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Figure 2. TgGSK has a dynamic, cell cycle-dependent localization. A. Western blot
of protein extract from parasites in which the endogenous TgGSK includes a 3xHA
epitope tag. Blots were stained for HA (top) and Sag 1 (bottom). B and C. Parasites of the
TgGSK.3xHA strain were grown intracellularly for 24 hours before performing IFA using
antibodies against HA and IMC3, and the DNA stain DAPI. In C, parasites in the top

panels are not dividing, while those in the bottom panel are undergoing division. D.
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Quantification of the fluorescent intensity ratio of nucleus to cytosol in non-dividing and
dividing parasites; n=20 per condition, p<0.0005. E. Expansion microscopy of a non-
dividing parasite staining for Toxoplasma tubulin (magenta), HA (yellow), and DRAQ5
(cyan, color in overlay) to visualize parasite structure and centrosomes, TgGSK, and
nuclear material, respectively. A single slice zoomed image of the centrosomes is shown
to closer visualize TgGSK localization to this organelle. F. Expansion microscopy of four
dividing parasites in a vacuole staining for Centrin 1 and HA to visualize TgGSK's
colocalization with the centrosomes. Arrowhead shows an example of TgGSK colocalized

with a centrosome.


https://doi.org/10.1101/2024.09.27.615374
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.09.27.615374; this version posted September 27, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

A IMC3 HA DAPI DAPI

—/ TgGSK Non-

N Dividing
@D CNETD-  owiding .. . h
D E

C
TATi- —
GSK.3xHA GSK.3xHA
aTC - + o+ + - o ‘ ,&l
Y ns ns  skskokok
24h 42h 72h o £ 2 P A
aTC y o) <3 ol e ‘ _ ’—”—”_
5
+aTC

~ «° ~ «‘*

Parasite Strain

Figure 3. TgGSK is essential for propagation in tissue culture. A. Graphical
representation of the strategy used to engineer a TgGSK conditional knockdown strain
using the TATi tetracycline regulatable system. B. Parasites of the TATi-GSK.3xHA strain
were grown in culture for 24 hours to perform IFA with antibodies against IMC3 and HA
and the DNA stain DAPI without the addition of aTC. C. Western blot of protein extract
from TATi-GSK.3xHA parasites grown in no aTC (-) orin aTC for 24, 42, or 72 hours. Blots
were probed for HA to monitor TgGSK or Sag1 as loading control. D. Plaque assay of
parental (GSK.3xHA) and TATi-GSK.3xHA knockdown parasites incubated for 6 days with
or without aTC E. Quantification of plaque assay. ****: p<0.0005, ***: p<0.005, ns: no
significance, n=9 wells per condition (3 biological replicates with 3 experimental replicates

each).
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Figure 4. Knockdown of TgGSK causes abnormal division phenotypes. A. IFA of

TgGSK knockdown parasites after 42 hours of incubation with aTC. IMC3, HA, and DAPI
staining visualize mother and daughter cell IMC, TgGSK, and nuclear material,
respectively. Representatives of the main phenotypes observed are shown B.
Quantification of the percentage of normal vacuoles in TATi-GSK parasites with and

without 42-hour incubation with aTC. N= 3, 100 total parasites over the replicates. The
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error percentage shown is the standard deviation. C. Quantification of the different
division phenotypes seen after 42 hours of TgGSK knockdown. D. IFA showing division
phenotypes of TgGSK knockdown parasites after 96 hours of incubation with aTC.
Acetylated tubulin, DAPI, and H2Bz staining visualize parasite structure, nuclear material,

and histones, respectively. Arrowheads point to diffuse nuclear material and H2 histone.
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Figure 5. TgGSK knockdown parasites have a centrosome duplication defect. A.
IFA TATi-GSK parasites treated with aTC for 96 hours stained for centrin 1 (centrosomes)
and EB1 mitotic spindles). Outlined boxes show parasites with abnormally dividing
centrosomes. B. Quantification of centrin and EB1 signal in (A) measuring distribution of
signal per parasite nucleus. N= 3 replicates with 100 vacuoles quantified. Statistical

analysis: two-tailed t-test with Welsh’s correction. *: p<0.05 ns: no significance. C.
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Expansion microscopy of TATi-GSK parasites treated with aTC for 42 hours. Arrows

indicate elongated centrosomes that seem unable to undergo fission.
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Figure 6. TgGSK knockdown parasites display a reduction in apicoplast material.
A. IFA of TATi-GSK parasites after 96 hours of aTC treatment stained for the apicoplast
marker CPN60. IMC1 and DAPI staining are also used to visualize parasite structure and
nuclear material. B. Quantification of the number of apicoplast foci per parasite nucleus
in TgGSK knockdown versus control parasites. ****: p<0.0005 n=3 experimental

replicates, 100 total parasites quantified.
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Figure 7. Global Phosphoproteome analysis reveals TgGSK-dependent
phosphorylation events. A. Number of proteins that had increased or decreased
phosphorylation after 24 hours of TgGSK knockdown. One protein had peptides with both
increased and decreased phosphorylation. B. Volcano plot of all differentially
phosphorylated proteins with a log2fold change >0.5 and p<0.05. Splicing, myoC

glideosome, and centrosome proteins are highlighted.


https://doi.org/10.1101/2024.09.27.615374
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.09.27.615374; this version posted September 27, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

>

Overlay

- Garcinol

2 uM

+ Garcinol

B
\ N\ N
ee) ee) O
& & &
& & &
Q¥ QO N

- HA
-
- ) Aldolase
gl

Figure 8. Acetylation by GCN5b stabilizes TgGSK. A. IFA of non-dividing GSK.3xHA
parasites treated with 0, 2, or 4 yM Garcinol for 18 hours. Staining was done for IMC3,
HA, and DAPI to visualize IMC, TgGSK, and nuclear material, respectively. B. Western

blot analysis of TgGSK protein levels after 18 hours of Garcinol treatment. The cytosolic

protein aldolase was used as a control.
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Figure 9. Global transcriptome analysis of TgGSK knockdown parasites. A. VVolcano
plot showing all differentially transcribed genes with a log2fold change >0.5 and p<0.05
after 18 hours of TgGSK knockdown. B. Biological processes with enriched transcriptome
changes as identified by ToxoDB and StringDB. C. Genes that were differentially spliced

after TgGSK knockdown, TgPPKL knockdown, and treatment with 4 yM Garcinol.
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Figure 10. Model of the regulation and function of TgGSK. A preliminary model of

TgGSK in non-dividing and dividing parasites. Image created using Biorender.
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Purpose

Name

Sequence

Generate pSag1-Cas9-
U6-sgGSK-TG-HXG
CRSPR/Cas9 plasmid
for endogeneous

tagging

GSK-tg-sgRNA.For

GTCTTTTTTTGTTTTAGAGCTAGAAATAGC

GSK-tg-sgRNA.Rev

CGACAGCTGCAACTTGACATCCCCATTTAC

Amplify 3xHA-DHFR
cassette from the
plasmid pLIC-3xHA-
DHFR

GSK-TG-insert.For

ATGTATTCCGAAGCATATCGCCAGTGCAAACAACC
GTGGCTTAATTAAAATTGGAAGTGGAGG

GSK-TG-insert.Rev

AGCATAAGAGAAGCTCCCCATCCCTAGTAGGTGTA
GGGAGGTTTTCCCAGTCACGACG

Generate pSag1-Cas9-
U6-sgGSK-TATI-HXG
CRSPR/Cas9 plasmid
for endogeneous

tagging

GSK-TATI- AAGAAGGGGTGTTTTAGAGCTAGAAATAGC
sgRNA.For

GSK-TATI- TCCTTCGTCCAACTTGACATCCCCATTTAC
sgRNA.Rev

Amplify TATi cassette
from the plasmd 5'COR-
pT8TATI1-HX-
tetO7S1mycNtCOR.dna

GSK-TATI-insert.For

CACTCATCTTTTCCTGGCCTTTGTCGAGAAGGCAG
AAGTCTCTTCTCATGTTTGCGGATCCG

GSK-TATI-
insert.Rev

CTACTCTTCTGAGCAGCTGCGGGATCGTACTGCG
GGTCCGGCATTTTGATATCCCTAGGAATTCACTC

Supplemental table 1.

Primers used in this work. Sequences are 5’ to 3'.
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Supplemental figure S1. Classification of hypothetical proteins with TgGSK-
dependent phosphopeptides. Hypothetical proteins with peptides differentially
phosphorylated in the knockdown vs the parental were analyzed based on annotations in
the Toxoplasma genome database or homology to proteins in other Apicomplexan
species. Additionally, the protein domains were analyzed based on known conserved

functions. Some of these proteins remained classified as hypothetical.
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