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ABSTRACT

GJB1 MUTATION SCREENING AND IN VITRO INVESTIGATION
OF ITS UPSTREAM MUTATIONS

Charcot-Marie-Tooth Type 1X (CMTX1) is the X chromosome linked form of the
disease and caused by mutations in the gap junction protein 1 (GJB1) gene. This gene is the
second most commonly mutated gene in all CMT forms after PMP22 gene duplication and
covers 10% of all CMT cases. More than 400 different mutations have been identified in all
regions of this gene, up to date. All types of mutations such as missense, nonsense, splice
site mutations, small insertions, deletions leading to formation of truncated protein were
reported and some rare patients have whole gene deletions. Variants in 5’ promoter region
were reported in a few patients. These variants are expected to reduce the gene expression
level and cause loss of function. In previous years, two novel upstream mutations (c.-541A>
G and c.-528T> C) were identified in our lab. In this study, we screened 50 patients from
our Turkish CMT cohort for GJB1 mutations using PCR and direct sequencing strategy.
Eight different variants were identified in GJB1 including three 5> UTR variants. Among
them, two coding region and one upstream variants were novel mutations. In the second part,
we investigated the effects of 5° mutations that were identified in our lab, using luciferase
reporter gene assay by expressing these GJB1 upstream variants (c.-18A>G, c.-541A> G,
€.-528T> C and c.-713G>A) in HEK?293T cells. The c.-541A> G and ¢.-528T> C mutations
are located inside the promoter of GJB1 gene and caused significant reduction in gene
expression level providing evidence for the loss of function effect of these variants. The c.-
18A>G variant was also shown to cause a slight decrease in gene expression. It is located in
a splice site of the gene and possibly responsible for abnormal protein production. Lastly,
c.-713G>A which was previously reported as a polymorphism caused no significant effect
on luciferase expression. This study contributed to molecular diagnosis of CMTXI,
described a common upstream variant in our CMT population, and demonstrated reduced

gene expression effect for three novel upstream variants.
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OZET

GJB1 MUTASYON TARAMASI VE PROMOTOR
MUTASYONLARININ GEN ANLATIMINA ETKILERININ
INCELENMESI

Charcot-Marie-Tooth Tip 1X (CMTX1), CMT hastaliginin X kromozomuna bagl
seyreden tipidir ve gap junction protein 1 (GJB1) gen mutasyonlarindan kaynaklanir. GJB1
geni tiim CMT tipleri i¢cinde, PMP22 gen duplikasyonundan sonra, en stk mutasyon goriilen
ikinci gendir ve hastalarin %10’unu kapsar. Bugiine kadar yaklagik 400 farkli GJB1 gen
mutasyonu tanimlanmigtir. Gende yanlis anlam ve anlamsiz mutasyonlar, kiigiik delesyon
ve insersiyonlar olabilecegi gibi tiim genin silindigi hastalar da belirlenmistir. Genin 5’
ucundaki promotor bolgesinde ise ¢ok az sayida mutasyon tanimlanmistir; protein dizisine
etki etmeseler de genin anlatim diizeyini diislirerek islev kaybma neden olduklari
savlanmaktadir. Onceki yillarda, laboratuvarimizda iki yeni promotdr mutasyonu (c.-
541A>G ve ¢.-528T>C) belirlenmistir. Bu ¢alismada ise, toplumumuz CMT hastalar
arasindan segilen 50 hastada yeni mutasyonlarin belirlenmesi amaciyla GJB1 geni tarandi
ve lc¢li 5” diizenleyici bolgede toplam sekiz farkli varyant saptandi. Bunlardan, ii¢ii daha
once rapor edilmemis yeni mutasyonlardir. Ikinci boliimde, laboratuvarimizda tanimlanan
dort diizenleyici bolge varyantinin gen anlatimina etkileri lusiferaz raportor geni araciligiyla
arastirildi. Bu analizde varyant (c.-18A>G, c.-541A>G, ¢.-528T>C ve ¢.-713G>A) iceren
promotor dizileri altinda liisirefaz geni igeren plazmidler HEK293T hiicrelerine aktarilarak
lisiferaz gen anlatimi saglandi. Promotor bolgesinde yer aldigi bilinen c.-541A>G ve c.-
528T> C varyantlarinin, liisiferaz anlatiminda anlamli diisiise neden olduklar1 gosterilerek
CMT fenotipinden sorumlu olabilecekleri gosterildi. Ayni1 zamanda, ¢.-18A>G varyantinin
da gen anlatiminda azalmaya neden oldugu belirlendi. S6z konusu varyant genin kirpilma
bolgesinde bulundugundan bozuk protein iiretiminden sorumlu olabilecegi dngdriilmektedir.
Son olarak, c.-713G>A varyantinin, literatiirle uyumlu olarak, gen anlatimi {izerinde bir
etkiye neden olmadigi gosterildi. Bu caligma ile CMTX1 molekiiler tanisina katkida
bulunulmus, CMT hastalarinda yaygin bir varyant tanimlanmis ve ii¢ yeni promotor

varyantinin GJB1 anlatimini diislirdiigii gosterilmistir.
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1. INTRODUCTION

1.1. Charcot-Marie-Tooth Disease

Charcot Marie Tooth (CMT), also known as Hereditary Motor and Sensory
Neuropathy (HMSN), is a hereditary disease affecting motor and sensory nerves. It was
named after three neurologists who described the disease in 1886: Jean-Martin Charcot,
Pierre Marie and Howard Henry Tooth (Charcot and Marie, 1886; Tooth, 1886). Patients
with this disease generally have symptoms such as muscle weakness, loss of sense and

movement in the hands and wrists, and deformities in the feet (Figure 1.1).

Figure 1.1. Deformities in hands and knees in an affected patient (Hahn et al., 1990).

According to clinical and electrophysiological findings, CMT disease is classified as
demyelinating, axonal, and intermediate (Berciano et al., 2011). '‘Demyelinating’ type is
characterized by low nerve conduction velocity (NCV) due to defects in myelin forming
Schwann cells. This type of neuropathy is known as CMT type 1 (CMTL1). In 'Axonal’ type
of CMT, CMT type 2 (CMT2), NCV values are normal, however, muscle action potential is
reduced since degeneration affects the axons of neurons. The third form of CMT is called
‘intermediate’ type since NCV values are moderate in between 25-45 m/s and both

demyelination and axonal degeneration are observed (Reilly et al., 2011).



When CMT disease is genetically assessed, it is possible to see all types of Mendelian
hereditary patterns. Although autosomal dominant form of the disease is responsible for the
most of the cases, autosomal recessive and X chromosome linked types are also observed
(Reillyetal., 2011). In order to have an accurate classification of all CMT cases, both clinical
and inheritance features should be taken into consideration.

The number of genes known to be responsible for CMT has increased to over 40 with
the emergence of next generation sequencing technologies in recent years (Figure 1.2).
Despite the use of this advanced technology to screen all these genes for mutations for
genetic diagnosis, the cause of the disease remains unknown in about 30-35% of the patients
(Saporta et al. 2011). This finding implicates that there are still many CMT genes remain to
be identified. Another problem in genetic diagnosis of CMT patients is the presence of
genetic and clinical heterogeneity that makes it difficult to establish a genotype/phenotype
correlation (Reilly et al. 2011).

CMT
Demyelinating Axonal | Intermediate |
(CMT1) (CMT2)
: l - AD | | AR | IX-LinkedI
[ a0 | [ AR | | xtinked | [ a0 ] [ ar | [ xtinked | |
DNM2 GDAP1 GJB1
PMP22 GDAP1 GJB1 MFN2 MED25 GJBL VRS KARS
LITAF MTMR2 KIF18 H5PE1 HORS INF2 PLEKHGS
EGR2 SBF1 RABZ GDAP1 AV GNB4 COX6A1
NEFL SBF2 TRPVA LRSAM1 PRPS1
oy LITAF DRP2
FBLNS SH3TC2 o TRIM2 e
KARS NDRG1 HSPB1 IGHMBP2 ARHGEF10
SOX10 EGR2 MME

GJB3
ARHGEF10
GNB4
HARS
PMP2

Periaxin
HK1
FGD4
FIG4
SURF1

GDAP1
HSPB8
DNM2
AARS
DYNC1H1
LRSAM1
DHTKD1
DNAJB2
MARS
NAGLU
HARS
VvCcP
MORC2
NEFH
TGF
DGAT2
NME
DCAF8
TFG
HSAN

SPG11
MFN2
ATSV
KCC3
SCyL1
TDP1
PLA2G6
NEFL
SGPL1
REEP1
SCAN1
HSJ1
PNKP
HINT1

Figure 1.2. Genetic classification of CMT.



1.2. X-Linked Charcot-Marie-Tooth Disease (CMTX)

Charcot-Marie-Tooth Type 1X (CMTX1) is an X chromosome-mediated form of the
CMT disease and originates from gap junction protein 1 (GJB1) gene mutations. After the
PMP22 gene duplication (CMT1A), CMTX1 is the second most frequent type and
responsible for about 10% of the all CMT cases (Murphy et al., 2012; Saporta et al., 2011).
Up to now, approximately 400 different GJB1 gene mutations have been identified (Kleopa
etal., 2014). These mutations are usually missense variants in the single protein coding exon
of the gene. Nonsense mutations that lead to short protein formation, small deletions and
insertions as well as whole gene deletions are also observed in CMTX1 patients (lonasescu
et al., 1996; Houlden et al., 2004). Very few mutations have been identified in the promoter
region of the gene. It is argued that they cause loss of genetic expression by disrupting
transcription factor binding sites on the promoter region of GJB1 or altering the splicing
process.

Patients with CMTX phenotype generally have homogenous symptoms but the age
of onset and progression of the disease may differ even among the same family members
depending on the genetic background. Studies conducted in large patient groups showed that
walking difficulties and muscle weakness increased with age (Wang et al., 2015).
Appearance of the same symptoms in both whole gene deleted patients and those with
missense/nonsense mutations suggests that loss of protein function is the responsible genetic
mechanism that causes the disease (Shy et al. 2007). As with other CMT types, progression
is slow and begins with muscle weakness and atrophy in the distal leg muscles. Patients
complain of frequent falls and buckling before 10 years of age (Kuntzer et al., 2003). Mostly
males are affected as expected from X-linked inheritance. In addition, middle-aged females

can also be affected due to random X chromosome inactivation (Murphy, Ovens et al., 2012).

CMT s a peripheral neuropathy, however, central nervous system can also be
affected in CMTX1 patients. Accompanied by peripheral neuropathy, spasticity, cerebellar
ataxia, and encephalopathy are reported in some patients (Kleopa et al., 2002; Paulson et al.,
2002). In electrophysiological and clinical studies, it was shown that latencies of brainstem
auditory evoked responses are delayed in most CMTX1 patients (Nicholson et al., 1998;

Senderek et al., 1999) in addition to possible involvement of central visual and motor



pathways (Béhr et al., 1999). Remarkably, these electrophysiological findings are not
observed on the cases with GJB1 gene deletions. Therefore, this findings can imply a gain
of function effect for CNS manifestations in CMTX1 phenotype (Hahn et al., 2000).

1.3. Connexin-32 Protein

GJB1 gene encodes a 32 kDa protein called Connexin-32 (Cx32) that belongs to the
family of gap junction proteins (Kumar and Gilula, 1986; Paul, 1986). It is a transmembrane
protein and forms hemi-channels or connexons in the membrane as the other members of
gap junction family. There are at least 20 different types of connexin proteins that function

as transmembrane proteins in gap junctions (Sohl et al., 2003).

Connexons are hexamer structures that reside on the cell membrane. They are formed
by oligomerization of six connexin proteins on Golgi apparatus or Endoplasmic Reticulum.
One of those connexons in the cell membrane docks end-to-end with another connexon from
opposing neighbouring cell in order to form a gap junction (Figure 1.3). The center of this
channels is approximately 1.2 nm and provides ion and nutrient flow between the two cells.
Through these connections, intercellular metabolic partnership, communication, buffering,

electric current and growth control of the cells are accomplished (Goldberg et al., 2004).

Due to their important role in cell-to-cell interaction and communication, mutations
in connexin genes cause a wide variety of disorders such as myelin-related diseases (CMT),
skin disorders, hearing loss, congenital cataract, or more complex syndromes such as
oculodendrodigital dysplasia (Pfenniger et al., 2011). It was shown that different mutations
even in the same connexin gene may result in different disorders. For example, different
mutations in Cx30 gene may cause either hearing loss, skin disease or Clouston syndrome
(Table 1.1).



Table 1.1. Connexin-associated diseases and corresponding connexin proteins and genes
(Pfenniger et al., 2011).

Inheritance | Connexin

Disease pattern Protein Gene

Oculodendrodigital dysplasia AD/AR Cx43 GJAl

Cardiovascular diseases

Atrial fibrillation AD/ND Cx40 GJAS

Visceroatrial

heterotaxia AD Cx43 GJAl
AD Cx46 GJA3

Cataract Cx50 GJA8

Myelin-related diseases
X-linked Charcot-

Marie-Tooth disease XR Cx32 GJB1
Cx46-6/ | GJA12/

Pelizaeus—Merzbacher-like disease AR Cx47 GJC2
Hearing loss (non-syndromic or AR/AD Cx26 GJB2
associated with skin Cx30 GJB6
disorders) Cx31 GJB3
Skin diseases AD

Keratitis ichthyosis Cx26 GJB2
deafness syndrome Cx30 GJB6
Vohwinkel syndrome Cx26 GJB2
Clouston syndrome Cx30 GJB6
Erythrokeratodermia Cx30-3 GJB4
variabilis Cx31 GJB3

Expression of connexin-32 protein initially starts on ER membrane. High level of
connexin production leads to oligomerization in ERGIC (ER-Golgi Intermediate
Compartment) sites (Koval, 2006). Connexon hemi-channels are subsequently transported

through Golgi apparatus to the cell membrane where it forms complete gap junctions.



(Figure 1.3) Moreover, channels formed by different types of connexin proteins may form

gap junction plaques in adjacent cell membranes (Segretain et al., 2004).
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Figure 1.3. Oligomerization of connexins (Koval, 2006)

The association of the Cx32 protein with CMT disease is due to its expression in
Schwann cells that form the myelin sheet in peripheral nerves (Orthmann-Murphy et al.,
2007). On the other hand, it is known that the nerve cells wrapped with myelin are also
affected in CMTX1 patients (Kleopa et al., 2011). Because of this, GJB1 mutations are
classified as ‘intermediate’ type of CMT. As such, patients with CMTX1 may have both low
to medium NCV values due to demyelination and reduced axon potential caused by affected
neurons. Studies have shown that nerve cells are affected before the initiation of Schwann
cell degeneration, the number of neurofilaments increase, and their walls are narrowed
(Kleopa et al., 2011). This differentiation suggests that the neuronal structure is impaired
and cause axonal neuropathy by affecting axonal transport.



1.4. Regulation of GJB1 Gene Expression

GJB1 is a 10,000 base pair long gene which consist of three promoters, an intron and
two exons (Tsai et al., 2013). Exon 1 does not code for amino acids and removed by splicing
process after transcription. GJB1 gene encodes three different transcripts due to alternative
use of its promoters. (Figure 1.4). It has three different promoter sites designated as P1, P2,
and P3 in the 5° UTR of the gene (Neuhaus et al., 1995, 1996; Sohl et al., 1996, 2001). Each
promoter is responsible for production of different transcripts in various cells and tissues.
Nerve specific transcript of GJB1 gene is mainly controlled by P2 promoter whereas
transcription is initiated by P1 and/or P3 promoter in other cells such as liver, pancreas and
embryonic stem cells. Neuronal cells in central nervous system (CNS) use both P1 and P2

promoters to produce connexin-32 protein.

The P2 promoter which regulates the expression of the GJB1 gene in neurons
contains two SOX10 transcription factor binding sites, designated as S1 and S2. In a healthy
nerve cell, SOX10 protein binds to this transcription factor binding sites and initiate gene
expression (Kuhlbrodt et al., 1998). Therefore, it is possible that sequence variants in S1 and
S2 sites can reduce the general expression of the GJB1 gene. In addition, variants at the
junction of intron and exon 2 of GJB1 gene may cause disruption in splicing while removing

the non-coding exon 1 from the transcript.

>8 kb intron 358 bp intron

A A A A
exon 1 exon 1A exon 1B exon 2
5' UTR 3' UTR

P1 initiated transcripts p

P2 initiated transcripts

P3 initiated transcripts

Figure 1.4. Diagram of GJB1 gene and different transcripts. Different promoters are
designated as P1, P2 and P3 (Scherer and Paul, 2004).



1.4.1. Mutations in the Coding Region of GJB1 Gene

About 400 different GJB1 gene mutations have been identified in CMT patients
(Kleopa et al 2012). Those mutations may have various effects on cellular and molecular
level (Figure 1.5). Most of these mutations are located in protein coding region and cause
non-functional gap junction channels. For example, two mutations (S26L; M34T) in the
coding region of GJB1 were shown to cause reduced pore size in gap junctions (Oh et al.,
1997) that may prevent transport of secondary messengers such as IP3, cCAMP, and Ca?*. On
the other hand, it was reported that some mutations (S85C and F235C) may cause toxic gain-
of-function effect in gap junctions (Liang et al., 2005; Abrams et al., 2002). These mutants
lead to functional but ‘leaky’ hemi-channels that have increased opening time (Liang et al.,
2005).
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Figure 1.5. Diagram of Cx32 protein showing amino acid changes leading to CMT

phenotype (Kleopa and Scherer, 2002).



Effect of a variant may not be predicted from its position as for R15Q and H94Q
variants. These mutants were shown to form functional gap junctions, however, different
transitions in the same amino acid positions (R15W; H94Y) result in non-functional
channels. This finding implicates the importance of the nature of the mutation for the
phenotype (Abrams et al., 2002).

1.4.2. Mutations in the 5>°UTR of GJB1 Gene

Mutations which are identified in the non-coding region of GJB1 gene are observed
rarely may be due to the fact that it is not screened for mutations in most studies. The effect
of these mutations on gene expression can be significant and generally lead to loss of
function in Cx32 production. Among the reported mutations, ¢.—529T>G and ¢.-527G>C,
reside in SOX10 transcription factor binding site and they were shown to cause a reduction
in gene expression (lonasescu et al., 1996b; Bondurand et al., 2001; Houlden et al., 2004).
Another mutation (c.—459C>T) was also shown to abolish ribosome entry site of Cx32
MRNA (lonasescu et al., 1996b; Flagiello et al., 1998). Lastly, c.—713G>A is an interesting
mutation such that it was initially reported as reducing promoter activity after its
identification in a Taiwanese family (Wang et al., 2000), however, it is considered as a
polymorphism in Caucasian population in HGMD (Bergmann et al., 2001).

In previous years, three novel variants which are located on non-coding region of
GJB1 gene were identified in our laboratory. Two of these variants (c.-541A>G; ¢.-528T>C)
are located on SOX10 binding site of GJB1 gene and possibly cause reduced gene
expression. Third variant, on the other hand, located at the junction of intron and exon 2 (c.-
18A>G). These variants were shown to segregate with the disease phenotype in these
families (Erdogan, 2012). In this study, we aim to investigate the effect of these variants on
the expression of GJB1 gene. In addition, we intend to screen more patients in our Turkish
CMT cohort to further identify novel GJB1 mutations via direct sequencing (Table 6.1).
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2. PURPOSE

GJB1 gene mutations are second most common cause of all CMT cases. Causative
mutations in both coding and untranslated regions of the gene have increased to 400 in recent
years which emphasize the importance of genetic diagnosis. In this study, our first aim was
to screen GJB1 gene of patients with CMT phenotype for novel mutations using PCR-Direct
sequencing technique. For this purpose, 50 families that have not been diagnosed for any

other CMT gene mutations were analyzed.

We also aimed to investigate the effects of GJB1 5’UTR variants that have been
identified in our CMT cohort. In few studies in literature, GJB1 promoter mutations were
shown to cause CMT phenotype by reducing the expression of the gene. In this study, we
aimed to perform luciferase reporter gene assay in order to determine the effects of specific

promoter variants that identified in our laboratory.
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3. MATERIALS

3.1. Subjects
Peripheral blood samples of Turkish CMT patients and their family members were
provided by various neurology departments around Turkey. Detailed electrophysiological

and histopathological features of patients and pedigrees were obtained from clinicians.
Informed consent from patients and approval of ethics committee were provided.

3.2. Chemicals

All solid and liquid chemicals used in this study were bought from Merck (Germany),
Sigma (USA) and Riedel de-Héen (Germany) unless stated otherwise in the text.

3.3. General Kits, Enzymes, and Reagents

The kits, enzymes, and the reagents used in this study and the companies from which

they were purchased are provided in Table 3.1.

Table 3.1. List of kits, enzymes, and reagents.

Dulbecco’s Modified Eagle Medium )
Gibco, USA

(DMEM)

DNA Molecular Weight Marker GeneRuler 100 bp DNA Ladder, Fermentas,
USA

) GeneRuler 1 kb DNA Ladder, Fermentas,

DNA Molecular Weight Marker
USA

Dual-Glo Luciferase Assay System Promega, USA

Fetal Bovine Serum (FBS) Gibco, USA

GeneJET Plasmid Miniprep Kit Thermo, USA




Table 3.1. List of kits, enzymes, and reagents (cont.)
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Gibson Assembly Clonning Kit NEB, USA
Phusion High-Fidelity DNA

Thermo, USA
Polymerase
Phusion Site-Directed Mutagenesis Kit | Thermo, USA

QIAquick PCR Purification Kit

Qiagen, Germany

Restriction Enzymes NEB, USA
T4 DNA Ligase Thermo, USA
Tagq DNA polymerase Thermo, USA
Turbofect Transfection Reagent Thermo, USA
ZymoPURE Maxiprep Kit Zymo,USA

3.4. Biological Materials

3.4.1. Bacterial Strain

DH 5-alpha Competent E. coli bacterial strain (genotype: thuA2 A(argF-lacZ)U169
phoA gIinV44 ®80 A(lacZ)M15 gyrA96 recAl relAl endAl thi-1 hsdR17) supplied by
Gibson Assembly Cloning Kit (NEB, USA) was used in this study. It is used for

transformation and purification of all plasmids.

3.4.2. Mammalian Cell Line

Human embryonic kidney cell line HEK 293T was kindly provided by Prof. Kuyas

Bugra. The cell line was used for transfection experiments.
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3.5. Buffers and Solutions

3.5.1. DNA Extraction from Peripheral Blood

The buffers and chemicals used to extract genomic DNA from peripheral blood

samples of CMT patients are listed in Table 3.2.

Table 3.2. Buffers and chemicals that were used for DNA extraction from peripheral blood.

155 mM NHA4CI
Cell Lysis Buffer 10 mM KHCO3
1 mM Na;EDTA (pH 7.4)
10 mM Tris-HCI (pH 8.0)

Nuclei Lysis Buffer 400 mM NacCl

2 mM Na:EDTA (pH 7.4)
Sodiumdodecylsulphate 10% SDS (w/v) (pH 7.2)
Proteinase K 20 mg/ml

20 mM Tris-HCI (pH 8.0)
0.1 mM Na2EDTA (pH 8.0)
5 M NaCl solution 292.2 g NaCl in1 L dH20

Tris-EDTA (TE) Buffer

3.5.2. Polymerase Chain Reaction (PCR)

The list of the buffer and the chemicals used for PCR in this study are provided in
Table 3.3.

Table 3.3. The buffer and the chemicals used for PCR.

100 mM Tris-HCI

10 X MgCI2 Free Buffer 500 mM KCI (pH 9.1 at 20°C) (Fermentas,
Lithuania)

Magnesium Chloride (MgClI2) 25 mM MgCl; (Fermentas, Lithuania)
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Table 3.3. The buffer and the chemicals used for PCR (cont.).

Deoxyribonucleotide Triphosphates
(dNTPs)

100 mM of each dNTP (Fermentas, Lithuania)

3.5.3. Restriction Enzyme Analysis

The restriction enzyme digestions were performed using the buffer given in Table

3.4, to linearize vector for cloning.

Table 3.4. Buffer that used for restriction digestion.

1X CutSmart® Buffer

50 mM Potassium Acetate
20 mM Tris-acetate

10 mM Magnesium Acetate
100 pg/ml BSA

pH 7.9 @ 25°C

3.5.4. Agarose Gel Electrophoresis

All PCR, restriction digestion and cloning products were run in agarose gels prepared

by ingredients given in Table 3.5.

Table 3.5. Ingredients that are used for Agarose Gel Electrophoresis.

5 X Tris-Borate-EDTA (TBE) Buffer

0.89 M Tris-Base
0.89 M Boric Acid
20 mM Na2EDTA (pH 8.3)

1 or 2% Agarose Gel

1 or 2% Agarose (w/v) (Peglab, Germany) in
0.5 X TBE Buffer

Ethidium Bromide

10 mg/ml

6 X Loading Buffer

2.5 mg/ml Bromophenol Blue
1% SDS (w/v) in 2 ml glycerol




3.5.5. Bacterial Culture Solutions and Antibiotics
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Ingredients and mediums that were used for preparation of bacterial culture were

given in Table 3.6.

Table 3.6. Solutions and Antibiotics used for the growth and maintenance of bacterial

cultures.

Luria-Bertani medium (LB)

10 g tryptophan

5 g yeast extract

10 g NaCl

Distilled water up to 1 L, autoclaved

Luria-Bertani Agar

10 g tryptophan
5 g yeast extract
10 g NaCl
15 g Agar

Distilled water up to 1 L, autoclaved

Ampicillin stock

100 mg/ml in 50 % Ethanol
Filter-sterilized and stored at -20°C

100 pg/ml (working concentration)

SOC medium

20 g Tryptone

5 g Yeast Extract

2 ml of 5M NaCl

2.5 ml of 1M KClI

10 ml of 1M MgCI2

10 ml of 1M MgSO4

20 ml of 1M Glucose

Distilled water up to 1L
Filter-sterilized and stored at -20°C




3.5.6. Cell Culture
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Mediums and buffers that used for growth and maintenance of HEK293T cells were

given in Table 3.7,

Table 3.7. Buffers and solutions used in cell culture.

Complete Medium for
HEK293T Cells

DMEM

10% FBS

0.1% Penicillin/Streptomycin

1% Non-essential Amino Acid (PAN-Biotech, Germany)

Freezing Medium for

50% DMEM

Saline)

40% FBS
HEK293T Cells

10% DMSO

8 g NaCl
1X PBS (Phosphate Buffered | 0.2 g KCI

1.44 g Na2HPO4
0.24 g KH2PO4

10X Trypsin-EDTA Solution

2.5% Trypsin

7mM Ethylenediaminetetraacetic Acid (EDTA)
0.9% NaCl

diluted with Phosphate Buffered Saline (PBS)

3.6. Nucleic Acids

DNA molecular weight markers and deoxyribonucleotides were purchased from

Fermentas (USA).

3.6.1. Plasmids

pGL2-basic Luciferase vector (Promega, USA) was commercially obtained. SOX10

expression vector was commercially obtained from Origene, USA. pRL-SV40 (Renilla

Luciferase) plasmid was kindly provided by Dr. Necla Birgiil Iyison.
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3.6.2. Oligonucleotides

Primers used in polymerase chain reactions, sequencing, cloning and site-directed
mutagenesis were purchased from Macrogen Inc. (Seoul, South Korea) and are listed

accordingly in Tables 3.8 - 3.12.

Table 3.8. Sequence of the primers used for exon amplification of GJB1 for PCR and

Sanger sequencing.

_ Primer Annealing | Product
Region Primer sequence (5’-3%) )
(FIR)* Temp. (°C) | size (bp)

Cx32-1F | TGAGGCAGGATGAACTGGACAGGT
Cx32-1R | TTGCTGGTGAGCCACGTGCATGGC

59 306

Cx32-2F | ATCTCCCATGTGCGGCTGTGGTCC
Exon 1 63 432
Cx32-2R | GATGATGAGGTACACCACCT

Cx32-3F | CGTCTTCATGCTAGCTGCCTCTGG
Cx32-3R | TGGCAGGTTGCCTGGTATGT

60 304

Table 3.9. Sequence of the primers used for 5’UTR amplification of GJB1 for PCR and

Sanger sequencing.

_ Primer Annealing | Product
Region Primer sequence (5°-3’) )
(FIR)* Temp. (°C) | size (bp)
5’UTR-
CTCAGGGAAAATCCTGGTGA
GJB1-F
5’ UTR 67.5 989
5’UTR-
TCATCACCCCACACACTCTC
GJB1-R
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Table 3.10. Sequence of the primers used to linearize pGL2-GJB1 plasmid to generate c.-

541A>G variant by site-directed mutagenesis.

_ Primer Annealing | Product
Region Primer sequence (5°-3’) ]
(FIR)* Temp. (°C) | size (bp)
pGL2- GTTGTTCAGAGCCCCGCAAAGGTC
pGL2- | 541-F | TCATTG
72 6587
GJB1 pGL2- GCCCTTTAGAATTCAGATCAAACG
541-R CCCTGAC
Table 3.11. Sequence of the primers used for colony PCR.
_ Primer Annealing | Product
Region Primer sequence (5’-3%) )
(FIR)* Temp. (°C) | size (bp)
GL-F
TGTATCTTATGGTACTGTAACTG
pGL2 55 1090
GL-R

CTTTATGTTTTTGGCGTCTTCCA

Table 3.12. Sequence of the primers used to amplify insert DNA for Gibson Assembly.

_ Primer Annealing | Product
Region Primer sequence (5°-3’) )
(FIR)* Temp. (°C) | size (bp)
GJB1- CTGTAACTGAGCTAACATAACCCC
insert-F | TCAGGGAAAATCCTGGTG
5’UTR 72 1028
GJB1- CGTAAGAGCTCGGTACCTCCCTCA
insert-R | TCACCCCACACACTC
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3.7. Disposable Labware

Table 3.13. List of disposable labware used in this study.

Centrifuge Tubes (15 ml, 50 ml)

TPP, Switzerland

Microfuge Tubes (1.5 ml, 2 ml)

Axygen, USA

PCR Tubes (0.2 ml)

Axygen, USA

Cell Culture Plates (10 cm, 6-well, 96-
well)

TPP, Switzerland

Cell Scraper

TPP, Switzerland

Serological Pipettes (5 ml, 10 ml, 25 ml)

Capp, Denmark

Pipette Tips (Filtered)

Capp, Denmark

Pipette Tips (Bulk)

Axygen, USA

96-well plates for Luciferase Assay

Roche, Switzerland

3.8. General Equipment

The equipment used in this study are listed in Table 3.14.

Table 3.14. Equipment used during this study.

Autoclave

Model MAC-601 (Eyela, Japan)

Centrifuges

Centrifuge 5415C (Eppendorf, Germany)
Allegra X-22R Centrifuge (Beckman Coulter,
USA)

Deep Freezers

-20°C (Bosch, Germany)
-20°C (Argelik, Turkey)
-70°C (Thermo Forma, USA)

Documentation System

GelDoc Documentation System (Bio-Rad,
USA)

Electrophoresis Equipments

Mini-Sub Cell (Bio-Rad, USA)
PROTEAN Vertical Electrophoresis System
(Bio-Rad, USA)




Table 3.14. Equipment used during this study (cont.).
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Incubators

DRI Block DB-2A (Techne, UK)
Shake'n'Stack (Hybaid, UK)
Oven EN400 (Nuve, Turkey)

Luminometer

Fluoroskan Ascent FL, Thermo Electron,
USA

Magnetic Stirrer

Speed Safe (Hanna Instruments, USA)
MK 418 (Niive, Turkey)

Oven

Microwave Oven (Vestel, Turkey)

Power Supplies

Power Pac Model 3000 (Bio-Rad, USA)
PS 304 (Apelex, France)

Refrigerator

+4°C (Argelik, Turkey)

Shaker

SL 350 (Niive, Turkey)

Spectrophotometer

NanoDrop ND-1000 (NanoDrop, USA)

Thermal Cyclers

Icycler (Bio-Rad, USA)

Mycycler (Bio-Rad, USA)

Runik Thermal Cycler (Sacem, Turkey)
C 1000 Thermal Cycler (Bio-Rad, USA)

Vortex

Nuvemix (Nuve, Turkey)
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4. METHODS

4.1. DNA Extraction from Peripheral Blood

Ten ml of blood sample were collected in KsEDTA tubes from each patient and their
available family members. Before DNA extraction, the samples were stored at 4°C. Blood
samples were transferred into sterile 50 mL centrifuge tubes. First, 30 mL red blood cell
(RBC) lysis buffer was added to 10 mL of blood sample in order to lyse the erythrocyte
membranes and left at 4°C for 25 minutes. The lysed samples were centrifuged at 5000 rpm,
at 4°C for 10 min. After discarding the supernatant, 10 mL RBC lysis buffer was added to
the samples. The pellet was resuspended completely by vortex and centrifugation was
repeated at 5000 rpm, at 4 °C for 10 minutes. The supernatant was discarded and 5 mL nuclei
lysis buffer, 40 pl Proteinase K and 50 pl of 10% SDS were added to the pellet. Thereafter,
the samples were incubated at 37°C overnight in order to degrade cellular proteins. The next
day, 10 mL of 2.5 M NaCl were added, the samples were vortexed and centrifuged at room
temperature at 5000 rpm for 30 minutes. The supernatant was transferred into a new 50 mL
centrifuge tube. After addition of 2 volume of absolute ethanol (-20°C), the DNA was
precipitated. The genomic DNA was taken into a 1.5 mL microcentrifuge tube and allowed
to air-dry. Accordingly the DNA was dissolved in 100-300 ul of Tris-EDTA (TE) buffer and
stored at -20°C.

4.2. Quantitative Analysis of Purified DNA

Nanodrop ND-1000 spectrophotometer was used to measure the genomic DNA
concentration at 260nm. The main principle of the measurement was based on the fact that
absorbance of 50 ug of pure double stranded DNA has an absorbance of 1.0 at 260 nm. To
ensure the purity of DNA A260/A280 ratio should be around 1.8. Moreover, A260/A230

ratio should be higher than 2.0 to implicate low salt concentration.
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4.3. Mutation Analysis

In this study, 50 Turkish CMT patients were screened for mutations in GJB1 gene.
The patients were selected from our cohort based on their pedigree pattern for X-linked
inheritance and presence of intermediate (30-45m/sec) motor median nerve conduction
velocity (MM-NCV). They were previously found to be negative for CMT1A duplication
and HNPP deletion. All selected patients were screened for 5°UTR of GJB1 gene and 36 of
them were screened for both coding sequence (CDS) and 5°UTR of GJB1 gene.

4.3.1. Mutational Analysis of CDS and 5° UTR of GJB1 by PCR-Direct Sequencing

Direct sequencing was an efficient and fast method to detect variants in the PCR
amplified DNA sequences. PCR was repeated when non-specific or weak bands were
obtained on the agarose gels either by changing the cycle conditions or concentrations of the
chemicals. PCR was performed in a total volume of 50 pl with chemical concentrations
described in Table 4.1.

Table 4.1. PCR for CDS and 5’UTR amplification of GJBL.

Ingredient Volume (pul)
DNA (50ng) 4
Taq DNA polymerase buffer (10X) 5
MgCl2 (25mM) 5
dNTPs (0.1 mM) 1

Forward and Reverse Primers

2 from each
(10pmol/ul)
Tag DNA Polymerase (1 Unit) 0.2
dH20 30.8

Conditions used in PCR are given in Table 4.2. Sequence of primers that were used

in PCR and their annealing temperatures were depicted in Table 3.7-3.8. In order to check
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the size of amplicons and to ensure absence of non-specific bands, a mixture of 5 ul of PCR
product and 1 pl of agarose loading buffer was loaded on 2% (w/v) agarose gel. 100 bp DNA

size marker (SM0241, Fermentas, USA) was used to confirm the size of the amplicon.

Table 4.2. Conditions of PCR for CDS and 5°UTR of GJBL1.

Conditions of PCR
Initial denaturation 5 min at 95°C
Denaturation 30 s at 95°C
Annealing 35 cycles 30 s at annealing temperature
Extension 45 s at 72°C
Final Extension 3 min at 72°C
Cooling 1 min at 4°C

Sequencing of amplified DNA products were commercially performed by Macrogen

Inc, Korea. Results were analyzed by Ape software.

4.4. Molecular Cloning

4.4.1. PCR Amplification of Insert DNA

DNA sequence of 5’UTR of GJB1 were amplified using the Phusion High-Fidelity
DNA Polymerase (Thermo, USA) for cloning. Genomic DNA of patients that carry specific
variants to be tested (c.-18A>G, ¢.-528T>C and c.-713G>A) and of one healthy individual
were used as DNA templates for amplication. Template DNA concentration was, 200 ng in
the amplification reaction mixture. PCR reactions were carried out according to
manufacturer’s instructions by using primers shown in Table 3.11. These primers contain at
least 20 bp overhangs that are complementary to vector ends in order to accomplish cloning
by Gibson Assembly reaction. The protocol for Phusion polymerase is summarized in Table
4.3.
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Table 4.3. PCR protocol using the Phusion High-Fidelity DNA Polymerase.

Step # Description Temperature (°C) Duration
1 Initial denaturation 98 30s
2 Denaturation 98 10s
3 Annealing Primer specific Tm 10s
4 Elongation 72 15 s per 1 kb
5 Return to Step 2 (x30) -
6 Final Elongation 72 5 min

Table 4.4. Ingredients for PCR using the Phusion High-Fidelity DNA Polymerase.

Ingredient Volume (pl)
Template DNA varies
5X Phusion HF Buffer 10
dNTPs (10 mM) 1
Forward and Reverse Primers
(10pmol/u) 2 from each
Phusion DNA Polymerase (2 Unit) 0.5
dH20 Add to 50 pl

4.4.2. Restriction Digestion of Vector

Restriction digestion of pGL2-basic vector was carried out with Smal restriction
enzyme (NEB, USA) at 37 °C for 1 hour in 1X CutSmart buffer (Table 3.4). One unit of

enzyme was used for digestion of 1pug of DNA. Heat inactivation of the restriction enzyme

was performed at 65°C for 20 min.

4.4.3. Agarose Gel Electrophoresis

PCR products and linearized vector were run by electrophoresis using standard 1 or
2% Agarose (w/v) in 0.5 X TBE Buffer. Agarose powder was mixed with 0.5X TBE Buffer

and allowed to boil in a microwave oven. After cooling for a couple of minutes, ethidium
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bromide was added to a final concentration of 10 mg/ml and the solution was poured into
the gel casting tray. Appropriate amounts of the DNA samples were mixed with 6X loading
buffer to get 1X final concentration. Gene Ruler 100 bp and/or 1kb DNA ladder (Fermentas,
USA) were used as molecular weight markers. The solidified gels were run in 0.5X TBE
buffer at varying voltage and time depending on the size the fragments. The gels were
visualized under UV light and the images were documented with GelDoc imaging system
(BioRad, USA).

4.4.4. PCR Purification

PCR products were purified with spin columns using the PCR purification kit

(Qiagen, Germany) according to manufacturer’s instructions.

4.4.5. Gibson Assembly Cloning

Amplified 5’UTR of GJB1 fragments were cloned in pGL2-basic vector using the
Gibson Assembly kit (NEB, USA). In brief, the Gibson assembly reaction contains three
enzymes; a 5’-exonuclease that removes nucleotides from the 5’-ends of DNA fragments,
effectively creating 3’ overhangs, a DNA polymerase that fills in the gaps of annealed DNA
fragments, and a DNA ligase that seals the nicks between the fragments. DNA fragments to
be ligated were prepared with at least 20bp overhangs by PCR amplification as described in
section 4.4.1. Vector backbones were digested by Smal restriction enzyme (NEB, USA) in
order to produce a linear vector as described in Section 4.4.2. All fragments to be used in the
subsequent assembly reaction were purified by QlAquick PCR Purification kit (Qiagen,
Germany) prior to the assembly (Section 4.4.4). The suggested molarities of DNA fragments
for optimal yield were between 0.02 - 0.1 pM. Molarities were calculated using a dedicated
online tool from the NEB website (http://nebiocalculator.neb.com) and DNA concentrations
were measured using NanoDrop Spectrophotometer. The molarities were 0.01 pM for insert
fragments and 0.03 pM for the vector backbone. The reaction mixture was prepared
according to Table 4.5 and was incubated at 50 °C for 1 hour. Thereafter, 1-5 pul of the

assembly reaction were transformed to chemically competent bacteria provided with the kit.
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Table 4.5. Ingredients for Gibson Assembly reaction.

Amount of DNA Fragments 0.02-0.5 pmoles
Gibson Assembly Master Mix (2X) 10 wl
Deionized H>O Add to 20 pl
Total Volume 20 ul

4.4.6. Transformation of Competent Cells

A vial (50-100 pl) of competent cells was thawed on ice for 10-15 min. 1-5 ul of
assembly reaction was added onto the competent cells and incubated on ice for 15-20 min.
The vial was placed in 42°C heat block for 30 seconds to allow heat shock and then
transferred immediately on ice for 2 min. SOC medium at room temperature (950 ul) was
added and the cells were incubated at 37°C for 1 hour with shaking at 250 rpm. At the same
time, LB-agar plates were warmed at 37°C. Then, 50-100 pl of mixture was spread onto

ampicillin containing LB plates and incubated overnight at 37°C in inverted position.

4.4.7. Colony PCR

Colony PCR reaction was prepared in a total volume of 25 ul as follows: 1X Taq
Polymerase Buffer, 2 mM MgCl,, 0.25 mM dNTP mixture, 5 per cent DMSO, 0.4 uM of
each primer, and 0.05u/ul Taq DNA polymerase (Thermo). As the template for PCR, 5-10
bacterial colonies from each of the transformation plates were picked up using autoclaved
tips and transferred to the corresponding PCR tubes. The conditions of PCR is given in Table
4.6.

Table 4.6. Conditions of Colony PCR.

Conditions of Colony PCR

Initial denaturation 5 min at 95°C
Denaturation 30 s at 95°C
Annealing 35 cycles 30 sat 55°C
Extension 1 min at 72°C
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Table 4.6. Conditions of Colony PCR (cont.).

Final Extension 5 min at 72°C

Cooling 1 min at 4°C

4.4.8. Plasmid DNA Purification and Sequencing

Plasmid DNA purification were performed from overnight grown bacterial cultures
using GeneJET Miniprep Kit and ZymoPURE Maxiprep Kit according to the manufacturer’s
protocol. Products of minipreps were further purified by phenol:chloroform and ethanol
precipitation in order to remove endotoxins. Quality and concentration of the isolated
plasmids were determined by spectrophotometric measurements using a NanoDrop-1000
spectrophotometer. Plasmid preparations with OD260/280 ratios between 1.8 and 2.0 were
further used for sequencing. Sanger sequencing was performed by Macrogen Inc. (South
Korea) using sequencing primers. The bacterial cells carrying the plasmids with the desired
fragments were stocked by adding 10% glycerol into overnight bacterial culture and stored
at -80°C until used.

4.4.9. Phenol-Chloroform and Ethanol Precipitation

A mixture of 100 ul DNA and 300 pl of TE buffer was prepared. An equal volume
(400 pl) of phenol-chloroform solution was added. Mixture was centrifuged at 5000rpm for
5 min at RT. Upper phase was removed into a fresh tube and TE buffer was added to
complete the volume to 400 ul again. Na-Ac (3M) of 40 ul was added and vortexed. After
addition of 1mL absolute ethanol, mixture was left at -80 °C for 30 min or -20 °C for
overnight. Then, the mixture was centrifuged at 4 °C for 20 min at 5000 rpm. Supernatant
was discarded and pellet was washed with 200 pl of 70% cold (-20 °C) ethanol by spinning
at 5000 rpm for 10 min at 4 °C. Wash step was repeated and pellet left to dry before re-
suspended in 50 pl TE buffer.
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4.5. Site-Directed Mutagenesis

The variant of c¢.-541A>G has been identified in family P232 in our CMT cohort
however genomic DNA of affected individuals were not available. Therefore, it was not
possible to amplify the DNA fragment containing c.-541A>G variant from the affected
individuals. Instead, this variant was generated on the plasmid containing wild type sequence

of 5’UTR of GJB1 gene via site-directed mutagenesis.

4.5.1. Linearization of Plasmid by PCR

pGL2-GJB1 plasmid that contains the wild type 5°’UTR GJB1 fragment was
linearized by PCR with Phusion High-Fidelity Taq polymerase. As template DNA, 20 ng of
pGL2-GJB1 plasmid was used. Primers that contain c.-541A>G variant was used in the PCR.
The conditions and ingredients of the reaction were given in Tables 4.2 and Table 4.3,

respectively.

4.5.2. Non-Radioactive Phosphorylation with T4 PNK

The linearized plasmid was phosphorylated at its 5’end before ligation reaction. For

this purpose, a reaction mixture was prepared on ice as given in Table 4.7.

Table 4.7. Ingredients for phosphorylation by T4 PNK.

DNA up to 300 pmol
T4 PNK Reaction Buffer (10X) 5ul
ATP (10 mM) 5ul
T4 PNK 1 ul (10 units)
dH0 Add to 50 pl
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4.5.3. Ligation of Plasmid
The phosphorylated PCR product was circularized using T4 DNA Ligase in a 5
minutes reaction at 25 °C. The reaction mixture given in Table 4.8 was prepared on ice and

briefly vortexed before incubated at room temperature (25 °C) for 5 min.

Table 4.8. Ingredients for ligation reaction by T4 DNA Ligase.

DNA 10-20 ng
5X Rapid Ligation Buffer 2 ul
T4 DNA Ligase 0.5 ul
dH20 Add to 9.5 pl

After incubation, 1-5 ul of circularized product was used to transform competent

bacteria and purify plasmid DNA according to instructions on sections 4.4.6-4.4.9.

4.6. Cell Culture Experiments

4.6.1. Maintenance of HEK293T Cells

HEK293T cells were maintained in their complete medium (Table 3.7) in an
incubator at 37°C, with 5% CO2. When the plates reached 90% confluence, the cells were
washed with PBS, treated with 0.25% trypsin-EDTA solution (Table 3.7) for 5 minutes at
37°C and then equal volume of complete medium was added prior to scraping. The scraped
cells were pelleted by centrifugation at 500 g for 5 minutes and, after resuspension in 3 mL
complete medium, they were divided into three plates. On each plate, 7 mL of fresh complete
medium was added and plates were incubated in the same conditions. Media were kept at

4°C and warmed to 37°C in a water bath before each use.
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4.6.2. Freezing of HEK293T Cells

Mammalian cells can be frozen as stocks until further usage. Plates with ~90%
confluency can be stocked in freezing medium (Table 3.7). The medium over the cells was
aspirated and the cells were washed with 1X PBS. Then, trypsin was added onto the cells
and incubated at 37°C for 5 minutes. Equal volume of fresh medium was added and cells
were harvested by scrapping. The cell suspension was transferred into a 15 ml Falcon tube
and precipitated by centrifugation at 500 g for 5 minutes. Cell pellet was resuspended in 1

ml of freezing medium and stored at -80°C.

4.6.3. Thawing of HEK293T Cells

The frozen cell stocks were thawed in a water bath at 37 °C and centrifuged at 500 g
for 5 min in order to remove DMSO. Then, the cell pellet was resuspended in 1 ml of fresh
complete medium and transferred to 10 cm culture dishes containing 7 ml of complete

medium.

4.6.4. Transfection of HEK293T Cells

Transfections were performed by using the Turbofect transfection reagent (Thermo
Scientific Inc., USA) according to the manufacturer’s instructions. One day before
transfection, 100.000 cells were seeded on 12-well plate and left to grow in incubator at
37°C, with 5% CO2 for 24 hours. Next day, transfection complex was formed in pure
DMEM-only without any FBS or antibiotics and added drop by drop over the attached cells
on plate after incubation at room temperature for 15 minutes. Approximately 4 hours after
transfection, medium was replaced with fresh complete medium.

Seven different plasmids were used for transfections: Five of them were pGL2
luciferase vectors that contain 5’UTR of GJB1 gene, a SOX10 transcription factor
expression plasmid in order to activate GJB1 gene expression, and pGL3-SV40-Renilla, as
internal control plasmid.

5’UTR of GJB1 gene contains two SOX10 binding sites. Expression of the gene is
initiated by binding of SOX10 protein to these sites. Therefore, SOX10 expression vector
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was transfected into HEK293T cells along with luciferase vector constructs containing
5’UTR sequence of GJB1 gene. Plasmids that are used in transfection experiment are listed

in Table 4.9.

Table 4.9. Plasmids used in transfection experiments.

Plasmid Variant Amount (ng/well)
pRL-SV40 - 50

pGL2-GJB1 c.-18A>G 500
pGL2-GJB1 c.-541A>G 500
pGL2-GJB1 c.-528T>C 500
pGL2-GJB1 c.-713G>A 500
pGL2-GJB1 - 500

SOX10 - 1500

4.7. Luciferase Reporter Assay

Luciferase assay was performed according to Dual-Glo Luciferase Assay System
(Promega) protocol to determine any change in promoter activity due to GJB1 promoter
variants. For the assay, cells were co-transfected with 500 ng of a pGL2-luciferase reporter
plasmid including 5’UTR of GJB1 gene with or without desired variants, 50 ng of pRL-
SV40-Renilla (internal control), and 1.5 pg of SOX10 expression plasmid per well of a 12-
well plate. About 48 hours post-transfection, cells were collected by trypsin, and then
washed with 1 X PBS twice. Pellet was completely resuspended in 100 pl 1X PBS and placed
into 96-well plate. Then, 100 pl of Firefly luciferase substrate reagent added on to the lysates,
and after 30 min incubation at room temperature (in the dark), measurements were taken 3
times using a fluorometer (Fluoroskan Ascent FL, Thermo Electron). Next, 100 pl of Renilla
luciferase substrate reagent (Stop&Glo) that also quenches the Firefly luciferase
luminescence was added and after 10 min incubation at room temperature (in the dark),
measurements were taken 3 times. Luminescence reads were taken at 2 seconds of
integration time. Firefly luciferase readings were normalized to Renilla luciferase readings

and graphs were plotted in Microsoft Excel. T-test was used to evaluate statistically
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significant differences between the values in Microsoft Excel. All experiments were

performed in duplicates and independently validated with three replicates.
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5. RESULTS

In the first part of this study, 50 CMT patients in our cohort were selected according
to their clinical and electrophysiological features in order to identify GJB1 gene mutations.
These patients were previously found to be negative for CMT1A duplication and HNPP
deletion. All patients were analyzed for 5’UTR of GJB1 gene via direct sequencing. Thirty
six of these 50 patients were also screened for mutations in the coding region of GJB1 gene.

In the second part of the study, the effect of four GJB1-5’UTR variants on gene

expression was investigated by luciferase reporter gene assay.

5.1. Mutational Analysis

Patients were selected according to their electrophysiological and clinical features in
addition to pedigree analysis. CMTX1 belongs to intermediate sub-type of CMT and affected
individuals generally show NCV values between 25-45 m/s. In pedigree analysis, X-linked
segregation of CMT phenotype was considered since GJB1 gene is located on X-
chromosome. Genomic DNA samples of fifty patients were screened for mutations in the
only exon and 5’UTR of GJB1 via direct sequencing. After amplification of related
sequences by PCR and cleaning, sequencing were performed by Macrogen Inc., Korea.
Sequence data were analyzed in Ape software. For all samples, NC_000023.11 sequence
and ENST00000374022.3 transcript were used as references.

5.1.1. Mutational Analysis of GIJB1 coding sequence

Mutation screening revealed five different GJB1 variants in eight among 36 patients.

Frequencies of all variants were not available in EXAC database due to very rare occurrence.

First variant was identified in two members of a family. The mother (P1020) was
found to be heterozygous while her son (P1021) was hemizygous for the ¢.379A>C variant.
Moreover, the same variant was also identified in another hemizygous male patient (P1186)
from a different family (Figure 5.1). This variant was not found in dbSNP, IPN Mutation

and HGMD databases. However, ¢.379A>T transition from the same position was
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previously reported by Qiao et al., in 2009. The ¢.379A>T mutation causes 1127F change in

amino acid level and shown to be pathogenic (Vondracek et al. 2005).

I | | |
WA, o
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Figure 5.1. (a), (b) Chromatograms showing hemizygous ¢.379A>C for male patients
(P1021 and 1186, respectively) (c) heterozygous female patient (P1020) and (d) the

sequence for the male control.

The ¢.379A>C variant causes Isoleucine to Leucine transition at 127th amino acid
position. Although these two amino acids have similar molecular structure, Isoleucine is
highly conserved at that position among mammalian species (Figure 5.2) implicating a novel

mutation.
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Homo sapiens ~ VKRHKVHI[I|SGTLWWT
Pan troglodytes VKRHKVHI|IISGTLWWT
Macaca mulatta VKRHKVH|I[SGTLWWT
Canis lupus VKRHKVHI|I[SGTLWWT
Bos taurus VKRHKVHI|I[SGTLWWT
Mus musculus  VKRHKVH|I[SGTLWWT
Rattus norvegicus VKRHKVH|I|SGTLWWT

Figure 5.2. Conservation of Isoleucine at 127" amino acid position among mammalian

species, marked by black box.

Second variant of GJB1 was found in one male and one female patient from different
families. The male patient (P1113) was found to be hemizygous for the c.43C>T variant.
The affected female (P553), on the other hand, was heterozygous for the same variant, as
expected (Figure 5.3).

(b)

Figure 5.3. (a) Chromatograms showing hemizygous ¢.43C>T change for male patient

(P1113) (b) heterozygous ¢.43C>T change for female patient (P553) and (c) male control.

The ¢.43C>T mutation causes R15W change in amino acid level and it was
previously reported by Janssen et al. in 1997.
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The third variant was ¢.622G>A transition observed in a male patient (P763) (Figure
5.4). This mutation leads to E208K change in amino acid level and previously reported by

Fairweather et al. in 1994.

Figure 5.4. (a) Chromatograms showing hemizygous ¢.622G>A change for male patient
(P763) and (b) male control.

The fourth variant in coding region of GJB1 gene was identified in a male patient
(P1027-3). The patient was hemizygous for ¢.502T>A variant (Figure 5.5). This variant was
not found in dbSNP, IPN Mutation and HGMD databases, instead, ¢.502T>C transition from
the same position was previously reported by Choi et al., in 2004 and causes pathogenic
C168R transition. On the other hand, c.502T>A variant causes Cysteine to Serine transition
at 168th amino acid position. Since Cysteine is highly conserved at that position among

mammalian species (Figure 5.6), this variant can be designated as novel mutation.
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Figure 5.5. (a) Chromatograms showing hemizygous ¢.502T>A change for male patient
(P1027-3) and (b) male control.



Homo sapiens AMVRLVK|C|DVYPCPN
Pan troglodytes AMVRLVK|C|DVYPCPN
Macaca mulatta AMVRLVK|C[DVYPCPN
Canis lupus AMVRLVK|CIEAYPCPN
Bos taurus AMVRLVK|CDAYPCPN
Mus musculus AMVRLVK|C[EAFPCPN
Rattus norvegicus  AMVRLVK|C|EAFPCPN

Figure 5.6. Conservation of Cysteine at 168" amino acid position among mammalian
species, marked by black box.

The fifth and the last variant in GJB1 coding sequence was observed in a female
patient (P711) that was found to be heterozygous for c.47A>T (Figure 5.7). The mutation
causes H16L change in amino acid sequence and it was previously published by Keckarevic-
Markovic in 20009.
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Figure 5.7. (a) Chromatograms showing heterozygous ¢.47A>T change for female patient
(P711) and (b) male control.
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5.1.2. Mutational Analysis of 5’UTR of GJB1

GJB1 5’UTR was also screened for mutations using PCR and subsequent direct
sequencing techniques. Among 50 patients analyzed, three different variants were observed
in 25 different patients. All of those 25 patients were found to have c.-713G>A variant. This
variant was initially reported as a promoter site mutation by Wang et al., 2000, however, it
was considered as a Caucasian population polymorphism in doSNP, 1000 Genome and

HapMap databases with a minor allele frequency (MAF) of 0.29.

Second variant in the 5’UTR of GJB1 was identified in two male patients, P980 and
P1256. This variant (c.-18A>G) has been previously observed in family P158 in our
laboratory (Erdogan, 2012). It corresponds to the second last base of the intron 1 of GJB1
and was predicted as removing the splice site by Human Splicing Finder software
(http://www.umd.be/HSF/).

130 140 130 140
(GG TGTT 1(;( (_T(J(JM, T'G GGTGTTTTGCGGGTGTG

130 140
CTGGTGTTTTGCAGG TG TG

Figure 5.8. (a), (b) Chromatograms showing hemizygous c.-18 A>G change for male

patients (P980 and P1256, respectively) (c) male control.
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The last variant in the S’UTR of GJB1 was c.-257C>T change that was observed in
a female patient, P374. This intronic variant was considered as a polymorphism in dbSNP,

1000 Genome, and HapMap databases.

i

(b)

Figure 5.9 (a) Chromatograms showing heterozygous c.-257C>T change for female patient
(P374) (b) male control.

The mutations identified in this study and clinical presentation of the patients with

these mutations are summarized in Table 5.1.

Table 5.1. The mutations and the clinical data of the patients.

Patient | Gender Variant Amino Acid | MM- Age of HGMD
ID Change NCV Onset #
(m/s) (years)
P1021 M c.379A>C p.llel27Leu 44 2-10 -
P1020 F c.379A>C p.llel27Leu N/A N/A -
P553 F c.43C>T p.Argl5Trp 34.5 11-20 CM970654
P1113 M c.43C>T p.ArglSTrp 31 11-20 CM970654
P763 M C.622G>A p.Glu208Lys 30 21-40 CM940837
P1027-3 M c.502T>A p.Cys168Ser 41 11-20 -
P711 F CATA>ST p.Hisl6Leu N/A N/A CM095432
pP727 M c.-528T>C - 37 11-20 -
P232 M C.-541A>G - 33.3 11-20 -
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Table 5.1. The mutations and the clinical data of the patients (cont.)

P1183 M c.-713G>A - 46.5 35 CR001858
P871 M c.-713G>A - 24.5 26 CR001858
P158 M c.-18A>G - 31 2-10 -
P980 M c.-18A>G - 37 28 -

5.2. Functional Analysis of S’UTR Variants

In the second part of this study, four regulatory site variants were used to unravel
their effect on expression of GJB1 gene and to confirm that they can be causative mutations
in the respective CMT patients. The investigation was performed using luciferase reporter
gene assay protocol. For this purpose, luciferase reporter plasmids that contain 5’UTR
sequence of GJB1 with specific variants were generated by direct cloning or site-directed
mutagenesis followed by cloning. When plasmids were successfully constructed, HEK293T
cells were co-transfected with various plasmids and the effect of variants on gene expression

were investigated.

5.2.1. Construction of Plasmids

DNA fragments of 5’UTR of GJBL1 to be cloned into luciferase vector were amplified
by PCR using corresponding patient genomic DNA samples as templates (Figure 5.8).
Expected band size was 1028 base pairs. Each fragment generated by PCR carried one of
the three variants, namely, c.-18A>G, ¢.-528T>C, and c.-713G>A. The fourth plasmid was
engineered to harbor the wild type 5’UTR sequence.

The GJB1 promoter variants identified in our laboratory and investigated in this

study are given in Table 5.2.
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Table 5.2. Patients that used for amplification of insert DNA and corresponding variants.

Variant Patient
c.-18A>G P158
c.-528T>C P727
c.-713G>A P412
Wild-type P1323
6 . 2 %
SHEE S B

1000 bp

Figure 5.10. Agarose gel image of PCR amplified GJB1-5’UTR fragments.

5’UTR fragments of GJB1 gene were cloned into pGL2-basic luciferase vector by
Gibson Assembly reaction as described in section 4.4.5. Subsequently, each plasmid was
used to transform competent bacteria. Transformed bacteria were grown in selective LB-
agar plates containing 100 pug/ml ampicillin. The other day, five colonies for each variant

were selected for colony PCR. Results of colony PCR were given in Figures 5.11 - 5.12.

c.-18A>G c.-528T>C c.-713G>A

1000 bp

Figure 5.11. Agarose gel image of colony PCR results.
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c.-18A>G Wild type

1000 bp

Figure 5.12. Agarose gel image of colony PCR results.

For each colony PCR results, 1100 bp band which contains our insert sequence and
several nucleotides from the ends of vector backbone was expected. The variants on each
successful PCR product were verified by sequencing and further used for production of

overnight bacterial culture.

5.2.2. Purification of Plasmids

Selected colonies were grown in LB medium with 100 pg/ml ampicillin for overnight
at 37°C while rotating at 250 rpm. The other day, plasmids were isolated by using High Pure
MiniPrep kit or HiPure Maxiprep kit (Figure 5.10).

pGL2-GJB1-18A>G
pGL2-GJB1-713G>A
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pGL2-GJB1
pGL2-basic
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Figure 5.13. Agarose gel image of purified plasmids.
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The purified plasmids were stored at -20°C until further use. The map of generated

plasmid was given in Figure 5.14.

poly(A)
signal
(for
background
reduction)

pGL2-GJB1
Vector

5' UTR of

poly(A)
signal
(for luc
reporter)

Figure 5.14. The map of pGL2-GJB1 vector.

5.2.3. Generation of ¢.-541A>G Variant by Site-Directed Mutagenesis

The genomic DNA of the patient who has the c.-541A>G variant was not available,
unfortunately. To overcome this problem, this variant was generated by site-directed
mutagenesis on the plasmid containing wild type sequence of GJB1-5’UTR. First, wild type
plasmid was amplified and linearized by PCR using primers containing c.-541A>G variant
(Figure 5.15).
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5000 bp

Figure 5.15. Agarose gel image of linearized wild type plasmids by PCR using primers
containing c.-541A>G variant.

After ligation of mutated plasmid, the product was subsequently used for bacterial
transformation. Transformed bacteria were grown overnight at 37°C. The next day, five
colonies were selected and used for colony PCR. Result of colony PCR was shown in Figure

5.16.

c.-541A>G

1000 bp

Figure 5.16. Agarose gel image of colony PCR results containing c.-541A>G variant.

According to colony PCR results, successful colonies were selected and used for
bacterial culture production. Expected band size was approximately 1100 bp which contains
our insert and several nucleotides from the ends of vector backbone. Selected colonies were
grown in LB medium that contains 100 pg/ml ampicillin for overnight at 37°C while rotating
at 250 rpm. Sixteen hours later, plasmids were isolated by using High Pure MiniPrep kit or

HiPure Maxiprep kit (Figure 5.17).
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pGL2-GIB1-541A>G

Figure 5.17. Agarose gel image of purified plasmids containing c.-541A>G variant.

5.3. Co-transfection of HEK293T Cells and Luciferase Assay

HEK293T cells were grown in 12-well plates which contains DMEM medium
supplemented with 10% FBS at 37°C and 5% CO2. When cells have reached 80-90%
confluency, they were co-transfected with specific plasmids. These plasmids are various
pGL2-GJB1 plasmids with/ without specific variants, SOX10 expression plasmid and pRL-
SV40 (Renilla Luciferase), internal control plasmid. GJB1 gene contains two SOX10
transcription factor binding sites on its 5’UTR regulatory region. The expression of GJB1
gene is known to be initiated upon binding of SOX10 protein to these sites. Because
HEK293T cells don’t express this protein, SOX10 production was provided by co-
transfection of a SOX10 expression plasmid along with other luciferase constructs. On the
other hand, a renilla luciferase vector was also used as an internal control in co-transfection
to normalize firefly luciferase activity. Normalizing the expression of Firefly luciferase
activity reporter to the expression of a control reporter such as Renilla can effectively
eliminate nonspecific cellular responses. Firefly and Renilla luciferases are widely used as
co-reporters for these normalized studies because both assays are quick, easy and sensitive.
Firefly luciferase is a 61kDa and isolated from Photinus pyralis while Renilla luciferase a
36kDa protein and isolated from Renilla reniformis. Both are monomeric and neither
requires post-translational processing, so they can function as genetic reporters immediately

upon translation.
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Firefly and Renilla luminescence reads for each variant was measured by
Luminometer as described in section 4.7. The light emitted from a luciferase reaction is quite
broad across many wavelengths. Luminometer collects light from the entire visible
spectrum. Therefore, there is no need to filter specific wavelengths for luminescence assays
such as luciferase. Relative luciferase activity was calculated as the ratio of firefly luciferase
to renilla luciferase. Relative luciferase activities due to various mutations were shown in
Figure 5.15. pGL2-GJB1 plasmid that contains wild type sequence was used as a positive
control and reference. The pGL2-basic vector, which does not carry any GJB1 sequence,

was shown as a negative control. Data for these experiments are given in Appendix C.
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Figure 5.18. Functional impact of the variants in the GIJB1-5’UTR on luciferase expression
and its activity. Error bars represent the standard error of the mean from three independent
experiments. * p < 0.05; ** p < 0.01; N.S. not significant.
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According to these results, the previously reported c.-713G>A, did not have any
significant effect (10% reduction) on reducing the luciferase activity. The c.-18A>G
mutation caused 31% (p = 0.0124) decrease in luciferase activity relative to pGL2-GJB1.
On the other hand, the c.-541A> G and c.-528T> C mutations that were located on SOX10
binding site of GJB1 P2 promoter region, significantly reduced gene expression by 52% (p
=0.0021) and 63.2% (p = 0.001), respectively.
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6. DISCUSSION

During this study, 50 patients from our Turkish CMT cohort were investigated for
GJB1 gene mutations. The criteria used for selection of patients include suspected X-linked
inheritance in their pedigree and presence of intermediate (30-45m/sec) motor median nerve
conduction velocity (MM-NCYV). All patients were screened for mutations on 5’UTR of
GJB1 gene. Thirty six of them were also analyzed for coding region mutations. Eight
different mutations were identified in the GJB1 gene; three of them being in 5’UTR of the

gene.

In the second part of this study, the effect of four different 5> UTR mutations in the
GJB1 gene was investigated by luciferase reporter gene assay.

6.1. Mutation Analysis of GJB1

6.1.1. Mutations on CDS of GJB1

Mutations in GJB1 (Cx32) gene are the second most common cause of CMT after
PMP22 duplications (Dubourg et al., 2001). GJB1 gene mutations that are associated with
CMTX1 phenotype is responsible for almost 90% of all CMTX and 10% of all CMT cases
(Ressot and Bruzzone, 2000; Scherer, 1996).

Up to now, more than 400 mutations have been described in all regions of GJB1
(Kleopa et al 2012). Most of these mutations are located on protein coding region of the gene
and all mutation types (missense, nonsense, deletions, insertions and frameshifts) were
observed so far. In this study, 16% of patients (8/50) were found to carry five different
mutations in protein coding region of GJB1 gene. This also validates our criteria while

selecting patients for GJB1 mutations.

First coding region mutation (c.379A>C) was observed in a male patient (P1021),
his mother (P1020) and in another male patient (P1186) from a different family. This variant
was not found in dbSNP, IPN Mutation and HGMD databases. The ¢.379A>C variant causes
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transition of Isoleucine to Leucine at 127" amino acid position (1127L). Both of these amino
acids have similar molecular structures, therefore, it may be hypothesized that this variant
may not interfere with formation of functional gap junctions. Moreover, the variant affects
an amino acid located in the intracellular domain and less likely to cause conformational
changes in connexon formation. On the other hand, Isoleucine to Serine change was
previously reported at the same position with a different nucleotide change by Vondracek et
al. in 2005. Clinical findings such as intermediate MM-NCV and distal weakness observed
in our affected patients (P1186, P1020 and P1021) were consistent with that of the previously
reported 1127S phenotype, implicating a possible pathogenic effect. In addition, according
to in silico analysis performed by Polyphen2 and MutationTaster software, this variant was

predicted as disease causing mutation.

Another mutation (c.43C>T) in CDS of GJB1 gene was identified in one male
(P1113) and one female (P553) patient from different families. The mutation causes
replacement of positively charged Arginine with Tryptophan that contains a hydrophobic
side chain (R15W). This mutation was previously reported by Janssen et al. in 1997. Using
voltage clump experiments, Abrams et al. in 2001 had shown that it leads to formation of

non-functional gap junctions with an unknown mechanism.

The third coding region mutation, ¢.622G>A, was identified in a male patient (P763).
The variant leads to transition of negatively charged Glutamic Acid into positively charged
Lysine at amino acid position 208 (E208K). This mutation was first reported by Fairweather
et al. in 1994 and shown to cause non-functional gap junctions by Wang et al. in 2004. In
immune-cytochemical analysis using confocal microscopy, it was observed that in E208K
mutants Cx32 proteins diffusely distributed in the cytoplasm. This suggests that the mutation
prevents the intracellular trafficking of Cx32 from ER-Golgi complex to gap-junction sites
and cause the cytoplasmic accumulation of Cx32 without formation of hemi-channels. It is
possible that E208K mutation cause Cx32 proteins to be retained in the endoplasmic
reticulum and Golgi apparatus (Deschenes et al., 1997; Martin et al., 2000).

The fourth mutation (c.502T>A) was observed in a male patient (P1027-3) with a
severe phenotype. The mutation causes Cysteine to Serine transition at amino acid position
168 (C168S). Although the variant was not reported in dbSNP, IPN Mutation and HGMD

databases, two different amino acid changes (C168R; C168Y) were previously reported for
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the same amino acid position (Choi et al. 2004; Paulson et al. 2002). Since Cysteine and
Serine amino acids have different side chains (-SH; -OH, respectively), this mutation may
interfere with the formation of normal 3D structure of the polypeptide. According to clinical
examination, affected patient (P1027-3) has a severe phenotype with abnormal mobility,
distal weakness, pes cavus, intermediate MM-NCV and age of onset (11-20 yrs). Clinical
findings support the possibility of pathogenic effect of the mutation. Moreover, in silico
algorithms (Polyphen2 and MutationTaster software) predicted this variant as a disease
causing mutation. On the other hand, it was reported that patients with C168Y mutations
were presenting with CNS myelin dysfunction (Kleopa et al. 2005). According to immune-
cytochemical analysis, in C168Y mutants Cx32 proteins are retained intracellularly in

endoplasmic reticulum and produce no gap junctions (Abrams et al. 2017).

The last mutation (c.47A>T) that was identified in CDS of GJB1 was observed in a
female patient (P711). The mutation was previously reported by Keckarevic-Markovic in
2009 and causes alteration of positively charged Histidine to hydrophobic Leucine at 16™
amino acid position (H16L). Histidine amino acid has an aromatic side chain that is not
present in Leucine. In order to understand how this mutation affects gap junctions further

analysis is required.

6.1.2. Mutations in 5’UTR of GJB1 and Their Effects on Gene Expression

Mutational analysis of S’UTR of GJB1 revealed three different variants in 50 patients
that were presented in Figure 6.1. Among those variants, c.-713G>A was observed in 25
patients, corresponding to a 50% frequency among our CMT patients. Moreover, three
patients (P1020, P763 and P711) that were shown to have a mutation in their coding region
were also found to carry this variant in their 5’UTR sequence. This variant was described as
a polymorphism in dbSNP and IPN Mutation databases. On the other hand, it was initially
reported as regulatory site mutation and shown to reduce gene expression by Wang et al. in
2000. However, they performed reporter gene assays in CHO cells that lacks transcription
factor SOX10 expression. Since SOX10 activation in P2 promoter site is required for GJB1
gene expression, c.-713G>A was analyzed again in our functional assays (Figure 6.1).

According to relative luciferase activities (Figure 5.18), the variant did not cause a



53

significant decrease (10%) in the GJB1 gene expression compared to control sample. In
patients with this variant, the onset age was usually between 11 and 20 and they had
relatively high MM - NCV values (40-50 m/sec). Interestingly, several of these patients
presented vocal cord paralysis and moderate severity. In the light of these findings it can be
suggested that this variant might have a cumulative effect with other polymorphisms or
variants even on different genes (such vocal cord related genes) that leads to development

of neuropathy.

5" UTR

c.-713G>A  c.-541 A>G

c.-528 T>C c-18 A>G

S 7 \ bonib | inton I

- Promoter Region CDs

S2 binding site for SOX10
51 binding site for SOX10

Figure 6.1. Diagram of GJB1 and upstream mutations that were investigated in this study.

The ¢.-257C>T variant was identified in a female patient (P374) and described as a
polymorphism on dbSNP, 1000 Genome and HapMap databases. In addition, the patient
who carry this polymorphism was found positive for c.-713G>A variant that was also
described as a polymorphism. Further analysis is required for these two variants to determine
whether they have a cumulative effect on development of neuropathy.

The third variant (c.-18A>G) in the 5’UTR of GJB1 was identified in two male
patients (P980 and P1256). It was also was shown to segregate with the disease phenotype
in family P158 in our lab’s previous studies (Erdogan, 2012) (Figure 1.7). The effect of this

variant on GJB1 expression was also investigated by luciferase reporter gene assays. The c.-
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18A>G variant was showen to cause a statistically significant decrease in the expression of
GJB1 gene (31.3% reduction) compared to the wild type sample. P2 promoter mediated
transcription of GJB1 gene starts from exon 1b and contains 357 bp intron and exon 2 that
contains the ORF (Figures B.1). After transcription, exon 1b and intron is spliced out by
RNA splicing, leaving only exon 2 in the final transcript. The variant identified in this study
is located in close proximity to intron and exon 2 junction and it was predicted as a splice
site mutation by in silico analysis (Human Splicing Finder software). According to this
analysis, c.-18A>G causes 32.97% disruption in the splicing acceptor motif
(GGTGTTTTGCAGGT) recognized by SRP40 (Figure 6.2). This prediction is consistent
with our reporter gene assay in which c.-18 A>G variant caused 31.3% reduction in luciferase
expression. In addition, in silico analysis also revealed that same variant also generates a
new motif (GTTTTGCG) that is predicted to be an exonic splicing silencer (ESS) site
recognized by SC35 protein (Figure 6.3). In the light of these predictions, it can be suggested
that c.-18A>G mutation disrupts splicing in about 30 per cent of the GJB1 transcripts and
leads to inclusion of exon 1b and intron in the mature transcript that ultimately cause
production of an abnormal protein. In this case, such transcripts contain pre-mature stop

codons and result in truncated protein or degraded by nonsense-mediated decay (NMD).

Splice site type Motif New splice site | Wild Type | Mutant AL

(%)

Acceptor GGTGTTTTGCAGGT ggtgttttgecggGT 87.77

Figure 6.2. In silico analysis of ¢.-18A>G.

Linked SR protein  |Reference Motif (value 0-100)| Linked SR protein  |Mutant Motif (value 0-100) Variation
SC35 GTTTTGCG (76.89) New site

Squo e e _

Figure 6.3. Generated splice site motif.

Two variants (c.-541A>G and c.-528T>C) that located on the SOX10 binding sites
of GJB1 promoter region were previously identified in our lab (Erdogan, 2012). These
variants are not found in dbSNP, IPN Mutation and HGMD databases and it can be predicted
that they might significantly reduce GJB1 gene expression as interfering the binding of the
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SOX10 transcription factor to the P2 promoter region (Figure 6.1). In order to determine
their effects on GJB1 gene expression, luciferase reporter gene assay was performed.
According to relative luciferase activities, it was observed that ¢.-541A>G and c.-528T>C
variants cause statistically significant decrease (52% and 63.2%, respectively) in expression
of GJB1 gene (Figure 5.18). This findings suggests that these two mutations are responsible
for the CMTX1 phenotype. Clinical analysis of patients with these mutations also showed
that the NCV values of patients were between 27-40 m/sec which is consistent with the

typical CMTX1 phenotype.



56

7. CONCLUSION

This study contributed to molecular diagnosis of CMTX1 with identification of five
different mutations including two novel mutations (p.lle127Leu and p.Cys168Ser) in coding
region of GJB1. We also described a common upstream variant (c.-713G>A) in our CMT
population. In addition, three novel upstream variants (c.-18A>G, c.-541A>G and c.-
528T>C) identified in our lab were shown to reduce the level of gene expression, implicating
significance of upstream mutations for CMTX1 genetic diagnosis.
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APPENDIX A: PLASMID MAPS
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Figure A.1. Restriction map and Multiple Cloning Site (MCS) of pGL2-basic vector which
is used to generate pGL2-GJB1 plasmid.
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Figure A.2. Map of SOX10 expression plasmid used to provide SOX10 transcription factor

protein in HEK293T cells.
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Figure A.3. Map of pRL-SV40 Renilla Luciferase plasmid that used as internal control in

luciferase assays.
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APPENDIX B: MAP OF SPLICE SITE SEQUENCES
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=l
EXON 2

AGGCAGGATGAACTGGACAGGTTTGTACACCTTGCTCAGTGGCGTGAACCGGCATTCTACTG
CCATTGGCCGAGTATGGCTCTCGGTCATCTTCATCTTCAGAATCATGGTGCTGGTGGTGGCTG
CAGAGAGTGTGTGGGGTGATGAGAAATCTTCCTTCATCTGCAAC.............AAAGAGCGACCG
CTGCTCGGCCTGCTGA

Figure B.1. Transcription template sequence and splice site region of GJB1.

Transcription
Initiation
l EXON 1B

CTGGTGGCATAGGGCAGACACGCCTGCAGACATTCTCTGGGAAAGGGCAGCAGCAGCCAGG

c.-18A>G
INTRON

TGTGGCAGTGACAGGGAGgtgaggagactgggggctgagggag..........ttgcttcatggetggtottttgcagGTGTGAATG
Hid
LUCIFERASE

AGGCAGGATGAACTGGACAGATGGAAGACGCCAAAAACATAAAGAAAGGCCCGGCGCCATT
CTATCCTCTAGAGGATGGAACCGCTGGAGAGCAACTGCATAAGG......... TTCAGCGATGACG
AAATTCTTAGCTATTGTAATACTGCGATGAGTGGCAGGGCG

Figure B.2. Splice site region of luciferase plasmid containing upstream sequence of GJB1.



APPENDIX C: LUCIFERASE ASSAY DATA
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Figure C.1. Signals for firefly and renilla luciferase luminescence for different variants.
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