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Generation and ldentification of Peptide-Based
Monoclonal Antibodies Against Vacuolar Proton
Pyrophosphatase of Toxoplasma gondii

Chengbi Tong,” Bin Xiao,” Shasha Cheng, Wei Li, Xiaoging Liao, Shuhong Luo," and Wenbo Hao'

Vacuolar proton pyrophosphatase (V-PPase), an electrogenic proton pump widely distributed in non-mammalian
species, is one of the important targets for acidocalcisomes. In this study, a novel method of peptide-based
antibody generation was performed to produce monoclonal antibodies (MAbs) against Toxoplasma gondii
V-PPase. Three hybridomas were identified and confirmed by ELISA, Western blotting, and immunofluores-
cence. All of them can react with an 85 kDa band of T. gondii protein in purified acidocalcisomal fraction. The
three MAbs were all specific to the synthetic peptide of YTKAADVGADLSGKNEYGMSEDDPRNPAC, cor-
responding to amino acids at the location of 292aa—320aa of TgVP1 amino acid sequence. These specific MAbs
will be valuable tools for further study of 7. gondii infection biology, pathogenesis, and host immune response.

Introduction

OXOPLASMOSIS IS A DISEASE CAUSED BY infection of

Toxoplasma gondii," a protozoan parasite with a
worldwide infection rate of more than one third in the global
human population.”® Although felines have been found to be
the only definitive host, most warm-blooded animals, includ-
ing humans, are susceptible to infection by 7. gondii.”’ In
immunocompetent individuals, infection is typically asymp-
tomatic or causes a mild, flu-like illness. But for those with
compromised immune systems, such as pregnant women and
those with acquired immunodeficiency syndrome (AIDS),
various organs can be seriously affected by this parasite,”
leading to the development of encephalitis, myocarditis, or
pneumonitis which, in turn, can be fatal.> The developing
fetus is at particular risk because toxoplasmosis can be trans-
mitted from mother to fetus, leading to birth defects® and
making the baby a lifelong carrier.” To protect humans from
this threat, in this study we investigated acidocalcisome, a
recently discovered organelle, as a novel drug target.

The acidocalcisome is an electron-dense acidic organelle
containing a large amount of pyrophosphate and polypho-
sphates. Pumps and exchangers on its membrane play im-
portant roles for the uptake and release of its contents, with
vacuolar proton pyrophosphatase being one of them.® Va-
cuolar proton pyrophosphatase (V-PPase) is widely distrib-
uted among land plants, but is found much less frequently in
algae, protozoa, bacteria, and archaebacteria. There are
two types of V-PPases, type I (K*-dependent) and type II

(K*-independent); both of these are localized in vacuolar
compartments such as the plant vacuole and the acidocalci-
somes of bacteria and protists and utilize a simple and low-
cost substrate pyrophosphate (PP1) for the active transport of
sodium or protons against an electrochemical gradient,”
a process of great significance to physiological function.
T. gondii vacuolar proton P?/rophosphatase (TgVP1) consists
of a single polypeptide,"'” as well as V-PPases in other
species, with a molecular mass of about 85 kDa.

Several antibodies against TgVP1 homologue and poly-
clonal antibodies against TgVP1 have been developed, but no
monoclonal antibody has been generated. This limiting factor
in the study of TgVP1 means that specific antibodies against
TgVP1 are very much in need. However, the polypeptide of
TgVP1 possesses 17 transmembrane helices, which makes
the process of prokaryotic and eukaryotic expression diffi-
cult. The aim of this study was to produce and characterize a
monoclonal antibody against a synthetic peptide outside
the transmembrane domains of TgVP1 as a tool for re-
search applications. With the deployment of a novel method
of peptide-based antibody generation, we generated three
monoclonal antibodies and characterized their properties in
laboratory testing.

Materials and Methods

Parasite strains, cells, and growth conditions

T. gondii was maintained in 6-week-old female BALB/c
mice, by intraperitoneal inoculation of 7. gondii (RH strain,
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MEA49 strain) tachyzoite, 3 x 10* per mouse. The mice were
infected about a week later and received a final intraperito-
neal injection of SmL of sterile 0.9% normal saline (NS).
After gently rubbing the abdomen, the ascitic fluid was col-
lected and centrifuged at 800 rcf at RT for 10 min to remove
impurities. The pellet was then re-suspended in sterilizing
0.9% NS after washing three times under aseptic conditions.
Monolayers of OFTu cells were infected with treated para-
sites at a ratio of 10:1 after reaching 80% confluency in
T150 tissue culture flasks, using MEM supplemented with
10% FBS, and cultured in 5% CO, for 1 week at 37°C. The
parasites and cells were harvested when 50% of the cells
showed CPE.

Antibody generation against T. gondii V-PPase

A systematic approach was employed for the prediction of
potential B-cell epitopes in 7. gondii V-PPase. Analysis re-
source was used to determine overall antigenicity of TgVP1
determined by the Immune Epitope Database (IEDB) with a
threshold of 0.350, using the bepipred linear epitope pre-
diction method. The IEDB (www.iedb.org) is a dataset of
information about immune epitopes published or submitted
by researchers.'" The bepipred linear epitope prediction
method is an integrated algorithm of hydrophilicity predic-
tion, flexibility prediction, and surface accessibility predic-
tion. Greater understanding about this database is detailed in
the work of Vita and colleagues.'" After the primary se-
lection by IEDB, topology analysis of TgVP1 with TMHMM
Server v 2.0 was performed to eradicate the transmembrane
domains. TMHMM is a software based on a hidden Markov
model (HMM), which is used to predict transmembrane he-
lices (TMHs) within a given amino acid sequence after an-
alyzing it with relevant statistics and indices.'* Further
understanding about this software was introduced through the
research of Krogh and colleagues.'? The predicted epitopes
with higher antigenicity scores were chosen as haptens to
cross-link to carrier proteins as described below.

A synthetic N-terminal peptide, TgVP1-1, corresponding
to amino acids 292-320 of TgVP1 (NH2-YTKAADV
GADLSGKNEYGMSEDDPRNPAC-COOH), was synthe-
sized. This peptide, located outside transmembrane domains
and without post-translational modification sites, was used to
immunize mice to obtain monoclonal antibodies.

For conjugation, the Imject Immunogen Kit with Mal-
eimide-activated mcKLH and BSA (Pierce, Rockford, IL)
was used according to the manufacturer’s instructions. Effi-
ciency of conjugation was tested by 10% SDS-PAGE elec-
trophoresis. The gel was stained with Coomassie Brilliant
Blue R-250. KLH-peptides were used for producing murine
monoclonal antibodies while BSA peptides were used for
screening.

Six- to 8-week-old female BALB/c mice were given in-
traperitoneal injections comprised of 50 g of KLH conju-
gated with TgVP1-1, emulsified with an equal amount of
Incomplete Freund’s adjuvant (IFA). Four weeks after
priming, the mice were sensitized intraperitoneally four times
at two-week intervals with 50 pg of TgVPI1-1 plus IFA per
mouse. Splenocytes were isolated from the immunized mice
until the tail blood titer rose to 1:10,000. Three days prior to
the fusion, the mice were boosted intraperitoneally with
50 pg antigen. Then, after washing twice with PBS, 1x10®
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splenocytes were fused with 2~5x10’ SP2/0 mouse
myeloma cells using 50% PEG 3500. RPMI 1640 medium
was used to stop the fusion and the treated cells were re-
suspended in HAT media, supplemented to select hybrid-
omas. After plating into 96-well tissue culture plates
(1.2x 10° cells/well, 200 pL), the cells were grown at 37°C in
a humidified incubator plus 5% CO,. After 1 week, indirect
ELISA and Western blotting were used to screen the super-
natants and monitor the immune responses of the injected
mice with the aim of determining the presence of antibodies
against the peptide. By sub-cloning the positive clones three
times, hybridomas 1D7-H11, 3A6-E4, and 3G6-F9 showed
high specificity not only to BSA-synthetic peptide, but also to
purified 7. gondii protein. These hybridomas were cultured
and diluted to 1x10° cells/0.5 mL PBS before being sepa-
rately amplified in mice that had been intraperitoneally sen-
sitized by IFA a week prior to injection. A week later, ascitic
fluid was collected and centrifuged (10,000 rcf, 4°C, 10 min)
to remove tissue and cells. The supernatants were affinity
purified by Protein G Sepharose 4 Fast Flow (Invitrogen,
Carlsbad, CA) according to the manufacturer’s guidelines.

All animal experiments were carried out under the super-
vision of the Southern Medical University Animal Care and
Use Committee in accordance with guidelines for the ethical
treatment of animals.

Indirect ELISA

Indirect ELISA was performed in a 96-well Microlon
ELISA plate (Corning, Corning, NY). Wells were coated
overnight with 10ng BSA-synthetic peptides in 100 pL. of
coating buffer (CBS) per well at 4°C, and then blocked with
protein-free blocking solution at 37°C for 2 h. After washing
three times with PBS, 100 pL per well of culture supernatants
or MAbs were added and incubated for 1h at 37°C. Mean-
while, 100 pL. normal serum and RPMI 1640 medium sup-
plemented with 10% FBS were used as negative and blank
controls. The plates were then washed three times with PBS
and loaded with 1:10,000 diluted goat anti-mouse antibodies
labeled with horseradish peroxidase (HRP) following incu-
bation for 30 min at 37°C. After a final three washes with
PBS, the wells were incubated with TMB substrate, and the
reaction was terminated after 15 min by adding 2M H,SO,.
Absorbance was read at 450nm.

SDS electrophoresis and preparation of Western blots

Purified parasites were separately harvested and lysed with
RIPA lysis buffer (CWBiotech, Beijing, China) supple-
mented with PMSF (Thermo, Waltham, MA; 20 min on ice)
to prepare 7. gondii total protein. After centrifugation
(12,000 rpm, 4°C, 10 min), the supernatant was collected and
diluted 1:1 with 2xSDS loading buffer, boiled for 10 min,
and centrifuged at 10000 rpm for 10 min. A 20 pL aliquot of
the supernatant with approximately 30 pg total protein was
subjected to 10% SDS-PAGE. Separated proteins were then
transferred to the polyvinylidene fluoride (PVDF) mem-
branes and blocked with 5% non-fat milk /TBST overnight at
4°C.After rinsing three times with TBST, the membranes
were incubated with the cultured medium from the hybrid-
omas or purified MAbs (1 mg/mL) diluted 1:1000 with TBST
for 1.5h at RT. After further washing, the membranes
were incubated with 1:10,000 diluted secondary HRP-goat
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anti-mouse IgG antibody for another 1h at RT. After a final
wash, the immunoreactive bands were developed using en-
hanced chemiluminescence (ECL) substrate. Purified total
protein of P. falciparum and P. berghei were performed using
the same procedure to verify the conservation of protein VP1
among apicomplexan parasites.

Immunofluorescence microscopy

For immunofluorescence, purified T. gondii were placed
into glass-bottom cell culture dishes (Corning) and covered
with 4% paraformaldehyde for 15 min. They were then per-
meabilized with 0.25% Triton X-100/PBS for 10 min at RT.
The dishes were washed three times with PBS and blocked
with 1% BSA/PBST for 2h at RT. Dishes were rinsed again
with PBS, then incubated with purified MAbs diluted 1:500
with PBST for 1.5h at RT. After unbound antibodies were
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washed away, samples were incubated with diluted (1:1000)
anti-mouse IgG Alexa Fluor 546 (red) for 1h at RT, then
washed and stained with 40,60-diamidino-2-phenyl-indole
(DAPI) at 1:1000 for 10 min. Meanwhile, 1:100 diluted im-
munized serum and normal serum were treated under the
same procedure for use as positive and negative controls.

Sandwich ELISA

Antibodies from hybridomas 1D7-H11, 3A6-E4, and 3G6-
F9, along with a clone of rabbit polyclonal antibody (RPA),
were set in pairs as capture and detector antibodies for the
development of a pre-test sandwich ELISA for synthetic
peptide TgVPI-1. A 96-well Microlon ELISA plate was
coated with 100ng capture antibodies in 100 pL coating
buffer (CBS) per well and incubated overnight at 4°C. After
coating, the plates were blocked with 5% non-fat milk/PBS at
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Amino acid sequence analysis of TgVP1. (A) IEDB Analysis Resource is used for B-cell linear epitope prediction.

The method of bepipred linear epitope prediction is performed. Peptides of scores greater than 0.350 are determined to be
potential epitopes—the higher the better. (B) Topology analysis of TgVP1 with TMHMM Server v 2.0. The transmembrane
domains are shown in red while regions inside membrane in blue and outside in pink.
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FIG. 2. Western blot analysis of antigen specificities of selected monoclonal antibodies. Lane 1 is incubated with 1D7-
H11; lane 2, 3A6-E4; lane 3, 3G6-F9. Among all hybridomas, only 1D7-H11, 3A6-E4, and 3G6-F9 can react with purified
Toxoplasma gondii protein of 85kDa, predicted as TgVP1, and 76kDa as PfVP1 and PbVP1. All three hybridoma
supernatants can detect another protein of approximately 50 kDa within purified 7. gondii total protein. None of the three
reacted with purified OFTu total protein.

37°C for 2 h. After washing three times with PBST, multiple loaded with 1:2000 diluted biotinylated detection antibodies
dilutions (from 200-3.125ng/mL) of synthetic peptide (1 mg/mL), incubated for 1h at 37°C, and washed three
TgVP1-1 in 100 uL. PBS were added to each well and the times. The diluted (1:200,000) streptavidin-HRP conjugate
plates incubated at 37°C for 1 h. Two wells of 100 uL PBS  was added individually and incubated at 37°C for 30 min. The
blank controls were performed in duplicate. Each well was  subsequent steps were the same as those with indirect ELISA

anti-TgvP1 Qverlap
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1D7H-H11

3A6-E4

3G6-F9

Normal
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FIG. 3. Immunofluorescence images of TgVP1 in T. gondiitachyzoites. The location of TgVP1 in T. gondii was probed
with purified MAbs and labeled with anti-mouse IgG Alexa Fluor 546 (red) and the nucleus was stained with DAPI (blue).
The results show that TgVP1, probed with 1D7-H11, 3A6-E4, 3G6-F9, and immunized mice serum, as positive control, is
distributed in cytoplasma, and no red fluorescence is observed in nucleus. Parasites incubated with normal mice serum
indicate no red fluorescence as negative control. As a point of reference, the bright field images (BF) of the parasites are also
shown. Bar, 10 pm.
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described above. All data were averages of initial duplicate
data. Eight pairs of data with levels of ODyso (0.700)
greater than others have been combined to draw a portrait of
ODyso along the natural logarithm of antigen concentration
(ng/mL).

Results
Antibody generation against T. gondii V-PPase

A peptide-based antibody generation producing mono-
clonal antibody against 7. gondii V-PPase was performed in
this study. B-cell linear epitopes were predicted with IEDB
analysis and 23 epitopes were predicted using the method of
bepipred linear epitope prediction with the threshold of
0.350; the higher the score, the greater antigenicity epitopes
might have (Fig. 1A). With the help of membrane topology
analysis performed by TMHMM Server v 2.0, 17 trans-
membrane helices were detected and epitopes located in
transmembrane domains were eradicated (Fig. 1B). A pep-
tide as above was finally selected. To make up the lack of
immunogenicity, KLH was conjugated with the synthetic
peptide using the Imject Immunogen Kit with Maleimide-
activated mcKLH and BSA. The conjugated protein was
subjected to SDS-PAGE electrophoresis. The gel was stained
with Coomassie Brilliant Blue R-250, and the change in
mobility shift of peptide-carrier protein could be used to
assess the efficiency of conjugation.

Indirect ELISA

For the indirect ELISA assay, BSA peptides were used for
specificity testing of the antibody against KLH peptide. After
examining, 43 wells containing positive clones in reaction
with BSA-TgVP1-1 were grown. Nine wells of hybridomas,
comprising highly reactive 2A3, 3A6, 1B9, 2C3, 1D7, 3G6,
3G7,3H1, and 3H7 were selected. These positive clones were
then cultured and transferred to a 24-well plate, one cell per
well, for sub-cloning. Six antibody-producing cultures, 2A3-
F8, 1B9-A2, 1D7-H11, 3A6-E4, 3G6-F9, and 3H7-C6,
were screened out after three repetitions of the sub-cloning
process.

SDS electrophoresis and preparation of Western blots

Western blotting results revealed that only 1D7-H11, 3A6-
E4, and 3G6-F9 reacted with the purified 85kDa T. gondii
protein, which is predicted as 7. gondii V-PPase, and that
they also detected a T. gondii protein band of 50kDa. In
addition, these three MADbs can bind to both purified proteins
of Plasmodium falciparum and Plasmodium berghei with a
size of 76kDa (Fig. 2). These three hybridomas were har-
vested and frozen with RPMI 1640 medium supplemented
with 40% FBS and 10% DMSO in liquid nitrogen.

Immunofluorescence microscopy

To visualize the cell nucleus and virus factories, the cells
were counterstained with DAPI (blue). As seen in Figure 3,
all three MAbs were reactive in the cytoplasm of 7. gondii
tachyzoite, and no associated fluorescence signal (red) was
observed in the nuclei (blue). Image magnification was ob-
tained with a 100 x oil immersion objective of a laser scan-
ning confocal microscope.

TABLE 1. OD4sy9 DATA OF SANDWICH ELISA FOR TGVP1-1 DETECTION

Cat. # of coated Abs

Concentration
of antigen (ng/mL)

rpl

rpl
0.309

ID7HI1 3A6E4 3A6E4  3A6E4  3G6F9 3G6F9  3GO6F9 rpl
0.291

ID7HI11

ID7HI1

0.278
0.264
0.249
0.192
0.181
0.185
0.158

0.246
0.214
0.173
0.148
0.127
0.044
3A6E4

0.274
0.206
0.193
0.168
0.187
0.143
0.173
0.044
1D7HI11

0.66

0.623
0.564
0.521
0.576
0.511
0.433
0.043

1.058
0.955
0.761
0.709
0.561
0.366
0.242
0.043

1.219
1.164
0.813
0.944
0.673
0.516
0.285
0.042
3A6E4

0.743
0.74
0.734
0.816
0.567
0.437
0.044
pl

0.662

1.388
1.213
1.011
0.883
0.713
0.446
0.259
0.042
3G6F9

1.398
1.382
1.371
1.161
0.742
0.525
0.309
0.042
1D7HI11

0.839
0.814
0.791
0.707
0.611
0.584
0.428
0.048

1.489
1.384
1.335
0.819
0.86
0.533
0.341
0.049
3G6F9

1.561
1.553
1.211
0.916
0911
0.609
0.368
0.052
3A6E4

3.125
blank

3G6F9

pl

3G6F9

pl

Detection Ab
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FIG. 4. Statistical graph of data from sandwich ELISA. (A) Scatter diagram of data without four antibody pairs with lower
level of OD450 (<0.7). (B) Standard curve of OD450 along natural logarithm of antigen concentration is represented by a
solid line for 3A6E4-3G6F9; regression equation is shown above the line as well. R"=0.991.

Sandwich ELISA

A sandwich ELISA assay was performed to investigate
whether the MAbs reacted with the same epitope. A spread-
sheet (Table 1) of ODyso data was presented with the fol-
lowing parameters (Fig. 4). Analysis by establishing the
standard curve indicated that, for each pair, OD,s, dropped
with decreasing antigen concentration, and the correlation
coefficient between ODysq and the natural logarithm of anti-
gen concentration was higher than 0.99 in only one pair.

Discussion

T. gondii is an opportunistic parasite that represents a po-
tentially serious threat to immunocompromised persons. Up
to now, more than three quarters of the world population of
warm-blooded animals have become toxoplasmosis patients
or carriers, according to the World Health Organization.
However, therapies are limited and there is an urgent need to
develop and exploit novel drugs. The acidocalcisome, a re-

cently discovered organelle with a key role in metabolism
and featuring numerous pumps and exchangers on its mem-
brane, may be a viable drug target."® Recent research on
vacuolar proton pyrophosphatase of 7. gondii (TgVP1), a
kind of pump located in the membrane of acidocalcisome,
indicates that a lack of TgVP1 decreases the virulence
and extracellular survival of the parasite."* To further help
with the study of TgVPl, MAbs with high specificity
to vacuolar proton pyrophosphatase were required. This is
due to the fact that, although several antibodies against
TgVP1 homologues and polyclonal antibodies against
TgVP1 have been developed, no monoclonal antibody
against TgVP1 has been generated. In other studies, re-
searchers use polyclonal antibodies (PAByx and PABtk)
against plant V-PPase'” to study not only TgVPI, but also
V-PPase of other parasites.'*'~" This reduces the utility of
further study of TgVPI.

The aim of this study was to produce and characterize
monoclonal antibodies against TgVP1 as a tool for research
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FIG. 5. Alignment comparison of V-H+-PPases from T. gondii, P. falciparum, A. thaliana, and T. cruzi. Same residues
are in green while similar ones are in blue and yellow. Amino acid residues not present within other sequences are denoted
by dashes. The 17 transmembranes predicted by TMHMM Server v2.0 are indicated by lines above and the selected epitope
is denoted by asterisks above, which is conserved among apicomplexan parasites and plants. The putative PPi-binding

domain within catalytic domain is boxed.

applications. First we obtained the amino acid sequence of
TgVP1 (gi|527308392|gb|EPT25031.1) from Genebank
(www.ncbi.nlm.nih.gov/protein/527308392/) by Blast. Ami-
no acid sequences of vacuolar proton pyrophosphatase from
P. falciparum and Trypanosoma cruzi were obtained in the
same way. Thereafter, a brief homologous comparison of
these three V-PPases was performed by SDSC Biology
Workbench using a Boxshade algorithm. The amino acid
sequence of TgVP1 is 66% similar to the corresponding re-
gion of the Arabidopsis V-H*-PPase sequence, 72% similar to
P. falciparum, and 63% similar to Trypanosoma cruzi (Fig. 5).
This result indicates that the vacuolar proton pyrophosphatase
1 species is relatively conserved. The putative PPi binding

domain (DX;KXE motif) within the catalytic domain is lo-
cated in a conservative domain, and also found in both soluble
and membrane-associated V-PPases.?” The IEDB used in
this work to determine antigenicity of TgVP1 was widely
used because of its timeliness and accuracy.!'" Compared
with MacVector, another mainstream sequence analysis ap-
plication,m) the IEDB was much more convenient for its
independence of Mac OS system and free license. And it was a
more professional amino acid sequence analysis application
to compare with DNA star, a free bioinformatics software
package, and easier to perform. The structure determination
was significant for a transmembrane protein. Most main-
stream prediction methods were based on HMM,*? among
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FIG. 6. Western blot analysis of rabbit polyclonal anti-
body against TgVPI1-1. Purified T. gondii total protein was
subjected to 10% SDS-PAGE under the same condition as
described above. Lane 1 was incubated with RPA as primary
antibody and goat anti-rabbit antibody as secondary anti-
body, no 50kDa protein band was detected. Lane 2 was
incubated with goat anti-mouse secondary antibody only;
a protein band of 50kDa was observed.

which TMHMM was the most accurate when used alone,
especially with limited experimental information.*® Topo-
logical analysis by TMHMM Server v2.0 revealed as many as
17 transmembrane domains, which makes the prokaryotic and
eukaryotic expression of TgVP1 difficult. Therefore, we
chose to initiate the process of MAb production with a novel
method of peptide-based antibody generation. Although new,
this approach to generate specific immunological antibodies
for some purposes has become a versatile tool in the molecular
analysis of proteins, and has been used more and more fre-
quently in recent years for its advantages.®* First, it is easier
and faster to get high purity antigens by passing the compli-
cated expression and purification steps. Second, it is possible
to select a particular antigen epitope to generate a high affinity
antibody fit for purpose. Finally, the positive clones reacting
to the protein or epitope of interest are easy to screen. How-
ever, there are still some significant problems in the design of
peptides for the production of protein-reactive anti-peptide
antibodies, such as quantifying the epitope scores of the
peptides, isolating the location of the selected peptides
(whether inside or outside the membrane or in the trans-
membrane domains), how long the peptides should be, etc.*>

The rest of the steps are the same as the common proce-
dures of monoclonal antibody generation after the selected
peptides were conjugated to KLH as carrier protein. In this
study, we succeeded in developing three high-affinity
monoclonal antibodies against TgVP1 with this method and
have ascertained their characterization with laboratory tests.
At first, nine positive clones with high absorbance were se-
lected by indirect ELISA. Using Western blot analysis after
sub-cloning, only three sub-clones could react with 85kDa
purified parasite proteins, as the molecular mass predicted
from the nucleotide sequence of gene TgVP1, thus the other
clones might be false positive. However, it should be men-
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tioned that in other research, the molecular mass of TgVP1
estimated from PAGE is about 76 kDa. Additionally, PfVP1
is predicted to be 76 kDa in this study but 67 kDa in others
(data not shown).*® These differences are common to highly
hydrophobic proteins and are likely caused by SDS when
incompletely saturating highly hydrophobic polypeptides
under unstable electrophoresis conditions.?”’ All three MAbs
were applicable in Western blot with the specimens, indi-
cating that the selected peptide was conservative among
T. gondii, P. falciparum, and P. berghei, and may be among
the whole apicomplexan parasites, which implied that these
three MAbs could provide help for the study of PfVPI and
PbVP1. However, these three MAbs were found to react with
not only 85kDa TgVP1, and 76 kDa PfVP1, or PbVPI, but
also detected a S0kDa cross-reacting band only in purified
total proteins of 7. gondii. We found that this band could be
observed after the transferred PVDF membranes were incu-
bated with secondary HRP-goat anti-mouse IgG antibody
only, but the 50kDa proteins could not be detected when
rabbit polyclonal antibody against TgVP1-1 and secondary
HRP-goat anti-rabbit IgG antibody were used for Western
blotting (Fig. 6). This implies that the secondary HRP-goat
anti-mouse IgG antibody we used could detect some 50 kDa
proteins of 7. gondii. In IFA, red fluorescence labeled mouse
TgVP1 monoclonal antibodies randomly spread throughout
the cell body did not merge with blue fluorescence in nucleus,
implying that TgVP1 was distributed in cytoplasm, as acid-
ocalsisome generally are.® All three MAbs labeled with
anti-mouse IgG Alexa Fluor 546 (red) could bind well with
the native protein of TgVP1.

In order to investigate the further application of the three
MADs described above, a sandwich ELISA was performed as
a preliminary experiment. In this experiment, each MADb,
along with a clone of rabbit polyclonal antibody against
TgVP1-1, was used as capture and biotinylated detector to
form 12 pairs of antibody combinations. The results from
checkerboard experiments indicate that all pairs of antibody
combinations are capable of capturing TgVP1-1 in sandwich
assays, but only eight pairs give high signals. The statistical
graph shows a strong linear relationship between ODyso and
the natural logarithm of antigen concentration in the range of
3.125-200 ng/mL using the combination of 3A6E4 as capture
and 3G6F9 as biotinylated detector, R%2=0.991. We defined
the positive cut-off value as 2.1 times higher than ODysq of
the blank control, so the lower limit of detection in this
combination could reach 3.125 ng/mL. Thus, it can be seen
that i) there are at least two different epitopes contained in
peptide TgVP1-1; ii) MAb 3A6-E4 and 3G6-F9 against the
same peptide bound with two different epitopes respectively
just as two different MAbs; and iii) these two MAbs set in
pairs should be the best combination to detect TgVP1, but
methods and conditions of the experiment need to be further
refined (e.g., in terms of the best concentration of capture and
detector antibody, the best concentration of purified total
T. gondii protein, the treatment of patient specimens, and so
on). This in turn would be a step forward in the study of
T. gondii, and might be of some assistance in developing a
new kit deploying the ELISA method for detection of
T. gondii based on the MAbs described here.

Because the clinical signs of toxoplasmosis are non-
specific and not characteristic enough for a definite diagnosis,
this disease is usually diagnosed by serological, biological,
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histological, or molecular methods.® Otherwise, the treat-
ment of toxoplasmosis has been restricted to a combined
therapy of p(yrimethamine, sulfadiazine with clindamycin, or
spiramycin,*® as novel drug targets have not been discov-
ered. These three MAbs might be very valuable for the de-
velopment of novel therapeutics and efficient subunit
vaccine, since V-PPase and acidocalsisome are both potential
targets. In a word, the TgVP1 monoclonal antibodies gen-
erated in this study will provide new tools for further study of
the survival mechanisms of 7. gondii, and may also provide
some possibilities for the development of new diagnostic and
therapeutic drugs.
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