification in a thermal cycler
(Perkin Elmer Cetus, Rotkreuz, Switzerland).
Primers were derived from the 5'-flanking sequence
on the sense strand (Primer 1218A: 5'-GCG GAT
CCGGTGGCGACGACTCCTGGA GCCCG-
3") and the 3’-flanking sequence on the anti-sense
strand (Primer 1222K: 5-GCG GTA CCT TGA
CAC CAG ACC AAC TGG TAA TG-3) of the
lambda gt22A vector. The primers were purchased
from Gibco-BRL (Basel, Switzerland). PCR-
products were electrophoretically analysed on 19,
agarose gels (Sambrook et al. 1989). PCR products
were purified using the Wizard™ PCR-purification
kit (Promega, WI, USA). The cDNA sequence of
the insert was obtained by direct sequencing of
purified PCR products by an automated sequencing
service provided at the Institute of Clinical Phar-
macology, University of Bern. Sequences were
processed using the GCG-computer program set for
VAX/VMS computers (Devereux, Haeberli &
Smithies, 1984).

Using a 5’-Sal 1 site (provided by the phage vector
lambda gt22A0 and a 3’-Kpn 1 site (introduced via
the primer 1222K), the PCR-amplified Nc-p43
cDNA fragment was inserted in-frame into the Xho
1/ Kpn 1 digested expression vector p TRC-HisC
(Promega, Ziirich, Switzerland). This was possible
since these 2 enzymes generate ligatable DNA ends.
The cloned sequence was expressed in E. coli strain
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XL-1-blue under the control of the IPTG-inducible
Ptac promoter as a C-terminal fusion to a peptide
containing a poly-histidine (6 his) stretch. Bacteria
expressing the recombinant protein (recNc-p43)
were harvested by centrifugation, the pellet was
solubilized in sample buffer and processed for
SDS-PAGE and Western blotting as described
above.

Immunofluorescence

All procedures were carried out at room temperature.
Freshly purified N. caninum or T. gondii tachyzoites
suspended in PBS at 107 parasites/ml were applied
to poly-L-lysine-coated (100 ug/ml) glass cover-
slips. After 10 min, the cover-slips were rinsed 3
times in PBS, and placed into fixation buffer
(PBS/3 9, paraformaldehyde/0-05 %, glutaraldehyde,
pH 7-:2) for 15 min. The cover-slips were then rinsed
extensively in PBS and were subsequently incubated
in blocking solution (PBS/1 9%, BSA/50 mwm glycine)
for 30 min. The affinity-purified anti-recNc-p43
antibody was applied at a dilution of 1:1 in blocking
solution for 30 min, followed by 3 buffer rinses. The
second FITC-conjugated goat anti-rabbit antibody
was used at 1:100 in blocking solution. As a negative
control, parasites were also incubated with an
affinity-purified rabbit anti-betagalactosidase anti-
body (Hemphill, 1996). Specimens then
washed in PBS (5 x 5 min). Finally, the preparations
were briefly rinsed in distilled water, and embedded
in a mixture of glycerol/gelvatol containing 1,4-
diazobicyclo(2.2.2)octan (Merck, Milan, Italy) as an
anti-fading reagent (Hemphill et al. 1996). Results
were obtained by inspection of specimens on a Leitz
Laborlux S fluorescence microscope.

were

LR-White-embedding and on-section labelling of
N. caninum-infected Vero cell cultures

Vero cells were grown in tissue culture flasks to
80-909, confluency, and were incubated with
purified parasites in growth medium as described
(Hemphill, 1996). The medium was removed, and
cells were fixed in PBS containing 39, para-
formaldehyde and 0-05 %, glutaraldehyde for 30 min
at 24 °C. The preparations were washed 3 times in
PBS, and were removed from the surface of the
tissue culture flask using a rubber policeman. They
were kept in PBS /50 mm glycine for 1 h at 4 °C, and
were washed extensively in PBS by several rounds of
centrifugation. Specimens were then dehydrated
using a graded series of ethanol (50—-70-90-100 %) at
—20°C, 5 min each, and were embedded in LR-
White resin at —15 °C, with 4 changes of fresh resin
over a period of 3 days. The resin was polymerized
at 58 °C for 24 h. Sections were cut using a Reichert
& Jung ultramicrotome, and were picked up onto
200 mesh formvar-carbon-coated nickel grids
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(PLANO GmbH, Marburg, Germany). Loaded
grids were stored at 4 °C for a maximum of 48 h.
Prior to antibody labelling of sections, EM grids
were incubated in EM-blocking buffer (PBS/0-5 9,
BSA/50 mMm glycine) overnight at 4 °C. All sub-
sequent steps were performed at room temperature.
Sections were rinsed in PBS, and incubated either in
affinity-purified anti-Nc-p43 or in anti-recNc-p43
antibodies diluted 1:1 in EM blocking buffer for 1 h.
After washing in 5 changes of PBS, 2 min each, the
goat anti-rabbit antibody conjugated to 10 nm gold
particles (purchased from Amersham, Zirich,
Switzerland) was applied at a dilution of 1:5 in
PBS/0-59% BSA for 45 min. After 6 washes in PBS,
5 min each, the specimens were shortly rinsed in
distilled water, and were air-dried. Finally, grids
were stained with lead citrate and uranyl acetate
(Hemphill & Croft, 1997) and were subsequently
viewed on a Phillips 300 transmission electron-
microscope operating at 60 kV.

RESULTS

A N. caninum tachyzoite cDNA expression library
was constructed in the lambda gt22A phage system.
A total of 5x10* plaques was screened with an
affinity-purified anti-Nc-p43 antibody (Hemphill,
1996), and 1 phage clone was isolated by repeated
screening. As demonstrated by PCR amplification,
this clone contained a cDNA insert of about 1-5 kb.
The ¢cDNA insert was subcloned into the pTRC-
HisC expression vector and was expressed in E. coli
XL-1-blue (Fig. 1). After SDS-PAGE of the
respective E. coli lysates, the poly-histidine fusion
protein was not visible on Coomassie brilliant blue-
stained gels (Fig. 1A). However, on subsequent
Western blots, the recombinant protein (recNc-p43)
could be clearly detected using the affinity-purified
anti-Nc-p43 antibody originally used for screening
of the expression library (Fig. 1B). The apparent
molecular weight of rec-Nc-p43 was approximately
43 kDa. An additional reactive band of about 35 kDa
could be observed on all Western blots of E. coli XL.-
1-blue lysates (Fig. 1B), but this band originated
from the anti-rabbit-HRP conjugate.

Further experiments clearly showed that most
likely the cDNA-insert isolated from the gt22A
expression library did indeed code for a recombinant
antigen which cross-reacts with Nc-p43. The anti-
N. canminum antiserum was affinity-purified on
recNc-p43 using the same procedure as for affinity
purification of the original anti-Nc-p43 antibodies.
On immunoblots, these affinity-purified anti-recNc-
p43 antibodies were shown to exhibit the same
immunolabelling pattern as anti-Nc-p43 antibodies
(Fig. 1B, C). (i) They stained a distinct 43 kDa band
in N. caminum tachyzoite extracts, (ii) they labelled
the recombinant 43 kDa protein in E. coli X1.-1-blue
extracts, and (iii) no staining could be observed in 7.
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gondii tachyzoite extracts. In addition, immuno-
fluorescence surface staining of N. caninum and T.
gondii tachyzoites showed that the epitopes corre-
sponding to recNc-p43 were abundant on the N.
caninum, but not on the 7. gondii tachyzoite cell
surface (Fig. 2). The cell surface association of the
respective epitopes was confirmed by electron
microscopical inspection of LR-White embedded
parasites immunogold-labelled with affinity-purified
anti-recNc-p43 antibodies: gold particles
abundant on the surface of both extracellular (Fig.
3A) and intracellular (Fig. 3B) N. caninum
tachyzoites. In addition to the surface staining,
distinct compartmentalized, intracellular labelling,
namely of the dense granules at both the posterior
and the anterior end of the tachyzoites, could also be
demonstrated.

The nucleotide sequence of the cDNA fragment
encoding recNc-p43 was determined. An open
reading frame extended over the first 867
nucleotides, with a coding capacity of 285 amino
acids. Thus, the calculated molecular weight of
recNc-p43 was 356 kDa (with 31:6 kDa comprised
of Neospora protein and 4 kDa originating from the
vector). In order to establish a possible relationship
to already published sequences, the deduced amino
acid sequence of this open reading frame was
compared to the SWISS-PRO'T sequence data base
(release 34). The highest score of homology was
found with the amino acid sequences of SAG1 (p30)
and SAG3 (p43), 2 major surface proteins of 7.
gondii tachyzoites (Fig. 4) (Kasper et al. 1992;
Cesbron-Delauw et al. 1994). Alignment of all 3
sequences demonstrated that the 285 amino acid
sequence of recNc-p43 showed homologies to the C-
terminal domains of SAG1 and SAG3 of T. gondii,
while the sequence was beginning approximately
60-70 amino acids from the N-terminus of SAG3
(Fig. 4). This demonstrated that the 5-end cor-
responding to the N-terminal domain of Nc-p43 was
missing. In relation to SAG1, the recNc-p43
sequence exhibited an overall similarity of 43 %, with
309, identities. With respect to SAG3, the overall
similarity is higher (44 %), but identities were only
found within 23 9%, of the 285 amino acids.

Although the overall similarities of the 3 sequences
were relatively low, some amino acid motifs indicated
in Fig. 4 seemed to be well conserved, such as the
sequence GATLTT (at positions 300-305), and the
position of cysteine residues (at positions 133, 191,
201, 221, 247, 274 and 321). Another sequence
motif, namely QYCSG (positions 261-265 and
264-268 in SAG3 and SAGI, respectively, see Fig.
4) was present only in the 7Toxoplasma surface
proteins SAG1 and SAG3, but not in recNc-p43.
Analysis of the amino acid sequence of recNc-p43
also demonstrated the presence of 1 potential N-
glycosylation site at position 121 (NES), and 7
potential myristylation sites (see Fig. 4).

were
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Fig. 1. Comparison of the reactivity of the antibodies affinity purified on the parasite-derived Nc-p43 band (B) and of
antibodies affinity-purified on the expressed recombinant protein recNc-p43 (C). (A) Coomassie Brilliant blue stained
109, SDS-PAGE of Neospora caninum tachyzoite extracts (Lane 1), Toxoplasma gondii tachyzoite extracts (Lane 2),
E. coli strain X1.-1-blue expressing recNc-p43 (Lane 3), E. coli strain XL.-1-blue harbouring the p TRC-HisC
plasmid without the insert (Llane 4). (B) and (C) are the corresponding Western blots labelled with affinity-purified
anti-Nc-p43 and anti-recNc-p43 antibodies, respectively. Molecular weight markers (kDa) are indicated.

C

12 pm

Fig. 2. Immunofluorescent staining of isolated Neospora caninum and Toxoplasma gondii tachyzoites with affinity-
purified anti-recNc-p43 antibodies. Immunofluorescent cell surface staining of N. caninum tachyzoites (A), and of
T. gondii tachyzoites (C) with affinity-purified anti-recNc-p43 antibodies. (B) and (D) are the corresponding phase-

contrast images. Notice the absence of labelling on the 7. gondii surface.

DISCUSSION

In recent years, the importance of cell surface-
associated molecules of intracellular parasites with
respect to adhesion and invasion of host cells has
been demonstrated (reviewed by Dubremetz &
McKerrow, 1995; Manuél, 1996). Parasite surface
components have also been shown to be important
factors during the intracellular development of
parasites (Russel, 1995; Turco, 1995), and in the
presentation of antigens as these pathogens are
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internalized by antigen-presenting cells such as
macrophages (Harding, 1995). Receptor-ligand
systems responsible for mediating the direct physical
contact between (glyco)proteins, glycolipids and

lectin-binding sites have been identified in
Trypanosoma,  Plasmodium  and Toxoplasma
(Dubremetz & McKerrow, 1995; Galinski &

Barnwell, 1996).

It is very likely that N. caninum tachyzoites are no
exception to this rule, and that host cell entry is
possibly mediated by a receptor—ligand system where
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Fig. 3. Immunogold labelling of LR-White-embedded Neospora caninum tachyzoites using affinity-purified anti-
recNc-p43 antibodies. LR-White sections of extracellular (A) and intracellular (B) N. caninum tachyzoites reveal that
epitopes corresponding to recNc-p43 are found on the surface of the parasite (arrowheads) and within dense granules
(dg). Note the only marginal staining of the rhoptries (rh), and the absence of labelling of any other part of the
parasite including the micronemes (m), the nucleus (n) and the parasitophorous vacuole membrane (pvm). Gold

particles were also absent from any part of the host cell.

1 (or several) parasite surface molecule(s) interact
with 1 (or several) host cell surface receptor(s)
(Hemphill et al. 1996). These events are most likely
based on protein—protein interactions, while carbo-
hydrates apparently do not play a major role
(Hemphill et al. 1996). Keeping this in mind, our
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initial investigations focused on the identification of
cell surface-associated proteins in N. caninum tachy-
zoites, and their putative role during the host cell
adhesion and entry process. One of the proteins
identified was Nc-p43 (Hemphill & Gottstein, 1996),
and antibodies directed against this N. caninum
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Fig. 4. Comparison of the amino acid sequences of SAG1 of Toxoplasma gondii (p30t) and SAG3 of Toxoplasma

gondii (p43t) with the sequence corresponding to recNc-p43 (p43n). The sequences were aligned using the ‘gap’
program of the GCG software package (Devereux et al. 1984). The vertical lines between amino acids mark identities.

Double dots are indicative of higher degrees of similarities, and single dots indicate low similarities between amino
acids as defined by the GCG software package. Horizontal lines between amino acids indicate gaps introduced for
optimal alignment. Those amino acids common to all 3 sequences are marked with arrowheads, conserved cysteine
residues are indicated by arrows. Numbers refer to the sequence of SAG3 (p43) from 7. gondii tachyzoites.

tachyzoite surface protein were capable of blocking
adhesion and invasion of Vero cell monolayers in
vitro (Hemphill, 1996).

Specific antibodies directed against Nc-p43 were
used for the immunosccreening of a N. caninum
lambda gt22A-cDNA expression library, and led to
the identification of a single positive cDNA clone.
The corresponding cDNA insert was expressed in E.
coli, and the identity of the resulting recombinant
protein, named recNc-p43, with its native counter-
confirmed by

part was immunoblotting and
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immunocytochemistry. On Western blots, affinity-
purified recNc-p43 antibodies and the original anti-
Nc-p43 antibodies revealed an identical staining
pattern of E. coli lysates and of N. caninum tachyzoite
extracts, and a complete absence of labelling of 7.
gondii tachyzoite extracts. However, the calculated
molecular weight of recNc-p43 of 356kDa
(316 kDa originating from the parasite-derived
sequence and 4 kDa from the vector-derived se-
quence) does exhibit a significant discrepancy to
what is observed by SDS-PAGE. Similar results for
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both antibodies were also obtained by immuno-
fluorescent surface labelling of N. caninum and of T.
gondii tachyzoites. These experiments confirmed
previous findings which had shown that no
immunologically related counterpart to Nc-p43
could be detected in T. gondii tachyzoites (Hemphill
& Gottstein, 1996). These findings thus indicate an
immunodiagnostic potential for recombinant Nc-
p43, the evaluation of which is currently being
carried out in our laboratory.

Previous studies employing affinity-purified anti-
Nc-p43 antibodies had shown that reactive epitopes
were abundant on the surface of N. caninum
tachyzoites, as well as within 2 types of secretory
organelles, namely dense granules and rhoptries
(Hemphill, 1996). In this study, affinity-purified
anti-recNc-p43 were used to determine the
localization of the respective epitopes by on-section
labelling of N. caninum tachyzoites previously em-
bedded in LR-White resin. These immunogold
labelling experiments demonstrated that anti-recNc-
p43 antibodies labelled not only the surface of the
parasites, but also the dense granules, while staining
of the parasite rhoptries was marginal or absent.
Thus, the immunogold labelling achieved with
antibodies affinity purified on the recombinant Nc-
p43 did only partly correlate with the staining
pattern obtained with the original anti-Nc-p43
antibodies (Hemphill, 1996). The reasons for the
observed discrepancy are presently unknown, but
several possibilities could account for this. (i) The
recombinant protein is lacking the N-terminal
domain and epitopes within this domain could be
causing the rhoptry specific labelling, (ii) bacterially
expressed proteins lack post-translational
modification which could occur in eukaryotic cells,
and this lack of post-translational modifications
could result in the differential staining, and (iii1) the
rhoptry staining found with the original affinity-
purified anti-Nc-p43 antibody could have resulted
from another population of proteins of similar
molecular weight, but different isoelectric point,
epitopes of which are not represented on the
recombinant expressed recNc-p43. All 3 possibilities
should be taken into account and they are currently
being investigated.

The fact that anti-Nc-p43 antibodies inhibited
parasite adhesion and entry into host cells (Hemphill,
1996) suggested that Nc-p43 plays a similar role
during host cell invasion as proposed for SAGI1
(p30) and SAG3 (p43), 2 major surface proteins of 7.
gondii tachyzoites (Kasper & Mineo, 1994 ; Cesbron-
Delauw et al. 1994). However, the localization of
these 2 proteins is restricted to the surface of 7.
gondii tachyzoites (Smith, 1995). Our results
indicated that Nc-p43 would be accumulated and
stored within the dense granules, and would be
subsequently released onto the cell surface, in a way
similar to that described for the 21 and 28-5 kDa
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antigens secreted from 7. gondii tachyzoites (Charif
et al. 1990). Dense granules are found at both the
anterior and posterior end of N. caninum tachyzoites.
These organelles resemble the secretory vesicles of
mammalian cells and, by analogy, are probably
formed by budding from the Golgi apparatus
(Cesbron-Delauw, 1994). In apicomplexan parasites,
molecules secreted from dense granules are targeted
to different sites: (i) either onto the parasite surface,
enabling the zoite to physically interact and
subsequently invade its host cell, or (i1) dense granule
proteins are secreted into the parasitophorous vacu-
ole (PV) during or after host cell penetration, and are
targeted to the parasitophorous vacuole network
(PVN) and/or the parasitophorous vacuole mem-
brane (PVM, Cesbron-Delauw, 1994; Kasper &
Mineo, 1994; Dubremetz & McKerrow, 1995;
Galinski & Barnwell, 1996). On-section labelling of
LR-White-embedded Vero cell cultures infected
with N. caminum tachyzoites suggested that the
former pathway, namely storage within dense
granules and subsequent release onto the tachyzoite
cell surface membrane, could account for Nc-p43.
The affinity-purified anti-Nc-p43 antibodies had
been used earlier to functionally characterize Nc-p43
as a possible parasite ligand, mediating host cell
attachment and invasion (Hemphill, 1996). Thus
Nc-p43 was postulated to be functionally related to
SAG1, the major surface antigen 1 (or p30) of 7.
gondii (Kasper & Mineo, 1994). The cDNA insert
encoding recNc-p43 was sequenced, and alignment
of the deduced amino acid sequence with the
corresponding sequence of SAG1 (Kasper et al.
1992) indicated a certain degree of overall similarity
(43% with 309, identity) between these two
proteins. In addition, overall similarity (44 9%) and
an identity of 23 9, could also be demonstrated with
respect to the major surface antigen 3 of T. gondii
tachyzoites (Cesbron-Delauw et al. 1994). This was
not predictable, since (i) no DNA sequence
homologies could be found between the coding
regions of the recNc-p43 ¢cDNA insert (not shown),
SAG1 and SAG3 (Kasper et al. 1992; Cesbron-
Delauw et al. 1994); (ii) no cross-antigenicity has
ever been observed between Nc-p43, SAG1 and
SAG3, neither by monoclonal nor polyclonal anti-
bodies (Cesbron-Delauw et al. 1994; Hemphill
& Gottstein, 1996) and (iii) SAG1- and SAG3-
deduced amino acid sequences contain numerous
cysteine residues which are believed to be involved
in maintaining a reduction-sensitive conformation.
Thus SAG1 and SAG3 both migrate more slowly in
SDS-PAGE under reducing conditions (Cesbron-
Delauw et al. 1994; Tomavo, 1996), while the
migration behaviour of Nc-p43 is identical when
SDS-PAGE is carried out under reducing and non-
reducing conditions (Hemphill, 1996). The role of
highly conserved sequences such as the GATLTI
motif is not known, but since all 3 proteins appear to


https://doi.org/10.1017/S0031182097001650

N. caninum tachyzoite surface protein

be involved in host cell invasion, these conserved
amino acids could play a functional role in the
processes leading to host cell adhesion and invasion.

More work remains to be done before Nc-p43 is
fully characterized on the genetic level, and further
information is required on the degree and the
functional  importance  of  post-translational
modifications of this molecule, its expression in
different stages of the parasite, and its role in the
host—parasite relationship. However, this study has
demonstrated that, although the surface molecules of
N. caninum and T. gondii exhibit distinct antigenic
and biochemical differences, their functional re-
lationship is reflected in terms of their localization
and the distinct similarities in their amino acid
sequence.
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