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Abstract

Human immunodeficiency virus still remains the leading cause of death globally including
women of child-bearing age. The rate of AIDS related death have significantly decline since the
introduction of the antiretroviral treatment and other non-medical interventions such as the
distribution and use of condoms. The introduction of antiretroviral treatment has however led
toinsulin resistance amongst users. Clustered regularly interspaced short palindromic repeats
(CRISPR) CRISPR-associated nuclease 9 (Cas) has been used to knockout NFkB to understand
the pathway at which antiretroviral treatment cause insulin resistance. Heteroduplex mobility
assay has shown that CRISPR-Cas9 knockout the gene of interest. These results has layed a
foundation in understanding how CRISPR-Cas9 can be integrated and utilised in medical

research.

Keyword: CRISPR-Cas9, insulin resistance, HAART, NFkB,
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Chapter 1

1.1. Introduction

Since the early 80’s when HIV was first discovered, there has been no cure developed.
However, there are combinations of drugs that are used to manage the infection and improve
life expectancy. These drugs are inclusive of nuclease analogue reverse transcriptase inhibitors
(NRTIs), non-nucleoside reverse transcriptase inhibitors (NNRTIs), protease inhibitors (Pl) and
fusion inhibitors (Arts and Hazuda, 2012). Despite the improved life expectancy, these drugs
have multiple side effects. These include the induction of insulin resistance, which leads to
diabetes mellitus, dyslipidemia, lipodystrophy, and inflammation depending to class of drugs
(Arts and Hazuda, 2012).

Diabetes mellitus is a clinical disease that occurs as results of insulin deficiency or insulin
resistance. Insulin deficiency arises when the pancreatic beta cells undergo apoptosis and
autoimmune-induced inflammation. This condition is referred to as type | diabetes mellitus.
On the other hand, Type 2 diabetes mellitus is caused by insulin resistance and is characterised
by visceral adipose tissue and obesity (Akash et al., 2017). Adipose tissue plays a crucial role in
insulin action as it secretes adipokines that regulate insulin action and, it is also a significant
target tissue for the effects of insulin.

Insulin resistance is a state where there is a compromised biological response to insulin in the
presence of either standard or elevated insulin levels. Insulin resistance arises from various
factors such as obesity where there are impaired insulin responses and increased inflammatory
signaling that regulates proteins in the insulin receptor signaling pathway (Hoesel and Schmid,
2013). Typically, the elevation of tumour necrosis factor (TNF) or high-levels of free fatty acids
induces inhibitory serine phosphorylation of IRS-1, thus interrupting the insulin signal
transduction and as a consequence leading to insulin resistance. c-Jun N-terminal kinase (JNK),
an inhibitor of nuclear factor (NF)-kB kinase (IKK) and protein kinase C (PKC) are examples of
the serine/threonine kinases whose activation either by stress or inflammation contributes the
inhibition of insulin signaling (Perkins and Gilmore, 2006). The activation of NF-kB and the
activator protein (AP)-1 complexes can induce further inflammatory gene expression due to
these kinases. Also, in a previous study, the NF-kB pathway was implicated in the insulin
resistance induced by protease inhibitors (Ismail et al., 2013) in the CHO-IR cell line.

This study intended to explore the mechanisms by which antiretroviral drugs induced insulin
resistance. To further elucidate the role of the NF-kB pathway, the NF-kB gene was deleted in
the Chinese Hamster Ovarian cell transfected with insulin receptors (CHO-IR) cell line in an
attempt to determine the effect of antiretroviral drugs on NF-kB downstream protein.
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1.2. Human immunodeficiency virus
Human immunodeficiency virus (HIV) is categorised in genus Lentivirus in Retroviridae family
and Orthoretrovirinae subfamily (Luwic, 1996). The common types known are HIV-1 and HIV-
2, where their classification depends on the genetic characteristics of the viral antigen (Luwic,
1996). It is reported that HIV-1 evolved from non-human primates, a Central African
chimpanzees immunodeficiency virus (SIV cpz) and HIV-2 evolving from West African sooty

mangabeys (SIVsm) (Gao et al.,1999; Utech and Berneis, 2005).

Although it is manageable and has been transformed from fatal disease to a chronic illness,
prolonging HIV patients’ lives, HIV is still a burden (Aboud et al.,, 2007, Utech and Berneis,
2005). According to the world health organisation (WHO) report of 2017, more than 35 million
people have died from HIV since its discovery, and about 940 000 of those died in 2017 alone.
From the same report, 36.9 million people are living with the disease, with new infections of
1.8 million per annum globally. From the total infection, two-thirds equating to 25.7 million, of
those are reported in an African region making it the most infected region. Of total infected

persons, about 59 % of adults and 52 % of youth are receiving ARVs as of 2017 (WHO, 2017).

Prevalence (%) by WHO region
| | Eastern Mediterranean: 0.1 [<0.1-0.1] || Europe: 0.4 [0.4-0.4]

[ | Western Pacific: 0.1 [<0.1-0.2] Il Americas: 0.5 [0.4-0.6]| Global prevalence: 0.8% [0.6-0.9]
South-East Asia: 0.3 [0.2-0.4] Il Africa: 4.1 [3.4-4.8) 0 a5 170 3500 Kiometsrs

Figure 1.1. The prevalence of HIV in adults aged 15 to 49 in 2017 around the globe (WHO 2018).
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In South Africa, in 2018, 7.52 million people were living with the disease, a 3.27 million increase
from an estimated 4.25 million in 2002 (STATS SA, 2018). The STATS SA estimated that about
13.1 % of the total South African population is HIV positive (STATS SA, 2018). According to
UNAIDS Data of 2017, there were 270 000 new infections in 2016. About 56 % of adults and
55 % of children were on ARV treatment in 2016 (UNAIDS, 2017).

1.2.1. HIV morphology
A typical HIV particle has a round shape, enclosed by a lipid envelop with 72 knobs and is
approximately 100 nm in diameter (Gelderblom, 1991). An HIV particle comprises of two
identical single-stranded RNA molecules enclosed in the core of the virus (Eberle and Gurtler,
2012). The HIV provirus genomic DNA is generated by reverse transcription of the viral RNA,
degrading RNA and integration into the human genome. The DNA has long terminal repeat
(LTR) sequences at both ends, whereby the 5’LTR codes for a promoter for transcription of the

viral gene (Eberle and Gurtler, 2012).

Various genes are crucial for viral make-up. These genes include the gag responsible for the
outer core membrane and capsid protein, pol coding for protease enzymes, reverse
transcriptase, RNase H and integrase. Adjacent to pol gene lies env, which is responsible for
envelope glycoproteins. Besides the structural proteins, HIV also codes for regulatory proteins,
which includes tat and rev responsible for HIV replication initiation; nef, vif, vrp, and vpu
responsible for viral replication, budding and pathogenesis (Seitz, 2016; Eberle and Gurtler,

2012).

1.2.2. HIV life cycle and pathogenesis
The protein-protein interaction between surface glycoprotein of mature HIV and CD4
receptors on the host cell, which includes T helper cell, macrophages, dendritic cells, and
astrocytes initiates the life cycle and pathogenesis. After attachment follows a conformational
change in CD4 cells, opening additional sites for glycoprotein binding, including chemokine
receptor 5 (CCR5) (Dean et al., 1996). The glycoprotein, due to its high hydrophobicity
characteristic, leads to translocation of viral capsid into the host’s cytoplasm (Eberle and
Gurtler, 2012). The viral capsid is then taken up by an endosome, where it releases its contents
stimulated by the pH change (Stein et al., 1987). In the cytoplasm, reverse transcriptase is

activated.

3|Page



Reverse transcriptase transcribes the single-stranded HIV DNA genome into complementary
DNA (cDNA) (Eberle and Gurtler,2012). Simultaneously, RNA is degraded by RNase H. The
single-stranded cDNA is then converted to a double-stranded proviral DNA by DNA-dependent
DNA polymerase activity of reverse transcriptase (Sousa et al., 1993). The newly synthesised
DNA is transported into the nucleus via nucleopores to form complexes with integrase which
inserts it into the host’s cell genome. The viral genome is replicated together with the host cell
genome during cell division (Sousa et al., 1993). The host’s transcription machinery transcribes
HIV DNA into multiple copies of new HIV RNA. Some of those rna becomes viral genome while
others are used by cells to make viral protein. The newly transcribed RNA and proteins move
to the surface of the cell. Here, a new immature HIV virus are formed. The viruses are then
released from the cell. Protease cleaves newly synthesised polyproteins to create infectious

virus (Sousa et al., 1993).

1.3. Highly active antiretroviral therapy
Highly active antiretroviral therapy (HAART) is a combination of three or more antiretroviral
(ARV) agents for the treatment of HIV infection (Aboud et al., 2007; Matthews et al., 2004).
Since its discovery in the mid-1990s, it showed an immediate benefit. There was a
transformation of HIV categorisation from a fatal disease to a chronic disease, prolonging HIV
patients’ lives (Abound et al., 2007; Matthews et al., 2004). Between the year 2000 and 2017,
HIV-related death fell by 36 % and about 11.4 million lives saved due to ARVs (WHO, 2017).

Drugs currently in use are summarised in table 1.1 below.
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Table 1.1 Categories of ARVs according to the mode of action, their generic names and product names.

Antiviral drug class Generic name Product name (supplier)
Abacir Ziagen (GlaxoSmithKline)
Didanosine Videx (Bristol-Myers Squibb)
Nucleoside/nucleotide Lamivudine Epivir (GlaxoSmithKline)
reverse transcriptase Stavudine Zerit (Bristol-Myers Squibb)
inhibitor Zidovudine Retrovir (GlaxoSmithKline)
Zidovudine/lamivudine Combivir (GlaxoSmithKline)
Non-nucleoside reverse Efavirenz Sustiva (Bristol-Myers Squibb)
transcriptase inhibitor Nevirapine Viramune (Boehringer Ingelheim)
Indinavir Crixivan (Merk)
Protease inhibitors Ritonavir Norvir (Abbott Laboratories)
Saquinavir Invirase (Roche)
Lopinavir/ritonavir Kaletra (Abbott Laboratories)
Fusion inhibitor Enfuvirtide Fuzeon (Hoffmann-La Roche inc)

Combination of antiretroviral therapy achieved the dramatic benefits by suppressing viral
replication and reduce viral load in plasma. This was measured by the increase in the circulation
of CD4* (Arts and Hazuda, 2012). The use of three or more drugs at once have advantages as it
decreases the probability of new strain formation due to mutation (Arts and Hazuda, 2012).
Currently, six classes of these drugs have been established based on their mechanism of action.
They are nucleoside/nucleotide reverse transcriptase inhibitors (NRTI), non-nucleoside reverse
transcriptase inhibitors (NNRTI), integrase inhibitors, protease inhibitors (Pl), fusion inhibitors
and co-receptor antagonists (Arts and Hazuda, 2012; Neuman, et al., 2009). The modes of

action of all HAART classes are explained below.
i Nucleoside/nucleotide reverse transcriptase inhibitors

Typically, NRTIs are administered as pro-drugs and thus require entrance into the host cell and
trigger cellular kinases phosphorylation (Aposolova et al.,, 2011). NRTIs are competitive
inhibitors of reverse transcriptase enzyme-substrate lacking a 3’-hydroxyl group in their sugar.
This prevents 3’-5" bond between NRTI and incoming 5’-nucleoside triphosphates leading into

the termination of DNA chain growth (Arts and Hazuda, 2012; Apostolova et al., 2011).
ii. Non-nucleoside reverse transcriptase inhibitors

The NNRTIs are non-competitive inhibitors that act as inhibitors of HIV-1 reverse transcriptase

by attaching and forming a hydrophobic pocket proximal to an active site (Tantillo et al., 1994).
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This binding reduces the polymerase activity by changing the spatial conformation of the
substrate-binding site (Kohlstaedt et al., 1992). Unlike NRTIs, NNRTIs cannot inhibit the reverse

transcriptase of other lentiviruses, including HIV-2 isoform (Kohlstaedt et al., 1992).
iii. Integrase inhibitors

In HIV life cycle, integrase plays a crucial role by catalysing the 3’ end processing together with
viral DNA and strand transfer. Integrase inhibitors are synthesised to retard the strand transfer
reaction. Thus, sometimes are referred to as integrase strand transfers inhibitor (InSTI) (
Hazuda et al., 2004). The inhibitor binding achieves a specific complex between integrase’ and
the viral DNA. The inhibitor also interacts with magnesium metal ion cofactors in the integrase
active site. Thus, InSTI are made of metal-binding pharmacophore and a hydrophobic that

typically interacts with viral DNA (Grobler et al., 2002).
iv. Fusion inhibitors

Fusion inhibitors are types of inhibitors that inhibit viral entry. It is a homolog to heptad-repeat
2(HR2) and 36 amino acid long. It binds to heptad-repeat 1 (HR1) motif and inhibits the
formation of a six-helix bundle required for fusion (Lalezari et al., 2003). The HR-1 and -2 are
41 gp motifs that unite to form a six-helix bundle hairpin structure, which pulls the membrane
of the virus and cell closer to fuse the membrane (Lalezari et al., 2003). This cause blockage of
viral particle from gaining access to the cell. Figure 1.2 below summarizes mode of action of

HAART.
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Figure  1.2. Summary of HAART target areas in HIV replication.  Adapted  from
http.//www.biology.arizona.edu/immunology/tutorials/AIDS/treatment.htm|

1.3.1. Effects of HAART
Despite lengthening the lifespan of HIV infected patients, HAART brought along with some
serious health effects. These effects include lipodystrophy, dyslipidemia and insulin resistance.
Lipodystrophy presents several features like peripheral fat loss and truncal fat accumulation
(Aboud et al., 2007). Of all HAART drugs, Pls emerged to be the ones playing a vital role in
inducing those sides effects than the rest (Ismail et al., 2009). A clinical study showed that HIV
patients treated with Pl have glucose intolerance and insulin resistance (Monier and Wicox,

2004).

1.4. Protease inhibitors
Protease in HIV is responsible for viral maturity by cleaving viral gag and gag-pol polyprotein
precursors (Miller, 2001). Protease inhibitors are designed to compete with HIV aspartyl
endopeptidase, the enzyme responsible for normal processing of gag and gag-pol HIV protein

(Flexner, 1998). When bound to HIV protease active site, they attach to the HIV protease active
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site, consisting of two flap domains, two core domains, and a terminal domain which altogether
allows ligand binding in an induced-fit fashion (Rose et al., 1998). This binding by Pl to protease
prevents the interaction of protease to its substrate which leads to failure in cleavage and
results in immature virions (Temesgen et al., 2006). It is known that Pls play a vital role in

provoking side effects in the body as summarised below (Temesgen et al., 2006).

Table 1.2 Common Pis and their major side effects.

Protease inhibitor Major side-effects

Amprenavir Severe rash, hyperglycemia, hypertriglyceridemia, and
hypercholesterolemia

Atazanavir Nausea, lipodystrophy, hyperbilirubinemia, diabetes, liver
toxicity and kidney failure in some cases

Darunavir Nausea, lipodystrophy, fever, stomach pain and abnormal

liver function in some cases
Fosamprenavir | Raised lipids, dizziness, tiredness and lipodystrophy

Indinavir Insulin resistance, nephrolithiasis, hyperglycemia

Kaletra Diarrhoea, hyperglycaemia, hepatotoxicity

Nelfinavir Diarrhoea hyperglycemia

Ritonavir Taste perversion, hyperglycemia, hepatotoxicity, diabetes
Saquinavir Hepatotoxicity, hyperglycaemia

Tipranavir Hepatotoxicity, rash, hyperlipidaemia

1.5. Insulin resistance
Insulin resistance is a state of increased insulin concentration needed for a normal biological
response; including glucose transport into muscle and fat cells, also suppression of glucose

production via gluconeogenesis in the liver (Olefsky, 1997; Aboud et al., 2007).

1.5.1. The insulin signal pathway
The insulin signal pathway is a type of negative feedback mechanism that is activated by a high
glucose level in the bloodstream. In a case of high glucose level, from pancreas insulin is
secreted into the bloodstream where it binds to its receptor, a heterotetrameric (2 a- and 2 -
subunits) and ligand-activated tyrosine kinase. Once attached to the receptor, the B-subunits

of the receptor autophosphorylates on the tyrosine residue (Figure 1.3).
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IR_ f.'.'_‘ Cell membrane . E —— IR = insulin receplor
xracellu IRS-1 = insulin receplor substrate-1
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POK = PIP3-dependent protein kinase
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GLUT4 = glucose transporter 4
IRS-1 X&LUT-t

Figure 1.3. The insulin signal pathway. Adapted from Ismail et al ., 2009.

The process subsequently activates the intrinsic tyrosine kinase domain that then insulin
receptor substrate -1 (IRS-1) phosphorylation. The phosphotyrosine residues typically interact
with a protein domain, an Src homology 2 (SH2) domain with a high affinity and specificity. The
phosphorylated IRS-1 in tyrosine residue attaches to the SH2 domain of the phosphoinositide
3-kinase (PI3-K) which leads to its activation and conversion of phosphatidylinositol 4,5-
bisphosphate (PIP;) to phosphatidylinositol 3,4,5-triphosphate (PIP3). Bound PIP3 causes the
translocation of both PIPs-dependent protein kinase (PDK) and Akt; this allows the
phosphorylation and activation of Akt by PDK. This activation of Akt is crucial for the final step
in glucose transport. The Akt activation results in the translocation of glucose transporter 4
(GLUT4) to the cell membrane from the cytoplasm to assist in the uptake of extracellular

glucose (Fig 1.3).

1.5.2. Mechanism of insulin resistance
Multiple factors cause insulin resistance, and many studies have been done to understand the
mechanism of how it is generated. Some mechanisms of insulin resistance have been discussed

below:

1.5.2.1. SH:B and APS
The Src homology 2B (SH2B) is a family of three members; SH2B-1 (PSM), SH2B-2 (APS) and
SH2B-3 (Lnk), characterised by a pleckstrin homology (PH) domain and SH2 domain (Rui, 2014).
The PSM homolog is located in the cytoplasm and contains a nuclear localisation sequence

(NLS) vital for nuclear translocation (Maures et al., 2009). A high titer is mostly observed in the
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adipose tissue, skeletal muscle, liver, and pancreas, and regulated by hormones and nutrients
signal (Ren et al, 2007). Gutierrez-Aguilar and co-workers observed that there is a

downregulation of PSM in rats fed with high-fat diet (Gutierrez-Aguilar et al., 2012).

PSM bind to insulin receptors through the SH2 domain (Riedel et al., 1997). An over-expression
of PSM enhances the ability of insulin to phosphorylate tyrosine residue in IRS (Duan et al.,
2004). The PSM homolog protects IRS proteins against de-phosphorylation by directly binding
to tyrosyl phosphorylated IRS and thus prolonging the ability of IRS to activate downstream
pathways (Morris et al, 2009). Knocking out PSM in mice led to the development of

hyperglycemia, hyperinsulinemia and insulin resistance (Duan et al., 2009).

Also, impaired insulin signaling in skeletal muscle, adipose tissue and liver in PSM knock out
mice showed symptoms of hepatic steatosis and lipid accumulation in skeletal muscle (Duan
et al.,, 2009; Ren et al., 2005). In a regular diet, PSM is not responsible for insulin sensitivity and
metabolism of glucose, but it promotes insulin signaling and metabolism of glucose and lipid
in obese subjects (Rui, 2014). Another SH2B homolog, APS, binds to insulin receptor via SH2
domain. Insulin activates the phosphorylation of APS in tyrosine residue in adipocytes.
Overexpression of APS prolongs the insulin-stimulated phosphorylation of tyrosine residue in

the insulin receptor and IRS protein (Ahmed and Pillay, 2003).

1.5.2.2.  Phosphorylation of serine 307 on IRS-1
During insulin signaling, IRS-1 is directly phosphorylated in some specific residues, which serve
as a hub for insulin signal, to perform metabolic control through protein kinase B (PKB). It plays
a crucial role as a target for insulin signal modification through the cross-talk with other
pathways. Phosphorylation of serine 307 inhibits the insulin signal pathway by either
interference with insulin receptor phosphorylation, binding to downstream signaling
intermediates and by increasing IRS-1 degradation (Aguirre et al., 2000a; 2002b). In some
isolated cases, serine 307 phosphorylation has been shown to increase the tyrosine
phosphorylation in IRS-1 responding to insulin and therefore upregulate insulin signaling (Luo
et al., 2007). It has been demonstrated that this phosphorylation blocks phosphorylation of

tyrosine residue from de-phosphorylation and subsequently inactivates IRS-1 (Paz et al., 1999).
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1.5.2.3. SOCS-1and -3
The suppressor of cytokine signal (SOCS), also called Janus family kinase binding protein (JAB),
is a family of eight proteins (SOCS1-7 and CIS) characterised by a central SH2 domain. The SH2
domain, that binds to phosphorylated tyrosine, a conserved C-terminal SOCS box, which
regulates a proteasomal degradation, and NH2 terminal (Howard and Flier, 2006; Hilton et al.,
1998). Activated by cytokines, they interact with Janus activated kinase (Jak) or directly bind to
cytokine receptors and proteasomal degradation of signaling protein through SOCS box
complex, they act as negative feedback of cytokines and inhibit inflammation signal
transduction (Howard and Flier, 2006). The SOCS-1 and SOCS-3 are the most studied and have

a higher impact on insulin resistance.

Three mechanisms on how SOCS induces insulin resistance have been revealed: 1) by
competing with insulin to bind to activated insulin receptors, 2) by degrading IRS proteins and
3) by inhibiting the activity of insulin receptor tyrosine kinase (Lebrun and Van Obberghen,
2008). Increased levels of inflammation, SOCS-3 is overexpressed in the hypothalamus, adipose
tissue, and liver (Bjorbaek et al., 1998; Emanueli et al., 2001; Senn et al., 2003). It was shown
that in the absence of over inflammation, SOCS-3 expression in skeletal muscle is low
(Alexander and Hilton, 2004). In a study by Emanuelli et al. (2000) in 3T3-L1 adipocytes, it was

found that insulin induces SOCS-3 expression and its transportation to the plasma membrane.

Genetic deletion of SOCS-3 in a mouse liver showed an increase in insulin signaling due to
elevated expression of IRS-1 phosphorylation, showing the negative role SOCS-3 plays in the
insulin signaling (Torisu et al.,, 2007). Its expression is upregulated in the skeletal muscle of
obese insulin resistance mice, showing its role in obese-induced insulin resistance (Ueki et al.,
2004a). The SOCS-1 and -3 proteins over-expressed in the liver by adenoviral construct have
been shown to decrease IRS expression and phosphorylation and attenuate PI3K activity (Ueki
et al., 2004a). It also induces the expression of SREBP-1C; thus, the expression of SOCS-1 and -

3in the liver induces glucose intolerance and systematic insulin resistance (Ueki et al., 2004b).

Jorgensen et al. (2013) concluded that in obesity, SOCS-3 in the muscle contributes on insulin
resistance and impairs glucose homeostasis which co-relates to the finding by Yang et al,
(2012) that skeletal muscle SOCS-3 is responsible for the muscle and systematic insulin

resistance. This protein may also affect insulin signaling by antagonising AMPK signaling (Fisher
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et al., 2002). Also, SOCS-3 regulates metabolism through leptin signaling inhibition (Dunn et
al., 2005).

1.5.2.4. TNF-a
Tumour necrosis factor-a (TNF-a) is a pro-inflammatory mediator which induces inflammation
in vital organs (Akash et al., 2013). It is important in insulin resistance manifestation by inducing
oxidative stress and other metabolic pathways (Akash et al, 2017). TNF-a also regulates
apoptosis differentiation and cell recruitment (Ehlers, 2003). With the help of tumour necrosis
factor receptor-1 (TNFR-1), TNF-a activates and recruit immune cells and propagate the
inflammation. It also activates transcriptional pathways that induce oxidative stress which,
together with inflammation interacts to promote cell degeneration (Fischer and Maier, 2015).
In insulin resistance development, TNF-a prevents the expression of GLUT4 in adipose tissue
and cardiac muscles (Huang and Czech, 2007). It also activates the IRS-1, which inhibits insulin

receptor and downstream signaling of PI3K activity (Fasshauer and Paschke, 2003).

Dong and co-workers reported that administering TNF- a in cells, show an impaired insulin
action compared to the non-administered counterpart (Dong et al., 2015). Other mechanisms
include downregulation if IRS-1, GLUT4, CEBP-PPAR, perilipin, and Acrp30 (Akash et al., 2017).
It also lowers oxidation of fatty acid, thus leading to elevated plasma FFA (Ruan and Lodish,
2003). Alteration of lipid metabolism induced by TNF- a in adipose tissues results in insulin
resistance. TNF can also induce lipoproteins lipase- a to start lipolysis in adipose tissues.
Lipolysis in the adipose tissue results in a high amount of non-esterified fatty acids leading to

insulin resistance (Kern et al., 2001).

In the state of obesity, TNF- a contributes to the development of insulin resistance, as high
levels have been observed (da Rocha et al., 2014, Carter-Kent et al., 2008). This is achieved by
induction of oxidative stress and oxidative stress-related such as inhibitor kappa beta kinase
beta (IKK-B), INK and NFkB pathway (Shoelson et al., 2006). Activated JNK can moreover induce
the production of TNF- a in the liver, adipocytes and muscle tissues (Ozcan et al.,, 2004).
Subjects undergoing Pl and NRTIs treatment shows increased TNF-a expression (Vigouroux et

al., 2003).
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1.5.2.5. The NFkB pathway

The NFkB pathway is a signaling pathway that is responsible for inflammation, apoptosis,
carcinogenesis and oxidative stress. Its activity is found in vast cells, including adipocytes and
macrophages (Hayden and Ghosh, 2008; Shoelson et al., 2006). There are five members of the
NFkB, namely RelA, RelB, c-Rel, NFkB1 (p105 generating p50 by co-translational modification)
and NFkB2 (p100 generating p52 by co-translational modification), and they all share Rel
homology domain (May and Ghosh, 1998; Huang et al.,2013). In a cell, these proteins are
bound to their inhibitory molecules from the inhibitor of NFkB (IkB) family of protein
characterised by ankyrin repeats (Hoesel and Schmid, 2013). The NFkB1 and NFkB2 do not have
transactivation domain, unlike other NFkB forms, and when bound to gene promoter, they act
as transcriptional repressors, (Hayden and Ghosh, 2012). Still, when bound to a member with
the transactivation domain, it constitutes a transactivation activator (Hoesel and Schmid,
2013). Mice with NFkB1 knockout has shown the disappearance of transcription activity
(Bohuslav et al., 1998).

The general activation is by a release IkB from the molecule or by the cleavage of the inhibitory
ankyrin repeats domain by the proteasomal degradation of the inhibitor or partial degradation
of precursors (Hoesel and Schmid, 2013). The IkB kinase (IKK) (IKK-a and IKK-B) play a role in
catalysis of a substrate recognition site. There are three activation pathways; the canonical
pathway, mediated by toll-like receptors (TLR), interleukin-1 receptors (IL-R), TNF-receptor
(TNFR) and antigen receptors. This stimulation leads to activation of the IKK complex, which in

turn phosphorylates IkKa by IKK2 (Perkins and Gilmore, 2006).

Different types of receptors mediate the non-canonical pathway. These include B-cell
activation factor receptors (BAFFR), lymphotoxin B-receptors (LTBR) and CD40. The activation
of these receptors, in turn, leads to the activation of NFkB inducing kinase (NIK), which
phosphorylates and activates IKK1. The activation of IKK1 induces the p100 phosphorylation
resulting in partial degradation to p52 (Xiao et al., 2001). The atypical activation pathway,
mediated ataxia telangiectasia mutated (ATM)-dependant phosphorylation of NFkB essential

modulator (NEMO) after genotoxic stress (DNA double-stranded break) (Huang et al., 2003).

Bohuslav and co-workers elucidated that there is an increase of NFkB expression in NFkB1
inhibitor knockout mice (Bohslav et al, 1998). In a cellular model, Ruan and co-workers
(2002,2003), concluded that NFkB inhibits the adipocytes differentiation and functioning in the
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signal pathway of TNFa (Ruan et al., 2002, 2003). The proposed molecular mechanism is
related to PPARYy activity by NFkB. Other models of inhibition include PPARy suppression in
mMRNA level, DNA binding activity, and interaction with transcriptional co-activators (Ruan et

al., 2002; Suzawa et al., 2003; Gao et al., 2006).

Previous studies have suggested that NFkB may inhibit insulin sensitivity by inducing
inflammatory cytokines or by inhibiting PPARy (Shoelson et al., 2006; Tan et al., 2012). Other
studies by Schitz and Baeuerle in 1991, suggested that inflammation is increased as a result of
increased NFkB activity by a p50 gene knockout suggesting that p50 expression hinders NF«kB
activity (Schitz and Baeuerle, 1991). Adipose tissue inhibition contributes to high energy
expenditure through the suppression of PPARy inhibition in transcriptional level (Tang et al,,
2010). This suppression may be the mechanism for adipose tissue deficiency in p50 knocked

out mice (Tang et al., 2010).

Studies by Tang and co-workers suggested that there are two different activity of inflammation
that regulates metabolism. It can be either by inhibition of insulin sensitivity, which makes a
negative feedback mechanism or by inducing energy expenditure (Tang et al., 2010). It was
concluded that inflammation induced by NFkB has a crucial activity in inducing energy
expenditure in p50 knockout mice (Tang et al., 2010). In murine studies, NFkB appeared to
inhibit PPAR-y-mediated effects, which later inhibits adipogenesis and promote osteogenesis

(Suzawa et al., 2003).

According to two independent studies (Arkan et al., 2005; Cai et al., 2005), using selective
transgenic expression and IKKB knockout in the liver respectively, proved that NFkB is a
significant factor in insulin resistance. Overexpression of IKKB in the liver mimics a high-fat diet-
induced insulin resistance while the expression of |kBa in liver reverses type 2 diabetes. There
are a number of studies that show the activation of NFkB by hyperglycemia which includes but
not limited to (Suzawa et al., 2003), shows that from a mesenchymal cell derived from bone
marrow, the activation of NFkB antagonises the function of PPARYy, a receptor that regulates
lipid and glucose homeostasis. In another study by Hotamisligil in 1995, it was shown that TNFa
is overexpressed in obese animals while insulin sensitivity can be achieved by its neutralisation
(Hotamisligil et al., 1995). The NFkB is not only implicated in type Il diabetes but also in its
complications, including, diabetic cardiomyopathy, diabetic retinopathy, diabetic
nephropathy, and diabetic neuropathy.
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A. Diabetic cardiomyopathy

Diabetic cardiomyopathy is the leading cause of death in diabetic patients and can be caused
by many factors, including insulin resistance. Diabetes induces oxidative stress, which leads in
the increased levels of advanced glycation end products (AGE), then overexpression of
receptor for AGE (RAGE) and galectin-3 levels. All these lead to increased TNFa and its receptor
TNFa-R1, suggesting that these events impair cardiac-specific transcription factors. Also, these
lead to the reduced expression of myosin heavy chain genes in the left ventricle (Patel and

Santani, 2009).

Studies also show that the activation of NFkB downstream genes triggers other pathways
through the production of proinflammatory cytokines like TNFa, which is involved in heart
damage. TNFa again triggers NFkB to amplify the detrimental effects in the heart (Esposito et
al., 2003). This activation still leads to a switch in cardiac myosin heavy chain gene expression

(Aragno et al., 2006).

B. Diabetic retinopathy

It is regarded as one of the leading causes of blindness and vision impairment globally (Patel
and Santani, 2009). In diabetic patients, accumulation of AGE and RAGE increases retinal
microvasculature. AGE can also be irreversibly formed and build-up in retinal capillary cells,
increasing ROS formation, thus activating NFKB and forcing more cellular damage (Mohamed
et al., 1999). Activation of NFkB also results in overexpression of free radicals and interleukins,
which creates a continuous feedback loop by releasing more ROS (Vissilakopoulos et al., 2003).
Other studies show anincrease in intraocular levels of monocytes chemotactic protein-1 (MCP-
1) which increases proliferative diabetic retinopathy (PDR) (Harada et al., 2003). Studies by
Harada in 2003, suggests that MCP-1 regulated by NFkB is involved in the pathogenesis of PDR.

C. Diabetic nephropathy

Diabetic nephropathy is associated with renal failure and poses a threat in death related to
heart failure in diabetic patients (Patel and Santani, 2009). It has been reported before that
the nuclear translocation of NFkB from the nucleus is demonstrated in diabetic nephropathy

(Cohen et al., 2002; Sakai et al., 2005). In diabetic patients, due to high levels of ROS and
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cytokines, leukocytes are highly activated, which later releases superoxide radicals and
proteases that are known to promote oxidative stress (Patel and Santani, 2009). Also, elevated

glucose concentration generates ROS in mesangial cells.

There are a number of NFkB-dependent pathways that play a role in macrophage infiltration
and kidney injury. It was shown that there was a high expression of p65, an NFkB subunit, in
diabetic animals due to increased MCP-1 gene expression and macrophage infiltration (Cha et
al., 2005). NFkB is regulated by angiotensin Il (Ang Il), a cell proliferation, apoptosis, fibrosis
and inflammation through NFkB (Esteban et al., 2003). Ruiz-Ortega et al. (2001) concluded that

Angll activates renal NFkB via both AT; and AT, receptors (Ruiz-Ortega et al., 2001).

D. Diabetic neuropathy

Neuropathy refers to the loss of pain perception, which triggers a series of events that leads to
chronic diabetic ulcers (Patel and Santani 2009). Also, hyperglycemia activates diabetic
neuropathy by hyperexpression of proinflammatory cytokines like IL-6 and TNFa (Mattson and
Camandola, 2001, Vincent et al., 2002). In clinical trials, it has been shown that a-lipoic acid,
an NFkB suppressor, diminishes symptoms in somatic and autonomous neuropathy and

reduces blood flow (Haak et al., 1999; Ziegler et al., 1999).

1.5.2.6. JNK-1

c-Jun kinase 1 (JNK-1) is a member of the mitogen-activated protein kinases (MAPK) family that
holds a unique feature than the rest since it can induce a response to cellular stress than to
mitogen (Chang and Karin, 2001). Three JNK isoforms have been identified, and those are JNK-
1, JNK-2, and JNK-3. The JNK-1 and-2 are ubiquitously expressed in the body, while JNK-3’s
expression is confided in some parts of the body, i.e. brain, testis and pancreatic B-cells (Solinas
and Karin, 2010). These proteins play a critical role in cell response to stress, and their activities
have been involved in the pathogenesis of obesity-induced insulin resistance (Solinas and

Becattini, 2017).

In separate studies, Hotamisligil and co-workers in 1993; and Tanti and co-workers in 1994, led
to the understanding of the mechanism by which JNK induces insulin resistance. Tanti reported

that serine/threonine phosphorylation of IRS-1 leads to defective IRS1 and reduces
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phosphatidylinositide 3 kinase (PI3K) AKT signaling in response to insulin receptor activation
(Tanti et al., 1994). Hotamisligil a year before had reported that, TNF-a expression is elevated
in adipose tissue of obese insulin-resistance rodents in contrast to those slim controls and that
neutralisation of TNF-a improves insulin sensitivity in obese insulin resistance rats (Hotamisligil

et al., 1993).

The above two studies showed that serine/threonine kinases induced by TNF-a and
inflammation, including JNK promote insulin resistance by direct phosphorylation of IRS
molecules (Solinas and Karin, 2010). Treatment of cells with anisomycin, a potential JNK
inducer, showed a reduction in of IRS-1 and IRS-2 tyrosine phosphorylation in response to
insulin which was followed by the increase in serine/threonine phosphorylation in IRS-1 and -
2 (Aguirre et al.,2000). It was shown that the JNK phosphorylates serine-307 in IRS-1 and that
this phosphorylation inhibits the interaction of IRS-1 and insulin receptor in response to insulin
(Aguirre et al., 2000a; Aguirre et al., 2002b). It was also shown that JNK activity in mouse

muscle, fat and liver is increased in obese mice (Hirosumi et al., 2002).

The study by Sabio and colleagues was conducted to examine the role of JNK-1 in adipocytes
using a mice model lacking Jnk1 gene, a gene responsible for JNK-1 expression (Sabio et al.,
2008). The mice were protected against insulin resistance development by feeding them a
high-fat diet (Sabio et al., 2008). Furthermore, it was also elucidated that this effect is tissue-
specific due as Jnk1-deficiency in adipocytes did not cause any change in insulin sensitivity in
the muscle, but improved liver insulin sensitivity (Sabio et al.,, 2008). C-Jun kinase 1 is also
shown as a requirement for adipocytes interleukin 6 (IL6) in response to a high-fat diet, as
there was a drastic decrease in the expression of IL6 in mice fed with a high-fat diet (Sabio et
al., 2008) Mouse lacking JNK-2 and only one allele also showed protection from diet-induced
obesity and insulin resistance elucidating that JNK-2 is also involved in the obesity-induced

insulin resistance (Tuncman et al., 2006)

1.5.2.7. GLUT4
Glucose transporter isoform 4 (GLUT4) is insulin-responsive facilitative glucose transportation
highly expressed in skeletal, adipose and cardiac muscle cells (Atkinson et al., 2013). The GLUT
4 is located in the organelles such as Golgi apparatus and endosomes in a basal state, GLUT4
translocates to the plasma membrane in response to insulin. That is where GLUT 4 takes up
extracellular glucose for storage and recycling (Leto and Saltiel, 2012). The transporter GLUT4
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is known for its role in glucose homeostasis, and this has been shown by enhanced insulin

sensitivity in response to increased GLUT4 expression (lkemoto et al., 1995).

In obesity, GLUT4 expression is compromised, leading to insulin-resistant glucose transport
(Garvey et al., 1991). It has been observed that in insulin resistance state, there is an impaired
skeletal muscle glucose transport suggesting its role in insulin sensitivity (Pendergrass et al.,
2007). In a study by Tsao et al. (1996), it was elucidated that GLUT4 improves insulin sensitivity
in mice. In one study, it was shown that loss of GLUT4 in cell surface in response to insulin is

correlated with insulin resistance (Atkinson et al., 2013).

Protease inhibitors play a role in the loss of glucose uptake by GLUT4 into the cell, as observed
in one study (Murata et al., 2000). In the study, 3T3-L1 adipocytes treated with indinavir shows
a 63 % inhibition of GLUT4 after only 6 minutes of treatment (Murata et al,, 2000). This
inhibition is more likely to be the direct cause of insulin resistance in HIV-infected persons and
diabetes results when pancreatic cells are unable to compensate for insulin (Murata et al.,

2000).

A GLUT4 knocked out mice showed insulin resistance and devoid fat tissue in one study (Katz
et al., 1995). This observation suggests that GLUT4 activity on its own is required in
adipogenesis. Furthermore, Pl accounts for lipodystrophy (Murata et al., 2000). It has been
suggested that Pl interferes with adipogenesis in cell culture which is in line with findings by

Carr and colleagues in the previous year (Zhang et al., 1999, Carr et al., 1998).

1.6. Therole played by protease inhibitors in insulin resistance

Protease inhibitors are said to play a crucial role in insulin resistance. Ismail et al. (2009) outline
a possible mechanism whereby Pl leads to insulin resistance viz. (1) impairment of distal steps
in the insulin signaling pathway, (2) impairment of proximal steps in the insulin signaling

pathway and (3) induction of other factors involved in insulin resistance by PI.

1.6.1. Impairment of distal steps in the insulin signaling pathway

Studies by Murata et al. (2000) demonstrated that Pls suppress glucose uptake without
disturbing GLUT4, a major transporter of glucose into adipose tissue and skeletal muscle
(Mueckler, 2001). In subsequent studies by Rudich et al. (2001), treatment of 3T3-L1 adipose
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tissues treated with 10 uM of nelfinavir impaired GLUT4 translocation and glucose. This was
due to the ability of nelfinavir to inhibit the stimulation of PKB/Akt serine-437 phosphorylation.
This inhibits insulin signal pathway by binding to downstream signal intermediates. It was also
noticed that nelfinavir decreases the expression of perilipin, a lipolysis regulator (Rudich et al.,
2001). In independent studies by Ben-Romano et al. (2004) and Rudich et al. (2003), it was
revealed that nelfinavir induces insulin resistance by inhibiting both the recruitment and
activation of PI3K, which leads to disrupted GLUT4 translocation, therefore, preventing glucose

uptake.

Kachco et al. (2009) observed that PKB/Akt was inhibited after the generation of PIP3, thus
leading to a disturbed GLUT4 translocation. In the presence of nelfinavir, PKB was expressed
and phosphorylated by PDK and induced GLUT4 translocation. This process meant that
nelfinavir interfered with the sensing of PIP3; (Kachco et al., 2009). Nelfinavir also had more
effects than their counterpart indinavir which only inhibits glucose uptake and not
translocation (Ismail et al., 2009). Nelfinavir also induces oxidative stress in adipocytes, which
is responsible for causing insulin resistance (Ben-Romano et al.,, 2006). This is due to the
increase in reactive oxygen species concentration which oxidise and damage macromolecules
(Nishikawa et al., 2000). Reactive oxygen species also act as a signaling molecules and activates

stress sensitive pahway causing call damage (Evans et al., 2003).

1.6.2. Impairment of proximal steps in the insulin signaling pathway

Some evidence pointed to Pl having more proximal effects on the insulin signaling pathway.
Studies showed that indinavir decreases about 30-60 % tyrosine phosphorylation of IRS-1 in
HepG2 hepatoma cells and it was linked to decreasing in PI3K activity with no effect on insulin
binding affinity which suggest that indinavir influences IRS-1 phosphorylation associated with
PI-3 pathway (Schutt et al., 2000; Virkamaki et al., 1999 ). Ritonavir showed a decreasing
number of insulin receptors, but not the binding affinity simultaneous with a decrease in IRS-

1 phosphorylation in the tyrosine residues responding to insulin (Schutt et al., 2000).

Another PI, lopinavir, inhibited IRS-1 phosphorylation in a study conducted in human
adipocytes. This inhibition resulted in a decrease in glucose uptake in a concentration-

dependent fashion (Djedaini et al., 2009). It had been hypothesised before that lopinavir
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decreased phosphorylation of IRS-1 directly and not affecting B-subunits in the insulin

receptor. This means that Pl affects early steps in the insulin signal pathway (Ismail et al., 2009).

1.6.3. Induction of other factors involved in insulin resistance by PI

It has been observed that Pl alter chemokines, cytokines or adiponectin production in human
adipocytes and macrophages (Lagathu et al., 2007). It has been shown that indinavir increased
the expression of SOCS-1 in the liver, skeletal muscle and adipose tissues in a study conducted
in rats (Carper et al., 2008). The overexpression of SOCS-1 and TNF-a was associated with
reduced expression of SREBP-1 and IRS-2, responsible for insulin action in the insulin pathway.
TNF-a suppresses the functionality of IRS proteins to manifest insulin resistance (Ismail et al.,
2009). As observed by Carper and co-workers, TNF-a induces SOCS-1 expression. Of note, TNF-
a activates other kinases including JNK and IKK, which leads to phosphorylation of IRS-1. These
Pl change adipose, adiponectin, and leptin gene expressions which results in repeated starving

cycles and impaired fats storage (Chaparro et al. .2006).

1.7. Genome editing

Genome editing is a unique tool that researchers use to manipulate a gene or genome to create
a new cell line, stain or organism. Three most common techniques of gene editing are
employed in a wide range of science applications. These techniques are namely; transcription
activator-like effector (TALE), a zinc-finger nuclease (ZFN) and Clustered regularly interspaced

short palindromic repeats CRISPR associated protein 9, (CRISPR/Cas9).

1.7.1. TALENs

Transcription activator-like effector (TALE) are natural proteins obtained in plant pathogenic
bacteria of genus Xanthomonas. During infection, the proteins are delivered to the plant cell
through the type Ill secretion pathway (Bogdanove et al., 2010). Once in the cell, TALE enters
the nucleus, bind effector-specific DNA sequence and transcriptionally activate gene
expression, which increases plant susceptibility to pathogen colonisation (Christian et al,,

2010). They consist of 33-35 amino acid series repeats recognising a single base pair. TALE's
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specificity largely depends on the repeat-variable di-residues (RVD), the two-hypervariable

amino acid. TALE repeats are linked together to recognise contiguous DNA sequences.

TALE repeats have been made to fuse with effector domains to target genetic modifications,
including nucleases (TALEN), transcriptional activators and site-specific recombinases (Miller
et al., 2011; Mercer et al., 2012). Though it has shown advantages as compared to other
technique before it, it has technical challenges due to identical repeat sequences. TALENs has
been used in researches to compare gene function across related species such as C. elegans
and Caenorhabditis brisae (Wood et al., 2011). TALENs have shown the capability of correcting
the underlying cause of disease, thus eliminating symptoms of genome modification (Gaj et al.,

2016).

1.7.2. ZFN

Zinc finger nuclease (ZFNs) are chimeric-engineered nucleases designed to target specific
sequences in a genome. ZFNs have two modular domains, namely, DNA binding domain and
DNA cleavage domain linked together via linker peptide that together mediates mutation

(Durai et al., 2015).

The functionality of ZFN is mainly derived from their conserved interaction between the
domains and cognate DNA sequence. Each ZFN domain consists of two conserved Cysteines
and two conserved Histidines, forming a Cyt,His, chain in a short stretch of 30 amino acid (Klug,
2010). Those two conserved residues recruit zinc ion to fold peptides into tertiary
conformation with anti-parallel beta-sheets containing Cysteine residues and Alpha helix
containing Histidine residues (Rhodes and Klug, 1993). Each finger unit recognises 3-4 base
pairs of DNAs and makes a base-specific contact through the interaction of its alpha-helix with
a major groove of DNA. In the ZFN, DNA cleavage is mediated by the Folk domain, which
belongs to the type of restriction endonucleases (Jabalameli et al., 2015). For correct

geometry, two ZFN must duly bind to the target sequence to allow proper dimer formation.

Zinc finger nuclease has been applied in research and medicine. To date, ZNF-induced HDR has
been used to correct the disease-causing mutation associated with the X-linked severe
combined immune deficiency (SCID) (Urnov et al., 2005). It has also been used to introduce

target alteration in plants including Arabidopsis and other crop species to allow the addition of
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desired characteristics or phenotypes such as disease and herbicide resistance and high-quality

food (Shukla et al., 2009)

1.7.3. CRISPR/Cas9

Clustered regularly interspaced short palindromic repeats (CRISPR) CRISPR-associated
nuclease 9 (Cas) is an adaptive immune system in bacteria and archaea which resists the virus
via incorporating short repeats of the viral DNA into the bacterial genome (Horvath et al,,
2010). When a bacterial colony is transfected for a second time, transcripts of those repeats
directs a nuclease to the complementary DNA (cDNA) from the invading virus and thus destroys

the viral DNA.

The system has been observed in about 40 % and 90 % genomes sequenced in bacteria and
archaea, respectively (Grissa et al., 2007). CRISPR/Cas is classified into two super-classes; the
class | which consist of standard and diversified type |, type lll and a rare type IV and the class
Il which consist of type Il, type V and type VI (Kira et al., 2018). The distinct characteristic
between the two classes lies on whether it uses a multi-subunit protein complex (class 1) or
single protein (class Il) (Gleditzsch et al., 2019). The main six types of CRISPR-Cas system are
determined by the signature Cas protein responsible for the target cleavage (Gleditzsch et al.,
2019). The two classes and their types, subtypes and examples are summarised on Figures 1.4

and 1.5 respectively below.
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Figure 1.4. The class | CRISPR-Cas system. A typical operon organisation is shown for each sub-type. Each subtype,
a representative genome and respective gene locus is shown. Homologous genes are color-coded and identified
by separate family names. Adapted from Makarova et al., 2018.
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Figure 1.5. The class Il CRISPR-Cas system. RuvC I, RuvC Il and RuvC il are three distinct motifs contributing to
nuclease catalytic centre to cleave target DNA. Adapted from Makarova et al., 2018.

This system works in three stages, acquisition, expression and target interference, as shown in
Figure 1.5. In the acquisition, invading phage DNA, also called protospacer, is processed by Cas
nuclease into small fragments of DNA, which then are incorporated into the CRISPR locus of
the host genome as spacers. In response to the invasion, CRISPR-RNAs (crRNA) are expressed
using the spacers processed in the acquisition stage as transcriptional templates. These crRNA
guides Cas to cleave a target DNA sequence of invading phage (Zhang et al., 2014). In the final
stage, through the guidance of crRNA Cas proteins recognises the appropriate target and
mediate the cleavage of the invading phage and by so doing protecting host cells from phage

infection (Hsu et al., 2014, Arneu et al., 2010, Deltcheva et al., 2011).
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Figure 1.6: A typical sketch showing the innate immunity in the prokaryotic cell using CRISPR (Doudna lab 2018,
http://doudnalab.org/research _areas/crispr-systems/). When a bacterium gets attacked by a bacterial phage, the
CRISPR system responses. CRISPR is composed of short palindromic repeats of DNA that have so-called spacers
between each repeat. These spacers are unique. The Cas genes are different genes that associate with CRISPR and
make Cas proteins. These spacers will function as the genetic memory for previous attacks in the bacteria and will
either recognise the bacterial phage or be activated. If the spacer is activated, it will copy the foreign DNA into the
CRISPR. This will give a library of short CRISPR-derived RNA (crRNAs) that will contain the complementary sequence
to that of the invading nucleic acid (Jiang and Doudna, 2017).

The CRISPR/Cas9 system has been adopted for genome engineering in the eukaryotic cell
which can be achieved by three minimal components: Cas9, specificity-determining CRISPR
RNA (crRNA), and an auxiliary trans-activating RNA (tracrRNA) (Mali et al., 2013). In most cases,

the tracrRNA and the crRNA are fused and generate single-guide RNA (sgRNA).

A typical sgRNA is a 20-nucleotide long sequence of DNA complementary to the targeted DNA
followed by the protospacer adjacent motif (Anders et al., 2014). It comprises of the seed
sequence and non-seed sequence. The first 10-12 base pairs adjacent to PAM on the 3’ end,
the seed sequence’ determines Cas9 specificity (Cong et al., 2013). The seed sequence

influences the specificity of Cas9-sgRNA binding.

The success of the system depends on the recognition of protospacer adjacent motif (PAM)
element of foreign genetic materials, and the mechanism of recognition differs from species
to other depending on which type the Cas protein falls under (Gleditzsch et al., 2019).

Protospacer adjacent motif is a short conserved sequence ranging from 2 — 5 bp located next
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to target DNA which serves a purpose of discriminating between the ‘self’ and ‘non-self’ DNA

increasing binding specificity (Westra et al., 2013).

For understanding the mechanism of PAM recognition, the Cas protein has been widely
studied. For example, Streptococcus pyogenes Cas9 (SpCas9), which recognise 5-NGG-3’ PAM
sequence has been studied in detail (Mojica et al., 2009; Karvelis et al., 2015; 2017). In those
studies, crystal structure shows two major lobes; the recognition lobe (REC) and the nuclease
lobe (NUC) that accommodate the sgRNA: DNA heterocomplex ( Nishimasu et al., 2014). The
binding of gRNA results in a conformational change on the SpCas9, which includes the
formation of PAM interaction site (Anders et al., 2014). This rearranged protein is then
competent for target recognition and interrogates DNA in the presence of correct PAM

Sequence (Gleditzsch et al., 2019).

Two signature nuclease domains also characterise the Cas9; the RuvC and the HNH, which
cleavage DNA strands that are complementary and non-complementary, respectively
(Gasiunas et al., 2012; Jinek et al., 2012). Besides, SpCas9 also have a PAM-interaction domain
have been shown to form a significant groove interaction with the non-target GG
dinucleotides. The PAM recognition initiates stable R-loop formation and allosterically
regulates dsDNA blunt cleavage in a fixed distance of 3 bp upstream of PAM (Palermo et al.,
2017; Anders et al., 2014). This then means that PAM recognition is a prerequisite for SpCas9
activity (Sternberg et al., 2014; 2015)
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Figure 1.7.: Sketch showing the mechanism of CRISPR at a molecular level. If a bacterium gets attacked by a virus,
two different types of short RNA will be produced when CRISPR loci are transcribed and processed into CRISPR RNA
(crRNA) during crRNA biogenesis. crRNA will contain a sequence that will match the invading nucleic acid. These
two RNAs will form a complex with a protein called Cas9 during interference phase. When the matching sequence
is known as a guide RNA (gRNA) find its target within the viral genome, the Cas9 will cut the target DNA. This will
disable the virus (Reis et al. 2014)

In most cases, gene knockout by CRISPR/Cas9 is achieved by inducing double-strand break
(DSB). The subsequent DNA repair process by the cell using either nonhomologous end-joining
(NHEJ)- mediated or by homology-directed repair (HDR) although it is not limited to (Hsu et al.,
2014; Hess et al., 2017). The NHEJ repair induces the accumulation of small insertions or
deletions (indels) because it rapidly ligates DBS. Thus it is error-prone (van Overbeek et al.,
2016, Zhang et al., 2014). If ever those indels lie on the exon, the open reading frame (ORF)
will be disrupted. On the corresponding gene, thereof will be a nonsense-mediated decay
which leads to renege of translation or transcription (Hsu et al., 2014). These mutations can be

used to disrupt the function of the target gene or even genetic element.
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Figure 1.8: A sketch showing NHEJ pathway and the probable results. Guide RNA (gRNA) and Cas9 will form a
complex which will lock on to a short protospacer adjacent motif (PAM). Cas9 has two active sites, whereas each
of these sites will cut one of the complementary DNA strands. The double-strand break will usually be repaired by
the non-homologous end joining (NHEJ) pathway. This pathway will often lead to different mutations as small
deletion, insertion or frameshift (Addgene 2017)

The HDR mediated repair, on the other hand, it is more complicated as compared to NHEJ as
it requires a homology-containing donor DNA sequence as a repair template. Grarts and co-
workers managed to edit a genome through co-injecting Cas9 and two gRNA targeting the 5’
and 3’ sequence; and single-strand oligodeoxynucleotide template (Grarts et al., 2013). The
HDR mediated repair is mediated in the S- and G2 phase in the cell (Salsman and Dellaire,

2016).

The biggest challenge of the system is off-targets. These off-target effects occur since the 20-
bp targeting sequence in the guide RNA (gRNA) may be elsewhere in the genome (Ran et al.,

2013). Some methods developed to detect off-targets. T7 endonuclease | assay have been
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used, previously, however, it offers reduced sensitivity and not cost-effective for extensive
scale screening (Cho et al., 2013). Advanced methods have been developed, which includes

deep sequencing, in silico prediction tools and CHIP-seq (Ran et al., 2013).

Strategies to minimise off-target effects have been reported (Kim et al., 2015). Firstly, gRNA
can be altered by truncating the gRNA at the 3’ end, shortening the region complementary to
the target site at the 5" end or by adding two guanine nucleotides at the 5, end of the gRNA.
This alternation has been reported that it improves target specificity and decreases
undesirable mutagenesis at the off-target site by 5000-fold. Secondly, Cas9-sgRNA
concentration can be controlled by titrating the amount of Cas9, and sgRNA delivered (Kuscu
et al., 2014). Thirdly, in place of the wild-type Cas9, a D10 mutant nickase version can be used
instead (Ran et al., 2013).

The latter uses a non-DSB-mediated genome editing but a base editing system that does not
involve DSB. These are divided into two, namely the cytosine base-editor (CBE) and adenosine
base-editor (ABE) (Chen et al.,2019). Although they are useful, they cannot wholly replace DSB-

based editing as they cannot achieve gene insertion and gene replacement (Chen et al., 2019)

Also, in a study by Zhang and colleagues generated a DNA-free edited wheat by bombarding in
vitro transcripts of Cas9 and sgRNA into an immature embryo (Zhang et al., 2016). Although
there was a reduction in edition efficiency might be due to RNA instability, there was a
reduction in off-target effects (Zhang et al., 2016). However, Liang and colleagues developed
a DNA-free genome-editing system that writes-off the mRNA disadvantage (Liang et al,,
2017;2018). The Cas9/sgRNA (ribonucleoprotein) RNPs was shown to be as effective as the
plasmid-base system and with low off-target frequency. This is because RNP cleaves the target

upon delivery without cellular transcription and translation.

This study intended to research the role played by the NFkB pathway on the HAART induced

insulin resistance in CHO-IR cells using CRISP/Cas9 system.
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1.8 AIM

This study aimed to elucidate the role of NFkB in the insulin resistance caused by

antiretroviral drugs by knocking out the endogenous gene in CHO cells using CRISPR-Cas9
technology

1.9 OBJECTIVES

The objectives of this project were:

s To design guide RNA (gRNA) and primers; and insert gRNA into the pSPCas9(BB)
plasmid prior transfection into CHO-IR cells

¢ To confirm the deletion of NFkB by screening CRISPR/Cas9-mediated mutants using
Heteroduplex Mobility Assay and Western blots.
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Chapter 2: Materials and Methods

2.1. Reagents

Unless stated otherwise, restriction enzymes used in this study were purchased from New
England Biolabs (NEB) United State of America (USA). All chemical reagents were purchased
from Merck, USA unless stated otherwise. Escherichia coli (E. coli) XL gold cells were a precious
gift from Dr Iman van Den Bout from Physiology Department at the University of Pretoria.
Unless stated otherwise, all amplifications were done using Labnet Multigene™ gradient
thermocycler (Labnet International Inc., USA). The following antibodies were used in this study:
a-NFkB1 p105 polyclonal mouse primary antibody, a-actin polyclonal mouse antibody and a-
mouse polyclonal secondary antibody (Thermo Fisher Scientific, USA) (a precious gift from Mr
Lutendo Mathomu from the Department of Biochemistry, BioNanoC research group, University
of Venda). Both the MSc committee and Ethics group (346/2018) at the University of Pretoria

approved the project.

2.2. gRNAs and Primers design

For the identification gRNAs, Synthego (http://design.synthego.com/#/, accessed on 15™ of

May 2018), an online tool was used. Upon opening the site, species and gene of interest were
entered [ Cricetulus griseus RefSeq: C_griseus_V1.0 (GCF_000419365.1) rel102 and NFkB1 Ref
100770607] respectively. Top 2 search results which target exon 6 from 118445 to 118593 bp
were then selected and were used for the rest of the study. The hU6-F primer was obtained

from the addgene website (https://www.addgene.org/browse/sequence/106034/). For other

primers, Primer-BLAST and CLC Main Workbench by NCBI and Qiagen respectively were used

for design. Briefly, https://www.ncbhi.nlm.nih.gov/tools/primer-blast/ link was followed, and

the plasmid sequence was entered. After searching, 5 top quality primers were selected and
sent to Ingaba Biotech for synthesis. All oligonucleotides used in this study were synthesised

from Ingaba Biotech. Tables 2.1 and 2.2 summarise all oligonucleotides and primers.
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Table 2.1. Oligonucleotides used to make gRNA 1 and gRNA 2.

Oligonucleotide Sequence Restriction Subcloning
(5'---3") enzymes vector

CRISPR 1 AAACTTGGTGACCAATTGAACAATC Bbsl pX330

(Forward)

CRISPR 2 CACCGATTGTTCAATTGGTCACCAA Bbsl

(Reverse)

CRISPR 3 AAACTTGCAGGTCCCACATAGTTGC Bbsl pX330

(Forward)

CRISPR 4 CACCGCAACTATGTGGGACCTGCAA Bbsl

(Reverse)

Table 2.2. Primers used in this project.

Primers Sequence
(53

hue-F GAGGGCCTATTTCCCATGATT

(forward)

R-OLIG_3 | CCAAGTGGGCAGTTTACCGT

(Reverse)

Rev-1 CTAAAAGCAGAACAGTGGG

(Reverse)

Forw-1 AGTTAGAGAGGGGCTGGA

(forward)

2.3. Cell cultures
Both mammalian and bacterial cultures were used in this study, below is the brief methods
used for culturing:

2.3.1 Bacterial cell culture

All bacterial cells were grown on either LB broth or LB agar (Sigma-Aldrich, Germany). For the
preparation of the 10x media, 20.6 g of LB broth was mixed with 1L MilliQ water. The mixture
was autoclaved for 20 minutes at 121 °C at 105 kPa of pressure using VCV autoclave (Sigma,
USA). For agar plates formulation, 35 g of LB powder was mixed with 1l Millig water. After
autoclaving, just before media was ready for pouring, ampicilin at (50 ug/ml) was added .

Finally, about 20 ml of media was then poured into respective 100 x 15 mm plates.
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2.3.2 CHO-IR cell culture

Chinese Hamster Ovarian cell transfected with insulin receptors (CHO-IR) cells were cultured
in Ham’s F12 culture medium (Life Technologies, UK) in 75 cm? flasks, and incubated at 37 °C
ina 5 % CO2 incubator (Esco, Singapore). CHO-IR cells are ideal model for insulin signnaling
owing to they ease to culture due to their short doubling time. They also have high level of
insulin receptor protein expression, this play a crucial role in sensitivity detection of changes

in signaling protein involved in the insulin signaling pathway.

The medium was supplemented with 10 % (v/v) fetal calf serum (FCS) (Life Technologies, UK),
10 % (v/v), 2 mM L-glutamine (Life Technologies, UK), and 100 U/ml penicillin, amphotericin
and streptomycin (Life Technologies, UK), 0.5 % gentamicin and pug/ml G418-sulphate solution
(Life Technologies, UK). Antibiotics and antimycotic were used to prevent common cell culture
contamination, including bacterial and mycotic contamination. Gentamicin was used to
prevent contamination of the mycoplasma in the cell medium. G418 is an antibiotic that
ensures that only cells transfected with insulin receptor survive as compared to those without

the plasmid.

Ham’s F12 medium was used as a base medium for CHO-IR cells owing to its high level of L-
proline, an amino acid required by the cell to grow. Foetal calf serum is enriched with insulin
growth factor (IGF) which its primary function is to stimulate the growth of the cell. L-glutamine
provides vital support in cellular growth, and serve as a substitute source of energy for rapidly

dividing cells

After 3-4 day of culture, cells were split at 80 % cofluency for subculturing. Briefly, the culture
medium was decanted out before rinsing cells with 10 ml phosphate-buffered saline (PBS)
(Sigma Aldrich, USA). Then with 500 ul of 1X trypsin-ethylenedinitrilotetraacetic acid (Trypsin-
EDTA) solution (Sigma Aldrich, USA). The flask was incubated at 37 °C for 2 minutes to allow
cells to detach from the flask. The trypsinisation reaction was terminated with 5 ml of culture
medium, and 1 ml of warm culture medium was transferred to a new flask containing 19 ml| of

new culture medium.
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2.4. Plasmid DNA extraction
Plasmid DNA was extracted using two methods, depending on the intended use and
throughput. Below is the brief methodology followed in each method:

2.4.1 Mini-prep

For small scale DNA extraction, ZymoPURE™ plasmid Miniprep kit (Zymo Research, USA) was
used. Briefly, 5 ml of bacterial culture was centrifuged in a transparent 1.5 mltube at maximum
speed for 30 seconds in a microcentrifuge and supernatant was discarded. 250 ul of
ZymoPURE™ P1 was added to the bacterial cell pellet and resuspended completely by
vortexing. 250 pl of ZymoPURE™ P2 was added before immediate mixing by gently inverting
the tube 8 times. The mixture was allowed to incubate at room temperature for 3 minutes until
cells appeared transparent, purple, and viscous. 250 pl of ice-cold ZymoPURE™ P3 was added
and mixed thoroughly by inversion until yellowish precipitate form. The neutralised lysate was
then incubated on ice for 5 minutes. The neutralised lysate was centrifuged for 5 minutes at

16,000 x g.

A volume of 600 ul supernatant was transferred into a clean 1.5 ml microcentrifuge tube
without disturbing the yellow pellet and avoiding transferring any cellular debris to the new
tube. A volume of 275 ul ZymoPURE™ Binding Buffer was added to the cleared lysate and
mixed thoroughly by inverting the capped tube 8 times. A Zymo-Spin™ I[I-P Column was placed
in a Collection Tube, and the lysate was transferred into the Zymo-Spin™ II-P Column prior
incubation the assembly at room temperature for 2 minutes and then centrifuged at 5,000 x g
for 1 min. The flow-through was discarded. 800 pl of ZymoPURE™ Wash 1 was then added to
the Zymo-Spin™ [I-P Column and centrifuged at 5,000 x g for 1 min. The flow-through was
discarded. Exactly 800 ul of ZymoPURE™ Wash 2 was added to the Zymo-Spin™ II-P Column
and centrifuged at 5,000 x g for 1 min discarding the flow-through. 200 pl of ZymoPURE™ Wash
2 was added to the Zymo-Spin™ II-P Column and centrifuged at 5,000 x g for 1 min, discarding
the flow-through. The Zymo-Spin™ II-P Column was centrifuged at 10,000 x g for 1 minute in
order to remove any residual wash buffer. The Zymo-Spin™ II-P Column was then transferred
into a clean 1.5 ml tube, and 25 ul of ZymoPURE™ Elution Buffer was added directly to the
column matrix and incubated at room temperature for 2 minutes, and then centrifuged at
10,000 x g for 1 minute in a microcentrifuge. Eluted plasmid DNA was stored at -20°C until

further use.
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2.4.2. Midi-prep

For the extraction of plasmid DNA in large quantities, ZymoPURE™ Il plasmid Midprep kit (Zymo
Research, USA) was used. Briefly, 50 ml overnight culture was centrifuged to remove media at
10,000 RPM for 5 minutes. A volume of 8 ml ZymoPURE™ P1 was added to the bacterial cell
pellet and resuspended completely by vortexing. 8 ml of ZymoPURE™ P2 was added prior to a
rapid mixing by gently inverting the tube 6 times. The mixture was allowed to sit at room
temperature for 3 minutes until the mixture turns purple. 8 ml of ZymoPURE™ P3 was added

and mixed gently but thoroughly by inversion until the mixture turns yellow.

Plugs were attached to the Luer Lock at the bottom of the ZymoPURE™ Syringe Filter and
placed upright in a tube rack and lysates were loaded into the ZymoPURE™ Syringe Filter and
waited for 8 minutes for the precipitate to float to the top. The Luer Lock plug was removed
from the bottom of the syringe and placed into a clean 50 ml conical tube. Plunger was placed
in the syringe and solution was pushed through the ZymoPURE™ Syringe Filter in one
continuous motion until approximately 20 ml of cleared lysate was recovered. The cleared
lysate was saved. 8 ml of ZymoPURE™ Binding Buffer was added to the cleared lysates and
mixed thoroughly by inverting the capped tube 8 times. A 50 ml Reservoir was removed from
the top of the Zymo-Spin™ IlI-P Column Assembly, and the 15 ml Conical Reservoir and Zymo-

Spin™ 1lI-P column were connected and placed into a 50 ml conical tube.

A 10 ml of the mixture was added into the 15 ml Conical Reservoir/ZymoSpin™ IlI-P Column
assembly and centrifuged at 500 x g for 2 minutes. The 50 ml conical tube was emptied, and
this step was repeated until the entire sample has passed through the column. 2 ml of
ZymoPURE™ Wash 1 was added to the Zymo-Spin™ IlI-P column assembly and centrifuged at
500 x g for 2 minutes. 2 ml of ZymoPURE™ Wash 2 was added to the Zymo-Spin™ IlI-P column
assembly and centrifuged for 2 minutes at 500 x g. For the removal of all impurities, this step
was repeated. The purple Luer Lock cap was unscrewed from the top of the Zymo-Spin™ IlI-P
Column and the 15 ml Conical Reservoir was discarded. The Zymo-Spin™ IlI-P Column was
placed in a Collection Tube and centrifuged at 10,000 x g for 1 minute, in a microcentrifuge, to
remove any residual wash buffer. The column was transferred into a clean 1.5 ml

microcentrifuge tube. Subsequently, 200 ul of ZymoPURE™ Elution Buffer was added directly
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to the column matrix after waiting for 2 minutes, and then centrifuged at 10,000 x g for 1

minute in a microcentrifuge. Eluted DNA was stored at -20°C until further use.

2.5. Agarose gel electrophoresis

A 0.8 % agarose tablet was dissolved in 1x TAE buffer (40 mM Tris, 20 mM acetic acid and 1
mM EDTA) by microwaving. The agarose was cooled to 55 °C before adding ethidium bromide
(0.5 pg/ml). The agarose gel was then allowed to polymerise for 15-30 minutes at room
temperature. The gel was then placed in the electrophoresis chamber and covered with 1x TAE
buffer. A volume of 4 ul of 10x DNA loading buffer (0.25 % bromophenol blue, 30 % glycerol)
was added to 20 ul of the sample followed by loading the samples into the wells.
Electrophoresis was run at 100 volts for 1 hour using Labnet Enduro power supplier 300v

(Labnet International Inc, USA).

2.6. Restriction digest

Plasmid DNA was confirmed by restriction digestion. Three autoclaved tubes were labelled A,
B and C, and samples containing pX330-U6-Chimeric_BB-hSpCas9 (plasmid #42230, Addgene),
pSpCas9(BB)-2A-GFP (pX458) (plasmid #48138, Addgene) and pSpCas9(BB)-2A-Puro(pX459)
(plasmid #62988, Addgene) were added in each tube, respectively. In tube A, and B 3 ul of
EcoRI-HF (20000 units/ml), EcoRV-HF (20000 units/ml) and 10X NEBuffer and topped up-to 50
il with dH20. In tube C, 3 pl of EcoRI-HF (20000 units/ml), EcoRV-HF (20000 units/ml), Stul
(10000 units/ml) and 10X NEBuffer and topped up-to 50 pl with dH,0. The reaction mixtures
were then incubated in 37 “C water bath for 11 minutes. Reactions were then inactivated by
incubating at 65 °C for 20 minutes before the addition of 10 ul of 6X gel loading dye provided

with restriction enzymes. Results were resolved on a 0.8 % (w/v) agarose gel.
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Table 2.3. Summary of the restriction digest reaction for plasmid DNA conformation.

pX330 pX458 pX459

Reagent

EcoRlI (uL) 3 3 3
EcoRV (uL) 3 3 3

Stul (uL) - - 3

10x NEBuffer 3 3 3
RNAse free water (uL) | 33 31 29
DNA (pL) 8 10 9
Total (L) 50 50 50

For the preparation for ligation, 3uL of 50 ng pX330-U6-Chimeric_BB-hSpCas9 (plasmid
#42230, Addgene), 1 puL of 20000 units/ml Bbsl-HF restriction enzyme, 3 uL of 10x NEBuffer,
23 uL nuclease-free water was added in a tube and briefly mixed. The mixture was incubated
10 minutes at 37 °C and followed by incubation at 65 °C for 20 minutes in VCBV incubator (Bio-
Rad, USA). A volume of 6 L of loading dye was added on the mixture to stop the reaction. The
mixture was then run on 0.5 % (w/v) agarose gel at 100 volts for 1 hour using Labnet Enduro
power supplier 300v (Labnet International Inc, USA) and visualised using Uvitec FireReader V10

Imaging system (BioSPX, Netherlands).

2.7. Gel extraction

Gel extraction was performed using QlAquick Gel extraction kit (Qiagen, USA) by following the
manufacturer’s protocol. In brief, after agarose gel electrophoresis, the gel was excised with a
sharp, clean surgical blade on a Uvitec FireReader V10 Imaging system (BioSPX, Netherlands)
and weighed out in a clean colourless tube. A 3 X volume of buffer QC was added to 1X gel
volume provided that 1000 mg gel equates to 100 mL. The mixture was incubated in 50 °C for
10 minutes with brief mixing by vortex in 3 minutes intervals until the gel was completely
dissolved. Then 1 volume of isopropanol was added to the sample and mixed. The mixture was
then transferred into a column. The column was then placed into 2 mL collection tube and

spun down for 1 minute at 13000 rpm.

The flow-through was later discarded. Then, 750 pul of buffer PE was added into the membrane
and was centrifuged at 13000 rpm for 1 minute after it was incubated for 5 minutes at room
temperature to wash residues in the membrane. The flow-through was discarded before the

tube was transferred to a new clean collection tube. Then, 30 pL of elution buffer was added
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and was incubated for 1 minute at room temperature before spinning down at 13000 rpm for

30 seconds. Eluted DNA was then stored at -20 °C until further use.

2.8. Dephosphorylation of vector DNA and annealing of primer pairs

Dephosphorylation was performed to ensure that vector DNA did not re-circularize during
ligation. Limiting re-circularization reduces background during the subsequent transformation
(Ukai et al., 2002). Shrimp alkaline phosphatase (rSAP) (New England Biolabs Inc, USA) was
used following manufacture’s protocol. Briefly, 1 pmol of px330 digested plasmid DNA (5 pul), 2
ul of 10x CutSmart® buffer, 2 ul of 1000 units/ml rSAP and 11 ul of distilled water as added in
a clean 0.2 ml tube. The mixture was then incubated at 37 "C water bath for 30 minutes. The
mixture was subjected to heat-inactivation to stop the reaction by incubation at 65 °C in a

heating block for 5 minutes.

Annealing of reverse and forward primer was performed to get complementary
oligonucleotides. Protocol from a Ran et al., 2013 was used for this purpose with some
modifications where required CRISPR 1 and CRISPR 2 primers were used to make gRNA 1, and
CRISPR 3 and CRISPR 4 were used to make gRNA 2. In an Eppendorf tube, the components

were mixed in a proportion as summarized in a table below:

Table 2.4. Composition of gRNA 1 and annealing.

Reagent Volume (uL)
(8RNA 1) [concentration (UM)]
CRISPR 1 1 [5]
(Forward)

CRISPR 2 1[5]

(Reverse)

10 X ligation buffer 1[1X]
RNAse free water 6.5

T4 NPK 0.5 [5Sunits]
Total 10
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Table 2.5. Composition of gRNA 2 and annealing.

Reagent Volume (pL)
(8RNA 2) [concentration (UM)]
CRISPR 3 1[5]
(Forward)

CRISPR 4 1[5]

(Reverse)

10 X ligation buffer 1[1X]
RNAse free water 6.5

T4 NPK 0.5 [5units]
Total 10

The mixture was ran in a thermocycler as shown in Table 2.6 below using Labnet Multigene™

gradient thermocycler TC9600-G (Labnet International Inc., USA)

Table 2.6. Cycling conditions for oligonucleotide annealing.

Step Temperature °C ~ Time (minutes)
Hold 37 30

Hold 95

Ramp down & g

*ramped down to 25 °C at 5 °C/min

2.9. Ligation

Ligation was performed to join the annealed pair of primers to the digested pX330-U6-
Chimeric_BB-CBh-hSpCas9 (Addgene plasmid #42230). The reaction was set as summarised a

table below:

Table 2.7. Composition of gRNAs ligation to the plasmid.

Reagent Volume concentration
Bbs! digested plasmid 2 40 unit/ul
Annealed gRNA 1 40 ng
10x T4 DNA ligase buffer 5 2X
RNAse water 2 -
Ligase 1 1x
Total 10 -

The reaction mixture was then incubated at room temperature for 10 minutes. Ligated

plasmids were then transformed into XL10 Gold E. coli, as explained in the next subsection.
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2.10. Competent cells

Single colonies of E. coli XL10 gold {Tet" A(mcrA)183 AN(mcrCB-hsdSMR-mrr)173 endA1 supE44
thi-1 recA1 gyrA96 relAl lac Hte [F" proAB lacliZAM15 Tn10 (Tet") Amy Cam']} was inoculated
into 5 ml 10x LB broth (Sigma-Aldrich, USA) and grown for overnight at 37 °C with shaking (150
rom). The overnight culture was diluted into 1:10 fresh 10X LB broth and thereafter grown with
shaking to early log phase of absorbance 0.3-0.5 measured at 600 nm wavelength by
spectrophotometry (Bio-Rad, USA). Cells were harvested by centrifuging at 5,000 rpm for 10
minutes at 4 °C. Cells were then kept on ice from this point onwards. The supernatant was then
discarded before the pellets were resuspended with ice-cold transformation storage solution
(TSS) buffer (0.0125 M PEG, 0.03 M MgCl,, 5 % DMSO, 10X LB broth) by a vortex. Cells were

then aliquoted into tubes and stored at -80 °C till further use.

2.11. Transformation

The transformation experiment was performed to amplify and store ligated plasmid. In 3
Eppendorf tubes, 100 uL of chemical competent XL10 Gold cells were placed on each. Then 2
uL of ligated plasmids were placed on one tube, 2 pL of original plasmid was added on another
tube to serve as a positive control, and 2 pL of water was added on the other to serve as a
negative control. The mixture was left to chill on ice for 30 minutes before being heat shocked
for 45 seconds at 42 °C heating block (Bio-Rad, USA). Samples were then again chilled in ice for
10 minutes before addition of chilled 10 X LB broth.

The mixture was then incubated for 1 hour at 37 °C shaking incubator rotating at 250 rpm
(Labnet International Inc, USA). After incubation, 100 plL from each tube was streaked on LB
agar plates as dilute samples. The remainder was subjected to centrifugation at 10,000 rpm at
4 °C for 5 minutes. After centrifugation, 800 uL of supernatant was discarded, and the
remaining supernatant was then mixed with pellets fraction before plating to LB agar plate as
a concentrated sample. Plates were incubated overnight at 37 °C on Labnet 211DS shaking

incubator (Labnet International Inc, USA).
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2.12. Colony PCR

Cloning success was detected by colony PCR. Briefly, colonies were tested with PCR using
Quick-Load® Taqg 2X Master Mix (New England Biotech, USA). Shortly, a 50 ul reaction was set
up consisting of 25 ul Quick-Load® Tag 2X Master Mix (1X), 3 ul each of the hU6-F and R-OLIG_3
primer (50 uM), and PCR water to 50 pl as summarized in a table below. A sterile toothpick
was used to pick up an individual colony and dipped into each reaction tube. Each toothpick

was then dipped into 3 ml of growth media to create a particular stock.

The mixture was subjected to amplification in using parameters stipulated in table 2.8. A
Labnet Multigene™ gradient thermocycler (Labnet International Inc., USA) was used for this
reaction. PCR products were analysed by agarose gel electrophoresis as described previously
(section 2.10) and visualised using Uvitec FireReader V10 Imaging system (BioSPX,
Netherlands).

Table 2.8. Thermocycling conditions used to amplify plasmid DNA from colonies

Step Temperature(°C) Time Cycles
Hold 94 30s

Denaturation 94 15s

Annealing 65 15s 30
Extension 68 30s

Incubation 68 5 mins

Maintenance 4 oo
2.13. PCR

The polymerase chain reaction was performed using Quick-Load® Tag 2X Master Mix (New
England Biotech, USA). Briefly, a 25 pl reaction was set up consisting of 12.5 ul Quick-Load®
Taqg 2X Master Mix (1X), 0.5 pl each of the CRISPR 1/ CRISPR 3 and R-OLIG_3 primer (1 uM),
and PCR water to 25 ul (concentration as suggested by supplier). PCR was run using conditions
as detailed in Table 2.9, using Labnet Multigene™ gradient thermocycler (Labnet International
Inc., USA). Amplicons were analysed by agarose gel electrophoresis as described previously
(section 2.10) and visualised using Uvitec FireReader V10 Imaging system (BioSPX,

Netherlands).
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Table 2.9. Thermocycling conditions used to amplify extracted plasmid DNA from colonies.

Step Temperature(°C) Time Cycles
Hold 94 30s

Denaturation 94 15s

Annealing 65 15s 30
Extension 68 30s

Incubation 68 5 mins

Maintenance 4 oo

2.14. Sanger sequencing

From PCR results, positive clones were sequenced, and chromatogram results were then sent
and analysed with SnapGene® (GSL Biotech LLC, USA). Sanger sequencing relies on chain
termination method. This is achieved by performing PCR mehod with inclusion of
dideoxynucleotides (ddNTPs) whose ribose lack hydroxyl groups in position 2" and 3’. (Munshi
2012, p. 6) Lack of these hydroxyl groups terminates the reaction, and nucleotide in that
position is determined. This is achieved by labelling ddNTPs with different wavelengths of

fluorescence and emissions (Munshi 2012, p. 6).

2.15. Calcium phosphate transfection.

Six hours before transfection, 2.25 ml of 0.5 x 10° cells were transferred in 500 ul of growth
medium without antibiotics till they reach 80 % confluent. For the transfection, cells were split
by transferring 2.25 ml into each of the 6-well plates. Plasmid DNA was prepared for
transfection. Preparation for each well was done as outlined, 5 ug of plasmid DNA was mixed
with 16 pl of 2M CacCl; and topped up to 125 ul of ddH,0 before thorough mixing in a sterile
tube. The DNA-CaCl; mixture was then mixed with 125 pl of 2X HBS [280 mM NaClz; 10 mM
KCl; 1.5 mM Na;HPO4.H,0; 12 mM dextrose (glucose); 50 mM HEPES pH 7.05; filter sterilised
with 0.22 pl filter]. The DNA/CaCl,/HBS mixture was incubated at room temperature for 30
minutes before thorough mixing again. The mixture was then sprinkled entirely in a well. Cells
were transferred to an incubator at 37 °C and 5 % CO; for overnight. Following morning, plates
were gently swirled, and the medium was later discarded. Then 2.5 ml of fresh medium with

puromycin for selection of successfully transfected cells were added and incubated at 37 °C,
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and 5 % CO; and cell growth were monitored in a daily basis with a simple microscope(Zeiss,

Germany).

2.16. Flow cytometry

A specialised flow cytometry was used to sort heterogenous mixture of cells into wells, one cell
at a time. This is achieved by subjecting cells in a centre of narrow and rapid flowing fluid. A
vibrating mechanism cause liquid to break into droplets. A charge is placed on the ring based
immediately before florescence meter and opposite charge is trapped and same charge passes

to the container.

The cell populations were subjected to sorting to achieve one cell per well. Briefly, cells were
harvested by treating with trypsin and incubation at 37 °C for 10 minutes as explained before..
Cells were collected and transported to the Institute for Cellular and Molecular Medicine
(ICMM), at the University of Pretoria in a polystyrene container. Cells were sorted by BD
FacsAria Fusion using BD FACSDiva Software version 8.0.1, nozzle size (70 micron) single cell
mode. Cells were collected on a 96-well plate with 50 pl. Tey were then transported back to

the lab and nurtured in incubator (Esco, Singapore) at 37 “Cina 5 % COs.

2.17. Genomic DNA isolation

Genomic DNA was isolated using Quick-DNA™ Miniprep Plus Kit (Zymo Research, USA) with
minor modifications. Briefly, cells were trypsinized from flask using trypsin treatment, as
explained before. Cells were spun down at 500g for 2 minutes. Pellets were then resuspended
with 200 ul of elution buffer before the addition of 200 lysis buffer and 20 ul Protease K
solution and vortexed thoroughly for 15 seconds before incubation at 55 °C for 10 minutes.
Then the mixture was transferred to a Zymo-Spin™ IIC-XLR Column in a Collection Tube and

centrifuged at 12,000 x g for 1 minute. Collection tube with the flow-through was discarded.

400 pl DNA Pre-Wash Buffer was added to the spin column in a new Collection Tube and
centrifuge at 12,000 x g for 1 minute before emptying the collection tube. 700 ul g-DNA Wash
Buffer was added to the spin column and spun down 12,000 x g for 1 minute. 200 ul g-DNA
Wash Buffer was added to the spin column and centrifuge at 12,000 x g for 1 minute before

discarding the collection tube with the flow-through. The spin column was transferred to a

43 | Page



clean microcentrifuge tube. 50 pl DNA Elution Buffer was added directly on the matrix and
incubated for 5 minutes at room temperature, then centrifuged at maximum speed for 1

minute to elute the DNA was stored at -20 °C for future use.

2.18. Mixing heteroduplex mobility assay

In order to determine the success of CRISPR/Cas9, a mixing heteroduplex assay (mHMA) was
used as described in Foster et al (2018). Briefly, genomic DNA (gDNA) was extracted using Zymo
genomic DNA extraction kit (USA), and PCR was performed as described in section 2.15 above
using Forw-1 and Rev-1 primers. The amplicons were subjected to denaturation at 95 °C and
were allowed to reach room temperature on the benchtop for slow renaturation of amplicons

to form heteroduplexes.

The mixture was run in 8 % tris-borate-EDTA (TBE) polyacrylamide gel [15 % Acrylamide-
Bisacrylamide(29:1) 5 X TBE, 10 % APS, 10 % TEMED] with 1 X TBE running buffer ( 1.1 M tris
base, 1.1 M boric acid, 0.2 M EDTA) as described by Zhu et a/ 2014 . 2 ul of the sample were
loaded and ran for an hour at 150 V. The gel was then soaked in 0.5 ug/ml of ethidium bromide
(EtBr) for 10 minutes before viewing in Uvitec FireReader V10 Imaging system (BioSPX,

Netherlands).

In order to distinguish homozygous mutants from homozygous wild type, mHMA was
performed. Briefly, amplicons from the identified homozygous bands were mixed in a 1:1 ratio
with amplicons from a known wild type and denatured before renaturation as described above.
After resolving the gel, the results from the first round and identify homozygous mutant by

determining the amplicons that follow the heterozygous patterns.

Table 2.10. Thermocycling conditions used to amplify extracted CHO-IR DNA.

Step Temperature(°C) Time Cycles
Hold 94 30s

Denaturation 94 15s

Annealing 57 15s 30
Extension 68 30s

Incubation 68 5 mins

Maintenance 4 oo
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2.19. Western blots

Western blot analysis was performed to confirm the gene knockout. Proteins were isolated
from cells using in-house lysis buffer. Briefly, cells were harvested as explained before and
placed in a 1.5 ml tube. Subsequently, 100 ul lysis buffer [50 mM 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES), pH 7.5, 1 % phenoxylpolyethoxyethanol (NP40), 10 %
glycerol, 50 mM sodium chloride (NaCl), protease inhibitor cocktail tablet (PICT)(Merck, USA)
and phosphatase inhibitor (Merck, USA)] was added evenly to the tubes, which were placed
ice for 10 min. Protease (Roche, Switzerland) and phosphatase inhibitors (Roche, Switzerland)
were added to the lysis buffer to serve a protective role to cellular proteins against
dephosphorylation. Protease inhibitor in particular, inhibits a wide range of proteases from
metalloproteases to calpains. In contrast, phosphatase inhibitor inhibits a range of

phosphatases such as serine/threonine and tyrosine-protein phosphatase.

The cells were subsequently centrifuged at 4 °C at 10 000 rpm for 10 min. A volume of 60 pl
cells was well mixed with 15 pl of 5 x Laemmli buffer (25 nM Tris, pH 6.8, 2 % SDS, 0.002 %
bromophenol blue, 10 % glycerol and 5 % 2-mercaptoethanol) before boiling at 100 °C for 5
min, and brief spinning to settle all the evaporation from the lid of the microcentrifuge tube.

The cell lysate was stored at -20 °C for short-term use or at -80 °C for extended storage.

Western blots were carried out as follows; proteins were separated with 12 % SDS-PAGE. The
proteins were subsequently transferred onto a nitrocellulose membrane (Bio-Rad, USA) in
Western transfer buffer [25 mM Tris, 192 mM glycine, 20 % (v/v) Methanol] for 1 hour at 10
volts using Bio-Rad TransBlotter. Blot was then stained with Ponceau-S stain [0.1 % (w/v)
Ponceau-Sin 5 % (v/v) acetic acid] to determine the success of the transfer. Ponceau stain was
then washed off with TBS buffer. The membrane was then immersed in blocking solution [5 %
non-fat milk prepared in TBST (50mM Tris, 150 mM NaCl, 0.1 % Tween-20)] for 1 hour shaking
at 50 rpom. The membrane was then washed 3 times in 15 minutes intervals with TBST followed
by incubation with anti-NFkB primary mouse antibody in blocking solution at 4 °C for 1 hour.
Unbound antibodies were removed by washing the membrane 3 times with TBST for 15
minutes per wash. Afterwards, the membranes were immersed in secondary anti-mouse
antibodies for 1 hour at 4 °C. Unbound antibodies were removed by washing the membrane 3

times with TBST for 15 minutes per wash. Bands were then visualised using enhanced
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chemiluminescence (ECL) developing reagent (Bio-Rad, USA) and visualisation was done using

Chemidoc ™ MP imaging system (Bio-Rad, USA).

Chapter 3: Results

3.1. gRNA and off-target

Synthego (https://www.synthego.com/products/bioinformatics/crispr-design-tool, accessed,

on 15" May 2018) was utilised to determine and select proper gRNA for this project. This was
done to ascertain that proper gRNA was used to knock-out the gene of interest, NFkB1. The
gene knock out is illustrated below (Figure 3). In Figures 3.1 gRNA sequences, PAM and site of

DSB are shown a) and the mismatch score b) for the two determined gRNA 1.
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Figure 3.1. A) gRNA sequence gRNA 1 showing the recognition site and location where the DBS will occur and B)
the off-target score b).

In Figures 3.2 gRNA sequences, PAM and site of DSB are shown a) and the mismatch score b)

for the two determined gRNA 2. gRNA 2 showed a little off target as compared to gRNA 1 with
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a mismatch score of 2. Both sequences showed to target the forward strand and induce DSB

at 118,533 and 118,548 base pair respectively.
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Figure 3.2 A) gRNA sequence gRNA 2 showing the recognition site and location where the DBS will occur and B)
the off-target score.

3.2. Confirmation of recombinant plasmid DNA by restriction digest

The integrity of the plasmid was confirmed by restriction enzyme digestion and DNA resolved
by 0.8 % agarose gel electrophoresis (Figure 3.3). In both gels, lane MW is molecular weight
marker; lane 1 is PX330-U6_BB-CBh-hSpCas9 plasmid digested by EcoRl and EcoRV giving rise
to two bands at 6204 bp and 2302 bp, respectively. Lane 2 is pSpcas9(BB)-2A-GFP (PX458)
plasmid digested by EcoRl and EcoRV to give rise to bands at 6206 bp, 2299 bp and 783 bp
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respectively. Lastly, in lane 3 is pSpcas9(BB)-2A-Puro (PX459) digested by EcoRl, EcoRV and Stul
to give rise to bands at 6206 bp, 2299 bp, 400 bp and 269 bp respectively.

kb

2 x 0.5

Figure 3.3. A: A gel simulation of restriction digest B: /In lane MW is a 1 kb DNA ladder, lane 1, px330 plasmid
digested by EcoRI and EcoRV, lane 2 is PX458 plasmid digested by EcoRI and EcoRV; and lane 3 is PX459 digested
by EcoRl, EcoRV and Stul. Using 50 bp molecular marker (NEB)

3.3. Confirmation of ligation of plasmid and guide RNA oligonucleotides by PCR

After performing ligation of the gRNA into pX330 plasmid, plasmids were transformed into XL
10 gold competent cells, and they were subsequently plated on 2 X LB agar plates. Seventeen
colonies grew from ligation of gRNA1, and 12 colonies grew from gRNA2. Subsequently, colony
PCR was performed to confirm the success of ligation. Figure 3.4 below shows a 2 % agarose
gel of the subsequent amplicons. Figure 3.4 a) and c) shows a simulation gel of the expected
amplicon sizes b) and shows ligation of gRNA1 and d) that of gRNA2. In Figure 3.4a) and d) lane
1is a positive control, lane 2 and 3 are the expected bands of the amplicon using the respective

primers. In Figure 3.4. b) and d) lane MW is molecular weight marker, lane NTC is the non-
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template control, lane -ve is the non-ligated plasmid control, lane +ve is a positive control,
lanes 1-17 are colonies of gRNA1 and lanes 18-29 is colonies of gRNA2. As shown in Figure 3.4,
the ligated clones presented a band at 333 bp, which was the expected band size. This
observation confirms that the ligation was successful. Figure 3.5 shows the plasmid map for

both gRNA 1 and gRNA 2 after ligation and the location of primers.

B MW  NIC Ve +Ve 1 2 3 Bl 5 6 9 10 11 1 13 16 17

ligation of gRNA 1

L1 L]

o

lization of eRNA 2

Figure 3.4. A gel simulation of PCR amplicon a) and c), and the actual agarose gel of the amplicons b) and d). In b)
and d) lanes MW is molecular weight, NTC is the non-template control, -ve is the negative control, +ve is a positive
control, 1-17 amplicons of gRNA 1 and 18-29 is amplicon of gRNA 2.

49| Page



A (8508) AMIIII - Pl WUE-F 2 B (8508) AMITI - Pcil

BStEIN (256) o
Mfel (262) Xbal

(7555) Sacnt — r~
(73%7) Fspl

Xbal (a35)
(7251) Pvul

ACCcHSI (4a1)
Kpal (845)

SnaBl (708)
BseRI (

PX330 gRNA2
8313 bp

(5530) EcoRI
(5507) Fsel

Pasl (3144)
EcoRV (3222)
(5015) Bsml
(4873) BsaBI* (4873) BsaBI®
(4752) KNI ras ) e
Pmil (4164 (4752) KA Pmil (4164)

Figure 3.5. A plasmid map of pX330 plasmid after ligation with both gRNA 1 a) and gRNA 2 b) showing the insert,
primers and restriction sites.

3.4. Confirmation of ligation of plasmid and guide RNA oligonucleotides by sequencing

In order to further confirm the ligation results, samples were sequenced using hU6-F and R-
OLIG_3 primers. Three samples from each gRNA were analyzed. Sample 10 was included in
Sanger sequencing to determine why its amplicon is of higher molecular weight than the rest.
Figure 3.6, a) shows samples 3, 4 and 10 from ligation of gRNA1, b) shows samples 18, 23 and
27 from the ligation of gRNA2, c) and d) shows their respective chromatograms. Respective
ligated gRNAs are highlighted in blue. The results further confirm that the ligation was
successful as the expected sequence was found in clone 3 and 23 for gRNA 1 and gRNA 2,

respectively. These two clones were then used for transfection.
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4_R-OLIGI_ADE_02 motot1rcovccnrccAcnuuuunoccnonncona 5%
10_R-OLIG3_BO8_05 CTTCTCUAAGACCCOOTOTTTCOTCCTITCCACAAGATATATARAGCCAAGAAATCOAAA 412

B CTCTAARACAAARRACCACCEACTCEETECCACTTTTTCARCTTEATARCEACTACCCT

Consensss CTCTAAAACAAAAAAGCACCGACTCGOTGCCACTTITTTCAAGTTGATAACGGACTAGECT
18_R-OLIGI_Co8_08 CYCTAAAACAAAAAAGCACCOACTCOOTACCACTYTITTTCAAGYTOATAACOOACTAGECT 2@
23_R-OLIG3_008_11 CTCTAAAACAAAAAAGCACCOACTCOOTACCACTTITTITCAAGTTOATAACOOACTAGCLT 1@
27_R-OLI03_EO8_14 CYCTAAAACAAAAAAOCACCOACTCOOTOCCACTYITTTCAAGTTOATAACOOACTAGECT 24

TATTTTAACTTGCTATTTCTACCTCTARAR  CAGETCr € C A6 CEETETTT

Consensss TATTITAACTTOCTATTTCTAGCTCTAAAA----CAGGRTCTTCTCGAAGACCCGRTOTTT

18_R-0LG3_Coa_08 TATT I TAACTIOCTATTTCYAGCTCTYARRA----CAQOGTCTTCICOAAGACCCOOTOTTT 294
23_ROUIGI _DO8_11 TATTTTAACTTYOCTATTTCTAGETCEY TTOCA ACAT ! BETOTTY 29
27_R-OLIGI_608_14 TATTTTAACTYOCTYATTTCTAOCTCTAARA- - - -CAQATCTTCTCOAAGACCCOOTOTTT 296

CETCCTTTCCACAACATATATARACCOARCARRTCEARRTACTTTCARETTACEETARSE

Consensws COTCCTTTCCACAAGATATATAAAGCCAAGAAATCGAAATACTTITCAAGTTACGRTAAGC

10_R-OLIGI_C08_00 COTCCTTTCCACAAGATATATAAAGCCAAGAAATCOAAATACTTITCAAGTTACOGTAAGE 134
23_R-OLI0I_D08_11 COTCOTYTCCACAADATATATAAAOCCAAGAAATCOAAATACTYTCAAGTTACOGTAAGE %
27_ROUIG3_ECS_14 COTCCTTYTCCACAAGATATATAAAGCCAAGAAATCOAAATACTTITCAAGTTACOBTAAGE 5

Figure 3.6. sequence results of plasmid pX330 after ligation with gRNA 1 a) and gRNA 2 b). sequence highlighted
in blue shows the insert.

3.5. FACS

In order to obtain a single cell after transfection and then expand this, we passed the cell
suspension through a fluorescent activated cell sorter (FACS Aria, Becton Dickinson) to
separate GFP negative (GFP-) and GFP positive (GFP+) fractions, which were collected. The GFP
was used as a marker protein, to trace and determine if transfection was successful. The sorting

was performed at 70-micron nozzle size at room temperature. An illustration of those settings
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is shown in figure 3.7. The left plot was used to sort cells according to cell size (forward scatter,
FSC-A) vs granularity (side scatter, SSC-A) to exclude cellular debris as well as clumps of cells
that may give erroneous fluorescent readings. A table on each shows the number of cells and
percentage passed on the GFP gate as compared to all gates. GFP background was also
compared to the control cells. Cells were only sorted according to the absence/presence of a
fluorescent signal and not according to their viability. A) were control cells transfected with the
non-ligated plasmid, B) and C) were cells transfected with gRNA 1 and gRNA 2-ligated plasmid
respectively and D) were cells transfected with both plasmids ligated with gRNA 1 and gRNA2

ina 1:1 proportion.
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Figure 3.7. lllustration of the settings used on the FACS (BD Facs Aria Fusion). A-D) shows both Forward (FSC-A)
and side scatter (SSC-A) plot is used to separate cells according to size and granularity, respectively. The P1 gate is
set as to exclude cellular debris (typically found in the lower-left handside corner) and clumps of cells, imperfectly
isolated (typically found in the upper right onside corner). A denotes scatter plot of control untransfected cells
whilst B,C and D are scatter plots of transfected cells with gRNA1, gRNA2 and combination of gRNA1 and gRNA2,
respectively.
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3.6. Heteroduplex mobility assay (HMA)

In order to determine the presence of an NFkB knockout due to insertion or deletion, HMA
was utilised. A PCR was run as previously described in Section 2.13. Genomic DNA from each
cell pool was used. Figures 3.8 A), B) and C), shows genes from cells transfected with gRNA 1,
gRNA 2 and both gRNA 1 and gRNA 2, respectively. 1, gRNA 2 and both gRNA 1 and gRNA 2,
respectively and were mixed with control. Figure 3.8 shows bands at 578 bp only, meaning

homogeneity or that there was no mutation-induced knockout in the cells.
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Figure 3.8. An illustration showing HMA results with A) representing a group of cells transfected with gRNA 1, B)
transfect with gRNA 2 and C transfected with both gRNA 1 and gRNA 2. The single band shows either non-knockout
or homogenous knockout. MW is the molecular weight; C is the experimental control and 1 - 14 are samples.
Amplicons were visualised after separation on 8 % TBE polyacrylamide gel stained in 0.5 ug/ml ethidium bromide.
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Figures 3.9 A), B) and C) shows genes from cells transfected with gRNA amplicons to check
heterogeneity. Arrow in Figure 3.9 C shows a pair of extra bands as compared to the control
lane. This indicates that when mixing amplicons with the controls, there was a mismatch due
to heterogeneity.
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Figure 3.9. An illustration showing HMA results with A) representing a group of cells treated with gRNA 1, B)
treated with gRNA 2 and C treated by both gRNA 1 and gRNA 2. The single band confirms knockout. MW denotes
molecular weight markers; C is the experimental control and 1-15 are the samples. Amplicons were visualised after
separation on 8 % TBE polyacrylamide gel and then stained with 0.5 ug/ml ethidium bromide
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3.7. Western blot

The NFkB protein expression was confirmed by Western blotting. This was to validate if there
was a knockdown in the NFkB gene. Figure 3.10 shows blot membranes treated with a- NFkB
antibodies with lanes MW and C representing molecular marker and control, respectively.
Lanes 1 through 15 represent samples from 3.9. C. Figure 3.10. B) shows membrane treated
with a-actin antibodies as a loading control. Neither of the two membranes showed a band
except for molecular marker. The expected band sizes were 105 or 50 kDa for NFkB1 proteins
in Rel protein-specific transcription inhibitor and DNA binding subunit protein complex,
respectively. As for actin, the expected band was 42 kDa. Wild type DNA was used as positive

control. Western blots were repeated four times.
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Figure 3.10. a membrane after blotting. A) panel showing membrane targeting the NFkB 1 protein and B) showing
the actin panel used as a loading control. In both blots, MW represents the molecular weight, C represents the
experimental control, and 1-15 shows respective samples.
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Chapter 4: Discussion

HIV is one of the global disease burdens currently with just below 40 million people living with
it worldwide, and 62 % of those are on treatment (UNAIDS, 2020). Whilst the disease is
manageable; previous studies have shown the long-term side effects of ARV, which include
insulin resistance. South Africa is amongst one of the countries with about 7.5 million of people
living with the virus (UNAIDS, 2020). According to Statistics South Africa’s 2019 report, diabetes

is a leading non-communicable disease cause of death (STATS SA, 2020)..

In the current study, the aim was to understand the role NFkB pathway plays in insulin-
resistance caused by ARVs. In order to achieve that, CRISPR cas9 was used to induce indels,
which leads to gene knockout. One of the limiting issues of CRISPR is off-target effects. The
gRNAs produced in this study had a minimum mismatch two and zero, respectively (Figure 3.1
and 3.2). This minimum mismatch shows that it is most unlikely to knock-out any other gene
except the gene of interest, thus limiting the chance of off-target effects. This observation is in
line with recommandations from Ran et al., 2013 which include the analysis through an
exhaustive search in the genome for off-target sequences that are similar to the guide
sequence. Ideally, a good gRNA should fit the following; (i) be position-dependent: the 8-14
bp on the 3' end of the guide sequence is less tolerant of mismatches than the 5' bases, and
(ii) be quantity dependent: in general, more than three mismatches are not tolerated; (iii) guide
sequence-dependent: some guide sequences are less tolerant of mismatches than others. The
CRISPR Design Tool integrates these criteria to provide predictions for likely off-target sites in

the target genome.

After ligation and transformation, PCR was performed to confirm ligation. An expected
amplicon of 333 and 333 bp for gRNA 1 and gRNA 2 respectively was determined with
Snapgene program. Figure 3.4. shows ligated PCR products obtained by direct PCR
amplification. PCR products match the expected size except for clone number 10 that showed
a larger band size. This anomaly could be the results of an insertion mutation during cell
growth. Mutations generally occur during replication, mitosis or other DNA damage. As noted

in Figure 3.6, the sequence shows insertions of numerous nucleotides. Sequencing also played
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a crucial role in confirming ligation. As seen in Figure 3.4, clone 4 and 23 on either plasmid
showed a perfect match on gRNAs ligated (highlighted by blue). We have confidence in the
sequencing results as the Phred score was found to be equal to 50. A Phred score of 50
translates that the probability of incorrect base call is 1 in 100,000 with a base call accuracy of

99.999 %.

These clones were then used for transfection. After transfection, FACS was performed to sort
cellsinto a single cells per well. This was done to isolate a colony of the same clone. As a control,
non-transfected cells were included. The total fluorescence recorded was 0.27 %. This is due
to background noise generated either by auto-fluorescent or spectral overlap . A low
fluorescence level compared to the control was recorded from all the experimental groups,
with gRNA 1 and gRNA 1 and gRNA 2 both recording a 0.01 % and gRNA 2 group recording a
0.06 %. This could be due pSpCas9(BB)-2A-GFP (pX458) plasmid failure to express GFP, or
insufficient plasmid was transfected due to competition amongst DNAs. However, we
continued with the experiment because the main aim of performing FACS was to sort cell and

grow a population of cells from single clones.

Several post-amplification methods can be used to rapidly analyse sequence variation in PCR
products which includes restriction fragment length polymorphism (RFLP) (Ellis and Zambon,
2001). However, with RFLP polymorphisms in the nucleotides in the gene of interest may lead
to loss of restriction sites. For this study, HMA was used because its easy to perform, quick and
fairly inexpensive . HMA assesses the variation between amplicon of the potential knocked out
gene and that of reference clone (Ellis and Zambon, 2001). The variation is shown by
generating mismatches, that is heteroduplex after denaturation and renaturation (Ellis and

Zambon, 2001).

Ideally, heteroduplexes migrate slower than the homoduplex of the same size due tothe
divergence between two sequences in the mixture (Delward et al, 1995). At least 10
heteroduplexes, were produced in this study (Figure 3.9), inferring there was a mismatch in
sequences. No clear heteroduplexes were observed on either Figure 3.13. A or B. This
observation could mean that for a convincing knockout, more than one gRNAs need to be
transfected concurrently. This method is in line with what Ellis and Zambon in 2001 observed
in their influenza virus screening experiment. These results confirm that there was a NHEJ
which caused a mutation on the gene of interest.

59 |Page



Western blot is a crucial technique in cell and molecular biology in assessing protein
expression, among others. In this project, Western blot was used to determine if the was any
knockdown in the experimental cell culture. The wild type cells were included for comparison.
As it can be seen in Figure 3.10 A, no bands were visible for NFkB 1 protein nor on figure 3.15
B for actin protein which was included as a loading control. The objective was to determine if
the NFKB protein was expressed to confirm the gene knockout. There may be several reasons
for observing no bands. These reasons include but not limited to a low concentration of antigen
or protein and non-fat milk masking the antigen (Mahmood and Yang, 2012). It may also be
due contaminated buffer by contaminants like sodium azide, which in activates horse reddish
peroxide activity (Mahmood and Yang, 2012). Improper antibodies or antibody concentration
use and prolonged washing may also cause no signal in western blots (Mahmood and Yang,

2012).

In conclusion, the gene knock out was successful although the study could not elucidate the
importance of Nfkb insulin resistance. The project built a strong foundation in understanding
the processes of CRISPR. This can be used for future studies with ease. For future studies, gene
expression levels confirmed by Western blotting could be developed and standardised to

assess gene knockout.
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Appendix B

1. Ham’s F12 mixture culture medium

Reagent Volume/ mass Final concentration
Ham’s F12 medium 437 ml |

Foetal calf serum (FCS) 50 ml 10%

200 mM Glutamine 5ml 2 mM

100 x Antibiotic/antimycotic solution 5 ml 1%

Gentamicin 2.5 ml 0.5%

*G418 0.5 ml 400 pg/ml

Total volume 500 ml |

* 0.4 g G418-sulphate powder was dissolved in 1 ml dH20 and filtered using a 0.2 uM syringe filter.

2. 10 X Lysis buffer stock solution

Reagent Volume/mass Final concentration
4-(2-hydroxyethyl)-1- 445 ml| 50 mM
piperazineethanesulfonic acid (HEPES),

pH 7.5

Phenoxylpolyethoxyethanol (NP40) 5 ml 1%

Glycerol 50 ml 10 %

Sodium chloride (NaCl) 1.461g 50 mM

Total volume 500 ml

2. 1x Lysis buffer solution

The lysis buffer was prepared with 1 tablet of protease inhibitor and 1 tablet of phosphatase inhibitor

in 10 ml of 10 x lysis buffer stock solution

3. Freezing solution for CHO-IR cells

Reagents Volume/mass Final concentration
Dimethyl sulphoxide (DMSO) 5 ml 10% |

FCS 45 ml

Total volume 50

4. Phosphate buffered saline (PBS)
1 tablet of PBS was dissolved in 100 ml dH20 and the mixture was filtered sterile with a syringe filter
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5. Calculation of cell number
CHO-IR cells were counted using a haemocytometer to determine the total number of cells in

the original flask. Then, 10 ul cell medium solution was loaded into the haemocytometer. The

number of cells in 5 of 10 0.1 mm?3 blocks was counted as follows:
Cells cm3 = Number of cells counted / Number of squares counted x conversion factor (1000)

100 000 cells per well of each 6-well plate was required to achieve 70-85 % confluence on day

2/3.

6. 10 % Ammonium persulphate (APS)
0.1 g APS was dissolved in 1 ml dH20

7. 10 % SDS
5 g SDS was dissolved in 50 ml dH20

8. 4 % stacking gel

Reagents Volume Final concentration
0.5 M Tris-HCI, pH 6.8 1.260 ml 0.126 M

30 % Acrylamide/bis (19:1) 0.660 ml 4%

dH20 3.000 ml |

10 % SDS 0.500 ml 0.1%

10 % APS 0.250 ml 0.05 %

TEMED 0.005 ml 0.1%

Total volume 5.675 ml |

9. 7.5 % resolving gel

Reagents Volume (ml) Final concentration
1.5 M Tris-HCI, pH 8.8 2.500 ml 0.375 M

30 % Acrylamide/bis (19:1) 2.500 ml 7.5%

dH20 4.850 ml |

10 % SDS 0.100 ml 0.1%

10 % APS 0.050 ml 0.05 %

TEMED 0.005 ml 0.05 %

Total volume 10.005 ml
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10. 10 X Running buffer

Reagents Volume/mass Final concentration
Tris base 1441¢g 0.025 M

Glycine 3g 0.192 M

SDS lg 0.1%

dH20 11

Total volume 11

1 x Running buffer

100 ml 10 x stock solution was added to 900 ml deionised water.

11. 10 X Transfer buffer

Reagents Volume/mass Final concentration
Tris base 30.28 g 0.025 M

glycine 144.13g 0.192 M

dH20 800 ml

Total volume 800 |

1 x Transfer buffer

80 ml 10 x stock solution was added to 720 ml deionised water and 200 ml methanol.

12. Tris-buffered saline + 0.1 % Tween 20 (TBST), pH 7.4

Reagents Volume/mass Final concentration
Tris-HClI 6.8g 0.05M |

Tris base 082g |

NaCl 8.77¢g 0.150 M }

Tween 20 5 ml 0.1%

dH20 11

Total volume 11

14. 0.1 % Ponceau S solution

0.1 g Ponceau was dissolved in 100 ml of 5 % acetic acid.

15. 3 % BSA

1.5 g BSA was dissolved in 50 ml TBST.

16. 5 % Milk solution

2.5 g skimmed milk powder (Spar, South Africa) was dissolved in 50 m| TBST.
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17. Transformation and storage solution (TSS)

Reagants Volume/mass Final concentration
PEG 8000 20¢g 20 %
DMSO 10 ml 10%
MgCl 2.03¢g 10 Mm
LB medium 100 ml
Autoclave

18. 10 X Tris-Borate EDTA
Reagent

Volume/mass

Final concentration

Tris base
Boric acid
0.5 M EDTA
ddH-0

108 g
55¢g
40 ml
900 ml

1.3 M
450mM
25 mM

For 1 X TBE, 100 ml of 10 X TBE was diluted in 900 ml ultrapure water

19. 10 X Tris-acetate EDTA

Reagent Volume/mass Final concentration
Tris base 48.5¢g 40M

Glacial acetic acid 11.4 ml

0.5 M EDTA 20 ml 0.1 mM

ddH,0 900 ml

For 1 X TAE, 100 ml of 10 X TAE was diluted in 900 ml ultrapure water

20. 2 X HEPES bufferd saline (HBS), pH, 7.2*

Reagent Volume/ Mass Final concentration
NaCl 80¢g 280 mM

HEPES 50¢g 50 mM

ddH,0 500 ml

Na;HPO4.7H,0 0.188 g 1.5mM

KCl 037¢g 10 mM

Dextrose 10g 12 mM

*Filter strerilised

21. 10 X LB broth

20.6 g of LB broth was mixed with 1L MilliQ water, autoclaved.

22. 10 X LB Agar

35 g of LB powder was mixed with 1l Millig water
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23. 8 % TBE electrophoresis gel

Reagents Volume Final cocentration
Acrylamid:bis-acrylamide 7 mi 8 %

(29:1)

10 X TBE 3.5ml 1%

ddH,0 23.5 ml

APS 175 ul 0.1%

TEMED 35 ul 0.1%

10 % SDS 1 0.1%

24. 0.5 pg/ml Ethidium Bromide

1 pl of 10 pg/ml ethidium bromide solution was added in 20 ml of ddH,0
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