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Abstract

Elucidating the composition and protein interactome of the Candida albicans elF3 complex
By Simon Jiang

Candida albicans is a fungal pathogen responsible for a large proportion of nosocomial infections,
especially in immunocompromised patients. Existing as a dimorphic organism, C. albicans is capable of
undergoing a morphological transition that is critical for its virulence from budding yeast cells to
elongated filaments called hyphae. While the transcriptional regulation that is associated with hyphae
formation is well-documented, comparatively little is known about the translational regulation underlying
this process. Transcript levels do not always predict protein expression during morphological transition,
which indicates that there is translational regulation occurring that is not known yet, representing a crucial
gap in knowledge regarding hyphae induction. An important protein complex associated with the most
regulated step of translation, initiation, is eukaryotic initiation factor 3 (elF3), which has been observed to
coordinate other translation factors and selectively bind to certain mRNA transcripts among other duties.
While there are similarities between the elF3 of C. albicans and that of other eukaryotes, the
compositions vary. Haploinsufficiency of elF3 has been documented in C. albicans, which indicates the
importance of this complex for the yeast-hyphae transition. To help uncover the contribution of elF3 to
translational regulation during hyphae induction in C. albicans, this work investigated the subunit
composition of elF3 in C. albicans as well as its protein interactome in different morphological stages.
Using epitope tagging of the elF3b subunit and subsequent immunoprecipitation, elF3 in C. albicans was
determined to comprise 9 of the 13 subunits found in human elF3. Co-immunoprecipitation and mass
spectrometry analysis determined the changes in the elF3 proteome over time and the strength of those
interactions. Alterations in the composition of elF3 during hyphae formation were discovered, suggesting
the existence of sub-populations of elF3 in C. albicans. These findings provide insight into the unknown
mechanisms by which elF3 influences translation regulation in C. albicans, an area of study that may
prove invaluable in the fight against this lethal pathogen.
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Introduction

Candida albicans is an opportunistic fungal pathogen that naturally inhabits moist
mucosal surfaces on the human body, such as the gut, vagina, and oral cavity. Under normal
circumstances, C. albicans is relatively harmless and does not cause sickness. Fungal infection
caused by C. albicans, candidiasis, often occurs when there is a drastic disruption either in a
host’s microbiome or in a host’s immune response!, both of which are common in the hospital
setting?.  Patients on immunosuppressant drugs and those who are otherwise
immunocompromised often cannot control the spread and colonization of C. albicans on
mucosal surfaces®. Candida species represent the fourth most common source of nosocomial
bloodstream infections (BSI) in the United States, of which C. albicans comprise 45% of cases®.
These cases have high variability between each other because C. albicans can invade at almost
every orifice and even from within the body. Unfortunately, as risk factors for invasive fungal
infections have increased in frequency®, C. albicans BSIs have also increased®. This worrying
trend, coupled with growing resistance of C. albicans to antifungal agents’® and a devastating
mortality rate of between 36-63%°, highlights the urgency of imminently pursuing research on C.

albicans.

C. albicans exists as a dimorphic organism. Normally presenting as budding yeast cells,
C. albicans has the ability to undergo a morphological transition induced under certain host
conditions to filamentous strands called hyphae. The ability to rapidly change from yeast to
hyphae allows C. albicans to adhere to cells, invade tissues, evade macrophages, and form

biofilm!%-!4, To date, extensive research has characterized the transcriptome!>-!7 and proteome!'®

2l of C. albicans under different environmental conditions and has even defined crucial

22-27

transcriptional processes that are associated with hyphae formation Analyses of



differentially expressed genes during morphological transition showed a general correlation
between transcript and protein levels?®-3!. However, the transcript and protein levels of several
virulence factors follow opposite trends, suggesting that the expression of those factors are
controlled translationally. This is not entirely unprecedented, as it is documented that mRNA
transcript quantities do not always predict protein levels in eukaryotes®?2. However, the exact
mechanism of post-transcriptional regulation that underlies this phenomenon during
morphological transition is not known and presents a target for studying protein synthesis and its

regulation in C. albicans.

To ensure the smooth flow of genetic information, regulation in eukaryotes occurs during
transcription and translation. While transcriptional regulation is crucial, it is generally a slower
process than translational regulation, which is more rapid and is critical during periods of
dynamic transition, such as during responses to stress and changes in external stimuli3*3,
Translation can be split into three overarching steps, initiation, elongation, and termination.
During the initiation phase of translation, with the help of several translation initiation factors,
the ribosome binds to the mRNA and establishes the correct reading frame. During translation
elongation, the ribosome moves along the mRNA to build the polypeptide chain. Translation
termination occurs as the ribosome encounters the stop codon, at which point the newly
synthesized peptide is released. Of the three, initiation is the most regulated step and is

considered the major rate-limiting step in protein synthesis®*.

Eukaryotic initiation factor 3 (elF3) is the largest and most complex initiation factor in
eukaryotes. Importantly, elF3 acts as a molecular scaffold for over 10 other initiation factors,
guiding and interacting with them as they, along with the small ribosomal subunit, form the 43S

preinitiation complex, which recognizes mRNA and locates the start codon>-*. Recently, elF3



has been implicated in a cap-dependent pathway of translation initiation by possessing the ability
to interact with the 5’ untranslated regions (5 UTR) of mRNA transcripts, allowing elF3 to
upregulate and downregulate select mRNA transcripts depending on the mode of binding®”-%.
Further research has also uncovered that elF3 can recognize select mRNA transcripts, allowing
elF3 to initiate translation without the need for canonical cap recognition between elF4E and the
mRNA transcript®”. Notably, hyphae induction of C. albicans cells were found to be stunted by

drug-induced elF3 haploinsufficiency, suggesting a link between elF3 and translation of proteins

required for hyphae formation.

As a recent bioinformatics analysis of C. albicans elF3 suggested the presence of only 9
subunits, it is not clear how the C. albicans elF3 compensates structurally for subunits only
present in human elF3 (eIF3d, e, k, 1)*!. eIF3 in humans is the most complex, comprising of 13
subunits (eIF3a-m), 6 of which are common to all eukaryotes (eIF3a, b, c, g, i, j)**. The high-
resolution cryo-EM structure of human eIF3 bound to the 48S initiation complex** shows that
each of the 7 non-common elF3 subunits interact with the other eIF3 subunits and are crucial for
the function of the entire complex. Since C. albicans lacks some of these subunits, it is unclear
how its elF3 forms and functions. One possibility is that the subunits are organized in a different
configuration in space around the ribosome to fill in the gaps where additional subunits would be
in humans. Alternatively, there may be separate factors that occupy the same space as these

human-specific subunits that interact with elF3.

The subunit composition and protein interactome of the C. albicans elF3 protein complex
are the major targets of investigation in this work. While the composition and interactome of
human eIF3 is well documented’®#, little is known about these aspects of €IF3 in C. albicans,

which represents a major gap in understanding the role of elF3 in regulating the transition from



yeast to hyphae in C. albicans. Recent literature has implicated elF3 in several key regulatory
pathways in translation initiation and mRNA transcript discrimination, which may point to the
importance of elF3 in guiding the translation of select mRNA transcripts during morphological
transition®’. To determine the veracity of this overarching hypothesis, this work first generated a
mutant strain of C. albicans containing an HA-epitope tagged elF3 protein complex, specifically
in the C-terminus of the elF3b subunit. The resulting HA-tagged strain of C. albicans was used
for the isolation of elF3 complex by immunoprecipitation. The composition and protein
interactome of the isolated complex was elucidated through liquid chromatography with tandem
mass spectrometry. Immunoprecipitation at high salt concentration allowed for isolation of core
elF3 subunits and other tightly bound factors while immunoprecipitation at low salt
concentration allowed for elucidation of more loosely bound proteins that would have been
washed away at higher salt concentrations. The protein interactome of HA-tagged elF3 at
different salt concentrations was also compared between the yeast form of C. albicans and
different stages of hyphae formation to generate preliminary data on the differences in elF3-

associating proteins in different morphological states.

Methods

E. coli Miniprep
5 mL E. coli containing plasmid pHA-NATI*, a plasmid incorporated with a human

influenza hemagglutinin (HA) tag and nourseothricin N-acetyl transferase (NAT) selection
marker, were incubated at 37° C for 16 hours in Luria Broth (LB) media and harvested. Cells

were lysed and DNA was obtained using the High Pure Plasmid Isolation Kit*,



PCR Amplification and Gel Electrophoresis
For all PCR amplifications, plasmid pHA-NAT1 was used as the template DNA. 300 uL

PCR  reactions contained 600 ng  DNA, 0.5 uM forward  primer
(AGAGATTATTGAAGAAAAAGAAGAAATTGTTGAAGGTGGTCGGATCCCCGGGTTA

ATTAA), 0.5 uM reverse primer
(CTATGGATTAAAAAACTTTCTTTTGTCGGTAATTCGTGTAAAACGACGGCCAGTGAA
TTC), and 1x Q5 High-Fidelity Master Mix* containing 2 mM Mg?* and proprietary Q5 High-
Fidelity DNA polymerase. PCR amplification was confirmed on 1% agarose gels with DNA
Marker Ladder II used as a molecular weight ladder. A Syngene InGenius3 gel imager was used

to detect and visualize the gel.

PCR Purification and DNA Precipitation
Amplified DNA was purified using the High Pure PCR Product Purification Kit*’, with

the replacement of Elution Buffer with Milli-Q (MQ) water. Purified DNA was precipitated at -
80° C overnight with the addition of 0.1x volume of 3M sodium acetate and 3x volume of chilled
100% ethanol. Precipitated reaction was centrifuged at 21,100 xg for 45 minutes at 4° C.
Supernatant was removed and the DNA pellet was washed with 500 pL of chilled 80% ethanol.
The solution was centrifuged at 21,100 xg for 45 minutes at 4° C and supernatant was removed.
The DNA pellet was dried with the Eppendorf tube lid open at 42° C for 10 minutes. The DNA

pellet was resuspended in 20 uL (MQ) water.

Yeast Transformation

All steps in this procedure were performed sterilely near an open flame. Overnight 5 mL
preculture of wild-type C. albicans in yeast extract-peptone-dextrose medium (YPD) was diluted
to optical density, measured at 600 nm (ODsoo), of 0.2 in 10 mL YPD and grown until mid-log

phase (ODeoo 0.7). Cells were collected in a sterile 50 mL falcon tube and centrifuged at ~4,000



xg for 3 minutes at room temperature. Supernatant was decanted and the cell pellet was washed
with 10 mL of MQ water. Cells were again centrifuged at ~4,000 xg for 3 minutes at room
temperature. Supernatant was decanted and the cell pellet was washed with 5 mL of filter
sterilized TE-LiAc solution (10 mM Tris pH 8.0, 1 mM EDTA, 100 mM LiAc). Cells were again
centrifuged at ~4,000 xg for 3 minutes at room temperature. Supernatant was decanted and the
cell pellet was resuspended via vortexing in the following solution: 5 pL 10 mg/mL salmon
sperm DNA, 20 pL purified DNA, 70 pL filter sterilized TE (100 mM Tris pH 8.0, 10 mM
EDTA), 560 puL fresh and filter sterilized 50% PEG 3350, 70 uL filter sterilized 1M LiAc. The
cell solution was then incubated at 30° C for 2 hours, heat shocked at 42° C for 15 minutes, and
placed on ice for 2 minutes. The cell solution was added to 5 mL YPD and grown overnight at
30° C. The cell culture was transferred to a sterile 15 mL falcon tube and centrifuged at ~4,000
xg for 5 minutes at room temperature. Supernatant was removed and the cell pellet was
resuspended in 300 pL MQ water and evenly distributed onto 3 YPD-agar plates containing 100

pg/mL NAT. Surviving colonies were restreaked using sterile wooden sticks onto new plates.

Western blot

Restreaked cell samples and a negative control wild-type strain were grown overnight in
5 mL YPD. 1 mL of cultured cells were centrifuged at 17,000 xg for 1 minute and supernatant
was removed. Cell pellets were each resuspended in a mixture of 500 pL SUMEB (1% SDS, § M
Urea, 10 mM MOPS pH 6.8, 10 mM EDTA), 75 pL B-mercaptoethanol, 5 pL. 1 mg/mL pepstatin
A, 0.5 pL 18 mg/mL PMSF, 0.5 uL 20 mg/mL 1000x E64, 100 pL silica disruption beads.
Mixtures underwent three consecutive cycles of 1 minute vortex at 4° C, 1 minute rest in ice
bath. The topmost 100 uL of each solution was transferred to a new 1.5 mL Eppendorf tube and

subsequently boiled at 95° C for 3 minutes. 20 pL of each sample, alongside 3uL Precision dual



color ladder (BioRad) for reference, was analyzed on a 12% SDS-PAGE gel and transferred onto
a nitrocellulose membrane via a semi-dry electrophoretic transfer. The membrane was then
blocked in 3% milk in TBST solution (20 mM Tris, 150 mM NaCl, 0.1% Tween 20 detergent) to
prevent nonspecific antibody binding and incubated overnight at 4° C in a 1:1000 dilution of
primary antibody (a-HA raised in rat) in 3% milk in TBST solution. The membrane was then
washed three times in 1x TBST solution while shaking for 10 minutes. The membrane was then
incubated for 1 hour at room temperature in a 1:5000 dilution of secondary antibody (horseradish
peroxidase-conjugated a-rat) in the same 3% milk solution as above. The membrane was washed
three times in 1x TBST solution while shaking for 10 minutes and the chemiluminescence was

detected using A Bio-Rad Chemidoc gel imager.

Cell culture harvesting

Restreaked cell samples and a wild-type strain were grown in 5 mL YPD and diluted to
ODsoo 0.8 in RPMI 1640 media. Both control and experimental groups were grown in hyphae-
inducing conditions (+10% fetal bovine serum at 37° C) and hyphae-restricting conditions (+10%
MQ water at 30° C). Depending on the assay, cells were either harvested at various time points (0
hours, 1 hour, etc.) or at one predetermined time point. From this point on, all procedures were
performed on ice. Ice cold water was added to fill the centrifuge bucket and slow down chemical
reactions in the cells during the harvest. Immediately after centrifugation, supernatant was
decanted, and cell pellets were transferred to 50 mL falcon tubes with ice-cold MQ water and
centrifuged further. Cell pellets were weighed and lysis buffer (150 mM NaCl, 300 mM Tris pH
7.5, 0.075% NP40, 5 mM MgCl,, 10 pg/mL pepstatin A, 18 pg/mL PMSF, 20 pg/mL 1000x

E64, cOmplete EDTA-free protease inhibitor cocktail [1 tablet per 10 mL lysis buffer]) was



added in a 1:1 volume to weight ratio. Samples were pipette-dripped into liquid nitrogen and

frozen overnight at -80° C.

Affinity Purification

All steps in this procedure were performed cold. Frozen spheroid samples from the above
procedure were systematically ground using mortar and pestle cooled by liquid nitrogen. The
resultant fine powder was transferred to 1.5 mL Eppendorf tubes along with 1:1 v:w lysis buffer
and 100 pL silica disruption beads (RPI). Samples were thawed on a cold shaker and
intermittently vortexed. Samples were then centrifuged at 6,000 xg for 5 minutes and supernatant
was transferred to new 1.5 mL Eppendorf tubes. Samples were then centrifuged at 12,000 xg for
10 minutes and supernatant was transferred to new 1.5 mL Eppendorf tubes containing 50 pL
anti-HA magnetic beads equilibrated in lysis buffer. Samples were incubated on a cold shaker for
2 hours. From here, samples were washed 3x with 500 pL different salt buffers (150-300 mM
NaCl, 30 mM Tris pH 7.5, 0.075% NP40, 5 mM MgCl>) depending on the assay. Samples were
then washed 3x with 500 pL 1x phosphate-buffered saline (PBS). 100 pL of PBS was added to
each sample, 50 pL of which were sent for mass spectrometry analysis. The rest of the PBS was
removed and eluted with 100 pL. of HA-peptide (1 mg/mL). These samples were incubated at 37°

C for 10 minutes before visualization via Coomassie Blue staining.

Results

elF'3 was HA-tagged and isolated
To determine the composition and interactome of the elF3 protein complex in C.
albicans, epitope-tagged strains of the wild-type strain, SC5314, was first generated. An epitope

was used as there is currently no readily available antibody that has strong affinity for the elF3



protein complex or any of its subunits. The human influenza hemagglutinin (HA) tag was chosen
as the epitope due to its known characterization and extensive usage as an antibody epitope tag*®.
Additionally, a nourseothricin N-acetyl transferase (NAT) selection marker gene was inserted
alongside the HA tag as the nourseothricin antibiotic is lethal to C. albicans®. Theoretically,
colonies that survive on a NAT plate should express the NAT gene and, therefore, have an HA-
tagged elF3. Plasmid pHA-NATI, a vector containing the HA-tag and NAT marker gene, was
used as a DNA template to insert the tag into the elF3b subunit. Oligonucleotides 537 and 538,
the forward and reverse primers, respectively, bound to regions in HA and NAT genes on the
plasmid. These primers also contained 70 nucleotides of overhang at the 5’ and 3’ ends
homologous to sequences immediately upstream and downstream of the e[F3b stop codon. This
location was chosen due to past success in tagging and isolating elF3 in Saccharomyces
cerevisiae®®>!. Visualization of the DNA fragment on 1% agarose gel compared to a molecular
weight ladder indicated that the PCR was successful and that the product was the correct size of
around 3.7 kbp®® (Figure 1). Successful incorporation of the eIlF3b-HA tag was validated
through Western blot. Proteins run on SDS gels were blocked with 3% milk in TBST to help
reduce nonspecific binding of the antibody and incubated with a-HA antibody, which is itself a
target for a chemiluminescent secondary antibody. Western blot of SC5314 cells transformed
with an elF3b-HA tag both presents bands that correspond with the predicted molecular weight

of the elF3b-HA subunit (Figure 1).
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Figure 1. Gel confirmation of successful insertion of HA-NAT tag into C. albicans elF3b subunit. (A)
Amplified DNA fragment containing HA-NAT was visualized on 1% agarose gel to be the correct size
of 3.7 kbp. (B) Western blot of SC5314 cells transformed with elF3b-HA in hyphae-restricting (left)
and hyphae-inducing (right) conditions using a-HA antibodies.

The successful generation of C. albicans strains expressing an elF3b-HA tag allowed us
to isolate and characterize the elF3 complex in C. albicans. The composition and protein
interactome of elF3 were analyzed by purifying the elF3 complex in high salt and low salt
buffers, respectively. To confirm its composition, elF3 was isolated and purified via
immunoprecipitation. To select only for HA-tagged elF3 in lysed cells, anti-HA conjugated
magnetic beads were used. The beads were washed with 300 mM NaCl buffer and the protein
was eluted with HA-peptide before being loaded onto an SDS gel. The predicted molecular
weights of the various subunits of eIF3 in C. albicans is reflected in the separation of bands in

the gel (Figure 2).
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Figure 2. Affinity purification and immunoprecipitation of tagged elF3 using magnetic beads. Mutant
cells containing elF3b-HA were harvested, lysed, and incubated with magnetic beads conjugated with a-
HA antibody. Eluted sample was loaded and visualized on an SDS gel. Each band indicates the presence
of a specific elF3 subunit based on the predicted molecular weight.

Protein interactome of elF'3 changes throughout hyphae formation

To experimentally determine the composition of eIF3 in C. albicans and determine its
protein interactome, cells in either yeast or at different time points in hyphae formation were
grown in their respective conditions and harvested. Cells were grown in a mixture of RPMI 1640
media and fetal bovine serum (FBS) at 37° C to induce hyphae formation. The yeast control
group grew in the absence of FBS at 30° C. elF3 was co-immunoprecipitated at low, 150 mM,
and high, 300 mM salt concentrations for each time interval. Washing with salt at a low
concentration would retain proteins weakly interacting with elF3 as the electrostatic interactions
between these proteins and elF3 would not be effectively disrupted, allowing for a glance into
the protein interactome of elF3. Using a highly concentrated salt buffer would introduce more
disruptive salt ions that can break these weak ionic bonds but would keep the core elF3 protein

complex intact, allowing for isolation of just the eIF3 complex. Eluent samples from both assays
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were sent directly for mass spectrometry analysis. After washes of 150 mM salt, 86 interacting
proteins were found at a significant level (> 5 PSMs) in hyphae samples in addition to the core
elF3 subunits (Supplemental Data). 28 proteins other than the core elF3 subunits were found at a

significant level in hyphae samples after 300 mM salt washes (Supplemental Data).

Harvesting each culture at different time intervals allowed for comparison of relative
protein levels in yeast and hyphae over time. Relative protein abundance was determined by
normalizing PSM values at 1 and 2 hour marks with those harvested at 0 hours and comparing
the difference in ratios. Variations in relative protein abundance between different proteins were
determined by normalizing the PSM ratios of all proteins to the average of the PSM ratios of the
core elF3 subunits at every time point. This method allows for the quantification of changes in
protein levels at different intervals relative to elF3 levels even if there are variations in global
protein quantities between samples. Proteins with significant changes in abundance (> 15%
change) relative to elF3 were identified after washes of 150 mM and 300 mM salt buffers
(Figure 3). Many of these were identified to be kinases, RNA binding proteins, and other

initiation factors.
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Figure 3. Heat map of relative abundances of significant elF3 interacting proteins over time. elF3b
from hyphae cells were immunoprecipitated and washed at two salt concentrations, 150 mM and
300 mM. Relative protein abundances over time were normalized to average core elF3 subunit
abundance such that values > 1 indicate enhanced binding of proteins to elF3 over time and that
values < 1 indicate reduced elF3 binding. Proteins in red for 300 mM salt washes signify that no
appreciable quantity was recognized by mass spectrometry. * ortholog in S. cerevisiae.
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elF3 composition changes throughout hyphae formation

Variability in core elF3 subunit relative abundance was also measured (Figure 4).
Notably, elF3j was found to drastically decrease in relative abundance over time compared to the
rest of the subunits, an observation consistent with the finding that elF3j is a substoichiometric,
weakly associating subunit of the eIF3 complex®>°3. Additionally, eIF3 has a well-regulated
ability to intentionally dissociate certain subunits*?. This data shows that several of the subunits
change in relative abundance over time after hyphae induction, suggesting that stoichiometric

ratios of some subunits may change over time as C. albicans transitions to hyphae.

150 mM salt 300 mM salt

elF3a
elF3b
elF3c
elF3g

elF3i

elF3j

elF3f
elF3h
elF3m

1h 2h 1h 2h

Figure 4. Heat map of relative abundances of core elF3 subunits over time. elF3b from hyphae cells were
immunoprecipitated and washed at two salt concentrations, 150 mM and 300 mM. Relative protein

abundances over time were normalized to average core elF3 subunit abundance such that values values
< 1 indicate reduced protein binding to elF3. Several relative abundances of select elF3 subunits show
visible change when washed with 150 mM and 300 mM salt.
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Discussion

As one of the most common causes of nosocomial bloodstream infections for the past
several decades, Candida albicans simultaneously represents a growing threat in medicine in that
both risk factors for candidiasis as well as resistance to antifungal drug agents have increased
recently. A recent study revealed that the expression of many virulent factors is controlled at the

translation level!

. However, little is known about the translational regulation that allows C.
albicans to transition to hyphae and develop virulence. This work has taken the first step in
elucidating the role of elF3 in C. albicans, which is suspected to modulate the translational
efficiency of select mRNA transcripts based on prior literature and preliminary data. Successful
tagging of the elF3b subunit with an HA epitope in SC5314 strain has led to the generation of a
new mutant strain available for a multitude of different assays in the future. Pulling down HA-

tagged elF3 through immunoprecipitation allowed for characterization of the core subunits of

elF3 in C. albicans, which have before only been predicted through bioinformatics analysis.

Mass spectrometry analysis of the protein interactome of elF3 has highlighted several
interesting proteins. While the abundances of the majority of identified proteins decreased over
time relative to elF3, 2 proteins, She3 and Ckal, were found to increase in abundance after both
1 and 2 hours. She3 is crucial for select mRNA localization in S. cerevisiae by allowing for the
joining of mMRNA bound to She2 with Myo4, a myosin motor>*>>, She3 was found associated to
elF3 in significant quantities after washing at high salt concentrations, indicating that it is
strongly associating with elF3 and may play a role in directing mRNAs bound to elF3 for
selective spatial translation. Ckal is the catalytic subunit of Casein kinase 2 (CK2), a ubiquitous
kinase that is involved in cell growth and gene expression among many other functions>®. While

CK2 has been documented to phosphorylate multiple translation initiation factors, such as eIF5°°
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and eIF2B%’, it also phosphorylates several key residues in eIF3. The role of eIF3j in stabilizing
and forming the elF3 complex is promoted by CK2-phosphorylation®®. Additionally, CK2
phosphorylation of elF3c allows for improved binding to other initiation factors, specifically
elF1, elF2, and eIF5°°. While She3 and Ckal were the only proteins identified that increased in
relative abundance over time, eIF5 and eIF5B were found in high absolute quantities and were
still bound to elF3 after washing at high salt concentrations. Another major initiation factor, elF5
promotes the hydrolysis of GTP that induces the dissociation of other initiation factors from the
small ribosomal subunit*>®’, eIF5B, on the other hand, plays a role in joining the 43S pre-
initiation complex with the 60S ribosomal subunit®!. Due to their respective roles in facilitating
the transition from translation initiation to elongation, eIF5 and elF5b represent potential targets
for eIF3 to regulate translation initiation further. It is possible that eIF3 prevents the dissociation
of initiation factors from the ribosome. This supports a previous finding that eIF3 can stay bound
to the ribosome to facilitate downstream reinitiation®?. Regardless, further investigations must be

conducted to discover the role of these proteins in interacting with eIF3.

The preliminary results illustrated in this thesis represent new promising avenues of
research into the heterogeneity of the composition and proteome of elF3 in C. albicans
throughout hyphae formation. Immediate next steps in exploring the elF3 protein complex is to
design a double-tagged elF3 complex, which would allow for the isolation of eIF3 complexes
lacking different subunits and analysis of their protein and RNA interactome. elF3 has shown to
exhibit RNA-binding properties for the purposes of translation initiation®’. To investigate the
RNA interactome in C. albicans, photoactivatable-ribonucleoside enhanced cross linking and
immunoprecipitation (PAR-CLIP) can be utilized to pull down RNA transcripts that interact with

elF3%. In PAR-CLIP a photoactivatable ribonucleoside, most commonly 4-thiouridine (4SU), is
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inserted into RNA transcripts. When cells are subjected to ultraviolet radiation, 4SU effectively
crosslinks to interacting proteins. While RNA transcripts have the ability to crosslink with
interacting proteins naturally under UV light, 4SU enhances the efficiency of crosslinking such
that subsequent RNA pull down via immunoprecipitation would generate a larger quantity of

RNA.

To better understand the mechanism of action of elF3 during translation initiation, the
three-dimensional structure of C. albicans elF3 bound to the ribosome has also yet to be solved,
which represents another future endeavor. With the confirmation of the composition of elF3,
single-particle electron cryo-microscopy can be utilized to determine the structure of the whole
elF3 complex as well as its sub-populations with high resolution®. eIF3 is emerging as a
promising drug target®>$>6, Further analysis of eIF3 interactions and structure offer insight into
new therapeutic avenues. The generation of an elF3 tagged strain of C. albicans in this work,
along with preliminary data regarding the composition and protein interactome of elF3, has built
a foundation for future research endeavors into the complex translational machinery that drives

the pathogenicity of C. albicans.
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