@ CINCINNATI

UNDERGRADUATES PURSUING RESEARCH IN SCIENCE AND ENGINEERING (UPRISE)

Bl CLOGY
BLUE ASH COLLEGE

SUMVER RESEARCH OPPORTUNI TI ES FOR UNDERGRADUATE st udent s

APPLI CATI ON DEADLI NE: 02/ 25/ 2022

PRQIECT TI TLE: TOR ki nase-nedi ated Enol ase Regul atory Mechanismin Naegleria

Yoshi Odaka

UC Bl ue Ash Col | ege
Walers Hall 136

9555 Plainfield Rd

Bl ue Ash, OH45236
odakayu@icnai | . uc. edu

Proj ect Description

Lab Location: UC Blue Ash Coll ege

Resear ch Background: The |ong-term goal of our research is to identify drug
targets in the TOR (target of rapanycin) kinase signaling axis and to devel op
phar nacol ogi cal agents agai nst Naegleria foweri. The UPRI SE student will
engage in research that requires nol ecul ar biol ogy, biochem stry, cel

bi ol ogy, and sonme data science.

N. foweri is a pathogenic free-living anpeba that causes rare (151 reported
cases as of 2020 in the US) but highly fatal (greater than 97% primary

meni ngoencephalitis in the central nervous system The thernophilic anpeba
lives in warmfreshwater in the southern states (e.g., Texas and Florida) and
gai ns access to the cerebrum when contam nated water enters the nasal cavity.
The onset of synptonms such as headache and nausea start typically a week
after infection, and it only takes another week for the patient to succunb to
the di sease. The high nortality rate cones fromthe fact that current

medi cations are not fast and effective enough.

In order to identify kinase-nediated cell signaling pathways in Naegleria,
non- pat hogeni ¢ Naegl eria gruberi was used as a nodel organi sm because the
speci es has been studied the nost, and various onics data and cDNAs are
readily avail able. Recently, former UPRISE students identified 3884
phosphoryl ation sites in 2084 phosphoproteins out of 15,727 predicted
proteins and 48 netabolites including acetyl choline by phosphoproteonics and
met abol onmi ¢cs anal yses. The students al so showed that the proliferation of N
gruberi was severely suppressed by TOR ki nase inhibitors including Torin-1.
The phosphoproteone of starved or Torin-1 treated Naegleria cells identified
228 common proteins that were conpletely dephosphoryl ated. Protein-protein
associ ation analysis on the dataset identified enol ase having associ ati ons
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with 7 other phosphoproteins within the dataset, and three serine residues of
enol ase are dephosphoryl ated. Anbng them S93 is of particular interest as
the residue is essential for lIigand binding and conserved fromyeast to
humans.

Enol ase is one of ten enzynes responsible for glycolysis and has functions in
fibrinolysis, myogenesis of cardiac and skeletal nuscles and inplicated in

t he devel opnent of cancer, Al zheiner’s disease, and rheunmatoid arthritis. Non-
classical functions of enolase in part cone fromits subcellular localization
to organelles such as the nucl eus, vacuole, mtochondrial menbrane,

cyt oskel et on, exosonme, and cell surface. The regul ation of subcellul ar

| ocalization of enolase is |argely unknown, and we hypot hesi ze that TOR

ki nase regul ates the phosphoryl ation and subcel lul ar | ocalization of enol ase
in Naegleria.

Naegl eri a speci es have a fascinating and uni que feature that they can
transforminto three different norphol ogi cal stages dependi ng on

envi ronnental conditions. The trophozoite (anpeboid) is the normal stage of
the life cycle and is nitotically active, while the cyst formis
metabolically inert. The third formis flagellate, having a pair of flagella,
with which Naegleria swins away fromthe unfavorable environnment.
Interestingly, when treated with TOR inhibitor, Torin-1, Naegleria changes
its norphology to a cyst-like formwithin 30 to 60 mn of treatnent. Enol ase
has been shown by another group to localize in the cytoplasm c vesicles that
pronmote encystation and in the cyst wall in N foweri.

Approach: Does TOR ki nase activities inhibit the |ocalization of enolase to
cytoplasmic vesicles and the formati on of the cyst by phosphorylating S93 of
enol ase? It is well docunented that inhibition of TOR kinase is required for
the formati on of autophagosones during starvation in mamual s and yeasts.
Therefore, it is reasonable to hypothesize that starvation induces encystnent
via inhibition of TORin Naegleria. TORis also knowmn to |ocalize on the

| ysosonal nenbrane. To test the hypothesis, first, colocalization of
fluorescently | abel ed enol ase- G-P and TOR- RFP on the cytoplasm c vesicles
upon starvation will be nonitored by live-cell confocal mcroscopy in real-
time. Next, by the CRISPR-Cas9 system TOR ki nase conplexes 1 and 2 will be
di srupted by deleting raptor and rictor genes - the gene products are
necessary for the formation of conplexes. The effect of the raptor and/or

rictor nmutations on the enol ase phosphorylation will be determ ned by LC M
The ability of encystnment and the | ocalization phenotype of enolase-G-P in
mutants will be eval uated by confocal m croscopy.
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