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Abstract

Glioblastoma multiforme (GBM) is the deadliest brain tumour. GBM is associated with poor
prognosis, with its patients having a very short median survival and poor response to
chemotherapy. GBM is a World Health Organization (WHO) grade IV glioma and accounts
for up to 78% of all brain tumours. This phenotype harbours a series of mutations that provide
cells with selective growth advantages that promote survival and proliferation in a hostile and
hypoxic environment. KIAA0513 is one of the genes identified to be upregulated in GBM
phenotype through gene expression profiling. KIAA0513 gene codes for KO513 protein.
KIAA0513 is ubiquitously expressed and is enriched in the cerebral area of the brain. It is
predicted to be involved in signalling pathways including neuroplasticity, cytoskeletal
regulation and apoptosis. The main objective of the current study was to perform biophysical
characterization of KO513. Characterization of KO513 will allow structure-function annotation
which may serve as a basis for establishment of KO513 as a potential biomarker for GBM.
Using bioinformatics analysis, a potentially functional SBF2 domain was identified. The three-
dimensional homology model shows that KO513 is a globular protein, with the identified SBF2
domain and transmembrane region in proximity to one another. Predicted interacting partners
includes members of the Rab GTPase family, membrane proteins, transcription factors and
neurotransmitters. The overall in silico analysis suggest that KO513 may possess nucleotide
exchange factor (NEF) activity for Rab3a. Recombinant proteins, non-codon harmonized
(KO513w) and codon harmonized (K0513H+) were expressed in E. coli XL1-Blue cells. The
recombinant KO513n was successfully purified using nickel-affinity chromatography, this is
the first study to report on the recombinant expression and purification of KO513. Using
tryptophan fluorescence assay and limited proteolysis, nucleotides were found to have no
significant effect on the tertiary structural conformation of KO513. Pull down assay shows
promising interactors of KO513 from fibrosarcoma cell line; future studies will identify the

interactors using Liquid chromatography-mass spectrometry.

Key words: Glioblastoma; KIAA0513; brain tumour; GTPases; Guanine Exchange

Factors; protein-protein interaction; tryptophan fluorescence
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Introduction

1.1. Glioblastoma multiforme

Glioblastoma multiforme (GBM) is the most prevalent and lethal brain tumour, accounting for
more than 60 % of all adult brain tumours (Rock et al., 2012). This highly invasive astrocytic
(star-shaped) glioma presents the poorest prognosis with a median survival rate of only 15
months (Thakkar et al., 2014). Although various treatment strategies have been developed
against GBM, it remains a deadly disease. The highly aggressive and invasive nature of the
neoplasm as well as the resistance to chemotherapy results in very few long-term survivors
(Adamson et al., 2009; Sang, 2016). GBM tumour cells can diffuse and invade through
normal parenchyma which results in tumour recurrence in near or distant site (Valasquez et
al., 2019). The term multiforme describes the tumour heterogeneity which affects GBM cell’s
morphology, gene expression levels and growth rates resulting in different responses to
conventional therapies (Sathonsumetee et al., 2007).

GBM tumours harbour a series of mutations which enables the cell to have selective growth
advantages promoting its survival and proliferation in a hostile and hypoxic environment
(Furnary et al., 2007). For example, tumour suppressor genes, such as tumour protein 53
(TP53), cyclin-dependent kinase inhibitor 1 (CDKN1A/p21), cyclin-dependent kinase inhibitor
2A (CDKN2A/p16), and Phosphatase and tensin homolog (PTEN) are commonly mutated in
GBMs, which leads to the highly unstable nature of the cells (Chen et al., 2012). Primary
GBM may include mutations in the telomerase reverse transcriptase (TERT) promoter and
the PTEN tumour suppressor gene and increased gene amplification of proto-oncogenes
such as the epidermal growth factor receptor (EGFR) (Ohgaki and Kleihues, 2013). GBM
has been classified as grade IV glioma by World Health Organization (WHO). The grade is
assigned to the cytologically most malignant, mitotically active, necrosis prone neoplasms
typically associated with widespread infiltration into the surrounding tissue, microvascular
proliferation, rapid pre- and post-operative disease evolution and fatal outcome (Louis et al.,
2007).

© University of Venda
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1.2. GBM epidemiology

GBM is presented with annual cases of less than 10 per 100 000 people, with an average
survival time of 14 to 15 months after diagnosis for reported cases (lacob & Dinca, 2009;
Thakkar et al., 2014). Moreover, the five-year survival rate of GBM is also only 10 %.
(American Brain Tumour Association). GBM rarely affects children and only accounts for 8.8
% of childhood brain tumours, peak incidence is between the age of 55 and 60 (Ohgaki and
Kleihues, 2005). GBM incidence have been reported to be higher in males than in females
(Ohgaki and Kleihues, 2005; Thakkar et al., 2014), the incident ratio is attributed to GMB
grade. Primary GBM occurs more frequently in males while secondary GBM occurs more
frequently in females (Schwartzbaum, 2006). Most incidences are reported in western
developed countries as compared with less developed countries (Thakkar et al., 2014), this
is because diagnostic tools towards GBM are poorly developed or established in these
population (Fisher et al., 2007; Ohgaki, 2009).

1.3. Molecular classification of GBM

The intricate pathogenesis of GBM involves mutations and alterations in key signalling
pathways that facilitate increased cell invasion, proliferation, migration, survival,
angiogenesis, and decreased apoptosis. Classically, glioblastomas have been classified as
primary or secondary based on natural history and differences in molecular phenotype
(Figure 1.1; Maher et al., 2001, Louis et al., 2007). Primary GBM occurs de novo, whereas
secondary GBM develops from a lower grade astrocytoma; each is characterized by separate
genetic events (Louis et al., 2007; Ohgaki and Kleihues, 2007). About 90 % of GBMs are
primary. Patients with secondary GBM tends to be younger (mean age = 30 years) than

patients with primary GBM (mean age = 62 years).

The isocitrate dehydrogenase gene (IDH1 or IDH2) mutation is a critical biomarker for
molecular discrimination between primary and secondary GBM (Figure 1; Aldape et al.,
2015). IDH-wild type glioblastoma is classified as primary GBM, whilst the IDH mutants are
found in secondary GBM (Louis et al., 2016). Secondary GBM is characterized by the
presence of IDH1/2 mutations, and the amplification of of EGF/EGFR genes (Chung et al.,

1991; Louis, 1994; Liu et al., 2012). The amplification of chromosome 7 and loss of

© University of Venda
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heterozygosity on chromosome 10 occurs in both primary GBM and secondary GBM
(Colman and Aldape, 2011). Primary GBM may include mutations in the TP53 gene and the
phosphatase and tensin homolog (PTEN) tumour suppressor gene, as well as an increase
in gene amplification of platelet derived growth factor receptor alpha (PDGFRa) (Ohgaki and
Kleihues, 2013). Primary GBMs have a high frequency of loss of the long arm of chromosome
10 (Figure 1.1; Zarghooni et al., 2009).

v i

® © , ,
Diverse mutation
events

- @
strocytes

@

Mutations

accumulation
@ ®

Astrocytomas
Primary GBM \

IDH-wild type (90 % of all cases) Grade ll
EGF/EGFR amplification Low grade astrocytoma
PTEN and TP53 mutation :
pl6NK4a deletion .
ch. 7 amplification, LOH ch. 10
Grade IV
Glioblastoma multiforme (GBM) () ()

IDH-mutant( 10 % of all cases)

EGF/EGFR amplification, p16'N<4adeletion

Grade llI
PDGFRa amplification, TP53 mutation .

Anaplastic astrocytoma

ch. 7 amplification, LOH ch. 10, ch. 19 loss
Secondary GBM 4\/

Figure 1.1. Origin of primary and secondary GBM and the genetic changes involved.

Primary GBM (IDH-wild type) develops de novo from astrocytes. Secondary GBM (IDH mutant) arises from
lower grade astrocytoma. EGF/EGFR - epidermal growth factor/receptor; CDKN2A - cyclin dependent kinase
inhibitor 2A; TP53 - tumour protein p53; PTEN - phosphatase and tensin homolog; PDGFRa - platelet derived
growth factor receptor alpha; IDH1/2 - isocitrate dehydrogenase, mitochondrial; LOH - loss of heterozygosity;
ch. - chromosome. Adapted from Pawlowska et al., 2018.
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1.4. Molecular biomarkers for GBM

1.4.1. Isocitrate dehydrogenase 1 and 2 (IDH1/2) genes

The IDH catalyses the conversion of isocitrate into a-ketoglutarate within the citric acid cycle.
IDH1 and IDH2 are involved in several metabolic processes like signal transduction, lipid
synthesis, oxidative stress, and oxidative respiration (Riemenschneider et al., 2010).
Mutation on IDH1/2 is used as a prognostic marker in WHO grade Il and Il gliomas
(Hartmann et al, 2009) and GBMs (Weller et al., 2009). IDH1/2 wild type GBMs shows a
pattern of genetic alterations related to primary GBMs, this include gain of chromosome 7,

loss of chromosome 10, and EGFR amplification (Aldape et al., 2015).

1.4.2. p53

The tumour suppressor TP53 which encodes for the p53 protein is implicated within the
pathogenesis of diffuse low-grade astrocytomas (Colman and Aldape, 2011). p53 plays a
crucial role in several cellular pathways associated with oncogenesis, this includes cellular
response to DNA damage, cell cycle regulation, and apoptosis. Previous data had suggested
that p53 alterations were relatively rare in glioblastoma, however, results from the TCGA
study reported a higher p53 mutation in these tumors (Cancer Genome Atlas Research
Network, 2008).

1.4.3. Epidermal growth factor receptor (EGFR) and EGFRvIII

EGFR is known to promote a pro-proliferative signal in GBM (Fischer and Aldape, 2010).
About 40 % of primary GBMs shows an amplification of the EGFR gene (Schlegel et al.,
1994), and about 50 % of GBMs having EGFR amplification also depicts a mutation in EGFR
variant known as EGFRvIIl gene (Korshunov et al., 2015). Studies show that GBMs
harbouring constitutively active EGFRVIII receptors show a more invasive phenotype than
those with wild type EGFR (Fischer and Aldape, 2010).

1.4.4. Platelet-derived growth factor alpha (PDGFRA)

PDGF is a dimeric glycoprotein that binds to the PDGFR tyrosine kinase. The expression of

PDGF and PDGFR occurs within the same cells, resulting in the potential for both autocrine

5
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and paracrine stimulatory activities (Colman and Aldape, 2011). Amplification of PDGFRA is
reported in approximately 15 % of all tumours and is known to be a hallmark of GBM
proneural subtype (Phillips et al., 2006). PDGFR signalling can be activated upon up-
regulation of PDGF ligands (A—D) has been observed in about 30 % of glioma (Aldape et al.,
2015). Amplification of PDGF and PDGFR has been reported to facilitate aggressive glioma
growth (Assanah et al., 2006).

1.4.5. Neurofibromatosis type 1 gene (NF1)

NF1 is a tumour suppressor gene which also serves as a Ras-GTpase (Parson et al., 2008).
Large-scale sequencing analysis by the TCGA has shown that in about 15 % of glioma cases,
NF1 gene is inactivated by genetic loss or mutation (Parson et al., 2008). NF1 alterations are
most common on mesenchymal GBM subtype and its loss is associated with tumour
aggression (Philips et al., 2006; Verhaak et al., 2010).

1.4.6. Phosphatase and Tensin Homolog (PTEN)

PTEN is a tumor suppressor gene that negatively regulates the PI3K and AKT pathway and

plays a crucial role in the regulation of apoptosis, tumour invasion, and cell proliferation
(Simpson and Parsons, 2001). PTEN altered in 14 %- 47 % of primary GBM, and its deletion
is due to loss of heterozygosity of chromosome 10q in 50 %—70 % of primary cases and 54
%—-63 % of secondary GBM (Simpson and Parsons, 2001). PTEN is predicted to be a
prognostic molecular marker as patients with loss of PTEN have decreased survival (Bell et
al., 2011).

1.5. GBM subtypes

GBM has been further classified into subtypes through gene profiling. In 2006, Phillips et al
subdivided GBM into three major subclasses; proneural, mesenchymal, and proliferative.
Furthermore, another classical mechanism was proposed by Verhaak and colleagues in
2010 which subdivided GBM into four subtypes (Classical, Mesenchymal, Proneural, and
Neural) (Figure 1.2).

© University of Venda
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Phillips — Proneural Proliferative Mesenchymal
Verhaak ——8 — Proneural Neural classical Mesenchymal
Hallmarks Olig2/DDL3/SOX2  MBP/MAL  EGFR/AKT2 YKL40/CD44
Mutated genes TP53, PI3K, PDGFRA Chrom.7 gain NFkB
Chrom.10 loss NF1
PDGFRA

Figure 1.2. Transcriptional subtypes of glioblastomas based on Phillips and Verhaak classification.
Molecular classification of GBM based on gene expression profiles. Phillips et al (2006) classified it into
proneural, proliferative, and mesenchymal subtypes. Verhaak et al (2010) further subdivided it into proneural,
neural, classical, and mesenchymal. Patterns of somatic mutations and DNA copy number alterations has been
demonstrated by an Integrated genomic analysis. Alterations in each subtype; classical, mesenchymal, and
proneural is represented by alterations in EGFR, NF1, and PDGFRA/IDH1, respectively (Adapted from Aldape
et al., 2015).

Classical subtype shows high-level amplification of EGFR and a distinct lack of TP53
mutations (Verhaak et al., 2010). Neural precursor and stem cell marker nestin (NES), Notch
(NOTCH3, jagged 1 (JAGl), and LFNG  O-Fucosylpeptide  3-Beta-N-
Acetylglucosaminyltransferase) and sonic hedgehog (SMO, GAS1, and GLI2) signalling
pathways are also highly expressed in this subtype (Verhaak et al., 2010).

Mesenchymal subtype is characterized by mutations or alteration in NF1 gene which codes
for Neurofibromin 1. Genes from tumour necrosis factor super family pathway and NF-kB
pathway are highly expressed in this subtype, this includes tumour necrosis factor receptor
type 1-associated DEATH domain (TRADD) and v-rel reticuloendotheliosis viral oncogegene
homolog B (RELB) which might be a result of higher overall necrosis in the Mesenchymal
class (Verhaak et al., 2010). Few EGFR alterations are observed in this subtype (Kuehn and

Bridget, 2010).

Proneural subtype is well known by alterations of PDGFRA (a gene encoding a-type platelet-
derived growth factor receptor) and point mutations in IDH1 gene which encodes for isocitrate
dehydrogenase-1 (Figure 1.2). There are also high alterations in TP53 observed (Verhaak et
al., 2010).
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Neural signature is signified by the expression of neuron markers, such as NEFL, Gamma-
aminobutyric acid receptor subunit alpha-1 (GABRA1), Synaptotagmin-1 (SYT1), and Solute
carrier family 12 member 5 (SLC12A5) (Verhaak et al., 2010).

1.6. Common pathways disrupted in GBM

Though primary and secondary GBMs seem to be histologically similar, they comprise
different genetic alterations and signalling pathways (Kanu et al., 2009). High expression of
cell surface membrane receptors facilitates tumour growth in GBM by controlling the
intracellular signal transduction pathways, thus regulating proliferation and cell cycle
abnormalities, such as an increase in DNA repair proteins and abnormal cell death pathways
(Furnari et al., 2007; Wen and Kasari, 2008). Specific molecular and signalling pathways
have been shown to be involved in the development and progression of GBMs, this was from
studies done by TCGA research network and other individual labs which revealed several
genetic abnormalities. An integrated analysis of several genetic abrasions has led into
grouping of these lesions into three main signalling pathways, including receptor tyrosine
kinase (RTK) through the RAS/MAPK (mitogen-activated protein kinase) and
PI3SK/AKT/mTOR which is altered in almost 88% of GBMs, along with the cell cycle-regulating
retinoblastoma (RB) tumour suppressor in 78% and p53 pathways altered in approximately
78% of GBMs (Aldape et al., 2015).

1.6.1. Growth factor tyrosine kinase receptor/RAS/PI3K pathway

Several signalling pathways important in brain tumour pathogenesis involve specific growth
factors and their associated RTK (Colman and Aldape, 2011). Mutations or amplifications of
RTK in more than 80 % primary GBM include EGFR, PDGFRA, insulin-like growth factor
receptor (IGFR-1), and basic fibroblast growth factor receptor 1 (FGFR-1) (Figure 1.3; Ohgaki
and Kleihues, 2009). RTK utilizes two pathways; the RAS/RAF/MAPK pathway that leads to
cellular proliferation, differentiation, and migration, and the PI3K/ AKT/mTOR pathway that
serves to promote cell proliferation and survival by inhibiting apoptosis (Ohgaki and Kleihues,
2009). The most frequent genetic alterations occurring in GBM tumours is the mutation,
rearrangements, alternative splicing, and focal amplifications of EGFR (Kanu et al., 2009).
EGFR implication in progression and pathogenesis of high-grade astrocycomas has made

them to become therapeutic target for brain tumours (Colman and Aldape, 2011).
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In addition, 13 % of adults GBM patients shows a high-level amplification of the platelet-
derived growth factor receptor alpha gene (PDGFRA) (Network, 2013). The expression of
platelet derived growth factor receptor (PDGFR) is mostly reported in types of gliomas, while
that of EGFR is mainly in GBM. Similarly, constitutively activating deletion mutants in
PDGFRA have been reported in receptor amplified GBMs (Ozawa et al.,, 2010). The
PISK/AKT/mTOR, the oncogenic pathway in GBM, can be activated by mutations in either
the regulatory (PIK3R1) or catalytic (PIK3CA) domains of PI3K (Huse and Aldape, 2014).
PI3K pathways regulate several malignant phenotypes including cell growth, antiapoptosis,
and proliferation. In glioma patients, activation of the PI3K pathway is associated with poor
prognosis (Sathornsumetee et al., 2007). Specific mutations affecting Ras are low in GBM;
however, high levels of Ras GTPases have been documented in cell lines and primary
tumours, which suggest that this signalling pathway is activated by upstream factors such as
RTK (Figure 1.3; Ohgaki and Kleihues, 2009).

EGFR ERBB2 PDGFR MET
M l B '
:‘ [ ]|
U o
Mutation, amplification Mutation Amplification Amplification
In 45 % In8 % In13 % In4%
Amplification, Mutation,
homozygous deletion@ —{ @ @ I— homozygous deletion
in18 % - - in 36%
Mutation in 2 % l Mutation in 15 %
Amplification in 2 %

Proliferation

survival o
translation |_— Mutation in 1 %

Figure 1.3. Alterations in the RTK/RAS/PI3K signalling pathway in GBM.

Several genes encoding proteins involved in the RTK/RAS/ PI3K signalling pathway are altered in GBM.
Frequently amplified genes in this pathway include two membrane receptors; the platelet-derived growth factor
receptor a (PDGFRA) and epidermal growth factor receptor (EGFR) that are known to have tyrosine kinase
activity. The most deleted gene in the RTK pathway is the phosphatidylinositol-3 kinase (P13 K), a cell cycle
inhibitor of PARK2 phosphatase, tensin homolog (PTEN), retinoblastoma (RB1), and neurofibromin 1 (NF1).
The most mutated genes in this pathway are PIK3R1, PIK3CA, PTEN, NF1, and lastly the EGFR. Adapted from
The Cancer Genome Atlas Research Network.

1.6.2. p53 and Rb pathway

TP53 gene is an important tumour suppressor gene located on chromosome 17p13.1 that is

centrally involved in multiple pathways regulating DNA integrity, cell cycle, and cell death

9
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(Carson and Lois, 1995). TP53 gene encodes for p53 tumour suppressor, which drives the
regulation of genes involved in the cell cycle (Figure 1.4). The p53 plays a role in DNA repair
through cell arrest in G1 phase (Adamson et al., 2009), if genetic injuries are irreparable, p53
induces apoptosis machinery. Following DNA damage, p53 is activated and induces
transcription of genes such as p21Waf1/Cipl (Sherr and Weber, 2000). GBM demonstrate
inactivating mutations in either the p53 and/or retinoblastoma (RB) pathways (Iwakuma and
Lazano, 2003), and their interaction is through p21. p53 upregulation is triggered by cellular
stress such as radiation exposure, DNA strand breaks, and toxins (Adamson et al., 2009).
Not only the mutation in TP53 gene affect the p53 pathway, it can also be disrupted by
alterations in several other regulatory genes/proteins. ldentified antagonists of p53 are
murine double minute 2 homolog (MDM2) and MDM4 genes, they bind to the p53 promoter
and inhibit its transcription. Amplification of both MDM2 and MDM4 has been identified in a
subset of gliomas with intact p53 indicating an alternate mechanism for downregulation of
this pathway (lwakuma and Lazano, 2003; TCGA, 2008). Mutations in genes encoding
upstream regulators of RB (CGAR, 2008; Parsons et al., 2008). The RB pathway plays a role
in the G1/S transition of the cell cycle and encodes for a tumour suppressor (Figure 1.4),
RB1 which negatively regulate the cell cycle (Shapiro, 2006). The RB pathway is affected in
80 % of GBM (Brennan et al., 2013).

10
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Figure 1.4. p53 and retinoblastoma (RB) pathways in GBM.

DNA damage activates ataxia-telangiectasia mutated (ATM) gene which subsequently activates checkpoint
kinase (CHK2) and p53. MDM2 and MDM4 acts as negative regulators of p53, MDM2 is inhibited by p14ARF
thus promoting p53. In RB pathway, the deletion/mutation of CDKN2 allows the formation of CDK4/CyclinD1
complex, thus allowing cell cycle transition from G1 to S phase. Dashes and solid arrows indicate suppression
and activation, respectively. Red cycles represent activating genetic alterations whereas blue cycle represents
genetic alterations that leads to loss of function. Adapted from Ohgaki and Kleihuis, 2009.

1.7. Small GTPases

The small GTPase superfamily also known as small G proteins, are monomers similar to the
alpha-subunit of the heterotrimeric G protein. They consist of a highly globular structure that
includes two flexible motifs known as the switch regions 1 and 2. The human genome
encodes 153 members of the small GTPases which are divided into five groups based on
function and sequence conservation (Wennerberg et al., 2005): RAS (Rat sarcoma) which
are implicated in cell growth, proliferation and adhesion (Matsumura et al. 1998); RAB (Ras-
related proteins in brain) proteins are involved in membrane trafficking (Stenmark, 2009);
RHO (Ras homologous) involved in cytoskeletal processes (Aspenstrom et al. 2004); AFR
(ADP ribosylation factor) involved in actin remodelling and vesicle transportation; and RAN
(Ras-like nuclear) which are involved in nuclear transport and microtubule organization (Li et
al. 2003).

11
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Upon binding to GTP, small GTPases change conformation and interact with the effector in
the cell. Most of the small GTPases are post-translationally modified to allow cell membrane
association, this is by lipid anchors such as palmitoyl, acetyl groups, geranylgeranyl or
farnesyl. Due to low intrinsic GTP hydrolysis and GDP/GTP exchange in GTPases, their
GDP/GTP cycle is facilitated by GEFs and GAPs (Cherfils and Zeghouf, 2013). Some
members of small GTPases requires an additional regulatory activity by guanine dissociation
inhibitors (GDIs) that mask the lipid group hold the inactive GTPases in the cytosol.

1.7.1. RAB GTPases subfamily

Rab GTPases constitute the largest subfamily in the small GTPases superfamily with more
than 70 members in human, and are known for membrane trafficking regulation (Stenmark,
2009; Wandinger-Ness and Zerial, 2014). Like any other small GTPases, Rab GTPases
switch molecules by transiting between the active GTP-bound state and the inactive GDP-
bound state (Figure 1.5). In their GTP-bound conformation, Rab GTPases are distinctly
localized on the surface of vesicle/ membrane and facilitate trafficking through recruitment of
the effector proteins to the membrane surface (Fukuda, 2008; Zhen and Stenmark, 2015).
To execute their function and localize in the membranes, Rab proteins require prenylation in
the C-terminal cysteine residues (Zhang and Casey, 1996). The same way in other small
GTPases, the activation and inactivation of Rab GTPases is tightly regulated by GEFs and
GAPs respectively (Barr and Lambright, 2010; Cherfils and Zeghouf, 2013). After GTP
hydrolysis, Rab GTPases are extracted from the membrane by GDI which subsequently
solubilizes the inactive prenylated Rab and keep it ready in the cytosol for next round of
vesicle trafficking (Figure 2; Pfeffer and Aivazian, 2004). Rab proteins and their GEFs are

key mediators of cytoskeletal function and membrane trafficking (Jean et al., 2012).
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Figure 1.5. Rab GTPases as molecular switches.

Following synthesis, Rab GTPase bind to the Rab escort protein (REP) where they are prenylated the C-
terminal cysteine residues by RabGGTase. After prenylation, the protein can be solubilized in the cytosol by
the GDP dissociation inhibitor (GDI), which shields the hydrophobic geranylgeranyl groups from the hydrophilic
environment (1). Guanine nucleotide exchange factors (GEFs) facilitates the exchange of GDP to GTP which
subsequently recruits Rabs to the cell membranes (2). In their active GTP-bound state, Rabs interact with
effectors and facilitate various vesicular trafficking (3). Interaction with the GTPase activating proteins (GAPS)
hydrolyses GTP resulting into an inactive Gap in a GDP-bound state (4). Adapted from Miiller et al., 2018.

1.7.1.1. Prenylation of Rab GTPases

In order to allow Rab proteins to cycle between their cytosolic and membrane bound form,
they are irreversibly prenylated at the C-terminal cysteine residues making hydrophobic
appendages which serves as membrane anchors (Stenmark and Olkkonen, 2001). This post-
translational modification is catalysed by three prenyltransferase enzymes using
farnesylpyrophosphate (FPP) or geranylgeranylpyrophosphate (GGPP) to modify target
proteins. Farnesyltransferase (FTase) and geranylgeranyltransferase type | (GGTase-l)
facilitate the attachment of a single farnesyl or geranylgeranyl-isoprenoid group to the
cysteine residue located at the C-terminal CaaX-motifs (Thomas et al., 2007).
Geranylgeranyltransferase type Il (GGTase-Il/ Rab geranylgeranyltransferase) on the other
side facilitate attachment of two geranylgeranyl groups to two cysteine residues in C-terminal
of different motifs such as CC, CXC or close to the C-terminus of Rab proteins (Goody et al.,
2005).

Following synthesis of Rab proteins, they get escorted by Rab escort protein (REP) to the
RabGGTase for prenylation. Most Rab proteins display double prenylation and are released

to target membrane when the GGPP molecule binds to RabGGTase active sites, this
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subsequently causes the now prenylated Rab in complex with REP to dissociate from
RabGGTase.

1.7.1.2. Guanine nucleotide exchange factors

There are at least six identified types of Rab GEFs, this includes the Differentially Expressed
in Normal and Neoplastic cells (DENN)-domain-containing proteins with 18 members in
human (Marat et al., 2011; Table 1.1; Appendix A, Table Al ), the Vacuolar Protein Sorting
9 (VSP9)-domain-containing proteins (Carney et al., 2006), Sec2-domain-containing
proteins, multi-subunit Transport Particle Protein (TRAPP) complexes (Jones et al., 2000),
and heterodimer GEFs (Barr and Lambright, 2010). Rab GEFs shows a very low homology
amongst themselves (Koch et al., 2016). Most GEFs have been reported to be controlled by
auto-inhibition which is facilitated by regulatory proteins (Cherfils et al., 2013). All GEFs
follow the same mechanism where they bind to switch I/switch Il and Interswitch regions of
the nucleotide bound small GTPase, this subsequently induces a conformational change
within these regions. The conformations of the two variable regions-switch | and switch Il
significantly differs depending on the nucleotide-loading state of the GTPase (Kiontke et al.,
2017), and are remodelled to have a low affinity for the nucleotide. Switch | shows a largest
conformational, this involves the interaction between the C-terminal of switch | and the GEF
which subsequently open the switch I. This structural rearrangement displaces highly
conserved aromatic residues (F or Y) to interact with guanine base thus lowering the

nucleotide affinity.
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Table 1.1: Human Rab proteins and their known GEFs

Rabs GEFs References
Rab3a MAP kinase-activating death domain protein (MADD) Yoshimura et al., 2010, Ishida
etal., 2016
Rab35 DennD1A-C Yoshimura et al., 2010; Ishida
etal., 2016
Rab38 Biogenesis of lysosome-related organelles complex 3 (BLOC- Gerondopoulos et al., 2012
3)
Rab27a MADD (Denn) Yoshimura et al., 2010; Ishida
etal., 2016
Rab25 Not identified
Rab23 Not identified
Rab43 Rabaptin-5-associated exchange factor for Rab5 (Rabex- Yoshimuraetal., 2010; Ishida
5)/vacuolar sorting protein 9 (Vps9) etal., 2016
Rab7a Monensin sensitivity protein 1 (Monl(/caffeine, calcium, and Yoshimura et al., 2010; Ishida
zinc 1 (Cczl) etal., 2016
Rab8b Chromosome 9 open reading frame 72 (C90rf72) Corbier and Sellier, 2016
Rab10 DennD4 Yoshimura et al., 2010; Ishida
et al., 2016
Rab12 DennD3 Yoshimura et al., 2010; Ishida
et al., 2016
Rab13 DennD1C Yoshimura et al., 2010; Ishida
et al., 2016
Rab14 DennD6 Yoshimura et al., 2010; Ishida

etal., 2016

1.7.2. Myotubularin related protein 13 (MTMR13), a DENN domain-containing protein

Myotubularin related protein 13 (MTMR13) is a member of myotubularin protein family, this
family incorporates catalytically active and inactive enzymes sharing a core of protein
domains and is a highly conserved group of ubiquitously expressed phosphatidylinositol 3-
phosphatases (Laporte et al., 2003). MTMR13 is a known RAB GEF which exchange GTP
for GDP on RABs. These GTPases are known to interact with effectors such as kinases,
phosphatases and tubular-vesicular cargo (Wandinger-Ness and Zerial, 2014). MTMR13 is
an inactive phosphatase, with a monomeric molecular weight of 208 kDa. It is comprised of
a DENN domain, glucosyltransferase/Rab-like GTPase activator/myotubularin (GRAM)
domain, pseudo-phosphatase domain and a pleckstrin homology (PH) domain, and a pfam
assigned SBF2 domain (Figure 1.6). PH domains are involved in membrane association and
usually bind to phosphates (Robinson and Dixon, 2005; Berger et al., 2006). The GRAM
domain is known to mediate membrane attachment by binding to phosphoinositides, (Berger

et al., 2003; Berger et al., 2006). MTMR13 serves as both myotubularin phosphoinositide
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phosphatase scaffold and a Rab GTPase GEF (Yoshimura et al., 2010; Jean et al., 2012).
MTMR213 forms part of the 18 known DENN domain-bearing proteins encoded in the human
genome (Reviewed in Marat et al., 2011). And those that are differentially expressed in
neoplastic normal cells were recently shown to exhibit Rab GEF activity (Yoshimura et al.,
2010).

Figure 1.6. Schematic representation of the domain organisation in MTMR13.

The tripartite DENN module consist of uDENN (light green; 7-172), the cDENN (red; 191-324), and dDENN
(dark green; 326-427). Other domains include; the pfam assigned SBF2 domain (531-754) represented by light
orange box, glucosyltransferase/Rab-like GTPase activator/myotubularin (GRAM) domain (grey; 871-957),
pseudo-phosphatase domain (blue; 1108-1584), and the pleckstrin homology (PH) domain (gold; 1743-1847).
Adapted from Marat et al., 2011.

1.7.3. Implications of Rab GTPases in GBM

Rab proteins plays an important in cellular processes such as growth and membrane
trafficking. Despite their significant role in normal cellular processes, these small GTPases
have been reported to play a role in cancer (Stenmark, 2009). The abnormal expression of
Rab proteins leads to aberrant tumour behaviour, by promoting invasion though tumour-
associated fibroblasts (Ge et al., 2017). In glioblastoma, expression of Rab23 facilitates the
invasion and proliferation of the tumour cells (Chen et al., 2016). Expression of Rab27a and
Rab3a has been reported to inhibit apoptosis and promote cell proliferation (Wu et al., 2013;
Kim et al., 2014). Rab38 has been identified a poor prognostic biomarker in GBM and has
been associated with the glioma cell progression (Wang and Jiang., 2013). Over expression
of Rab43 has also been associated with poor prognosis and epithelial-mesenchymal
transition in GBM (Han et al., 2016). Rab25 knockout in GBM cells inhibits invasion and
reduce cell proliferation through inhibition of PI3K and AKT phosphorylation levels (Ding et
al., 2017). Reduced expression of Rab35 has been associated with a shorter survival in

patients demonstrating pro-neural and mesenchymal GBM (Kulasekaran et al., 2020).

1.8. Human KIAA0513

KIAA0513 is a ubiquitously expressed gene enriched in the cerebral area of the brain (Lauriat
et al., 2006). There have been reports of aberrant implication of this gene in different cancer

cells; upregulation in invasive glioblastoma multiforme, prognosis signature gene in
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pancreatic cancer (Chen et al., 2019). KIAA0513 which codes for KO513 protein has not been
characterized as a tumour suppressor gene or oncogene, however, it is associated with
tumour progression, cell proliferation and apoptosis (Standful3, 2019). Low expression leads
to unfavourable prognosis in non-small cellular lung cancer through overexpression of
Calcium Voltage-Gated Channel Subunit Alphal B (CACNA1B) (Zhou et al.,, 2017).
Moreover, in Neuroblastoma, the aberrant methylation of K0513 correlates with non-
survivors (Olsoon et al., 2016). There are three interactors that are known to specifically
interact with KO513 through in situ hybridization, these are: kidney and brain expressed
protein or WW domain-containing protein 1 (KIBRA/WWC1), a tumour suppressor gene
which regulates Hippo signalling pathway (Zhang et al., 2014); HS-1associated protein X-1
(HAX-1) involved in apoptosis regulation (Zhao et al., 2009); and integrator complex subunit
4 (INTS4) which forms part of transcription regulation (Lauriat et al., 2006; Albrecht et al.,
2018).

1.9. Problem statement

GBM is the deadliest brain tumour associated with poor prognosis. Despite advances in
treatment strategies it remains largely incurable. Gene expression profiling has been
successfully used to identify genes implicated in GBM for possible therapeutic targets.
However, potentially interesting genes of unknown function are identified but often ignored
due to the effort required to characterize them. K0513 is one of the proteins identified but
with unknown function. KO513 implication has been also reported in pancreatic cancer,
neuroblastoma and non-small cellular lung cancer. It is in the interest of this study to
characterize K0513 and further elucidate its function. This will enable an understanding of
whether it facilitates the progression of tumour cells and possibly be used as a therapeutic

target.

1.10. Aim

To characterize the structure-function features of K0513 and elucidate its role in cancer
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1.11. Hypothesis

K0513 is a possible guanine nucleotide exchange factor (GEF) which facilitates the exchange
of GDP/GTP for Rab GTPases

1.12. Main objectives

1.12.1. To utilise bioinformatics analysis to identify the structure-function features of K0O513
1.12.2. To express and purify recombinant KO513 using Nickel-affinity chromatography

1.12.3. To investigate the tertiary structural organisation of K0513 using Tryptophan
fluorescence assay, and limited proteolysis

1.12.4. To identify and establish interactors of KO513 using pull-down assay

18
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Chapter 2

Bioinformatics analysis of human K0513
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2.1. Introduction

Bioinformatics can be defined as a computational tool used for analysis, visualization and
storage of biological data, as to generate and discover a new insight related to biological
macromolecules. This is an important tool in protein biochemistry as it paves a way and
address problems encountered in wet lab experiments. Computational tools make use of
DNA, RNA and protein sequence. These sequences are stored in databases such as The
National Centre for Biotechnology Information (NCBI, Brown et al., 2015) and UniprotkKB
(The Uniprot consortium, 2017) to name few. Retrieved sequences are analyzed and
compared through multiple alignments to predict molecular functions, conduct

evolutionary studies, predict intermolecular interactions and tertiary structure.

Homology determination is important in ascertaining functional features in protein
structures especially in the absence of a crystal structure, as well as structural prediction
of proteins. The query protein sequence can be aligned with identified homologues for
determination of domains and motifs based on the level of conservation between the
protein. Human K0513 (NCBI accession number: NP_055547.1) has no reported domain,
therefore, identification of its homologues and orthologues would help in identifying key
domains possessed by this molecule leading to functional annotation and hypothetical
structure prediction. Protein-protein interaction (PPI) prediction is crucial in ascertaining
pathways and cellular processes that the protein is involved in. Such a database of PPIs
is the Integrated Interaction Database (IID) (Kotlyar et al., 2019). 1ID is the only database
with context-specific networks for the common model organisms and domesticated
species (Kotlyar et al., 2019), it integrates experimentally detected PPIs from nine curated
databases (BioGRID, IntAct, 12D, MINT, InnateDB, DIP, HPRD, BIND, BCI). This
database is the first to provide tissue-specific protein-protein interaction, this was to
counteract limiting factors encountered in other databases such as high false positive
rates, and context information (tissue and subcellular location). Predicting the K0513
interactome will help to reveal pathways that KO513 may be involved in and so enable

prediction of possible roles.

Based on the gene nomenclature, genes identified by the Kazusa cDNA project without
any known information are termed ‘KIAA’ plus a four-digit number (Nagase et al., 2006),
K0513 is one the discovered cDNAs with no function reported (Braschi et al., 2019). In
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silico analysis of KO513 will be very essential for prediction of its structure-function

feature.

The main aim of this study is to utilize bioinformatics for identification of functional features

in protein structure of KO513.

Specific objectives:

1.
2.
3.

To retrieve and analyze amino acid sequence of human K0513 and its homologues
To perform secondary structural analysis of KO513 using Phyre? and Biotools

To generate a three-dimension homology model using Phyre? and BIOVIA
Discovery studio

To predict possible interactors of KO513 using an Online Integrated Interaction
Database (11D)

To investigate the evolutionary distribution of KO513 across different forms of life
using MEGA X and ITOL
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2.2. Methods

2.2.1. Multiple sequence analysis of K0O513

The amino acid sequence of human K0513 (NCBI accession number: NP_055547.1) was
obtained  from National Centre  for  Biotechnology Information (NCBI)
(http://www.ncbi.nlm.nih.gov; NCBI resource, 2018), together with its homologues from Pan
troglodytes (XP_003952958.1), Xenopus tropicalis (NP_001096454.1), Canis lupus
(XP_005620695.1), Bos taurus (XP_005218484.1), Mus musculus (NP_001157232.1),
Rattus norvegicus (NP_001100906.1), Gallus gallus (XP_001235240.2), Danio rerio
(NP_001002193.1), and from Macaca mulatta (XP_001113080.1). The sequence alignments
and identity matrix were generated using MUSCLE

(https://www.ebi.ac.uk/Tools/msa/muscle/; Edgar, 2004)) and shaded using Boxshade

(http://www.ch.embnet.org/software/BOX form.html) server.

2.2.2. Secondary structural analysis of KO513

Secondary structural analysis of KO513 was carried out from the amino acid sequence. The
analysis was carried out using Protein Homology/analogy Recognition Engine Version 2.0
(PHYRE?) (http://sbg.bio.ic.ac.uk/; Kelley et al., 2015) which predicts the percentage

composition of alpha-helices, beta-sheets, and loops. Furthermore, the hydrophobicity and
ampathicity of KO513 was predicted using Biotools Web-based Hydropathy, Amphipathicity
and Topology (WHAT) (http://biotools.tcdb.org/barwhat2.html; da Silva et al., 2017). The
amino acid composition of KO513 was computed using PEPSTAT module integrated in the

EMBOSS software (https://www.ebi.ac.uk/Tools/seqstats/emboss pepstats/; Madeira et al.,

2019). Physicochemical characterization of the protein was conducted using the Expasy’s

ProtParam server (https://web.expasy.org/protparam/; Gasteiger et al., 2005).

2.2.3. Prediction of three-dimension model of KO513

The structural prediction of a protein is necessary for domain annotation whereby sequences
of the same homology are used to predict the three-dimensional (3D) structure. This will also
reveal the secondary structural annotation with regards to alpha-helices, beta-sheets and
coils. The homology models were generated using PHYRE? a

(http://www.sbg.bio.ic.ac.uk/phyre2; Kelley et al., 2015). The human K0513 3D model was
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generated from several templates, and the GST C-terminal domain-like crystal structure
(PDB, d1z9hal) showed the highest probability, Mus musculus generated using cnotl mif4g
domain - ddx6 complex crystal structure (c4ct4C.pdb; Mathys et al., 2014) as a template,
pan troglodytes was generated using the crystal structure of a transcriptional activator tena
from Staphylococcus epidermidis (PDB, c2no6B; JCSG, 2010). All the generated PDB files
were visualized using BIOVIA Discovery Studio (Dassault Systemes Biovia, 2016).

2.2.4. Prediction of KO513 interaction partners

In order to infer functions to a protein, one of the best approaches is through identification of
potential interacting partners. An online Integrated Interaction Database (lID) was launched
(http://ophid.utoronto.caliid; Kotlyar, 2016), K0513 sequence identifier (UNIPROT ID;

060268) was used to generate the predicted interactome. Interaction data in 11D comprises

three types of PPl networks: experimentally detected PPIs from major databases,

orthologous PPIs and high-confidence computationally predicted PPIs.

2.2.5. Evolutionary analysis of K0513

The evolutionary relationship of human K0513 with its homologues and orthologues was
investigated by generating a phylogenetic tree. An alignment of KO513 protein sequences
(orthologues and homologues) from KO0513-expressing organisms was generated and

retrieved from EggNOG online database (http://eggnogdb.embl.de/; Huerta-Cepas et al.,

2019), the alignment was exported in a NEWICK format to MEGA X for evolutionary analysis.
The bootstrap value was set for 100 replicates, initial tree(s) for the heuristic search were
generated automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of
pairwise distances estimated using a Jones-Taylor-Thornton (JTT) model, and then selecting
the topology with superior log likelihood value. The generated evolutionary tree was exported
in a NEWICK format to ITOL (https://itol.embl.de/; Letunic and Bork, 2019) for further

annotation.
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2.3. Results

2.3.1. KO513is conserved across the homologues

The homologues of human (Homo sapiens) K0513 (HsK0513) include chimpanzee (Pan
troglodytes, PtK0513), Rhesus monkey (Macaca mulatta, MamK0513), dog (Canis lupus,
CIK0513), cow (Bos taurus, BtK0513), mouse (Mus musculus, MmMKO0513), rat (Rattus
norvegicus, RnK0513), chicken (Gallus gallus, GgK0513), zebrafish (Danio rerio, Drk0513),
and frog (Xenopus tropicalis, XtK0513). A multisequence alignment of K0513 and its
homologues was carried out (Figure 2.1) The N-terminal displayed a partial conservation
across the HskK0513, and its homologues compared to the carboxylic end which is highly
conserved (Figure 2.1). The alignment matrix shows a very high percentage sequence
identity with PtK0513 and a very low identity to Drk0513 (Table 2.1), Drk0513 also showed
low N-terminal conservation when aligned with other homologues (Figure 2.1). K0513
possesses a partial myotubularin related/ set binding factor 2 (SBF2) domain as indicated by
NCBI (NCBI accession number: NP_055547.1), the 72 amino acids long domain is located
towards the carboxyl-terminal and is highly conserved throughout KO513 homologues (Figure
2.1). The secondary structure of KO513 is only comprised of alpha helices and coils, the
helices comprising 70 % of the whole structure. The predicted transmembrane region (150-

167) shows high level of conservation across all the homologues.

Table 2.1. Percentage identity matrix of HsK0513 and its homologues

HsK0513 DrK0513 XtK0513 GgK0513 MmKO0513 RnK0513 MamK0513 PtK0513 CIK0513 BtK0513

HsK0513 - 68.92 73.35 78.92 89.68 89.43 98.05 99.51 90.00 89.27
DrK0513 68.92 - 64.27 67.17 66.58 66.58 68.92 68.92 67.59 67.59
XtK0513 73.35 64.27 - 74.88 73.33 73.58 72.13 73.11 72.55 72.30
GgK0513 78.92 67.17 74.88 - 78.22 78.22 79.17 78.68 79.36 79.36
MmKO0513 89.68 66.58 73.33 78.22 - 99.02 88.94 89.43 87.96 86.45
RnKO0513 89.43 66.58 73.58 78.22 99.02 - 88.94 89.43 87.71 86.70
MamKO0513 98.05 68.92 72.13 79.17 88.94 88.94 - 98.05 89.27 88.78
PtK0513 99.51 68.92 73.11 78.68 89.43 89.43 98.05 - 89.76 89.27
CIK0513 90.00 67.59 72.55 79.36 87.96 87.71 89.27 89.76 - 90.95
BtK0513 89.27 67.59 72.30 79.36 86.45 86.70 88.78 89.27 90.95

HsK0513- Homo sapiens K0513, Drk0513- Danio rerio K0513, XtK0513- Xenopus tropicalis, GgK0513- Gallus
gallus, MmK0513- Mus musculus, RnK0513- Rattus norvegicus, MamK0513- Macaca mulatta, PtK0513- Pan
troglodytes, CIK0513- Canis lupus, BtK0513- Bos taurus. The numbers represent percentage identity. The
matrix was generated using MUSCLE (https://www.ebi.ac.uk/Tools/msa/muscle/).
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Figure 2.1. Multiple sequence alignment of human K0513 and its homologues.

Multiple sequence alignment of KO513 from Homo sapiens (HsK0513, NP_055547.1), with its homologues from
Pan troglodytes (PtK0513, XP_003952958.1), Xenopus tropicalis (XtK0513, NP_001096454.1), Canis lupus
(CIK0513, XP_005620695.1), Bos taurus (BtK0513, XP_005218484.1), Mus musculus (MmKO0513,
NP_001157232.1), Rattus norvegicus (RnK0513, NP_001100906.1), Gallus gallus (GgK0513,
XP_001235240.2), Danio rerio (Drk0513, NP_001002193.1), and from Macaca mulatta (MamK0513,
XP_001113080.1). Identical residues are represented by white font against a black background; similar
residues are represented by white font against a grey background whereas the black against white background
represents  non-conserved  residues. The  alignment was  generated using  MUSCLE
(https://www.ebi.ac.uk/Tools/msa/muscle/). The numbers on the left-hand side represent the position of the
residues. The secondary structure was generated using Phyre?2 and GST C-terminal domain-like crystal
structure was used as a template. Coils are represented by a thin blue line and the helices with green solid box.

2.3.2. Structural analysis and physiochemical properties of KO513

The amino acid composition and physiochemical properties determine the fundamental
properties of a protein. The amino acid composition of HsK0513 was calculated using
PEPSTAT and represented in a form of a bar graph (Figure 2.2A). The primary structure
analysis suggests that HsK0513 has a high percentage of polar residues (55.474 %) making
it more hydrophilic in nature (Figure 2.2A and 2.2B). The presence of the Cysteine residues
suggests the possible presence of disulphide bridges in HsK0513 for tertiary structure
stability. The computed isoelectric point (pl) of HsK0513 is 4.6994, this suggest that the

molecule is acidic in nature. This is due to high number of an acidic glutamic acid (Glu)
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residues (Figure 2.3). KO513 homologues shows similar pl (Appendix Al). The acidity may
suggest KO513 involvement in cytoskeleton processes.

60+ Property Residues Number Mole%
Tiny (A+C+G+S+T) 121 29.440
504 Small (A+B+C+D+G+N+P+S+T+V) 198 48.175
Aliphatic ~ (A+l+L+V) 80 19.465
” B Aromatic  (F+H+W+Y) 47 11.436
2 404 Non-polar (A+C+F+G+I+L+M+P+V+W+Y) 183 44.526
2 Polar (D+E+H+K+N+Q+R+S+T+Z) 228 55.474
@ Charged (B+D+E+H+K+R+2) 133 32.360
G 30 Basic (H+K+R) 60 14.599
A E Acidic (B+D+E+2) 73 17.762
5 204
z
104 Molecular weight 46638.57 Da
Theoretical pl 4.6994
C Residues 411
0 T Net charge -17.5
o Extinction coefficient 49390

Figure 2.2. Amino acid composition and physicochemical properties of K0513.

The amino acid composition of K0513 was computed using PEPSTAT module integrated in the EMBOSS
software (A). The properties of present amino acids are summarized in (B). physicochemical characterization
of the protein was computed using the Expasy’s ProtParam server (C).

The secondary structure of human K0513 was further analyzed for hydropathy, amphipacity
and topology. K0513 molecule has both hydrophilic, hydrophobic and amphipathic residues
with hydrophilic residues dominating most of the protein surface (Figure 2.3A). Amino acid
residue 150 to 167 were predicted to be hydrophobic and the region is suggested to form
part of the transmembrane anchor (Figure 2.3A and 2.3B). Both the N-terminal and the C-
terminal are cytosolic and anchored to the membrane by the transmembrane region (Figure
2.3B).

A B _
F
L
Extracellular ¥
A
Hydropath F
3 ydropathy 5
4 v
£ 2 ;
S ola f\ " A Loy Cytosol ;
o WY 'Vl_v.\ H
5 -1 e
£-21 1L
-3 § . L . . . . 150 ]
0 50 100 150 200 250 300 350
Position N

Figure 2.3. K0513 secondary structural analysis.

Hydropathy plot showing the degree of hydrophobicity and hydrophilicity, the hydrophobic transmembrane
region is highlighted in brown (A). The Hidden Markov Model for Topology Prediction (HMMTOP) showing
helical-transmembrane residues represented by mustard colour and the position of the carboxyl-terminal and
amino-terminal relative to the cell cytosol (B). The models were generated using Biotools Web-based
Hydropathy, Amphipathicity and Topology (WHAT) (http://biotools.tcdb.org/barwhat2.html).
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2.3.3. KO513 homology modelling

A three-dimension model of K0513 was generated using Phyre?. The human K0513 exhibit
a globular 3D homology model with the N-terminal forming a loop which is in proximity with
the C-terminal end (Figure 2.4A). The N-terminal and the C-terminal end of HsK0513 are
more hydrophobic compared to some parts of the middle domains (Figure 2.4B). The 3D
models for HsK0513 (Figure 2.4A), PtK0513, MmKO0513, and DrK0513 (Figure 2.4) shows
structural differences despite high amino acid sequence identity (Table 2.1). This can be
accounted to different template structure used for modelling. The 3D model KO513 and the

homologues consist of alpha helices and loops (Figure 2.4).
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Figure 2.4. Three-dimension homology model of K0513 and its homologues.

The 3D model of KO513 showing the SBF2 domain (red) and the phosphoserine residue represented in balls
and sticks (yellow), and the transmembrane region (blue) (A). The hydrophobicity surface plot showing
hydrophobic (brown), amphipathic (grey) and hydrophilic residues (blue) (B). Schematic presentation of KO513
structure (C). 3D homology models of K0513 from Chimpanzee PtK0513 (D), Mouse MmKO0513 (E) and
Zebrafish DrK0513 (F) were also generated. All the 3D models were generated by Phyre?

(http://sbg.bio.ic.ac.uk/phyre2) and visualized using BIOVIA Discovery studio (Dassault Systemes Biovia,
2016).
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2.3.4. Predicted interactome of human K0513
The PPIs study revealed 71 possible interactors of KO513 (Table 2.2; Appendix A, Table A3),

67 interaction partners were generated through prediction. Six of predicted interactors;
INTS4, HAX1, WWC1, forkhead box K1 (FOXK1), forkhead box K2 (FOXK2), and amyloid
precursor protein (APP) have been identified and validated using yeast 2-hybrid system
(Lauriat et al., 2006). The predicted interactome include proteins involved in GTPase
activities  [ras related protein in brain 3a (Rab3a), rho GDP-dissociation inhibitor 3
(ARHGDIG), I1Q motif and sec7 domain ArfGEF 3 (IQSEC3) and syntaxin-binding protein 1
(STXBP1)], vesicle trafficking/membrane processes [AP2-associated protein kinase
1(AAK1), guanine nucleotide-binding protein G (0) subunit alpha (GNAQOL1), calcium channel
gamma-3 subunit (CACNG3), Synaptophysin (SYP), Reticulon-1 (RTN1), AP2-interacting
clathrin-endocytosis protein (KIAA1107), Ephrin type-B receptor 6 (EPHB6) and Vesicle-
fusing ATPase (NSF)], neurotransmission/synaptic activity [Synaptosomal-associated
protein 25 (SNAP25), GABRA1, Alpha-synuclein (SNCA), RUN domain-containing protein
3A (RUNDCS3A), zinc finger protein 365 (ZNF365), SYT1, Protein bassoon (BSN), Synaptic
vesicle glycoprotein 2A (SV2A), and Neuronal pentraxin-1 (NPTX1)], transcription regulation
[FOXK1, FOXK2, Chromodomain-helicase-DNA-binding protein 5 (CHD5), and INTS4],
kinases [Phosphatidylinositol  4-kinase  alpha  (PI4KA), Microtubule-associated
serine/threonine-protein kinase 3 (MAST3), and Protein kinase C beta type (PRKCB)], signal
transduction [WWC1, Modulator of apoptosis 1 (MOAP1), C-Jun-amino-terminal kinase-
interacting protein 2 (MAPKS8IP2), and HAX1], as well as solute carriers (SLC12A5,
Sodium/hydrogen exchanger 6 (SLC9A6) and Sodium/calcium exchanger 2 (SLC8A2)].
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Table 2.2: The predicted interactors of human K0513

UniProt
ID
Q2M218

P42356

P61764

P20336

Q9UPP2

Q13387

Q8IX03

Q99819

Q9H2X9

000165

Name

AAK1

PI4KA

STXBP1

RAB3A

IQSEC3

MAPKS8IP2

WWC1

ARHGDIG

SLC12A5

HAX1

Description

AP2-associated protein kinase 1, Regulator of the clathrin-
mediated endocytosis

Phosphatidylinositol 4-kinase alpha, Acts on the production of
the second messenger inositol-1,4,5, -trisphosphate as
phosphatidylinositol (Ptdins)
Syntaxin-binding protein 1, Interacts with GTP-binding
proteins Participates in the regulation of synaptic vesicle
docking and fusion

Ras-related protein in brain 3A, Small GTPase protein that
serves central role in vesicle trafficking, exocytosis and
secretion

IQ motif and SEC7 domain-containing protein 3, A guanine
nucleotide exchange factor (GEF) for small GTPase ARF1
C-Jun-amino-terminal kinase-interacting protein 2, Group of
scaffold proteins selectively mediates JNK signalling

Protein KIBRA, Plays an important role in tumour suppression
through proliferation restriction and apoptosis promotion

Rho GDP-dissociation inhibitor 3, Inhibits the exchange of
GDP/GTP in RhoB

Solute carrier family 12 member 5, required for neuronal Cl-
homeostasis, and facilitates electroneutral potassium-
chloride cotransport in mature neurons

HCLS1-associated protein X-1, and regulates reorganization
of the cortical actin cytoskeleton through recruitment of the

Arp2/3 complex to the cell cortex

© University of Venda

Localization

Cell membrane

Cell membrane

Cytosol

Cytosol, Cell

membrane

Cytosol

Cytosol

Nucleus, cell

membrane

Cytoplasm

Cell membrane

Nucleus

membrane

PMIDs

25402006

25402006

25402006

25402006

25402006

25402006

17010949;

21836163

25402006

25402006

17010949;
21836163
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2.3.5. Domain conservation analysis between K0513 and MTMR13

To further elucidate the link between K0513 and SBF2 domain, a well characterized
MTMR13 was aligned with KO513 for similarity (Figure 2.5). The pairwise alignment
shows that the N-terminal of KO513 is partially conserved the cDENN and dDENN
modules of the tripartite DENN domain. The predicted SBF2 domain (290-362) within
K0513 is partially conserved with the MTMR13’s SBF2 region (531-754).

K0513 1 I 1 K0513

MIMR13 1 MARLm'(vavgyDHEKpGSGEGLGK1:QR;pQKijprFpQGIELFCQPGGWQLSRERI MIMR13 986 EEVSPEVVEIFKKQLMKFRYPQSIFSTFAFAAGQTTPQIILPKQKEKNTSFRTFSKTIVK
KO0513 1| | K0513
MIMRI3 61 |KQP‘Mhv\/vL‘L‘L)lDSDRHYCS(LTEYEAE1NLQGTKK}:ELEGEAKVSGLLQPA}:VEAPKS| MTMR13 1046 GAKRAGKMTIGRQYLLKKKTGTIVEERVNRPGWNEDDDVSVSDESELPTSTTLKASEKST

K0513 1
MTMR13 1106 MEC!LVEKI\CFRDYQRLGLGTISGSSSRSRPEYFRITASNRMYSLCRSYPGLLVVPQI\VQ)|

K0513 1
MTMR13 121 |LVLVSRLYYE‘EZFRACLGLIYTVYVDSLNVSLESLIANLCACL\WAAGGSdKLFSLGAGD

K0513
MTMR13 1166 ISSLPRVARCYRHNRLPV\ICWKNSRSGTLLLRSGGFHGKGVVGLFKSQNSPQAAPTSSLES|

K0513 1 1 1
MIMR13 181 RQLIQTPLH[#LPI’IGTSVALLFQQLGZQNVLSLFCAVLTENKVLFHSASFQRLSDACRA'

K0513

K0513 VTPl SR MTMR13 1226ISSSIEQEK‘!LQALLNAVSVHQKLRGNSTLTVRPAFALSPGVWASLRSSTRLISSPTSFID'
MTMR13 241 ESLMFPLKYSYPYIPILPAQLLEVLSSPTPFIIGVHSVFKTDVHRLLEGT e
K0513 16 |---EBApTS| DGDGSL‘DGASESET NDMGESPS SWEODRRS K0513 |

N Q e e MIMR13 1286 I\]GARLAGKDHSASFSNSSYLQNQLLKRQAAL IFGEKSQLRNFKVEFALNCEFVPVEFHE
MIMR13 300 [IKI|@BCTHLESH- el WHO--------------@ORRIg - - LIL R
K0513 SSNES| ““NO ” 0---BERTIR R Be{vEK G- -------—- D[ DOEER K0513 | """""""""""""""" |
MTHR13 333 |\IADH oopRia. HbKMLiKiVRE _'fi L o~ CiYRSCLQLIRIH iP IHFF MIMR13 1346 |IRQVKASFKKLMRACIPSTIPTDSEVTFLKALGDSEWFPQLHRIMQLAVVVSEVLENGSS

K0513 |

K0513 EYCSS GKGRETFALYIBIORCNSKCY SERTHBLVOSE- AT FLEBCH -0
MTMRL 3 390 QRGL Lt MevaracrvEER P i sC oL Mo ERIK MIMR13 1406 [VLVCLEEGWDITAQVTSLVQLLSDPFYRTLEGFQMLVEKEWLSFGHKFSQRSSLTLNCOG
K0513 175 FGEAR------N@MTMCR--------- T YR GEE-------- - FBsrBxracsfi- K0513
MIMR13 446 NNEVEMIKHVRE ALQL KNENPNPHMAL AP mccmum I i3n arvon 1 MIMR13 1466 ISGFAPVFLQFIDCVHQVHNQYPTEFEFNLYYLKFLAFHYVS,\!RFKTFLLDSDYERLEHGT
K0513 210 -fsvij - - - -] S2 GFFGG- H K0513
MIMR13 506 QENV. nQ TRI CVV[’AG[’I’ LTTER A NCISFIFENKIZ MTMR13 1526 ILFDDKGEKHAKKGVCIWECIDRMHKRSFIFFNYLYSFLEIEALKPNVNVSSLKKWDYYIE
K0513 K0513
MIMR13 & MIMR13 1586 ETLSTGPSYDWMMLTPKHFPSEDSDLAGEAGPRSQRRTVWPCYDDVSCTQPDALTSLFSE
K0513 K0513
MTMR13 MIMR13 1646 IEKLEHKLNQAPEKWQQLWERVTVDLKEEPRTDRSQRHLSRSPGIVSTNLPSYQKRSLLH
K0513 K0513
MTMR13 MIMR13 1706 LPDSSMGEEQNSSISPSNGVERRAATLYSQYTSKNDENRSFEGTLYKRGALLKGWKPRWE
K0513 362 12 'THNE AFG] \IKKLcmr Jx QAJéiVL EEQYK] Dl:iEQMAT—— K0513
MIMRLS 746 ga I HANTRENLLLPLDTSKNKELATSA HEDIES CONSLULNSACS VARSYDTESGFED MIMR13 1766 [VLDVTKHQLRYYDSGEDTSCKGHIDLAEVEMVIPAGPSMGAPKHTSDKAFFDLKTSKRVY

3
K0513 KO0513  |mmmmmm

VCTESGY vaM ES
MTMR13 806 SENTDIANSVVRFITRFIDKVCTESGVTQDHIKSLHCMIPGIVAMHIETLEAVHRESRRL MTMRL3 1826 |NFCAQDGOSAOWMDKIQSCISDA

K0513 - |
MTMR13 866 PPIQK* ILRPALLPGEEIVCEGLRVLLDPDGREEATGGLLGGPQLLPAEGALFLTTYRI

KO0513
MTMR13 926|LFRGTPHDQLVGEOTVVRSFPIASITKEKKIThQNQLQQNMQEGLOITSASFQLIKVAFD

uDENN [] crAM
[ ] cDENN [] Pseudo-phosphatase
[C] doENN PH

\__I SBF2

Figure 2.5. Pairwise alignment of K0513 with Denn domain containing MTMR13

K0513 was aligned with the known DENN domain containing GEF from myotubularin family. Coloured
figures represent domains found in MTMR13 and their respective positions. The uDENN (orange, 7-
172) is situated upstream of the cDENN (blue, 191-324) followed by the dDENN (red, 326-427) domain.
The SBF2 domain is represented in magenta (531-754), the GRAM (Glucosyltransferase/Rab-like
GTPase activator/myotubularin domain) domain is represented in green (871-957) followed by the
pseudo-phosphatase (purple, 1108-1584), and lastly the PH (Plenkin homolog) represented in gold
(1743-1847) situated towards the C-terminal. The alignment was generated using EMBOSS Needle
(https://www.ebi.ac.uk/Tools/psa/emboss_needle/).
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The SBF2 domain in KO513 is consists of alpha helices and loop, this observation is
different compared to the MTMR13’s SBF2 consisting of beta sheets, alpha helices
and loops. However, high percentage of the models is made of helices which may
suggest some structural similarities between the N-terminal of MTMR13 and K0513
(Figure 2.6). The secondary structural difference can be a result of low homology in
which K0513 3D model was generated and the diversity among the DENN domains
(Wu et al., 2011). The MTMR13’s SBF2 domain is found in upstream the tripartite
DENN (uDENN, cDENN and dDENN) domain, this may suggest functional relationship

within these domains.

Figure 2.6. structural comparison of K0O513 and MTMR13 three-dimensional structures.

(A) K0513 3D model shows the secondary structural composition of the SBF2 domain (red). (B) shows
the structural and domain organisation in MTMR13 from residue 1 to 755; uDENN (yellow, 7-172), the
cDENN (blue, 191-324), dDENN (light green, 326-427), SBF2 (red, 531-754). All the 3D models were
generated by Phyre? (http://sbg.bio.ic.ac.uk/phyre2) and visualized using BIOVIA Discovery studio
(Dassault Systemes Biovia, 2016).

2.3.6. Evolutionary analysis of K0O513

A phylogenetic tree was generated using MEGA to investigate the evolutionary
relationships of K0513 in different species (Figure 2.7). The analysis revealed 65
species expressing K0513 molecule (Figure 2.6). Of all the 65 protein sequences,
there were nine homologues and 56 orthologues of human K0513. Most of the species
are members of endopterygotes with 14 species, this is a superorder of insects that
undergoes metamorphosis between their larval and adult stage. Human K0513
clusters with Gorilla gorilla KO513 in a monophyletic primate’s clade close to Pan
troglodytes (identified homologue). Human K0513 was also found to cluster closely
with KO513 from rodents signifying its importance in regulating signal pathways in

different species.
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Figure 2.7. Evolutionary analysis of KO513 by Maximum Likelihood method

The evolutionary history of KO513 across different species was inferred by using the Maximum
Likelihood method and JTT matrix-based model (Jones et al., 1992). The bootstrap consensus tree
inferred from 100 replicates is taken to represent the evolutionary history of the taxa analyzed
(Felsenstein, 1985). Branches corresponding to partitions reproduced in less than 50% bootstrap
replicates are collapsed. The percentage of replicate trees in which the associated taxa clustered
together in the bootstrap test (100 replicates) are shown next to the branches. This analysis involved
65 amino acid sequences. Red allosteric indicates Homo sapiens K0513, and all homologues are
indicated with a star. Evolutionary analysis were conducted in MEGA X (Kumar et al., 2018) and further
annotated using ITOL (https://itol.embl.de/, Leturnic and Bork, 2019).
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2.4. Discussion

Protein domain can be defined as a structural unit of a protein and provides an insight
into the function of the protein or its interaction. Sequence retrieved from NCBI (NCBI
accession number: NP_055547.1) revealed the presence of 72 residues long Set
Binding Factor 2 (SBF2) domain located at position 290 to 362 of KO513. SBF2 domain
is also known as the myotubularin domain as stated by the Pfam database (El-Gebali
et al., 2019). Multiple sequence alignment shows a high conservation of SBF2 domain
across all KO513 homologues, this suggest that the SBF2 domain may be a functional
feature that defines and identifies KO513 protein molecule across different species.
The SBF2 domain is found and forms part of the middle region of a key myotubularin
family member known as myotubularin related protein 13 (MTMR13) (Senderek et al.,
2003). The SBF2 domain in MTMR13 is 223 amino acid in length which is 151 residues
longer that the 72 amino acid long K0513’s SBF2 domain. It is interesting to find that
despite K0513’s SBF2 domain being 151 amino acid shorter than the MTMR13’s
SBF2, it has been identified through BLAST as an SBF2 domain. This suggest that
K0513 contains the truncated form of the SBF2 domain which may serves the same
function as the full length SBF2 domain. The SBF2 domain of MTMR13 is found in
association with the Differentially Expressed in Neoplastic versus Normal cells (DENN)
domain (Levivier et al., 2001). The DENN domain binds to switches | and Il of Rab21
GTPase resulting in conformational change in the region to allow GDP to GTP
exchange (Wu et al., 2011). The tripartite DENN module is comprised of the upstream
DENN (uDENN), followed by central DENN (cDENN), and the downstream DENN
(dDENN). The uDENN may occur independently of the DENN module and interact
with various GTPases (Schlenker et al., 2006). The central cDENN and dDENN occur
together, the d-DENN is reported to make fewer contact with the GTPase thus it
always associates with cDENN to maintain the GEF function (Wu et al., 2011). When
K0513 is aligned with MTMR213 using pairwise alignment, its N-terminal shows a
partial conservation with the cDENN and dDENN. In addition to that, the predicted
SBF2 domain of KO513 shows a partial conservation with MTMR13’s SBF2. This taken
together suggest that KO513 possess nucleotide exchange property and may serve as
a GEF for Rab GTPases. There is no evidence on how SBF2 domain facilitate the
nucleotide exchange activity of the DENN domain, however, their co-existence

suggest they have functional relationship.

34

© University of Venda



7S
>

) (o

,
L

University of Venda
Creating Future Leaders

Physicochemical analysis shows that KO513 possess a transmembrane region (Figure
2.3). This region consists of 17 residues forming up an alpha-helix. Transmembrane
proteins can be integrally anchored to the lipid bilayer for interaction with membrane
proteins. For example, general receptor for phosphoinositides 1 (Grpl), a known GEF
interact with PI3-kinase in the inner membrane through its pleckstrin homology (PH)
domain (Albers, 2012). When anchored to the membrane, Grpl catalyses the
nucleotide exchange and activation of ADP-ribosylation factor-6 (Arf6) (Venkataraman
et al., 2012). The presence of the transmembrane may suggest that KO513 performs
its nucleotide exchange function on membrane localized Rab GTPases when it is
anchored to the lipid bilayer. Furthermore, it may directly and indirectly facilitate
cellular processes such as vesicle trafficking or serve in transducing signal in
pathways such as neuroplasticity, cytoskeletal regulation and apoptosis (Lauriat et al.,
2006). The predicted interaction with the transmembrane proteins, most notably the
Na*/Ca?* Solute Carrier Family 8 Member A2 (SLC8A2) further substantiate this
finding (Table 2.2). Most importantly, Rab3a, a GTPase involved in vesicle trafficking
has been predicted to interact with KO513 supporting the role of KO513 along the

membrane.

Another important finding is the identification of the possible phosphorylation in Ser-
279 (Figure 2.1). Protein phosphorylation serves as an initial step crucial for facilitating
cellular and organic functions such as regulation of metabolism, subcellular trafficking,
and signal transduction (Ardito et al., 2017). Phosphoresidues can be activated or
deactivated by kinases or phosphatases, this modification induces conformational
change when the protein interacts with other proteins. Some GEFs require
phosphorylation to activate their GEF activity, p115, the smallest member of the RH-
Rho GEF subfamily gets phosphorylated at Tyr-738 by Janus kinase 2 (JAK2) to
positively regulate its GEF activity (Hodgson, 2014). The presence of the
phosphoserine residue suggest that KO513 is required to undergo phosphorylation to

perform its GEF function or other cellular processes.

The three-dimension homology model of KO513 was successfully generated using
PHYRE?. This is the first study to report on the hypothetical structure of K0513
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molecule (Figure 2.4). The three-dimension model reveal the globular nature of KO513
implying water solubility with the N-terminal end in proximity with the C-terminal. The
72 residues long SBF2 domain forms a helix that coils towards the transmembrane
region, this further strengthen our hypothesis that KO513 interact with Rab GTPases
along the membrane through its N-terminal and the SBF2 domain. However, due to
low homology of the templates used, we acknowledge that KO513 may resemble a
more complex structure than the one presented. The KO0513 structure undergo

conformational change when phosphorylated at Ser-279.

Interaction prediction study shows diverse interactors that forms part of important
cellular processes (Table 2.2; Table A3). This includes prediction of membrane
proteins, amongst this are vesicle trafficking proteins such as VAMP2. VAMP2
mediates trafficking of a5p1 along the plasma membrane (Hasan et al., 2010).
Prediction of membrane proteins indicates that KO513 may be involved in regulating
membrane processes. Notably, the prediction shows that KO513 possibly interacts
with small GTPases, most importantly Rab3a (Table 2), this GDP/GTP binding protein
is involved in vesicle trafficking (Van Weering et al., 2007). This finding further
substantiates the role of KO513 as a potential GEF (Wang et al., 2017). The predicted
kinases (PI14KA, MASTS3, and PRKCB) indicates a possible phosphorylation of KO513
on Ser-279 to execute its functions. Proteins involved in transcription regulation were
also identified as part of the interactome (Table 2.2, Table A3). This amongst others
include INTS4 which has been experimentally validated to interact through yeast two-
hybrid system (Lauriat et al., 2006). INTS4 is a transcriptional regulatory complex
which is associated with RNA polymerase Il (Albrecht et al., 2018).
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3.1. Introduction

Production and purification of recombinant protein serves as a basis for structural and
functional characterization of proteins. The production requires an appropriate
expression system, E. coli is used as one of the systems in recombinant protein
expression (Ferrer-Miralles, 2015). The preference is based on; amongst other, the
rapid expression of proteins (Ferrer-Miralles, 2015), high culture cell density (Shiloach
and Fass, 2005), and easy transformation of exogenous DNA (Pope and Kent, 1996).
However, the E. coli system lacks most of posttranslational modifications found in
eukaryotes such as glycosylation, palmitation, hydroxylation and sulfation (Sahdev et
al., 2008; Brondyk, 2009).

The low expression yields of eukaryotic gene in E. coli has been reported as one of
the major draw backs in using this expression system. Several strategies have been
developed to counteract this problem; this includes optimization of the expression
temperature (Song et al., 2012), use of improved host system such as E. coli BL21
(DE3) (Hortsch and Weuster-Botz, 2011), and of interest to this study the
harmonization of codon usage (Angov et al., 2008). When a foreign eukaryotic protein
is expressed in a different host such as the prokaryotic E. coli system, there may be a
significant difference in frequency of occurrence in synonymous codons relative to the
host's DNA. This phenomenon is referred to as codon bias (Rosano and Ceccarelli,
2014). This discrepancy leads to low abundance of tRNAs which results in either
incorporation of amino acids, or truncation of the protein (Gustafsson et al., 2004;

Rosano and Ceccarelli, 2014).

In order to trace the expression and purification scheme of the recombinant proteins,
proteins are expressed in tandem with a stretch of amino acids (fusion tag) which
allows production of a chimeric protein (Nilsson et al., 1997). The presence of the
fusion tag may also maximise the solubility and allow for easy purification from the E.
coli system, and their presence has been reported to be less likely interfere with the
function of the fused protein (Khan et al., 2012). Available vectors allow these small
tags to be positioned at either the N-terminal or the C-terminal of the fused protein,
therefore it is wise to choose a vector wherein the tag will be at the solvent accessible

end of your protein of interest (Rosano and Ceccarelli, 2014). The most commonly
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used tags include poly-His, poly-Arg, c-Myc, FLAG-, and Strep IlI- tags (Terpe, 2003).
Tags allow for easy purification by using resins that specifically bind to the tag such
as nickel-affinity resin, the purification as well as expression can also be confirmed

using antibodies designed against the specific tag (Bornhorst and Falke, 2000).

In this study, an E. coli expression system is used to produce recombinant His-tagged
wildtype (KO513w) and the codon harmonized (K0513n) human K0513. Recombinant
expression and purification of KO513 has never been reported. KO513 is cytosolic and
ubiquitously expressed, whether it has functions related to cellular membrane which
may affect its solubility has never been reported. Therefore, this study seeks to
heterologously express and purify recombinant K0513 for further structural and

functional analysis.

Specific objectives
1. To confirm the integrity pQE30-K0513w and pQE60-K05134 using restriction
digestion analysis
2. To express recombinant KO513w and K0513nin E. coli XL1-Blue cells
3. To purify KO513w and K0513H using Nickel-affinity chromatography
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3.2. Materials and methods

3.2.1. Materials

Reagents used were purchased from Merck (Germany), Sigma-Aldrich (United
States), Iford (United Kingdom), Thermo Fisher (United States). The following
antibodies were used to validate the presence of both KO513 constructs. Mouse
raised monoclonal anti-polyhistidine antibody, goat raised horseradish peroxidase
(HRP) conjugated anti-mouse IgG antibody (Thermo Fisher Scientific, USA), rabbit
raised polyclonal anti-KIAA0513 antibody and goat raised HRP conjugated anti-rabbit
IgG antibody (Abcam, UK). The special reagents used in this study are listed in the

table B4. The E. coli strains, and plasmid constructs used are listed in the Table 3.1.

Table 3.1. Description of E. coli strains and plasmids constructs used

E. coli Description Source/reference
Strains
JM109 DE3 el4— (McrA-) recAl endAl gyrA96 thi-1 hsdR17 (rK — mK+) Thermo Fisher
SuUpE44 relA1 A(lac-proAB) (F" traD36 proAB lacl® ZAM15) Scientific
XL1-Blue recAl endAl gyrA96 thi-1 hsdR17 supE44 relAl lac [F* proAB Bullock et al.,
laclg ZAM15 Tn10 (Tetr)]. (1987)
Plasmids Description Antibiotic
resistance
pQE30- pQE30 encoding non-codon harmonized Ampicillin GeneScript
K0513w K0513 resistance (AmpR) This study
pQEG60- pPQE60 encoding codon harmonized KO513 ~ AmpR GeneScript
K0513H This study

3.2.2. Construction of plasmid vector encoding human K0513

The constructs expressing the human K0513 were synthesized by GeneScript (United
States). The wild type K0513 was cloned into a pQE30 plasmid using Bam HI and
Hind 1l restriction enzymes to generate pQE30-K0513w harbouring the N-terminal
histidine tag and an ampicillin resistance gene. The pQE60 expression vector was

used to clone the codon harmonized K0513 using Nco | and Bgl Il restriction enzymes
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to generate pQE60-K0513H, this plasmid possesses, most importantly the C-terminal
histidine tag and ampicillin resistance gene. Restriction analysis was used to confirm
the identity of the constructs. Bam HI and Hind Il were used to digest pQE30-K0513w,
Nco | and Bgl Il for pQE60-K0513n (Appendix Bl, Table B1). Agarose gel
electrophoresis was used to visualize the resulting DNA fragments (Appendix B1).

3.2.3. Purification of His-tagged constructs

3.2.3.1. Recombinant expression of pQE30-K0513w and pQE60-K0513H
constructs

Chemically prepared E. coli XL1-Blue competent cells (Appendix B2) were
transformed with pQE30-K0513w or pQE60-K0513+1 (Appendix B3). A colony was
inoculated into 25 mL of 2 x YT media (1.6 % tryptone, 1 % yeast extract and 0.5 %
NaCl) supplemented with 100 pg/mL ampicillin and incubated overnight with shaking
at 37 °C. The overnight culture was diluted 10 times into a freshly prepared 2 x YT
media supplemented with 100 pg/mL ampicillin and incubated to mid exponential
growth at ODeoo. The expression of both the constructs was induced with 1mM IPTG
and samples were collected every hour for 5 hours. The cells were harvested at the
5th hour by spinning at 4000 x g for 20 min at 4 °C. The pellets were resuspended in
lysis buffer (0, 1 M Tris, [pH 7.5]; 300 mM NaCl, 10 mM Imidazole, 1 mg/mL lysozyme;
1 mM PMSF) and frozen at -80 °C. samples were prepared and analyzed using
Sodium Dodecyl Sulfate—Polyacrylamide Gel Electrophoresis (SDS-PAGE) and
Western blotting (Appendix B4).

3.2.3.2. Solubility study of recombinant pQE30-K0513w and pQEG60-K0513H
constructs

To determine the solubility of KO513, cell pellets from -80 °C freezer were allowed to
thaw on ice. The cells were reconstituted with native buffer and were resuspended in
lysis buffer containing either 8 M urea, 1 % Triton X-100 or the combination of two.
Collected samples were prepared and analyzed using SDS-PAGE and Western
blotting (Appendix B4).
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3.2.4.3. Purification of recombinant pQE30-K0513w and pQE60-K0513H
constructs

Recombinant protein was purified using nickel-affinity chromatography under
denaturing conditions for the N-terminal His-tagged KO0513w and under native
conditions for C-terminal His-tagged K0513n. The native purification followed a
protocol described by Zininga et al., (2015a and b) with some modifications. Briefly,
cell lysates from -80 °C were allowed to thaw on ice and subsequently sonicated at 30
% amplitude with pulses of 15 seconds. The homogenate was centrifuged at 5000 x g
for 20 minutes at 4 °C, the soluble fraction was kept on ice for further purification and
the pellet was resuspended with 2.5 mL PBS (137 mM NacCl, 27 mM KCI, 4.3 mM
Na2HPOa4, 1.4 mM KH2PO4). The soluble fraction was incubated with 2 mL (50 %
slurry) HisPur Ni-NTA Resin (Thermo Fisher Scientific) for four hours on ice. A column
was prepared and washed with 70 % ethanol followed by equilibration with the lysis
buffer. The lysate was added to the column, beads resins were allowed to sediment
before collecting the flow through. The column was washed three times with two bed
volume wash buffer (0, 1 M Tris, [pH 7.5]; 300 mM NaCl, 25 mM Imidazole) and
samples were collected. The protein was eluted with 2 mL of elution buffer (0, 1 M
Tris, [pH 7.5]; 300 mM NaCl, 500 mM Imidazole, 1 mM PMSF). The recombinant
proteins were dialyzed overnight in dialysis buffer (300 mM NaCl, 10 mM Imidazole,
10 mM Tris-HCI, pH 7.5, 10 % (v/v) glycerol, containing 1 mM PMSF) and quantified
using Bradford’s assay (Appendix B5, Table 5). SDS-PAGE analysis was used to
validate the purity of KO513w and K0513+ and Western blot analysis was used to verify
the identity and integrity of the protein (Appendix B4).
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3.3. Results

3.3.1. Constructs

3.3.1.1. Confirmation of pQE30-K0513-wt plasmid integrity

The integrity of pQE30-K0513w was successfully validated using restriction digestion
analysis (Figure 1B). The undigested pQE30-K0513w shows a single fragment of 2500
bp, this suggests the supercoiled form of the plasmid DNA (Figure 3.1B, lane 2). A
single digest using either Bam HI or Hind Il resulted in a linearized form of the
construct and shows a fragment at 4661 bp (Figure 3.1B, lane 3 and 4). This is in line
with the hypothetical size of pQE30-K0513w construct as generated on the plasmid
map (Figure 3.1A). The double digest using both Bam HI and Hind Il resulted in two
fragments, pQE30 at 3425 bp, and KO513w at the size of 1236 bp (Figure 3.1, lane 5).
The supercoiled form of the construct shows a fragment at 3000 bp (Figure 3.1D, lane
1). Single digest of pQE60-K0513H with Nco | and Bgl Il resulted in 4653 bp linearized
plasmid as resolved by agarose electrophoresis (Figure 3.1D, lane 3 and 4). The
double digest with both Nco | and Bgl Il resulted in two fragments, pQE60 resolved at
3417 bp and KO513H at 1236 bp (Figure 3.1D, lane 5). The resulting sizes correspond
with the generated plasmid map (Figure 3.1C).
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Figure 3.1: Restriction analysis of pQE30-K0513w and pQE60-K0513.

Restriction digest analysis of the constructs. (A) Plasmid map of pQE30-K0513w showing restriction
sites for Bam HI and Hind lll, the size of KO513w and the overall construct size. (B) Agarose gel
electrophoresis of pQE30-K0513w: samples were loaded as follows; Lane 1 - 1 Kb DNA ladder, Lane 2
- uncut pQE30-K0513w, Lane 3 - pQE30-K0513w restricted with Bam HI, Lane 4 - pQE30-K0513w
restricted with Hind 111, Lane 5 - pQE30-K0513w double digested with Bam HI and Hind IlI. (C) Plasmid
map of pQE60-K0513+ showing restriction sites for Nco | and Bgl Il, the size of KO513+ and the overall
construct size. (D) Restriction analysis of pQE60-K0513n plasmid: samples were loaded as follows;
Lane 1 - 1 Kb DNA ladder, Lane 2 - uncut pQE60-K05134, Lane 3 - pQE60-K0513H restricted with Nco
I, Lane 4 - pQE60-K0513H restricted with Bgl 1, Lane 5 - pQE60-K05134 double digested with Nco |
and Bgl Il. The plasmid maps were generated using SnapGene.
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3.3.2. Recombinant protein production of recombinant KO513w and K0513x

3.3.2.1. Expression of the pQE30-K0513w

The K0513w was expressed in E. coli XL1-Blue cells at 37 °C. The expression was
assessed using SDS-PAGE and Western blot analysis (Figure 3.2A). The SDS-PAGE
results did not depict a distinct KO513w band before and after IPTG induction,
however, the expression was confirmed by Western blot analysis which confirms the
presence of a band at 55 kDa. The Western blot shows that KO513w is expressed prior
to induction by IPTG, a phenomenon described as leaky expression. The pre-induction
sample also shows a presence of a distinct band at approximately 38 kDa which was
also picked up by the antibody. The 38 kDa band may suggest the presence of a
truncated form of KO513w as a result of protease activity within the E. coli system. The
induction study shows a similar KO513w yield from the first hour to the fifth hour post-
induction (Figure 3.2A). To counteract the leaky expression, KO513w truncation and to
improve the expression yield, the temperature was reduced to 20 °C (Figure 3.2B and
C). Heterologous expression of KO513w at 20 °C resulted in no truncation prior to and
after induction (Figure 3.2B). The high expression yield was observed at 24 hours post
induction (Figure 3.2B). Addition of 1 % glucose resulted in a significant reduction of
the leaky expression before induction (Figure 3.2C); however, this led to a more

prominent truncation of the KO513w (Figure 3.2C).
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Figure 3.2. Heterologous expression of KO513w.

SDS-PAGE (12 %) analysis of KO513w expression in E. coli XL1-Blue cells at 37 °C (A), 20 °C (B), and
in the presence of 1 % glucose (C). Samples are as follows; lane M - Prestained protein marker, Nc-
cells transformed with pQE30, To - uninduced cells transformed with pQE30- K0513w, T1 - T5 (1, 2, 3,
4 and 5-hour post induction samples respectively). Western blot was done using anti-Histidine.
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3.3.2.2. Solubility study of pQE30-K0513w

The solubility of recombinant pQE30-K0513w was assessed in the presence and
absence of denaturants. KO513w was not soluble in lysis buffer, depicted by a 55 kDa
band in the pellet fraction (Figure 3.3B, Lane Pf). This was further confirmed by
Western blot analysis which detected a band on sample after sonication and in the
pellet fraction, but a very faint band at 55 kDa was detected in the soluble fraction
(Figure 3.3B, untreated) which suggest KO513w may be expressed in inclusion bodies
or possible hydrophobic interaction with the membrane making it insoluble. The
K0513w was then treated by denaturants, urea and Triton X-100. The use of high
concentration of urea (8 M) has been shown to completely denature proteins by
disrupting the existing secondary structures (Singh et al., 2015), the same has been
reported when using 1 % of the nonionic detergent Triton X-100 (Noda et al.,
2017).The denaturants showed a significant improvement in the solubilization of
K0513w. The solubilization with 1 % Triton X-100 known to unfold proteins (Noda et
al., 2017) was patrtial (Figure 3.3A, 1 % Triton X-100), this is shown by a pronounced
55 kDa band detected in the soluble fraction, however, there was still significant
amount of protein detected in the pellet fraction as confirmed by Western blot (Figure
3.3A, 1 % Triton X-100). Highest concentration of 8 M urea known to unfold proteins
(Singh et al., 2015) showed a significant improvement, this is shown by a pronounced
55 kDa band in the soluble fraction and a faint band in the pellet fraction (Figure 3.3B,
8 M urea). The denaturants (Triton X-100 and urea) were further used in combination
to improve the solubilization of KO513w (Figure 3.3A). The combination treatment
shows a significant improvement compared to a single treatment using either urea or
Triton X-100. This is depicted by a thick band detected using anti-His antibody in the
soluble fraction (Figure 3.3A). The negative control shows the absence KO513w.
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Figure 3.3. Solubility study of KO513w.

K0513w was solubilized in the presents and absence of detergents. (A) Shows untreated and 8 M
treated lysates. (B) Shows lysates treated with 1 % Triton X-100 and combination treatment with 8 M
urea and 1 % Triton X-100. Lane M — Prestained molecular marker, Sn — cells after sonication, P —
pellet fraction, S — soluble fraction, Nc - cells transformed with pQE30, T5 — time of harvest (5 hour)
sample. Samples were resolved using 12 % SDS-PAGE and the presence of KO513w was validated
using anti-His (Lower panel).

3.3.2.3. Purification of recombinant KO513w

The recombinant K0513w was purified under denaturing conditions using Nickel-
affinity chromatography. KO513w was detected in the whole lysate as a 55 kDa species
(Figure 3.4, lane Sn), this was also observed in the soluble fraction to show that
K0513w was successfully solubilized (Figure 3.4, lane S). There was some protein
detected in the flow through, which suggests that KO513w did not fully bind to the
Nickel-charged beads (Figure 3.4, lane Ft). KO513w was absent from the wash sample
(Figure 3.4, lane W1 and W2). The purification of the protein was not successful due
to the high level of other contaminating species coming out prominently at 100 kDa,
45 kDa and 25 kDa (Figure 3.4, lane E1, E2 and E3). There is a notable breakdown
of KO513w detected in all the samples, this might be a results of prolonged incubation
time as supported by the Western blot (Figure 3.4). To ensure stability of the protein,
a shorter incubation time of four hours was used in further purifications. To obtain a

pure protein, several modifications to the purification protocol were made.
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Figure 3.4. Purification of recombinant KO513w.

Purification of KO513w using Ni-affinity chromatography, SDS-PAGE (12%) analysis (top panel) and
Western blot analysis (lower panel). Upper panel: Lanes, M — Protein marker; Nc - E. coli XL1-Blue
cells transformed with pQE30; Pf — pellet fraction; Sf — supernatant fraction; FT — flow through; W1 and
W2 — wash 1 and wash 3, respectively; E1 — E3 — elution 1, elution 2 and elution 3, respectively. Lower
panel: detection of KO513w at 55 kDa using anti-Histidine antibody and visualized using TMB.

To reduce the presence of contaminating protein species, the wash volume was
increased and the imidazole concentration for the first wash was increased from 25
mM to 50 mM, and gradient elution was performed from 150 mM to 500 mM imidazole
(Figure 3.5A). There was some of KO513w protein lost in the first wash which is
expected because of an increased imidazole concentration (Figure 3.5A, W1).
However, there was no significant improvement on the purity of KO513w since the
contaminants were still observed. The contaminating proteins observed during the
expression led to an assumption that they might be chaperones from the E. coli
system, therefore, the column was washed with a wash buffer supplemented with 10
mM ATP and 5 % glycerol (Figure 3.5B). Addition of ATP and glycerol did not show a
significant reduction of the contaminants (Figure 3.5B, lane W3). There was a
prominent band at 35 kDa suggesting a possible breakdown or truncation of KO513w

detected in all elution’s as shown by the Western blot using anti-His antibody.
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Figure 3.5. Purification optimization of recombinant pQE30-K0513w.

Purification of KO513w using Ni-affinity chromatography, SDS-PAGE (12%) analysis (top panel) and
Western blot analysis (lower panel). Purification was optimized using gradient elution (A) and washing
the column with ATP and glycerol (B). samples were loaded as follows; Lanes, M — Protein marker; Nc
- E. coli XL1-Blue cells transformed with pQE30; Pf — pellet fraction; Sf — supernatant fraction; FT — flow
through; W1 and W3 — wash 1 and wash 3, respectively; E1 — E3 — elution 1, elution 2 and elution 3,
respectively. Lower panel: detection of KO513w at 55 kDa using anti-His and visualized using TMB.

To purify KO513w, alterations made include the use enriched media (terrific broth)
(Figure 3.6A). This was an attempt to increase the expression of K0513w and to
counteract the toxicity which could have resulted to truncation, the induction OD was
not altered since the increase might promote formation of inclusion bodies. The
truncation was not observed, there was no significant improvement in band intensity
(Figure 3.6, lane S). The target protein was still detected with a lot of other protein
species (Figure 3.6, lane E1, E2, and E3). In order determine if contaminating proteins
E. coli XL1-Blue strain specific, JM109 cells were used to produce recombinant
K0513w (Figure 3.6B). The contaminating protein species prominently at 35 kDa, 30
kDa were detected in the elution (Figure 3.6B; E1, E2 and E3). The Western blot
analysis shows no breakdown product. There was no significant improvement
detected in lowering the amount of contaminating proteins even after a strain switch
(Figure 3.6B, lane E1, E2, and E3).
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Figure 3.6. Purification of recombinant KO513 expressed in JM109 cell line and in TB media.
Purification of KO513w using Ni-affinity chromatography, SDS-PAGE (12%) analysis (top panel) and
Western blot analysis (lower panel). Purification of KO513w expressed in E. coli IM109 cell line (A) and
expressed in terrific both (TB) enriched media (B). samples were loaded as follows; Lanes, M — Protein
marker; Nc - E. coli XL1-Blue cells transformed with pQE30; Pf — pellet fraction; Sf — supernatant
fraction; FT — flow through; W1 and W3 — wash 1 and wash 3, respectively; E1 — E3 — elution 1, elution
2 and elution 3, respectively. Lower panel: detection of KO513w at 55 kDa using anti-His and visualized
using TMB.

3.3.2.4. Expression of recombinant K0513H

Wild type K0513 was not purified, so the codon harmonized K0513 was explored
through expression and purification in the E. coli system. The recombinant KO513+
was expressed in the E. coli XL1-Blue system. The induction study was assessed by
SDS-PAGE and confirmed by Western blot using anti-K0513 and anti-Histidine
antibodies (Figure 3.7). E. coli XL1-Blue cells transformed with pQE60 was used as a
negative control for the expression study as it does not express K0513x. The pre-
induction sample exhibits the heterologous expression of the 47 kDa K0513+ protein
(Figure 3.7, lane To), this might show that the promoter is not tightly regulated leading
to leaky expression. The post-induction samples show an increase in the expression
K0513H, this however does not show a significant increase from the first and last hour
(Figure 3.7, T1 — T5). The induction and expression of the 47 kDa K0513n was
successfully confirmed using Western blot analysis using anti-K0513 and anti-

Histidine antibodies.
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Figure 3.7. Heterologous expression of recombinant His-tagged K05134.

SDS-PAGE (12 %) analysis of KO513x expression in E. coli XL1-Blue cells. Samples are as follows;
lane M - Prestained protein marker, Nc - cells transformed with pQEG0, To - uninduced cells transformed
with pQE60-K0513H, T1 - T5 (1, 2, 3, 4 and 5-hour post induction samples respectively). Cells were
grown at 37 °C. Western blot was done using anti-K0513 and Anti-Histidine.

3.3.2.5. Solubility study of recombinant KO513n

The solubility study was carried out to determine the solubility profile of KO513H. To
increase the solubility, 8 M urea, 1 % Triton X-100, and the combination of the two
detergents was used (Figure 3.8, A and B). The untreated sample shows good
solubilization wherein approximately 80 % of KO513H is in the soluble fraction (Figure
3.8A, untreated). There is no significant improvement in samples treated with 8 M urea
and 1 % Triton X-100 (Figure 3.8B), however, the combination of the two detergents
shows a slight improvement as depicted by a slight band in the pellet fraction (Figure
3.8B). Although the treatment with Triton X-100 and urea and the combination
thereafter yielded best results, the untreated was sufficient to purify from since it

maintains KO513win its native form.
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Figure 3.8. Solubility study of KO5134.

K0513+ was solubilized in the presents and absence of detergents. (A) Shows untreated and 8 M
treated lysates. (B) Shows lysates treated with 1 % Triton X-100 and combination treatment with 8 M
urea and 1 % Triton X-100. Samples were loaded as follows; Lane M — Prestained molecular marker,
Sn — cells after sonication, P — pellet fraction, S — soluble fraction, Nc - cells transformed with pQE30,
Ts — time of harvest (5 hour) sample. Samples were resolved using 12 % SDS-PAGE and the presence
of KO513n was validated using anti-His (Lower panel).

3.3.2.6. Purification of recombinant pQE60-K0513H

Recombinant KO513n was successfully purified from the soluble fraction in its native
form using Nickel-affinity chromatography (Figure 3.9). This was from the lysate
treated with lysis buffer without denaturants in order to maintain the native state of the
protein (Figure 3.9A). Some of the protein did not fully bind to the beads as indicated
by a distinct 47 kDa band in the flow through (Figure 3.9, lane Ft), some protein was
lost as unbound protein which did not bind to the nickel beads. A little but insignificant
amount of protein was lost in the washes (Figure 3.9, lane W3). However, the
recombinant KO513n was successfully purified as depicted by a band of approximately
47 kDa (Figure 3.9, lane E1 and E2). The overall purification yielded 5 mg/mL from 250
mL total culture volume and shows about 80 % purity. The purified KO513+ was further

validated by Western blot using anti-K0513 and anti-Histidine antibodies.
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Figure 3.9. Purification of recombinant K0513y using nickel affinity chromatography.
SDS-PAGE (12%) analysis for KO513w purification and confirmation using Western blot. Samples are
as follows; lane M — Prestained protein marker, Nc - cells transformed with pQEG60, T5 — time of harvest
(5 hour) sample, P - pellet fraction, S - soluble fraction; Ft - flow through; W3 - third wash, E1 -— elution
1, E2 - elution 2, D - dialyzed protein. Western blot was done using anti-K0513 and anti-histidine
antibodies and visualized using ECL.
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3.4. Discussion

The main objective of this study was to express and purify recombinant KO513 from
the wild type and codon harmonized constructs pQE30-K0513w and pQE60-K0513H,
respectively) for further structural analysis. Both KO0513w and KO513H were
successfully expressed in the E. coli system, however only KO5131 was successfully
purified for analysis. This is the first study to report on the expression and purification
of full length human K0513 from a prokaryotic system.

Recombinant KO513w was shown to resolve at 55 kDa, a different size to its theoretical
molecular weight of 47 kDa, this molecule was expressed in its insoluble form in the
E. coli system (Figure 3.2). This taken together suggests the possible formation of
aggregates or inclusion bodies within the E. coli system (Gopal and Kumar, 2013;
Ferrer-Miralles, 2015). This can further explain the truncation observed which may be
a result of the host’s protease machinery (Spiess et al., 1999), and the induction of
chaperone complexes leading to a high-level of contaminants encountered during
purification of KO513w. The truncation and low expression could have been an
indication of the harmful effects that the heterologous protein has on the cell, this could
be a result of toxicity or codon bias (Dumon-seignovert et al., 2004). The expression
of toxic protein also activates the stress response of the host cell which may include
the induction of chaperone machinery (Akiyama, 2009), molecular chaperones will
then execute their holdase and foldase function forming a complex with KO513w. The
observations suggest that some of the contaminating proteins that were observed to
co-purify with KO513w at approximately 70 kDa, 40 kDa, 35 kDa, and 15 kDa are
molecular chaperones (Figure 3.4; Figure 3.5). It has been reported that
supplementing the growth media with 1 % glucose can reduce truncation as well as
leaky expression, as the glucose tightens the weakly regulated promoter system
(Strudier, 2005). Observations from this study was in support of the hypothesis since
the leaky expression was reduced, however, this subsequently increased the intensity

of the truncation (Figure 3.2).

Most of these factors translates to challenges that are faced in expressing a non-codon
harmonized eukaryotic gene in a prokaryotic system such as E. coli system. Several

optimization strategies were used to improve expression and solubility of KO513w. This
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includes lowering the expression temperature (Song et al., 2012), and use of different
media and changing the E. coli strain (Hortsch and Weuster-Botz, 2011). The
expression of KO513w was improved at low temperature (Figure 3.2), this is because
lowering the temperature slows the transcription, translation and refolding rate which
may allow proper folding of the protein (Vera et al., 2006). Although there was a
significant improvement on the expression levels, the solubility of KO513w remained
challenging. Purification of this construct can be tackled using a more improved

approaches such as size exclusion chromatography.

We therefore assumed that all these challenges are conferred by codon bias between
KO0513w as an exogenous protein and the host system machinery (Rosano and
Ceccarelli, 2014). We resorted to generating a codon-harmonized gene (K0513H)
cloned into a pQE6O plasmid which encodes a C-terminal histidine tag to allow a

proper compatibility with the E. coli system (Figure 3.1).

The leaky expression of KO513H in E. coli XL1-Blue cells was observed prior induction
by IPTG, this phenomenon may indicate weakly regulated promoter (Figure 3.7). This
can be improved by addition of 1 % glucose to the media (Strudier, 2005), or the use
of the inducible T7 phage lysozyme system into strains such as the BL21(DE3) pLysS
(Stano and Patel, 2004; Rosano and Ceccarelli, 2014; Briand et al., 2016).
Recombinant KO513n was successfully expressed at 37 °C which is the optimum
culture temperature for E. coli cells (Figure 3.7). KO513H is a soluble protein, which is
expected to the localization study which reported KIAA0513 to be cytosolic (Lauriat et
al., 2006). Furthermore, the observed partial solubility might indicate that KO5131 has
some hydrophobic properties suggesting a possible functional activity along the cell
membrane (Figure 3.8; Rawlings, 2016). This includes in cellular processes such as
cytoskeletal regulation and neuroplasticity (Lauriat et al., 2006). The partial solubility
has been observed in membrane proteins found in magnetosomes that exist as
soluble assemblies before they are recruited to the membranes, their overall solubility
prevents them from being incorporated to the inner membrane and only the
hydrophobic rich domain interacts with the membrane (Tanaka et al., 2006).
Recombinant KO513n was successfully purified using Nickel-affinity chromatography
(Figure 3.9).
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4.1. Introduction

The protein structure determines their function, the tertiary structure is a functional
form of a protein and exist in three dimensions. The study of tertiary structural
organization can reveal and lead to ascertaining and annotation of functions. Several,
approaches have been developed to study this structure, this includes amongst others,
monitoring the fluorescence of aromatic residues and the use of a controlled
proteolytic digest through limited proteolysis.

Protein conformation can be determined by measuring the intrinsic fluorescence from
aromatic amino acids (Ghisaidoobe and Chung, 2014). Three aromatic amino acids
are known to fluoresce when exposed to ultraviolet (UV) light; tryptophan (W), tyrosine
(Y) and phenylalanine (F). F has a very low quantum yield as well as low absorptivity,
therefore its intrinsic fluorescence is negligible. on the other hand, Y has a similar
guantum yield to W and its emission is often quenched through energy transfer to W
or interaction with the peptide chain (Chen et al., 1998). Of the three, tryptophan is
the most dominant with a concentration of 1 mol % and 3 mol % for cytosolic and
membrane proteins respectively (Swaminathan et al., 1994; Lakowicz, 2006).

Tryptophan is uniquely sensitive to collisional quenching; this is due to its propensity
to donate electrons when it is in its excited-state indole (Guo et al., 2014; Xu et al.,
2014). This quenching can either be a result of external quenchers or from the groups
around the W residue within the protein (Van de Weert and Stella, 2011). It has been
suggested that the amide group can also lead to fluorescence quenching under
appropriate conditions (Ghisaidoobe and Chung, 2014). Moreover, in addition to ligand
binding, an inner-filter effect which is an absorbance of light at the excitation or
emission wavelength may lead to fluorescence quenching (Ghisaidoobe and Chung,
2014).

A change in the solvent environment of the tryptophan residue due to denaturation of
the protein, subunit association or ligand binding induces conformational changes
which lead to fluorescence quenching and shift of the fluorescence maxima (Vivian
and Callis, 2001; Akbar et al., 2016). The primary structure of KO513 possesses a total
of six tryptophan residues at positions W65, W134, W218, W300, W306, and W339.
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Therefore, tryptophan fluorescence spectrophotometry was used to assess the tertiary
structural conformation of KO513.

Limited proteolysis is based on the controlled exposure of a protein to the proteolytic
enzyme. This technique is used to determine the structural conformation features of
the protein. This is because cleavage takes place when the protein is in its tertiary and
guaternary structure, the first cleavage is suggested to be on the cleavage site located
on the surface of the protein and accessible to the enzyme (Petrotchenko et al., 2014).
The presence of the bound ligand can affect the susceptibility of a protein to proteolytic
digest (Zeinoddini et al., 2013). Several proteases have been explored in the study of
protein, this amongst others include trypsin, chymotrypsin and proteinase k. Trypsin is
known to specifically cleave the c-terminal of arginine and lysine (Olsen et al., 2014).

K0513 has a total of 47 trypsin cleavage sites.

Specific objectives
1. To investigate the effect of nucleotides on K0513 tertiary structure using
tryptophan fluorescence spectroscopy
2. Toinvestigate the effect of nucleotides on K0513 tertiary structure using limited
proteolysis

3. To determine direct interactors of KO513 using pulldown assay
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4.2. Materials and methods

4.2.1. Tryptophan based fluorescence spectroscopy

The tertiary structure of KO513 was analyzed using intrinsic tryptophan fluorescence
spectroscopy. The assay was conducted as precisely described in (Zininga et al.,
2016). Spectra was generated and monitored after initial excitation at 295 nm. The
emission spectra were monitored between 280 to 500 nm, 1000 nm/min scan speed,
3 accumulations and 10 nm emission bandwidth. Effect of nucleotide on KO513 tertiary
structure was determined by incubating the protein with various concentrations
ranging from 1 mM to 5 mM ATP/ADP and 0.1 mM to 1 mM GDP/GTP for 10 min at
37 °C before fluorescence reading. The effect of chemical denaturants on the
conformation of K0513 was assessed by incubating the protein with 1 M to 6 M
guanidine-HCL and 1 M to 8 M Urea concentration range prior the fluorescence

reading.

4.2.2. Limited proteolysis

Nucleotide dependent conformational alterations of recombinant his-tagged K0513
were investigated by limited trypsin proteolysis. The assay was conducted as precisely
described in (Zininga et al., 2015; da Silveira Tome et al.,, 2018) with some
modifications. Briefly, limited proteolysis was performed in TBS buffer (250 mM Nacl,
50 mM Tris pH 7.5) using an enzyme to substrate ratio of 1:2000 (3. 21 nM trypsin:6.42
MM K0513). The assay was carried out after incubation of K0513 for 15 minutes at 37
°C in the absence of nucleotides or in the presence of 5 mM ATP/ADP or 1 mM
GTP/GDP. Aliquots were collected at time intervals and the reaction was stopped by
the addition of 4X SDS loading buffer [0.5 M Tris-HCI, pH 6.8, 10 % (v/v) glycerol, 10
% (w/v) SDS, 5 % (v/v) B-mercaptoethanol, 1 % (w/v) Bromophenol Blue]. The
digestion pattern was analyzed using SDS-SPAGE on 12 % acrylamide gels stained
with Coomassie brilliant blue R-250 solution. The gel was scanned using ChemiDoc

to allow densitometric analysis.
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4.2.3. Pull-down assay

Pull down assay was used to identify possible interactors of KO513 from fibrosarcoma
cell lysates. The recombinant KO513 (bait) immobilized on HisPur Ni-NTA Resin to
facilitate pull down of protein interactors from fibrosarcoma lysate. This was
extensively washed with wash buffer (0, 1 M Tris, [pH 7.5]; 300 mM NaCl, 25 mM
Imidazole). The volume of 200 uL Fibrosarcoma cell lysate (prey) containing 1 mg/mL
of proteins was added incubated for 4 hours to allow possible binding with KO513
(bait). The interactions were cross-linked by incubating with 1 % formaldehyde for 7
minutes at room temperature and quenched with PBS. The column was washed 3
times with two times bed volume of the wash buffer. The interactome was eluted with
2 mL of the elution buffer (0, 1 M Tris, [pH 7.5]; 300 mM NaCl, 500 mM Imidazole, 1
mM PMSF). The pull-down eluates were analyzed using 12 % SDS-PAGE and

visualized using silver stain.
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4.3. Results

4.3.1. Tertiary structural organization of KO513

The tertiary structure of KO513 was assessed using intrinsic tryptophan fluorescence
analysis in the presence of varying concentration of guanidine-HCI and urea (Figure
4.1). The native K0513 registered its maximum fluorescence intensity at a wavelength
of 332 nm suggesting a folded state. An increase in guanidine-HCl concentration
resulted in reduced fluorescence intensity, this suggest fluorescence quenching
(Figure 4.1A1). Analysis of fluorescence intensity maxima shows a significant
wavelength shift with respect to increasing guanidine-HCI concentration, the change
followed a red shift indicating that KO513 now in an unfolded state (Figure 4.1A2). To
validate this, the tertiary structural analysis was again performed in the presence of
varying concentration of urea (Figure 4.1B1). An increase in urea concentration
resulted in fluorescence quenching in a concentration-dependent manner (Figure
4.1B1). The shift in fluorescence in response to urea concentration displays a
significant red shift as expected (Figure 4.1B2). The fluorescence spectra show the
presence of two distinct peaks at approximately 332 nm and 365 nm respectively. The
365 nm peak appears small in the absence of denaturants and become more
pronounced as the denaturant concentration is increased. This may indicate that the

protein was not completely native.
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Figure 4.1. Conformation of K0513 in the presence of guanidine-HCI and urea.

K0513 conformation was assessed using tryptophan fluorescence spectrophotometry in the presence
of various guanidine-HCI concentration ranging from 1 M to 6 M (Al), and the wavelength shift was
plotted against the concentration of urea (A2). The same procedure was followed in the presence of
urea at concentration ranging from 1 M to 8 M (B1) and the wavelength shift was plotted against its
concentration (B2). Initial excitation was at 295 nm and the spectra were monitored between 280 t0 500
nm, 1000 nm/min scan speed, 3 accumulations and 10 nm emission bandwidth. The 332 and 365 nm
peak represents the native and the denatured K0513, respectively.

4.3.2. Effects of nucleotides on the tertiary structure of K0513

The ability of KO513 to change conformation in the presence of nucleotides was
assessed using tryptophan fluorescence (Figure 4.2). The fluorescence analysis in the
presence of ATP shows a quenching effect which is proportional to an increasing ATP
concentration (Figure 4.2A1). there was no significant red or blue shift observed on
the intensity maxima of the 332 nm peak (Figure 4.2A2). Similarly, the fluorescence
assessment in the presence of ADP shows a decrease in fluorescence intensity with
an increasing ADP concentration (Figure 4.2B1). The wavelength shift based on
fluorescence maxima remained insignificant (Figure 4.2B2). Furthermore,
fluorescence analysis was done in the presence of GTP (Figure 4.2C1). Similar to
what was observed with ATP and ADP, the fluorescence intensity was decreased with
increasing concentration of GTP. Notably, the second peak coming out at 365 nm
become more pronounced as the GTP concentration increases. These changes were
more prominent in 0.8 mM and 1 mM concentration (Figure 4.2C1). The wavelength

shift of the intensity maxima shows no significant change (Figure 4.2C2). Tryptophan
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fluorescence intensity was decreased with an increasing concentration of GDP (Figure
4.2D1). Higher concentration of GDP at 1 mM shows a slight disappearance of the
365 nm peak. There was no significant wavelength shift based on fluorescence
intensity maxima observed (Figure 4.2D2). This suggests that the presence of GDP
and GTP affected the surrounding environment, favouring the fluorescence of either
the native or denatured population of KO513.
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Figure 4.2. Effect of nucleotides on the tertiary structure of K0513.
The conformational change of KO513 was assessed in the presence of various concentration of ATP
(A1) and the shift in wavelength was plotted against concentration (A2), ADP (B1) with its wavelength
shift (B2). The same was followed for GTP (C1) and GDP (D1), and the wavelength shift was plotted in
(C2) and (D2) respectively. Initial excitation was at 295 nm and the spectra were monitored between
280 t0 500 nm, 1000 nm/min scan speed, 3 accumulations and 10 nm emission bandwidth.
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To elucidate if the pronouncement of the 365 nm peak was a not a result of GTP

hydrolysis, KO513 was incubated with GTP and the fluorescence was monitored over

time (Figure 4.3). The fluorescence intensity shows a significant reduction after 20

minutes of incubation with GTP, this also revealed another peak shifted towards longer
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wavelength of around 420 nm which again disappeared after 40 minutes of incubation.
As the incubation time increased to 120 minutes, the fluorescence intensity increased

and was again quenched and stabilized at time 240 and 300 minutes (Figure 4.3).
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Figure 4.3. Conformation of KO513 in response to GTP presence over time.

K0513 conformation was assessed using tryptophan fluorescence spectrophotometry in the presence
of GTP. The fluorescence was monitored over time for 300 minutes. Initial excitation was at 295 nm
and the spectra were monitored between 280 t0O 500 nm, 1000 nm/min scan speed, 3 accumulations
and 10 nm emission bandwidth.

4.3.3. Determination of nucleotides effect on K0O513 conformation using limited
proteolysis

The effect of nucleotide on the structural conformation of KO513 was assessed using
trypsin based limited proteolysis in the presence and absence of nucleotides. The
resulting peptide fragments were analyzed by SDS-PAGE (Figure 4.4). Trypsin
digestion after 10 minutes of incubation generated a fragment at 35 kDa and below 17
kDa which is similarly observed in the absence of nucleotides and in the presence of
ATP and ADP (Figure 4.4A). The observed bands are absent in the purified K0O513
(untreated) which suggest that they are a result of proteolytic digest. The degree of
fragmentation follows the same pattern in the absence and presence of ATP/ADP after
20 and 40 minutes of incubation. After 80 minutes of incubation, the nucleotide free
K0513 shows a greater degree of digestion compared to the ATP/GDP (Figure 4.4A
and B). Similar trypsin digestion trend was observed in the presence of GTP/GDP

(Figure 4.4C. fragmentation bands were observed from 10 minutes of incubation in the
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presence and absence of GTP and GDP. The presence of both GTP and GDP did not
show any significant effect on the conformational change of KO513 Figure 4.4A, D).
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Figure 4.4. Proteolytic digest of K0O513 in the absence and presence of nucleotides.

Trypsin digest of KO513 in the presence of 5 mM ATP/ADP (A) and in the presence of 1mM GTP/GDP
(C). Samples were collected at each time point and analyzed using SDS-PAGE. Samples were loaded
as follows; M - prestained molecular marker, U — undigested K0513, NN - trypsin digest in the absence
of nucleotides, ATP/ADP/GTP/GDP - trypsin digest in the presence of the respective nucleotide. The
band intensity of the digest in the presence of ATP/ADP and GTP/GDP was quantified using
densitometry on Image Lab™ represented in B and D, respectively.
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4.3.4. Determination of possible K0O513 interactors using pulldown assay

Possible interactors of K0513 were investigated using pull down assay from
fibrosarcoma cell line, the resulting interactome was analyzed using SDS-PAGE and
visualized using GE Healthcare PlusOne™ Silver Stain Kit (Figure 4.5). The soluble
fraction shows that presence of K0O513 as 46 kDa band in its native form to allow
binding with possible interactors (Figure 4.5A, Sf). The fibrosarcoma cells shows
presence of many protein species, with distinct bands that are more pronounced at
approximately 16 kDa, 30 kDa and 45 kDa respectively (Figure 4.5A, input). Few
protein bands were detected in the first was and absent in the third wash, this indicate
the unbound proteins (Figure 4.5A, W1 and W3). The eluents depict the presence of
possible interactors, this is shown by the presence of two unique bands labelled 1 and
2 coming out at approximately 100 kDa and 44 kDa respectively (Figure 4.5A, E2).
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Figure 4.5: Investigation of KO513 interactors using pulldown assay.

Pull down assay was performed form fibrosarcoma cells (Input) using the recombinant His-tagged
K0513 (bait) and analyzed using SDS-PAGE. Samples were loaded as follows; M - prestained
molecular marker, Sf — Soluble fraction, B — Bait (immobilized K0513), In — Input (Fibrosarcoma cells),

Ft — Flow through, W1 and W3 — first and third wash after cross-linking, E1 and E2 — first and second
elution with 500 mM imidazole.
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4.4. Discussion

The fluorescence data revealed the tertiary structural organization of KO0513.
Denaturing the protein with urea and guanidine-HCI resulted in a significant red shift
of the intensity maxima in a concentration dependent manner (Figure 4.1). This
reveals that the fluorescing W residues are located in a nonpolar hydrophobic interior
(Keshav et al., 2019). This is because, W has two nearby isoenergetic excitation
states, La and Lo (Albani, 2014) which differs with sensitivity to solvent. In
hydrophobic environments, 'L» dominates the W emission and display a blue shift of
W fluorescence due to an increase in non-polarity (Ghisaidoobe and Chung, 2014). In
contrast, denatured proteins with solvent exposed W residues displays a red shift
(Eftink, 2006) indicating that the protein is now in an unfolded conformation. This
further suggest that, in its native state, KO513 exist as a globular protein which has a
maximum fluorescence intensity at 332 nm. The W fluorescence was quenched as the
denaturant’s concentration increased which suggest that the W residues on K0513

were close to the nonpolar residues.

Preliminary in silico studies shows that KO513 possibly interacts with Rab3a, and that
it has a possible role in the GTPase cycle of Rab3a as a guanine exchange factor.
GTPases transit between the active (GTP-bound) state and the inactive (GDP-bound)
state. The GEF facilitate exchange of nucleotides (GTP/GDP) without binding to the
nucleotides but to switch | and switch Il of the GTPase (Kiontke et al., 2017). KO513
depicted no conformational change when exposed to nucleotides (Figure 4.2). This
observation indicate that KO513 does not directly interact with nucleotides, and that its
tertiary structure is not modulated by nucleotides which support the possible function
as a NEF. To elucidate whether KO513 hydrolyses GTP, the fluorescence was
monitored over time in the presence of a fixed GTP concentration (Figure 4.3). K0O513
depicted neither red nor blue shift on its native 332 nm peak. This suggest that K0O513
does not hydrolyse GTP, and further support that KO513 conformation is not altered
by nucleotides. Taken together, this finding suggest that K0513 facilitates the
exchange of GTP/GDP in Rab3a as a GEF and subsequently activates it.

Limited proteolysis was used to further validate the tryptophan fluorescence results,

this was through trypsin digest of the recombinant KO513 and monitoring the effect of
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nucleotides on its conformation (Figure 4.4). The presence of fragments on the SDS-
Page indicates that KO513 is susceptible to proteolytic digest, however, the observed
fragmentation patterns in the presence of nucleotides were the same. This suggests
that the nucleotides did not affect the tertiary structure of the protein which is in support

with the fluorescence data.

The pull-down assay was used to identify protein interactors of KO513. Since K0513
is ubiquitously expressed, fibrosarcoma cell line was used for prey proteins (Figure
4.5). The unique bands identified in the elution represent possible interactors and were

sent for LCMS. Their identity may help in validating the predicted interaction network.

This finding provides preliminary results on the role of KO513 as a rab GEF, the results
paves a way for further studies on this interesting molecule. Future studies will include
GTPase assay to confirm the suggested role of KO513 as a GEF for Rab GTPases,

specifically Rab3a, and known GEFs will be used as positive controls.
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In silico analysis revealed that KO513 is a globular protein which contains a conserved
SBF2 domain, a transmembrane region, and suggest that it functions as a nucleotide
exchange factor for small GTPase, Rab3a. Findings from this study suggest that
K0513 interacts with Rab3a and induce its conformational change, facilitate the
exchange of GTP/GDP, and subsequently lead to the activation of Rab3a. This
suggest a role K0513 of K0513 in signalling pathways, by facilitating Rab3a in
executing its role during synaptic vesicle transportation and cancer development. This
is the first study to report on the recombinant expression, purification and
characterization of human K0513. The biophysical characterization provided in this
study is important in further elucidating the role of KO513 in signalling pathways
associated with GBM as well as pancreatic cancer. Future studies may include cell-
based approach such as gene knockout using GBM cell lines, identification of possible

inhibitors as well as X-ray crystallography.
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Appendices

Appendix A: Supplementary data

Table A1l. Human Rab proteins and their identified nucleotide exchange factors

Rabs GEFs References Rabs GEFs References
Rabla TRAPP | Yoshimura et al., 2010; Rab17 Vps9 Yoshimura et al., 2010;
Ishida et al., 2016 Ishida et al., 2016
DrrA Murata et al., 2006
(Pneumophila)
Rab1b TRAPP | Yoshimura et al., 2010; Rab18
Ishida et al., 2016
DrrA Murata et al., 2006
(Pneumophila)
Rab2a Rab20
Rab2b Rab21 Rabex-5 Yoshimura et al., 2010;
(Vps9) Ishida et al., 2016
Rab3a MADD (DENN) Yoshimura et al.,, 2010, Rab22a Rabex-5 Yoshimura et al., 2010;
Ishida et al., 2016 (Vps9) Ishida et al., 2016

Rab3b MADD (DENN) Yoshimura et al., 2010 Rab23
Ishida et al., 2016
Rab3c MADD (DENN) Yoshimura et al., 2010; Rab24
Ishida et al., 2016
Rab3d MADD (DENN) Yoshimura et al., 2010; Rab25
Ishida et al., 2016
Rab4a Rab26
Rab4b Rab27a MADD Yoshimura et al., 2010;
(DENN) Ishida et al., 2016
Rab5a Rabex-5 (Vps9) Yoshimura et al., 2010; Rab27b
Ishida et al., 2016
Rab5b Rab28 SBF1 (DENN)  Yoshimura et al., 2010;
Ishida et al., 2016

Rab5c Rab29
Rab6a  Ricl-Rgpl Yoshimura etal., 2010; Rab30
Ishida et al., 2016
Rab6b Ricl-Rgpl Yoshimura et al., 2010; Rab31
Ishida et al., 2016
Rab6c Rab32  BLOC-3 Gerondopoulos et al.,
2012
Rab7a Mon1/Cczl Yoshimura et al., 2010; Rab33a
Ishida et al., 2016
Rab7b Mon1/Cczl Yoshimura et al., 2010, Rab33b
Ishida et al., 2016
Rab8a Rabin-8 Rab34
GRAB Yoshimura et al., 2010;
Ishida et al., 2016
Mss4 Itzen et al., 2006
C90rf72 Corbier and Sellier,
2016
Rab8b C90rf72 Corbier and Sellier, Rab35 DENND1A-C Yoshimura et al., 2010;
2016 Ishida et al., 2016
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Figure Al. BSA standard curve generated from 10 mg/mL BSA stock.

Absorbance of different BSA dilution read at 595 nm was plotted against respective concentration.
Linear regression and the R2 value were generated using Excel.
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Table A2. Physicochemical characteristics of KO513 homologues

Molecular
wight
Theoretical
pl
Residues
Net charge

DrkKo0513

47975.42

5.1888

424
-11.0

XtK0513  GgK0513 MmKO0513 RnKO0513 MamKO0513

48059.25 45383.72 46318.39 46275.34  46583.54

4.8843 5.8166 4.6636 4.6560 4.7406
419 400 407 407 411
-15.5 -5.0 -18.5 -18.0 -16.5
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PtK0513

46648.59

4.6994

411
-17.5

CIK0513

46837.19

5.0558

410
-11.0

BtK0513
46869.00
5.2156

413
-9.0
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Table A3: Predicted interaction partners of KO513

UniProt ID
QONTI2
P60880
Q2Mm218
QI9NWB1
P14867

P09471

P61764

P37840
Q59EK9
Q70YC5
Q9BWQS
QoUI12
Q9UM19
P78357
QINZU7
Q9UPR5
QouI15
Q9UBLO
P17600
060359

P08247

Q3SXP7
P62760

Name
ATP8A2
SNAP25
AAK1
RBFOX1
GABRA1

GNAO1

STXBP1

SNCA
RUNDC3A
ZNF365
FAIM2
ATP6V1H
HPCAL4
CNTNAP1
CABP1
SLC8A2
TAGLN3
ARPP21
SYN1
CACNG3

SYP

SHISAL1
VSNL1

Description

Phospholipid-transporting ATPase IB, serves as a Catalytic component of the P4-ATPase flippase complex
Synaptosomal-associated protein 25, involved in the molecular regulation of neurotransmitter release
AP2-associated protein kinase 1, Regulation of clathrin-mediated endocytosis

RNA binding protein fox-1 homolog 1, involved in the regulation of alternative splicing events
Gamma-aminobutyric acid receptor subunit alpha-1, Ligand-gated chloride channel which forms part of
heteropentameric receptor for GABA

Guanine nucleotide-binding protein G(0) subunit alpha, modulator of various transmembrane

signalling systems

Syntaxin-binding protein 1, regulates synaptic vesicle docking and fusion through its interaction with the
GTP-binding proteins

Alpha-synuclein, Neuronal protein that plays several roles in synaptic activity

RUN domain-containing protein 3A, in neural cells, it serves as an effector of RAP2A

Protein ZNF365, Involved in the regulation of neurogenesis

Protein lifeguard 2, functions as an antiapoptotic protein from Fas-induced apoptosis

V-type proton ATPase subunit H, a subunit of the peripheral V1 complex of vacuolar ATPase
Hippocalcin-like protein 4, Implicated in the calcium-dependent regulation of rhodopsin phosphorylation
Contactin-associated protein 1, facilitates the radial and longitudinal organization of myelinated axons
Calcium-binding protein 1, regulates the activity of inositol 1,4,5-triphosphate receptors

Sodium/calcium exchanger 2, facilitates the exchange of Ca?* and Na* ions across the membrane

Transgelin-3, central nervous system development

cAMP-regulated phosphoprotein 21, may act on of calmodulin-dependent enzymes as a competitive inhibitor
Synapsin-1, Neuronal phosphoprotein responsible for coating synaptic vesicles as well as binding to the cytoskeleton

Voltage-dependent calcium channel gamma-3 subunit, Facilitates the trafficking to the AMPA-selective glutamate receptors

(AMPARS)

Synaptophysin, membrane organizing protein which facilitates organization of other membrane components or

target vesicles to the plasma membrane
Protein shisa-like-1,

Visinin-like protein 1, Regulates the inhibition of rhodopsin phosphorylation in a calcium-dependent manner

© University of Venda

Localization
Golgi, endosomes
Cell membrane
Cell membrane
Nucleus, cytoplasm

postsynaptic cell membrane

Cell membrane

Cytosol

Nucleus, cytosol
Cytosol
Centrosome
Cell membrane
Cytosol

Cytosol

Cell membrane
Cell membrane
Cell membrane
Nucleus
Cytosol

Golgi apparatus

Cell membrane

Cell membrane

Cell membrane

Cytosol

PMIDs

25402006
25402006
25402006
25402006
25402006

25402006

25402006

25402006
25402006
25402006
25402006
25402006
25402006
23023127
25402006
25402006
25402006
25402006
25402006
25402006

25402006

25402006
25402006

87



Q99784
QI6HW?7

075493
P85037

095741
QI9UPAS5
Q92581

P21579
QOUPV7
Q9P2U7

Q7L0J3
Q9Y4E6
Q05193
Q16799
Q9UPP2
Q01167

Q15818
Q92561
060307
Q8TDIO

Q13367
Q13387

Q9BRO1

OLFM1
INTS4

CAll
FOXK1

CPNE6
BSN
SLC9A6

SYT1
PHF24
SLC17A7

SV2A
WDR?
DNM1
RTN1
IQSEC3
FOXK2

NPTX1
PHYHIP
MAST3
CHD5

AP3B2
MAPKS8IP2

SULT4A1
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Noelin, serves as a regulatory protein of the axonal growth in both adult and embryonic central nervous system

Integrator complex subunit 4, forms part of the Integrator (INT) complex, which is involved in the small nuclear

RNAs U1 and U2 transcription

Carbonic anhydrase-related protein 11,

Forkhead box protein K1, Regulator of transcription involved in various processes including muscle cell differentiation,
autophagy, glucose metabolism, and aerobic glycolysis

Copine-6, Phospholipid-binding protein implicated in the calcium-mediated intracellular processes

Protein bassoon, is a scaffold protein which forms part of the presynaptic cytomatrix at the active zone (CAZ)
Sodium/hydrogen exchanger 6, serves in the exchange Na* and K* protons across the early and recycling

endosome membranes

Synaptotagmin-1, Calcium sensor that participates in triggering neurotransmitter release at the synapse

PHD finger protein 24

Vesicular glutamate transporter 1, facilitates glutamate uptake into synaptic vesicles at the presynaptic nerve terminals of the
excitatory neural cells

Synaptic vesicle glycoprotein 2A, serves to maintain a balanced and regulated secretion in endocrine and cells

WD repeat-containing protein 7

Dynamin-1, Involved in the production of microtubule bundles, it is also known to bind and hydrolyse GTP

Reticulon-1, May be implicated in membrane trafficking in neuroendocrine cells

1Q motif and SEC7 domain-containing protein 3, Functions as a guanine nucleotide exchange factor for ARF1

Forkhead box protein K2, A transcription regulator playing a role in processes such as aerobic glycolysis, autophagy and
glucose metabolism

Neuronal pentraxin-1, Facilitates the uptake of synaptic material during synapse remodelling

Phytanoyl-CoA hydroxylase-interacting protein, May have a role in the development of the central nervous system
Microtubule-associated serine/threonine-protein kinase 3

Chromodomain-helicase-DNA-binding protein 5, Chromatin-remodelling protein which binds to DNA through histones and
facilitates gene transcription

AP-3 complex subunit beta-2, Subunit of clathrin- and non-clathrin-associated adaptor protein complex 3
C-Jun-amino-terminal kinase-interacting protein 2, the JNK-interacting protein (JIP) group of scaffold proteins that mediates
the JNK signalling

Sulfotransferase 4A1, member of the atypical sulfotransferase family known to bind 3'-phospho-5'-adenylyl sulfate (PAPS) at

a very low affinity
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Clathrin coat assembly protein AP180, Adaptins are components of the adapter complexes which link clathrin

to receptors in coated vesicles

AP2-interacting clathrin-endocytosis protein, involved in endocytosis mediated by clathrin at the synapse

Synaptic vesicle glycoprotein 2B, serves in the control of regulated secretion in endocrine neural cells

Neuron-specific vesicular protein calcyon, interacts with clathrin light chain A and induce the clathrin-mediated endocytosis
and clathrin self-assembly

Vesicle-fusing ATPase, involved in vesicle-mediated transport

Neurofilament light polypeptide, consists of three intermediate filament proteins: L, M, and H that are known to have role in
maintenance of neuronal caliber

Amphiphysin, involved in the regulatory mechanisms of exocytosis in synapses and endocrine cells

Beta-synuclein, Non-amyloid component of senile plaques found in Alzheimer disease

Serine/threonine-protein phosphatase 2B catalytic subunit alpha isoform, Calcium-dependent, calmodulin-stimulated

protein phosphatase

Protein KIBRA, plays a pivotal role in tumour suppression through restriction of proliferation and apoptosis promotion
Vesicle-associated membrane protein 2, Involved in the fusion transport of vesicles to their target membrane

Neurexin-2, Neuronal cell surface protein implicated in cell adhesion and recognition

Modulator of apoptosis 1, Plays a role in receptor-dependent apoptosis

Rho GDP-dissociation inhibitor 3, known to Inhibit the exchange of GDP/GTP in RhoB

Protein kinase C beta type, Calcium-activated, phospholipid- and diacylglycerol (DAG)-dependent serine/threonine-protein
kinase

Solute carrier family 12 member 5, required for neuronal Cl- homeostasis, and facilitates electroneutral potassium-chloride
cotransport in mature neurons

Amyloid-beta precursor protein, Serves as a cell surface receptor

Cytoplasmic dynein 1 intermediate chain 1, Functions as a non-catalytic accessory components of the cytoplasmic dynein 1
complex

Syntaphilin, absorbing free syntaxin-1 and ilnhibits SNARE complex formation

Ephrin type-B receptor 6, Kinase-defective receptor for members of the ephrin-B family

Beta-1,4-glucuronyltransferase 1, Beta-1,4-glucuronyltransferase implicated in O-mannosylation of alpha-dystroglycan
(DAG1)
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Appendix B: Methodology

B1. DNA extraction and restriction digestion analysis

A single colony from successful transformants was inoculated into 2xYT broth
supplemented with 100 ug/mL ampicillin and incubated with shaking (250 rpm) at 37
°C. The pQE30-K0513w extraction followed the GeneJET Plasmid Miniprep Kit
(Thermo scientific, USA) protocol. Briefly, 4 mL of the culture was harvested into
sterilized eppendorf tube by centrifuging sterilized for 60 seconds at 14000 xg. The
cells were resuspended by the Resuspension Solution containing RNAse A by
vigorously mixing and pipetting up and down. The cells were lysed by adding Lysis
Buffer from the kit and thoroughly mixed by inverting the tube 6 times until the solution
becomes viscous and slightly clear. The reaction was neutralized by adding
Neutralization Buffer and thoroughly mixing followed by centrifugation at 14000 xg for
5 minutes. The supernatant was carefully transferred into a GeneJET spin column,
avoiding disturbance of white precipitate. The supernatant was collected by placing
the column in the collection tube and centrifuged for 1 minute. The flow through was
decanted, and in the same collection tube, the column was washed with the Wash
Solution. After the second wash with Wash Solution, the flow through was decanted
and the tube was spun for 1 minute to remove the residual Wash Solution. The
plasmid DNA was eluted with pre-warmed GeneJET Elution Buffer into a sterile
Eppendorf tube. The integrity of the DNA was confirmed using restriction digest
following preparation described in table below and analyzed using agarose gel

electrophoresis.

Following DNA extraction, restriction analysis was performed using Bam HI and Hind
[l for pQE30-K0513w, Nco | and Bgl 1l were used for pQE60-K0513+ (New England
Biolabs) restriction enzymes. Table 1.1 shows how samples were prepared. The 0.8
% agarose gel was prepared by dissolving 0.32 g agar in 1 x TAE buffer and heat with
frequent agitation. Once cooled, 4 pL of ethidium bromide was added and the gel was
gently casted and allowed to solidify.

90

© University of Venda



7S
>

) (o

,
QY

Table B1. Restriction digest preparation

University of Venda
Creating Future Leaders

Control/Uncut) (Bam HI) (Hind III) (Bam HI + Hind 11I)
H20 14 uL 12 uL 12 pL 10 pL
Buffer 5uL 5uL 5uL 5uL
2.1/3.1 (3.1) (3.1) (2.1) (3.1)
DNA 2 ng 2 ng 2 ng 2ng
Enzyme - 1L 1pL 1+2puL
Total 20 yL 20 uL 20 pL 20 pL

Control/Uncut) (Nco 1) (Bgl 1) (Nco | + Bgl )
H.O 17 pL 16 pL 16 pL 16 pL
Buffer 2 UL 2 UL 2 UL 2 UL
21/3.1 (3.1) (CutSmart) (3.1) (CutSmart)
DNA 1pL 1L 1luL puL
Enzyme - 1 uL 1uL 1+1pL
Total 20 pL 20 pL 20 pL 20 pL

B2. Competent cells preparation

A single colony of E. coli IM109 and XL1-Blue were inoculated each into 5 mL double
strength yeast-tryptone broth (2 x YT media) and allowed to grow overnight with
shaking at 37 °C. The overnight starter culture was transferred by diluting it into 45 mL
of fresh 2xYT media. The culture was allowed to grow with shaking to an early log
phase of absorbance 0.3-0.6 measured at ODesoo. The cells were each harvested into
a 50 mL centrifuge tube and spun at 5000 xg for 10 minutes at 4 °C. From this point,
all the steps were carried out on ice. After centrifugation, the supernatant was
discarded and the cells were chemically treated by resuspending in 10 mL of ice-cold
0.1 M MgClz, this was left on ice for 30 minutes. The suspensions were each
centrifuged for 10 minutes at 4000 xg at 4 °C. The cells were pelleted as before and
gently resuspended in 10 ml ice cold 0.1 M CaCl2 which was subsequently followed
by incubation on ice for 5 hours. The suspensions were centrifuged at 5000 xg at 4 °C

for 10 minutes. The pellets were resuspended by adding 200 L of sterile 30 % glycerol
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and 200 pL of 0.1 M CaClz and incubated on ice for 10 min. Following incubation, the

competent cells were aliquoted into pre-chilled Eppendorf tubes and stored at -80 °C.

B3. Transformation of KO513 into the competent cells

A volume of 50 pL of E. coli IM109 competent cells from -80 °C were placed in
Eppendorf tubes. 2 pL of pQE30-K0513w/pQE60-K0513H construct was added in the
test and 2 pL of water was added in the control tube. The tubes were left to stand on
ice for 15 minutes. Samples were heat shocked for 2 minutes at 42 °C. The samples
were chilled on ice for 2 minutes prior to the addition of 800 uL of 2xYT media into
each tube. Tubes were incubated with shaking (200 rpm) at 37 °C for 40 minutes.
About 100 pL of each sample was spread on 2xYT-agar plates supplemented with 100
pHg/mL ampicillin, and the remaining sample was centrifuged at 5000 xg for 2 minutes.
The 650 pL of the supernatant was discarded and pellets were resuspended in the
remaining 100 pL supernatant which was then spread on 2xYT-agar plates
supplemented with 100 pg/mL ampicillin. All plates were incubated at 37 °C overnight.
pPQE30-K0513w/pQE60-K0513H construct was transformed following the same

procedure in E. coli XL1-Blue cells.

B4. SDS-PAGE and Western blot analysis of the protein samples

Protein samples were treated by boiling in SDS sample buffer (0.25 % Coomasie
Brilliant blue [R250]; 2 % SDS; 10 % glycerol [v/v]; 100 mM Tris; 1 % B-
mercaptoethanol) in a ratio of 4:1 for 10 minutes at 100 °C. The samples were
analyzed using SDS-PAGE by resolving them through 12 % acrylamide resolving gel
(Table 3). This was done by loading the boiled samples in respective wells as well as
the prestained protein molecular marker. The electrophoresis was done at 120 volts
and 150 amperes for 1 hour 30 minutes using the Bio-Rad Mini protein 3

electrophoresis system (BioRad, U.S.A).

On completion of electrophoresis, SDS-PAGE gels were removed from glass plates
and the stacking gel was cut out. Western blotting was done using wet transfer. The
nitrocellulose membrane, filter papers and fibre pads were soaked in Western transfer

buffer (25 mM Tris; 192 mM glycine; 20 % methanol). The gel was placed on the filter
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paper on top of the fibre pad. The nitrocellulose membrane was then laid over the gel,
followed by the filter paper and the other fibre pad. The transfer was run at 100 volts
for an hour. The membrane blocked with 5 % BSA for 1 hour on ice. BSA was decanted
and the membrane was incubated with the primary antibody on ice with shaking. The
membrane was wash twice with TBST (50 mM Tris; 150 mM NacCl; 0.1 % Tween 20).
Membrane was incubated with the secondary antibody for 45 minutes and
subsequently washed four times with TBST. The visualization was done using
Enhanced Chemiluminescent (ECL) on a ChemiDoc (Bio-Rad, USA).

Table B2. Preparation of SDS-PAGE 12 % resolving gel and 5 % stacking gel

Running X1 X2 X3 X4 Stacking X1 X2 X3 X4
Gel Gel
40 % Bis 15 3 4.5 6 40 % Bis  0.25 0.5 0.75 1
(mL) (mL)
15MTris 1.25 25 3.75 5 0.5M Tris  0.25 0.5 0.75 1
pH 8.8 pH 6.8
(mL) (mL)
10 % APS 0.05 0.1 0.15 0.2 10 % APS 0.02 0.04 0.06 0.08
(mL) (mL)
10 % SDS  0.05 0.1 0.15 0.2 10 % SDS  0.02 0.04 0.06 0.08
(mL) (mL)
TEMED 0.002 0.004 0.006 0.008 TEMED 0.002 0.004 0.006 0.008
(mL) (mL)
H,O (mL) 2.15 4.3 6.45 8.6 H,O(mL) 146 292 4338  5.89

B5. Quantification of proteins

Protein concentration was determined using Bradford’s method (Bradford, 1976).
Briefly, BSA standard was set up by diluting 10 mg/mL BSA in 0.01 M Tris-HCI, pH 8
to concentration ranging from 0 to 1 mg/mL as shown in Table 2. A volume of 1 mL of
the Bradford’s reagent (10 % Coomassie G250 in 95 % ethanol, 85 % (w/v) phosphoric
acid) was added to 20 pL of each solution and the reaction was incubated at room
temperature for 5 minutes. 250 pL of each sample was transferred int triplicates to a

96-well plate. Absorbance reading was taken at 595 nm using Spectramax M3. The
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protein eluents (20 pL) were similarly treated, and the protein concentration
determined by extrapolation from the standard curve.

Table B3. Protein quantification by Bradford’s assay

Standard Volume 10 mg/mL Volume dialysis Final BSA
dilution BSA (uL) concentration
(mg/mL)

Blank 0 100 0

S1 1,25 98,75 0,125

S2 2,5 97,5 0,25

S3 5 95 0,5

S4 7,5 92,5 0,75

S5 10 90 1
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Table B4: Special chemical reagents

Name of reagents
Glacial acetic acid

Nucleotides; Adenosine triphosphate (ATP),
Adenosine diphosphate (ATP), Guanosine

Supplier
Merck, Germany
Sigma-Aldrich, USA

triphosphate (GTP) and Guanosine triphosphate

(GTP)

Agarose

Ammonium persulphate

Ampicillin

Bovine serum albumin

Bromophenol blue

Calcium chloride
Chemiluminescence Western blotting kit
Nitrocellulose membrane

Coomasie Brilliant Blue R250
Ethidium bromide

Glycerol

Glycine

Glucose

Imidazole
Isopropyl-1-thio-D-galacopyranoside
GeneRuler 1 Kb DNA ladder
Lysozyme

Magnesium chloride

Methanol

HisPur™ NI-NTA Resin
Phenylmethylsufonyl fluoride
Polyacrylamide

Restriction enzymes

Amicon® Ultra-15 10K centrifuge filter device
Snakeskin™ pleated dialysis tubing
Sodium chloride

Sodium dodecyl sulphate

© Universi

Merck, Germany
Sigma-Aldrich, USA
Melford, UK

Melford, UK

Merck, Germany
Merck, Germany
Amersham, USA
Thermo Scientific, USA
Merck, Germany
Merck, Germany
Merck, Germany
Merck, Germany
Merck, Germany
Merck, Germany
Sigma-Aldrich, USA
Thermo Scientific, USA
Merck, Germany
Merck, Germany
Merck, Germany
Thermo Scientific USA
Merck, Germany
Merck, Germany
Thermo Scientific, USA
Merck, Germany
Thermo Scientific, USA
Merck, Germany
Merck, Germany
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