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Figure 1. GRA16 contains a PEXEL-motif that is required for processing and export. (A) Schematic representation
of GRA16 containing an N-terminal SP for entry into the secretory pathway and a PEXEL-like (TEXEL) motif RRLAE
found at residues 63-67. Arrows relate to predicted sizes of bands seen by Western blot. (B) Western blot of
GRA16wt-HA and GRA16aaaae-HA. GRAT6yT-HA has three molecular weight species, the uppermost (black
arrow) being consistent with SP cleaved, the middle (red arrow) consistent with TEXEL cleavage and the lowest
band, which is a potential degradation product. GRA16aaag-HA is present as only the slowest migrating species,
consistent with the expected size of signal peptide cleaved, TEXEL uncleaved. aCatalase antibodies are used as a
loading control. (C) Localization of GRA16yw1-HA and GRA16aaaae-HA. (i) As previously reported, GRAT6y7-HA is
exported into the host cell where it accumulates in the nucleus (arrowheads) while also being present within
tachyzoites and the PV space. (i) GRATé6aanne-HA is exported far less efficiently (a small amount can be observed
Figure 1 continued on next page
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Figure 1 continued

in the host cell nucleus) while the majority of this protein accumulates within tachyzoites and the PV space. Scale
baris 5 um. HA, hemagglutinin; PEXEL, Plasmodium export element; PV, parasitophorous vacuole; SP, signal
peptide; TEXEL, Toxoplasma export element.

DOI: 10.7554/eLife.10809.003
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Figure 2. ASP5 specifically cleaves the GRA16 TEXEL. (A) Western blot of endogenously tagged ASP5 (ASP5yyr-HA3) and ectopic ASP5p4z1a, pesza-HA3
(ASP5puT-HAS) in parasites shows two predominant species. The upper band (red arrow) is consistent with a signal peptidase-cleaved species and the
lower (blue arrow) may be auto-activation, as it is greatly diminished for ASP5yyt-HA3. 0GAP45 antibodies are used as a loading

control. (B) Endogenously-expressed ASP51-HA3 co-localizes with the Golgi marker GalNAc-YFP (upper panel) and this localization is unaffected for
the catalytic mutant enzyme (ASP5uut-HA3) (lower panel). (C) Immunoprecipitated ASP5yt-HA3, but not ASP5yut-HA3, cleaves GRA16 TEXEL (DABCYL-
R-VSRRLAEEP-E-EDANS) but not the RRL>AAA peptide. (D) LC chromatogram (214 nm) of the fluorogenic GRA16 TEXEL peptide (upper left)

Figure 2 continued on next page
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Figure 2 continued

incubated in buffer alone (-ASP5-HA3) with MS analysis showing the parent ion of the unprocessed fluorogenic peptide (lower left). LC chromatogram
(214 nm) of the fluorogenic GRA16 TEXEL peptide after incubation at 37°C for 48 hr with ASP5 ( +ASP51-HA3) (upper right), showing the N-terminal
product of processing within the TEXEL after leucine (DABCYL-R-VSRRL) at 15.5 min while the remaining unprocessed fluorogenic peptide is observed
at 14.3 min. MS analysis showing the parent ion of the processed N-terminal cleavage product DABCYL-R-VSRRL (lower right). (E) Structure of WEHI-
586 (RRLstatine)- (F) Dose response curve showing inhibition of ASP5wr-HA;3 activity by WEHI-586 with ICsg of 63 + 15 nM. Data shown are mean +
standard deviation from three experiments. Scale bar is 5 um. ASP5, Aspartyl Protease 5; HA3 triple-hemagglutinin; LC; liquid chromatography, MS;
mass spectrometry.

DOI: 10.7554/eLife.10809.004
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Figure 2—figure supplement 1. Alignment of PfPMV and TgASP5 sequences. ClustalW alignment of the full-length predicted amino acid sequences
of PIPMV (PF3D7_1323500) and TgASP5 (TGME49_242720). The alignment of the two proteins shows they share 14.4% identity and 32.6% similarity
across the full-length alignment, including gaps. The predicted positions of signal peptidase cleavage are shown with black arrows, the catalytic dyads

Figure 2—figure supplement 1 continued on next page
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Figure 2—figure supplement 1 continued

are indicated by red boxes, with "* signifying each catalytic aspartic acid residue, the ‘nepenthesin 1-type’ aspartyl protease (NAP1) fold is indicated
with a gray box (NAP1 insert), the enzyme flap’ that sits over the substrate binding pocket is indicated with a green box including the unique cysteine
residue in PMV that is absent from ASP5, the helix-turn-helix of PMV that is absent from ASP5 is shown with a blue box, and the putative C-terminal
transmembrane domain highlighted with a pink box (Hodder et al., 2015). The mutations of catalytic aspartic acid residues D>A in ASP5yyr-HA3 are
shown on the right (red, D431A, D682A) and the orange arrow denotes the point of the frame shift mutation in Aasp5crispr parasites, which leads to a
premature stop codon in the protein sequence (upper right). ASP5, Aspartyl Protease 5; PMV, plasmepsin V.

DOI: 10.7554/eLife.10809.005
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Figure 2—figure supplement 2. ASP5 may undergo auto proteolysis. Immunoblot of ASP5-HA3 in (lane 1)
endogenously tagged parasites, (lane 2) WT parasites ectopically expressing ASP5uut-HA3, (lane 3) Aasp5criser
(right) parasites ectopically expressing ASP5yyt-HA3. A longer exposure is also shown (right panel). The ~55 kDa
species is diminished in WT parasites expressing ASP5yur-HA3 and absent in Aasp5crispr:ASPSMuT-HAS parasites.
The blot shown is the same as in Figure 2A, with extended panels. ASP5, Aspartyl Protease 5; HA, triple-

hemagglutinin.
DOI: 10.7554/eLife.10809.006
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Figure 2—figure supplement 3. Enzymological Characterization of ASP5. (A) ASP5yt-HA; cleavage of a fluorogenic peptide containing the TEXEL
motif from GRA16 has a pH optimum of 5.5. (B) Kinetics showing cleavage of the fluorogenic GRA16 TEXEL peptide at varying concentrations over
time. (C) Michaelis—-Menten curves showing the rate of cleavage (Rate = relative fluorescence units per min) of increasing concentrations of fluorogenic
GRA16 TEXEL peptide by ASP5y1-HA3. The data were used to derive K, values reported in the text. (D) Burk-Lineweaver or a double reciprocal plot of
the velocity of ASP5y1-HA;3 as a function of the fluorogenic GRA16 TEXEL substrate concentration. Data are mean + standard deviation of triplicate
experiments. ASP5, Aspartyl Protease 5; HAg3, triple-hemagglutinin; TEXEL, Toxoplasma export element.

DOI: 10.7554/eLife.10809.007
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Figure 2—figure supplement 4. Synthesis scheme for generation of WEHI-586. Details of WEHI-586 synthesis is outlined in Materials and methods

section. Reagents and conditions: a) N,N,N',N'-Tetramethyl-O-(1H-benzotriazol-1-yl)uronium hexafluorophosphate, O-(Benzotriazol-1-yl)-N,N,N',N -
tetramethyluronium hexafluorophosphate (HBTU), Et3N, dimethylformamide (DMF), HCI.NH,-Om(N-Boc)-OMe; b) Pd/C, Hy, MeOH; ¢) PhCH,SO,CI,

Et3N, dichloromethane (DCM); d) LiOH.H,0, tetrahydrofuran (THF), H

20; e) HBTU, EtsN, DMF, Ph(CH2,NHy; f) 4N HCI, dioxane; g) HBTU, EtsN, DMF,

5; h) 4N HCI, dioxane; i) EtsN, N,N'-bis-Boc-1-guanylpyrazole; j) TFA, DCM.

DOI: 10.7554/eLife.10809.008
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Figure 3. ASP5 is highly selective for ‘RRL’ substrates. (A) (i) Activity of immunoprecipitated PIPMV-HA against KAHRP- and GRA16-based fluorogenic
DABCYL/EDANS peptides. PIPMV-HA is able to cleave peptides containing KAHRP PEXEL and GRA16 TEXEL sequences but not corresponding
mutants (red amino acids). Note the GRA16 ‘RRLAE’' TEXEL is cleaved approximately twice as efficiently as the KAHRP ‘RTLAQ’ PEXEL. (i) Cleavage of

Figure 3 continued on next page

Coffey et al. eLife 2015;4:e10809. DOI: 10.7554/eLife.10809

11 of 25


http://dx.doi.org/10.7554/eLife.10809

LI FE Research article Microbiology and infectious disease

Figure 3 continued

substrates by immunoprecipitated TgASP5-HA3, as in (i). ASP5 cleaves the wild type GRA16 TEXEL but is unable to efficiently process the
corresponding point mutants in GRA16 or any KAHRP peptides. Mutation of the P, threonine in KAHRP for arginine (T>R) marginally increases
processing. (B) Substrate specificity of ASP5-HA; in relation to the Py, P, P3 and P, positions. This protease is unable to tolerate conservative and non-
conservative changes at Py, P, or P3; however, this constriction appears to be more relaxed at Py'. (C) ASP5yr-HA3 cleaves the GRA16 TEXEL, as well as
the TEXEL from the dense granule protein GRA19, but not a similar motif in GRA21, or peptides containing RRL>AAA mutations. (D) Preferred TEXEL
consensus with the position of cleavage by ASP5 indicated (arrow), color-coded according to (B). (E) (i) Structural model of ASP5 in complex with the
TEXEL from GRA16 (SRRLAEE) colored gold; or (i) with a point mutant of GRA16 containing threonine at P, (SRTLAEE) colored blue to explain why
arginine is preferred at P,. Arrowheads denote the P, position in each substrate. Heteroatoms are colored white: hydrogen, blue: nitrogen and red:
oxygen. Several backbone groups in ASP5 are highlighted as pink spheres. Hydrogen bonds between the GRA16 peptides and ASP5 are shown as
dotted lines; colored lines highlight the hydrogen bond interactions that differ between the two substrates. ASP5, Aspartyl Protease 5; HA,
hemagglutinin; KAHRP, knob associated histidine rich protein; PEXEL, plasmodium export element; PIPMV, P. falciparum PMV; TEXEL, Toxoplasma
export element.

DOI: 10.7554/eLife.10809.009

Coffey et al. eLife 2015;4:e10809. DOI: 10.7554/eLife.10809 12 of 25


http://dx.doi.org/10.7554/eLife.10809.009
http://dx.doi.org/10.7554/eLife.10809

LIFE

Microbiology and infectious disease

Ai RHAKu80: RHAku80: il
GRA16-HA  Aasp5:GRA16-HA RHAhxgprt AaSPS pispr
B
100 - Aasp5CR,SER:ASP5WT-HA3
80- - AaSp5CRISPF\’
(7]
K Aasp5 2
S oo B Cospony
g 40+
X
20+

Vv » )
Parasites / Vacuole

& GRA16-HA GAP45 DAPI Merge
N
X
<o :
Tl
& @

aHA

Aasp5

aCatalase

Figure 4. ASP5 is required for cleavage and export of GRA16. (A) (i) A plaque assay on confluent HFF monolayers,
stained with crystal violet at 7 days post infection where plaques produced by Aku80:GRA16-HA:Aasp5 parasites
are smaller than those made by WT (Aku80:GRA16-HA) parasites. (i) As in (i), where the plaques formed by
Aasp5criser parasites are diminished in comparison to parental wildtype (RHAhxgprt) and Aasp5crispr:ASPSwT-HA3
parasites. (B) Replication assay. Tachyzoites were grown in HFFs and fixed at 16 hr post infection. Samples were
stained with aGAP45 antibodies and counted. n = 3 independent experiments where > 50 vacuoles were counted,
values are mean =+ standard error of the mean. (C) Western blot of GRA16-HA in Aku80:GRA16-HA (lane 1) and
Aku80:GRA16-HA:Aasp5 (lane 2) parasites. The black arrow corresponds to the predicted signal peptidase
cleaved-species and the red arrow to the TEXEL cleaved product, as outlined in Figure 1A. Catalase antibodies
are used as a loading control. (D) IFA showing GRA16-HA is exported into the host cell nucleus in otherwise WT
parasites (top panel) but not in Aasp5 parasites (GFP-positive, signal diminished in comparison to the strong
GRA16-HA in the 488 nm channel). White arrowheads indicate host nuclei. Scale bar is 5 um. GFP, green
fluorescent protein; HA, hemagglutinin; HFF, human foreskin fibroblasts; IFA, immunofluorescence assay; WT,

wild type.

DOI: 10.7554/eLife.10809.010
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Figure 4—figure supplement 1. Generation and complementation of Aasp5 parasites. (A) (i) Schematic representation of the ASP5 knockout strategy
in the RHAku80:GRA16-HA line using clustered regularly interspaced short palindromic repeats (CRISPR)/Cas9 and plasmid-based recombination. (ii)
PCR confirmation of a resulting Aku80Aasp5 clonal line. Sequencing of PCR products confirmed atypical integration topology (data not

shown). (B) Generation of the AaspScrispr parasites, where parental RHAhx tachyzoites were transfected with pU6-Universal-mCherry-sgASP5-2 (see
Materials and methods) and a clone was chosen with an insertion of ‘TT" at the predicted Cas? cleavage site, resulting in a frameshift mutation in the

Figure 4—figure supplement 1 continued on next page
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Figure 4—figure supplement 1 continued

coding region of ASP5. (C) Following transfection, two clones were chosen with stably-integrated ASP5y1-HA3 in the Aasp5criser line, generating the
Aasp5crispr:ASPSwT-HA3 parasites. Aasp5crispriASPSwWT-HAz is exclusively used to refer to clone 1 in this manuscript, with the exception of Figure 7C,
where both clones are used. ASP5, Aspartyl Protease 5; HA, hemagglutinin; HA3 triple-hemagglutinin; PCR, polymerase chain reaction.

DOI: 10.7554/eLife.10809.011
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Figure 5. Induction of host c-Myc is ASP5-dependent. (A) Representative IFAs 14 hr after infection of c-Myc expression in confluent HFFs. Mock-
infected cells express very little c-Myc while infection with WT parasites leads to a dramatic up-regulation of this transcription factor. Aasp5crispr-
infected cells express marginally more c-Myc than mock-infected, which is complemented by the re-introduction of ASP5 (Aasp5crispr:ASPSwT-

HA). (B) Quantitation of c-Myc signal (as a ratio of DAPI signal) in cells from (A), P = 0.0001, values are mean + standard deviation, unpaired t-test, n >
20 nuclei from cells infected with single vacuoles. (C) Western blot showing up-regulation of c-Myc upon wild type infection, which is drastically
decreased following deletion of ASP5. 0SAG1T and aGAPDH serve as parasite and host loading controls, respectively. Scale bars are 20 um. HA3, triple-

hemagglutinin; HFFs, human foreskin fibroblasts; IFA, immunofluorescence assay; WT, wild type.
DOI: 10.7554/elLife.10809.012
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Figure 6. ASP5 processes the novel dense granule protein MYR1 near the C-terminus. (A) Antibodies to the N-terminus of MYR1 show that it is
processed in wild-type parasites (migrating at ~80 kDa) and a loss of processing in Aasp5 parasites resulting in the appearance of a larger molecular
weight species (migrating at ~105 kDa). aSAG1 serves as the parasite loading control. For increased resolution, the samples from the left panel were
separated on a 3-8% Tris-acetate gel (right panel), which revealed that the ~80 kDa band migrates at ~70 kDa on this gel and comprises a doublet, with
the upper band absent in Aasp5 parasites, confirming lack of cleavage. * = suspected cross-reactive species. As a consequence of increased running
time, SAG1 migrated off the 3-8% gel and was not transferred. (B) ASP5y1-HA; cleavage of DABCYL/EDANS peptides containing the TEXEL of MYR1
and associated mutations (red residues). Peptides containing RRLSE from MYR1 and RRLAE from GRA16 are cleaved, but peptides with point mutations
in Pq, Py or P3 are not cleaved. The serine at Py (compared to Ala in GRA16) does not interfere with cleavage by ASP5. (C) Schematic of MYR1 with an
N-terminal SP, the RRLSE TEXEL at AA 557-581 and a C-terminal HA tag. (D) Immunoblot using aHA antibodies against Amyr1:MYR1-HA parasites
where AmyrT:MYR1yr-HA runs at ~32 kDa, whereas Amyr1:MYR1 ar se-HA and Amyr1:MYR1 arasa-HA mutants run at ~105 kDa. aSAG1 serves as a
loading control. ASP5, Aspartyl Protease 5; HA;, triple-hemagglutinin; TEXEL, Toxoplasma export element.
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Figure 7. ASP5 influences efficient host mitochondrial recruitment and assembly of the NTN. (A) Electron micrographs of intracellular WT (Aku80) (i and
iii) and Aaspb5 (i and iv) tachyzoites within HFFs. Bars represent 1 um (i,ii) and 200 nm (iii, iv). (i, ii) Low-power image showing WT (i) and Aasp5 (ii)
tachyzoites containing a nucleus (N), rhoptries (R), micronemes (M), dense granules (D) and a Golgi body (G) located within a PV. Note the large
number of host cell mitochondria (arrowheads) associated with the PVM and the large NTN within the PV in wild-type parasites compared to Aasp5
parasites. (iii, iv) Details from the periphery of the PV showing a large host cell mitochondrion (HM) closely applied to the PYM in the wild type (iii)
compared to the smaller mitochondrion (HM) associated with the Aasp5 PV (iv). (B) Quantitation of percentage of the PVM associated with host
mitochondria, 5.59 + 2.08% for Aasp5 parasites versus 24.3 + 6.98% for wild-type parasites, mean + standard error of the mean, P < 0.0001, n = 20
Figure 7 continued on next page
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Figure 7 continued

vacuoles. (C) (i) Mouse embryonic fibroblasts expressing MTS-GFP infected for 4 hr with wild type (Ahx), Aasp5criser (@ non-GFP positive knock out) or
two independent ASP5 complemented clones (Aasp5crispr:ASP5wT-HA3). Localization of MAF1 at the PVM (top panel and bottom two panels) and
mislocalized in intraparasitic puncta, potentially dense granules (panels 2 and 5), are shown in red. Mitochondria (MTS-GFP) are localized at the PYM in
wild-type parasites (panel 1) and Aasp5crispr:ASPSWT-HA3 clones 1 and 2 (panels 5-6) to a large extent, but less so in the Aasp5criser parasites (panels
2-4). (i) Immunoblot using aHA antibodies against parasites expressing ASP5yr-HA3z and complemented mutants Aasp5crispriASPSwr-HA3 clones 1
and 2 shows the parasites express similar levels of HA-tagged ASP5 (as in Figure 2A), aGAP45 serves as a loading control. (D) Western blot of MAF1
species in wild-type and Aku80Aasp5 parasites. Blue arrow shows non-specific labeling (NS), aCatalase serves as a loading control. (E) Electron
micrographs of intracellular wild type (i and ii) and Aku80Aasp5 (iii and iv) tachyzoites. Bars represent 1 um (i, iii) and 200 nm (ii, iv). (i, i) Low-power
image showing wild-type (i) and Aasp5 (iii) tachyzoites containing a nucleus (N), rhoptries (R), micronemes (M), and dense granules (D) located within the
PV. The large number of host cell mitochondria (arrowheads) associated with the PVYM and the large NTN within the PV in the wild type compared to
the Aaspb parasites is noteworthy. (ii) Detail of the PV of a WT parasite showing the intertwining tubules of the NTN. HM — host cell mitochondrion. (iv)
Detail of the PV surrounding a Aasp5 parasite showing granular material and a few vesicles (V) but absence of the tubular network. HM - host cell
mitochondrion. Scale bar is 5 um. ASP5, Aspartyl Protease 5; GFP, green fluorescent protein; HFFs, human foreskin fibroblasts; MTS, mitochondrial
targeting sequence; NTN, nanotubular network; PV, parasitophorous vacuole; PVM, parasitophorous vacuole membrane; WT, wild type.
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Figure 8. GRA24 requires ASP5 for export but not processing. (A) Localization of GRA24-Mycs in both WT (Aku80) and Aku80Aasp5 tachyzoites. GRA24
can be observed in the host nucleus and in the PV in WT:GRA24-Mycs parasites, whereas this export is lost in the Aasp5:GRA24-Mycs parasites. Arrows
signify the position of host nuclei (DAPI). (B) The size of GRA24-Myc; appears unchanged in the absence of ASP5. aCatalase serves as a loading
control. (C) ASP5 cannot cleave peptides containing non-canonical TEXEL-like motifs found within GRA24, compared with cleavage of the GRA16
RRLAE peptide and AAAAE controls. Scale bar is 5 um. ASP5, Aspartyl Protease 5; DAPI, 4',6-diamidino-2-phenylindole; PV, parasitophorous vacuole;

TEXEL, Toxoplasma export element; WT, wild type.
DOI: 10.7554/elife.10809.015
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Figure 8—figure supplement 1. Complementation of Aasp5 parasites restores export of GRA24. Localisation of transiently transfected GRA24-Myc; of
in both Aasp5crispr and AaspScrispr:ASPSwT-HA3 (Clone 1) tachyzoites. Filled arrowheads signify the position of host nuclei (DAPI), open arrowheads
identify non-transfected parasites and GAP45 marks the periphery of tachyzoites. Scale bar is 5 pm. DAPI, 4',6-diamidino-2-phenylindole; HA;, triple-
hemagglutinin
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Figure 9. ASP5 plays a major role in changing the host cell transcriptional response induced by Toxoplasma infection. (A) (i) Scatterplot of expression
fold changes. The Y-axis shows log2-fold changes in HFFs infected with Aasp5 parasites versus uninfected HFFs (Ul), while the X-axis shows log2-fold
changes in HFFS infected with WT parasites (WT) vs. Ul. The dashed line shows x=y. The solid line shows the least squares regression line through the
origin. The regression has slope 0.6, showing that log fold changes for the Aasp5 parasites are only 60% of those for the wild-type parasites.
Differentially expressed genes are color coded in the plot according to whether they change in both the WT and Aasp5 infections or only in the WT
(false discovery rate < 0.05). Non-differentially expressed genes are shown in black. (ii) Numbers of genes corresponding to highlighted groups in the
scatterplot. (B) Heat map of expression values for the 100 most differentially expressed genes for WT-infected HFFs versus uninfected. Z-scores are log2
counts per million, scaled to have mean 0 and standard deviation 1 for each gene. The plot shows that expression after Aasp5 infection tends to be
intermediate between that of uninfected and WT-infected HFFs. (C) Barcode enrichment plot showing enrichment of Agra’é regulated genes in the
Aaspb parasite infection expression changes. Genes are ordered from left to right in the plot from most up to most down during Aasp5 parasite
infection. Specifically, genes are ranked from largest to smallest t-statistic for the Aasp5 versus WT comparison (X-axis). Genes up-regulated by Agra1é
versus WT in an independent experiment (Bougdour et al., 2013) are marked with vertical red bars. Similarly, genes down-regulated by Agralé in the
independent experiment are marked with vertical blue bars. The worms show relative enrichment (Y-axes). The plot shows that Aasp5 up-regulated
Figure 9 continued on next page
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Figure 9 continued

genes are strongly enriched for Agra16 up-regulated genes (red) and Aasp5 down-regulated genes are strongly enriched for Agralé down-regulated
genes (blue). HFFs, human foreskin fibroblasts; WT, wild type.
DOI: 10.7554/eLife.10809.017
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Figure 10. ASP5 is an important virulence factor. (A) Four groups of six C57BL/6 mice were intraperitoneally injected with a live dose of 15 + 3
tachyzoites or PBS alone and survival measured over a 20-day period. Mice infected with wild type (RHAhx) and Aasp5crispr:ASPSwr-HAz all succumbed
to infection within 8 days, whereas all PBS-injected mice and those infected with Aasp5crispr parasites survived the 20 day experiment. At day 14 (#), all
mice were bled and tested for antibodies against tachyzoites. Animals were weighed daily throughout the course of the experiment (lower panel) and
bodyweights were compared for statistical analysis while all animals were alive. Mice injected with PBS alone maintained a stable body weight, while
those infected with wild type and AaspScrispr:ASPSwr-HA; parasites lost weight beginning at day 6 and day 4, respectively, with significant weight loss
evident in comparison to those injected with Dasp5crispr parasites by day 7. (B) At 24 days post infection, surviving mice (from A) that were injected
with PBS or Aasp5crispr tachyzoites were re-challenged with 50 live RHAhx parasites. The naive PBS-injected mice all succumbed to infection by day 10,
whereas those that had been injected with Aasp5Scrispr parasites were protected from death. Bodyweight was also monitored daily (lower panel) where
mice previously injected with Aasp5crispr parasites maintained a stable bodyweight, while the naive PBS mice began losing weight on approximately
day 6. (C) A separate cohort of C57/BLé mice was also injected with 50 live parasites to assess the effect of parasite number on virulence during
infection. All mice infected with WT or and Aasp5crispr:ASP5wT-HA3 parasites again succumbed to infection by days 8-10, whereas there was a delay in
death for the and Aasp5crispr-infected mice. One of these mice survived the 15-day experiment and was seropositive for antibodies against
Toxoplasma (serum collected at day 14, #). Bodyweights were measured daily (lower panel). Log-rank (Mantel-Cox) testing was used to derive statistical
significance for survival curves while two-way analysis of variance testing was used for bodyweight data. Values are mean + SD. * P < 0.05, ** P < 0.005,
*rk P <0.0001. ASP5, Aspartyl Protease 5; WT, Wild Type.
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Figure 10—figure supplement 1. Seroconversion of Aasp5 parasites. All mice that were alive 14 days after infection were tested for Toxoplasma sero-
conversion. Toxoplasma tachyzoite and uninfected host cell lysates were probed using mouse serum at a 1:500 dilution.
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