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the other group was the carrageenan-treated group
(PbCGN group). Another group of uninfected mice
was also treated with A-carrageenan (CGN group). A-
carrageenan (SIGMA) was dissolved in PBS (2 mg/ml)
at 65°C and passed through a 0.45-um filter (Millipore)
for sterilization prior to use. A-carrageenan was given
intraperitoneally at a dose of 25 mg/kg BW following
the four-day suppressive test. In this protocol, the in-
fection day is designated as day O. The first treatment
is given 2 h after infection, and then subsequent treat-
ments are given every 24 h until day 3 post-infection,
for a total of four treatments.

To determine the survival rate, half of the infected mice
in each group were observed for clinical signs of cerebral
malaria until the mice eventually succumbed to the dis-
ease. The other half of each group was sacrificed under
terminal isoflurane anesthesia at the presumed onset of
cerebral malaria for histopathological examination and Ev-
ans blue dye assays.

Parasitaemia, ECM signs, and survival monitoring
Parasitaemia levels of both groups of infected mice (n=4)
were monitored from days 4 to 10 post-infection by using
Giemsa-stained thin blood smears. Ten oil immersion ob-
jective fields were examined each with 200-300 red blood
cells. The infected mice were observed for general signs of
malaria such as ruffled fur, and hunching posture, and for
ECM-related signs such as wobbly gait, head tilt, limb par-
alysis, convulsions, and coma. Other behavioural parame-
ters monitored included reactions to stimuli such as
exploration of a new environment and touch reflexes
[15,16]. Deaths were promptly recorded.

Histopathology, intracerebral haemorrhage scoring,

and statistical analysis

The infected mice were sacrificed under terminal isoflur-
ane anesthesia once the clinical signs of ECM were ob-
served in some or all members of the treatment groups.
This corresponded to day 5 p.d. in all members of the
PbCGN group (n = 4). Although no signs of CM were ob-
served, the PbN mice (n=4) were also sacrificed at this
time. Normal and healthy mice (N, n =4) and uninfected,
carrageenan-treated mice (CGN, n=4) were also sacri-
ficed at the same time for comparison. Brains as well as
other vital organs including kidneys, livers, hearts, lungs,
and spleens were collected and fixed in 4% paraformalde-
hyde and embedded in paraffin. The organs were sec-
tioned at 5 pm and were stained with haematoxylin-eosin
(HE) stain. The brain sections were examined for haemor-
rhages and inflammation. Intracerebral haemorrhages
were recorded [16]. Statistically significant differences in
the number of intracerebral haemorrhages were deter-
mined by using the Mann—Whitney U test. Values were
considered to be significantly different when the P value
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was less than 0.05. The organ sections were examined for
any significant lesions.

Assessment of vascular leakage at the blood-brain barrier
by use of Evans blue dye perfusion

On day 5 post-infection, 200 pl of 1% Evans blue dye was
injected into the tail veins of representative mice (n=23-4)
from each treatment group. After 1 h, the mice were sacri-
ficed and their brains were collected and examined for
bluish discoloration. The brains were then placed in 4%
paraformaldehyde for 48 h to extract the Evans blue dye,
and the absorbance was measured at a wavelength of
600 nm [15]. For this, the results of two independent as-
says were pooled. Absorbance readings were carried out
in triplicates and the mean of three replicates was
computed. Statistically significant differences in the ab-
sorbance of Evans blue dye between the groups were de-
termined by using Tukeys multiple comparison test.
Values were considered to be significantly different when
the P value was less than 0.05.

Results
Effects of A-carrageenan treatment on parasitaemia and
course of infection
Lambda-carrageenan poorly inhibited the growth of P.
berghei ANKA, as shown by the hyperparasitaemia in the
infected mice (Figure 1A), and did not improve the survival
of the infected mice (Figure 1B). These findings differ from
the report by James and Alger [2], who found that A/J Swiss
mice infected with P. berghei NK65 survived for up to
28 days when pre-treated with calcium carrageenan intra-
peritoneally, and from the finding of Adams that -
carrageenan effectively inhibited the growth and invasion of
red blood cells by P. falciparum in in vitro experiments [1].
In the experiments monitoring parasitaemia, ECM, and
survival, all P. berghei ANKA-infected mice exhibited
signs of ruffled fur, hunching, and decreased reaction to
stimuli on day 5 post-infection. PbCGN mice showed limb
paralysis, convulsions, head tilt, and coma and died soon
afterwards. On the same day, PbN mice showed none of
these neurological signs. Deaths in the PbN mice group
were first seen on day 7 p.i and all of the PbN mice died
by day 13 p.i. Signs observed in the PbN mice that started
to die from day 7 until day 13 p.. included general weak-
ness and lethargy, while signs that are related to ECM,
specifically, limb paralysis, convulsions, and head tilt were
not seen.

Gross pathology and histopathology of the brains of
Plasmodium berghei-infected BALB/c mice

Haemorrhages were visible on the brains of the PbCGN
mice that showed clinical signs of CM and were sacrificed
on day 5 p.i. (n=4) (Figure 2A). Similarly, haemorrhages
were also observed in the PbN mice that were sacrificed
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Figure 1 Parasitaemia and survival profiles of P. berghei ANKA-infected BALB/c mice. (A) Four mice per group were infected with P.
berghei ANKA, and were not treated (PbN) or treated with A-carrageenan (PbCGN). The parasitaemia in the blood microvessels is shown for each
animal per group (n = 4). \-carrageenan treatment (25 mg/kg) did not inhibit the growth of P. berghei ANKA in vivo using the four-day suppressive
test. The dagger (1) indicates mouse death. (B) Survival profiles of P. berghei ANKA-infected BALB/c mice: A-carrageenan-treated (PbCGN); not
treated (PbN).

on the same day (n=4) (Figure 2B). These PbN mice,
however, did not necessarily show neurological signs re-
lated to cerebral malaria. This result shows that in the
BALB/c mouse, which is considered to be resistant to the
development of CM by P. berghei ANKA infection, in
the absence of clear neurological signs, haemorrhagic
brain lesions can be observed.

To further characterize the lesions in the brains of mice
infected with P. berghei ANKA and then treated with A-
carrageenan, two independent experiments for histopatho-
logical examinations were done with similar observations.
No apparent lesions were observed in the brain sections of
uninfected, healthy carrageenan-treated mice (CGN group,

Figure 2 Gross lesions on the brains of infected mice. (A) From
PbCGN mice that were sacrificed at the presumed onset of cerebral
malaria 5 days p.i. showing clinical signs such as head tilting and
convulsions. (B) From a Pb-infected, untreated (PbN) mouse sacrificed
on day 5 pi. that did not show any signs associated with CM. Yellow

arrows show petechial haemorrhages.

Figure 3A). By contrast, microthrombi, intracerebral hae-
morrhages, and the presence of iRBCs in brain vessels were
observed in both PbN (as shown in Figure 3B) and PbCGN
(Figure 3C and D) animals. Perivascular infiltrations of in-
flammatory cells around the microthrombi were also ob-
served in the PbCGN group and not as much in the PbN
group. In addition, hyperplastic endothelium of brain blood
vessels was observed only in the PbCGN group (Figure 3C
and D). These results indicate that the administration of \-
carrageenan to BALB/c mice infected with P. berghei
ANKA caused more severe histopathological features asso-
ciated with cerebral malaria.

Histopathology of other vital organs revealed malaria
pigment deposits in lung sections and in the Kupffer
cells in the livers of both the PbN and PbCGN groups.
The presence of necrotized lymphocytes and follicular
hyperplasia was also observed in the spleens of both in-
fected groups. No apparent lesions were observed in the
kidneys or hearts of these infected mice. These results
show that \-carrageenan treatment had no atypical ef-
fects on the other vital organs of the P. berghei-infected
BALB/c mice.

Intracerebral haemorrhage counts

Intracerebral haemorrhages observed in sections from
four major regions of the brain, namely, the frontal
lobe, diencephalon, occipital lobe, and cerebellum, were
counted and tallied (n=4, PbN and PbCGN, respect-
ively). There were no statistically significant differences
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Figure 3 Brain histopathology. (A) CGN group. No apparent lesions are observed (Haematoxylin-Eosin stain). Bar, 20 pum. (B) PbN group.
Microthrombus consisting of fibrin pigmented RBCs and accumulated mononuclear cells, is observed. Perivascular infiltration of inflammatory cells
is not observed. Vascular endothelium is not hyperplastic (arrows indicate endothelial cells). Bar, 20 um. (€) PbCGN group. Microthrombus
consisting of fibrin, pigmented RBCs, pigmented macrophages, and mononuclear cells is observed. Perivascular infiltration of inflammatory cells,
haemorrhage in perivascular space, and hyperplastic vascular endothelium are also observed. Bar, 20 um. (D) PbCGN group. Infected RBCs and
inflammatory cells can be seen within the blood vessels of the cerebrum. Note the hyperplastic endothelium, characterized by increased number
of endothelial cells (arrow). Adhesive Pb-laden macrophages (shown by white arrow) can also be seen. Bar, 20 um.

in the number of intracerebral haemorrhages between
the PbN and PbCGN groups. However, haemorrhages
were observed in all regions of the brains of all of the
PbCGN mice, whereas they were observed in only half
of the PbN mice tested (Table 1). These findings are
consistent with the increased severity of the pathology
in the PbCGN mice relative to the PbN mice.

Assessment of vascular leakage at the blood-brain barrier
by using Evans blue dye perfusion

To further evaluate the effects of A-carrageenan on the
integrity of blood—brain barrier (BBB), and its contribu-
tion to the early death of the mice infected with P. ber-
ghei ANKA, the permeability of the blood—brain barrier
was assessed by using Evans blue assay. Representative

Table 1 Intracerebral haemorrhage counts

Haemorrhage PbN PbCGN Mann-Whitney
score A B C E F G H P

FrontalLobe 2 0 0 4 6 4 9 3 0.05755
Diencephalon 5 0 0 1 6 4 9 3 0.1059
OccipitalLobe 4 2 0 6 2 4 7 2 0.6552
Cerebellum 5 001 4 6 4 4 01367

Total 16 2 0 12 14 19 27 11 0.1489

Statistically significant differences in intracerebral haemorrhage counts were
determined by using the Mann-Whitney test. Values were considered to be
significantly different when the P value was less than 0.05.

images of the brains of mice from each group are shown
in Figure 4. The brains of the PbN and PbCGN mice
(Figure 4C and D, respectively) absorbed the dye, indi-
cating increased permeability of the blood—brain barrier
compared with that of the brains of normal mice and
CGN mice (Figure 4A and B, respectively). As expected,
CGN mice showed increased levels of blood—brain bar-
rier leakage relative to the levels in the brains of normal
mice. However, there were no statistically significant dif-
ferences in the levels of Evans blue dye leakage from the
mouse brains between the PbN and PbCGN groups (Fig-
ure 4E). These results indicate that not only the altered
integrity of blood—brain barrier but also other factors
may lead to this severe complication of malaria in mice
infected with P. berghei ANKA.

Discussion

Here, the in vivo efficacy and safety of A-carrageenan as an
anti-malarial drug was evaluated. The results show that \-
carrageenan poorly inhibited the growth of P. berghei
ANKA in BALB/c mice and caused more severe brain le-
sions, leading to the early death of the mice. BALB/c mice,
which are considered to be relatively resistant to the conse-
quences of cerebral malaria caused by the ANKA strain of
P. berghei [10,17-19], were chosen as model to assess the ef-
fects of the administration of A-carrageenan to the develop-
ment of clinical signs associated with cerebral malaria. Both
groups were shown to develop a high parasitaemia, but the
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Figure 4 Assessment of vascular leakage at the blood-brain barrier by use of Evans blue dye perfusion. Two hundred microliters of 1% Evans
blue dye was injected into the tail veins of each mice on day 5 post-infection. After 1 h, the mice were sacrificed using terminal isoflurane anesthesia
and the brains were collected. Representative brains are shown: (A) Normal healthy mouse (N), (B) Carrageenan-treated mouse (CGN), (C) P. berghei
ANKA-infected, untreated mouse (PbN), (D) P. berghei ANKA-infected, carrageenan-treated mouse (PbCGN). (E) The mean absorbances at 600 nm
wavelength and standard deviations of extracted dye after placing the brains in 4% paraformaldehyde for 48 h are shown for each group. Statistically
significant differences in mean absorbances were determined by using Tukey's multiple comparison test (*; P value < 0.05, ns: not significant).
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infected BALB/c mice treated with A -carrageenan
showed more signs related to ECM and died earlier than
the untreated mice. The attempts to show that A-
carrageenan treatment could cause more severe cerebral
malaria through histopathology and Evans blue dye
assays revealed almost the same results for both groups
of infected mice. The levels of blood—brain barrier leak-
age were similar between the P. berghei-infected mice
that were mock-treated and.those that were adminis-
tered \-carrageenan; and the histopathological findings
on the brains show the presence of intracranial haemor-
rhages for both groups. It is important to note that with
the small sample size used in this study, the statistical
data presented here should be interpreted with caution
[20-22].

It is also possible that although the clinical signs asso-
ciated with ECM in the untreated group were not ob-
served, these mice may also have developed ECM, as
reported by Neill and Hunt [23]. It will be interesting to
explore the underlying mechanisms as to why clear
neurological signs were not as evident in the untreated
group given that there was hyperparasitaemia, leakage in
the BBB and presence of intracranial haemorrhages.
These results indicate that there may be other factors in-
volved in the early death of mice treated with A-
carrageenan during P. berghei ANKA infection. One can
also consider the possibility that the hyperplastic endo-
thelium of the brain blood vessels compensated for the
blood-brain barrier leakage in the PbCGN group.

Lambda-carrageenan is known to induce inflammatory
pain and to alter the permeability of the blood-brain
barrier in several animal models [9,24]. Moreover, ad-
ministration of A-carrageenan increases the expression
of ICAM-1, which plays a key role in the sequestration

of iRBCs in cerebral malaria under experimental and
natural conditions [25,26].

By contrast, A\-carrageenan is known to activate the in-
nate immunity that depends on Toll-like receptor 4
(TLR4) and Myd88 [5]. Given that the activation of TLR4/
Myd88 signaling causes acute inflammatory injury [27],
one could argue that the early deaths of mice treated with
\-carrageenan during the P. berghei ANKA infection
could be attributed to the dysregulation of innate immun-
ity rather than the dysfunction of the blood—brain barrier.
Further studies are warranted to elucidate the molecular
basis of this exacerbation of pathology.

Malaria remains a threat to human health and there is
an urgent need to develop and test novel compounds.
The results presented here suggest that \-carrageenan, a
sulphated polysaccharide which is a common food addi-
tive and ingredient in household products and has been
found to inhibit the invasion of red blood cells by mal-
aria merozoites in vitro, may be unsuitable for the treat-
ment of clinical malaria.

However, other sulphated polysaccharides, including
heparin, fucoidan, and dextran sulfate [28,29] have
shown promising in vitro anti-malarial activity. An
example is the previous report on gellan sulfate [30]
that demonstrated that chemical modification, namely,
sulphation, could change the characteristics of these
compounds. Given that these polysaccharides are still
considered promising potential anti-malaria drugs, chem-
ical modification might decrease the side effects of such
compounds.

Conclusion
This study shows the potential toxicity of A-carrageenan
as an antimalarial using the BALB/c mice as model of
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ECM. We find the usefulness of this rodent model in
elucidating CM pathogenesis and evaluating promising
antimalarial candidates iz vivo and more importantly
the safety profile of anti-malarial compounds that could
not be envisaged if only in vitro experiments were
conducted.
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Toxoplasma gondii can differentiate into tachyzoites or bradyzoites. To accelerate the investigation of
bradyzoite differentiation mechanisms, we constructed a reporter parasite, PLK/DLUC_1C9, for a
high-throughput assay. PLK/DLUC_1C9 expressed firefly luciferase under the bradyzoite-specific BAG1
promoter. Firefly luciferase activity was detected with a minimum of 10? parasites induced by pH 8.1.
To normalize bradyzoite differentiation, PLK/DLUC_1C9 expressed Renilla luciferase under the parasite’s
o~tubulin promoter. Renilla luciferase activity was detected with at least 10% parasites. By using PLK/
DLUC_1C9 with this 96-well format screening system, we found that the protein kinase inhibitor analogs,
bumped kinase inhibitors 1INM-PP1, 3MB-PP1, and 3BrB-PP1, had bradyzoite-inducing effects.

© 2014 Elsevier Inc. All rights reserved.

The infection prevalence of Toxoplasma gondii, a protozoan par-
asite in Apicomplexa, is high all over the world [1]. When T. gondii
infects humans, it causes toxoplasmosis in infants {2} and immu-
nocompromised patients {3]. T. gondii can differentiate into two
types of cells in its intermediate host animals: a fast-replicating
tachyzoite and a slow-replicating dormant bradyzoite in the cyst.
Cell differentiation from tachyzoite to bradyzoite is related to
infectious cyst formation in meat production animals (tachyzoite
to bradyzoite) and to recurrence of latent infection in acquired
immunodeficient patients (bradyzoite to tachyzoite) {4]. Bradyzo-
ite-specific gene expression has been well documented via tran-
scriptome analysis using in vitro systems {5} and in vivo cysts [6].
However, how the stress response is transduced and which signals
lead to the transcriptional changes are not yet fully understood. To
answer these questions, a high-throughput screening system to
identify factors that affect bradyzoite differentiation would be a
powerful tool.

A major requirement for bradyzoite differentiation screening is
the availability of a robust, easy, and sensitive detection method.
Moreover, normalization of bradyzoite-specific value with the par-
asite number is needed because bradyzoite-inducing conditions
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tend to influence the parasite growth itself [7]. A widely used assay
for bradyzoite differentiation uses real-time quantitative reverse
transcription polymerase chain reaction analysis of bradyzoite-
specific gene expression with normalization by constitutively
expressed tubulin messenger RNA levels [8]. Several groups have
reported the transgenic parasite for investigating bradyzoite differ-
entiation based on fluorescent reporter systems {9,10] and a lucif-
erase assay system [5,11]. Several groups have reported transgenic
parasites for investigating bradyzoite differentiation based on fluo-
rescent reporter systems [9,10] and a luciferase assay system
{5,11]. However, the fluorescent reporter systems lack sensitivity,
and the luciferase assay lacks a normalization method unless tran-
sient transfection is employed before every assay.

In the current report, we describe a new reporter system,
named pDUALUCI, that expresses firefly luciferase under the con-
trol of the bradyzoite-specific BAG1 [TGME49_259020] promoter
as well as Renilla luciferase under the control of the constitutively
expressed o-tubulin TUBA1 [TGME49_316400] promoter (Fig. 1A).
Detailed plasmid construction information is provided in the
online supplementary material. Host Vero cells and parasites were
maintained as described elsewhere [12]. Plasmid DNA (20 pg) was
linearized with Notl and transfected into 1.0 x 10° cells of the PLK/
hxgprt~ strain (National Institutes of Health AIDS Reagent Program,
No. 2860) [12]; stable transgenic parasites were selected by 50 ug/
ml mycophenolic acid and 50 pg/ml xanthine and were then
cloned by limiting dilution as described elsewhere [13]. A parasite
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Detection range for the luciferase reporter activity
Condition  Cell number Firefly Luciferase Renilla luciferase
1.4E+05 2.7TE402 (£4.5E+00)  2.0E+06 (£ 3.3E+04)
1.26+04 N/D 2.1E+05 (£ 6.1E+03) a3
Tachyzoite a3
1.1E+03 N/D 2.08+04 (£ 7.3E+02) £
1.0E+02 N/D 1.8E403 (£8.0E+01)
1.4E+05 8.1E+05 (£2.4E+04)  3.5E+06 (= 4.41+04)
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Bradyzoite 4
1.2E+03 7.8E+03 (£2.1E+02)  3.8E+04 (= 1.9E+03) g
1.1E+02 7.3E+02 (£4.1E+01)  3.5E+03 (£ 1.5E+02)

Fig.1. Firefly luciferase expression by PLK/DLUC_1C9 is dependent on bradyzoite induction. (A) Schematic diagram of the DNA construct used to make PLK/DLUC_1C9. The
Notl sites used to linearize the plasmid are shown. Arrows show the directions of transcription. The diagram does not reflect the gene length. Red boxes show the terminator
sequence from 3’ UTR (untranslated region) of T§GRA2. (B) PLK/DLUC_1C9 can differentiate to bradyzoites. The cyst wall was stained with a SalmonE monoclonal antibody.
Nuclei were stained with DAPI (4',6-diamidino-2-phenylindole). The light fields combined with the fluorescent channels are shown as a merge. Scale bars = 25 pm. (C)
Tachyzoites and bradyzoites were purified and counted by using a hemocytometer. The cell number denotes the parasite number in the lysate for the luciferase assay. Data
are averages with standard deviations from three technical replicates. Values below the background average plus three times the background standard deviation are
presented as N/D (not detected). (For interpretation of the reference to color in this figure legend, the reader is referred to the Web version of this article.)
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Fig.2. A 96-well microplate assay for bradyzoite differentiation. (A) 80 uM PDTC; 250 nM 1NM-PP1, 3MB-PP1, and 3BrB-PP1; and control medium containing dimethyl
sulfoxide (final 0.1%, v/v) were used for the parasite treatment. BAG1 promoter activity was calculated by dividing the firefly luciferase activity by the Renilla luciferase
activity. Fold changes in the bradyzoite promoter activity from the control sample are shown. Error bars show the standard deviations from independent quadruplicate
experiments. An asterisk (*) indicates a P value < 0.01 by Student t test between the treatment and tachyzoite control. (B) 1INM-PP1 (250 nM) induces cyst wall formation and
inhibits normal parasite growth. HFF cells infected by PLK/DLUC_1C9 were treated with 250 nM 1NM-PP1 from 2 h after parasite inoculation for 4 days. The cyst wall was
stained with SalmonE monoclonal antibody. Nuclei were stained with DAPI (4’,6-diamidino-2-phenylindole). The light field and the fluorescent channels are shown as a
merge. Scale bars = 25 um. Arrows show the abnormally large cells in the parasitophorous vacuole.

clone, which exhibited the highest luciferase luminescence, was 4% paraformaldehyde and stained with an anti-CST1 SalmonE mono-
designated as PLK/DLUC_1C9. To determine whether PLK/ clonal antibody as described elsewhere [14]. The pH 8.1 medium-
DLUC_1C9 could differentiate to bradyzoites, we observed cyst treated PLK/DLUC_1C9 showed cyst wall staining, whereas the tach-
wall formation. Human foreskin fibroblast (HFF)! cells were main- yzoite control showed no staining in the parasitophorous vacuole
tained as described elsewhere [12]. For bradyzoite induction, PLK/ membranes (Fig. 1B). To measure the detection limit of the luciferase
DLUC_1C9-infected HFF cells were treated with 1% fetal calf serum assay, we measured the luciferase activity of purified parasites. Par-
in Dulbecco’s modified Eagle’s medium with 25 mM Hepes (pH asite pellets were lysed in Passive Lysis Buffer (Promega) and used in
8.1) without NaHCO3 from 2 h after parasite inoculation and were the luciferase assay according to the instructions provided by the
incubated in humid air for 4 days. The cells were then fixed with manufacturer of the Dual-Luciferase Reporter Assay System (Pro-

mega) using LUMAT LB9507 (Berthold). The background lumines-

cence value from the lysis buffer containing no parasites was
"1 Abbreviations used: HFF, human foreskin fibroblast; PDTC, pyrrolidinedithiocar- subtracted from the raw values and estimated to give relative Jumi-
bamate; BKI, bumped kinase inhibitor. nescence values. We found that 1.1 x 10? parasites were sufficient to
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detect the firefly luciferase activity in the bradyzoites (Fig. 1C). Renil-
la luciferase activity was detected with a minimum of 1.0 x 10?
tachyzoites and 1.1 x 10 bradyzoites (Fig. 1C).

Next, we tested PLK/DLUC_1C9 in the microplate format assay.
We tested 80 pM ammonium pyrrolidinedithiocarbamate (PDTC,
Sigma-Aldrich) as a known bradyzoite-inducing agent [5]. The
microplate assay was performed as described in Supplemental
Fig. 2. The 80-uM PDTC treatment increased the BAG1 promoter
activity by 18-fold when compared with the tachyzoite control
(Fig. 2A). We also tested bumped kinase inhibitors (BKIs), which
have few sensitive protein kinases in mammalian genome [15]
and for which in vivo effects have been reported in a mouse infec-
tion model {16-18]. TeMAPK1 is a secondary target of BKIs {19],
and its involvement in bradyzoite differentiation {20} and cell divi-
sion {19] has been reported. Three commercial BKIs induced BAG1
promoter activity by approximately 8- to 11-fold (Fig. 2A) when
compared with the normal tachyzoite culture conditions (7.8-fold,
1INM-PP1 [Merck]; 8.2-fold, 3MB-PP1 [Toronto Research Chemi-
cals, TRC]); 11-fold, 3BrB-PP1 [TRC]). Accompanying the up-regula-
tion of BAG1 promoter activity, INM-PP1-treated parasites formed
cyst walls and appeared abnormally large in the parasitophorous
vacuoles (Fig. 2B). This large parasite was also reported as an effect
to Neospora caninum when the parasite was treated with bumped
kinase inhibitor 1294 {21]. Therefore, PLK/DLUC_1C9 could detect
the BAG1 promoter activation from the induction of cyst genesis
by 1NM-PP1.

In summary, our data show that PLK/DLUC_1C9 provides an
alternative method for evaluating bradyzoite induction levels in a
microplate assay format with normalization via TUBA1 promoter
activity and will be of value in revealing the factors affecting bra-
dyzoite differentiation.
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