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Abstract

Background: RNA splicing is a aucial process for deliverinthe appropriate
message for protein synthesis. Most genes are affected by alternative splicing,
and among these is CHRNA7. This gene encodes faritloéinic acetylcholine

U7 r e cubymit tbat is involved in the cholinergic antiflammatory
pathway. This artinflammatory pathway is consideradimportant part of the
human body slefence line against tissue injury or infectiand causative
mechanism in COPD

Aim: The aim of the present study was to investigate the role of alternative
splicing on thenature ofthe transcriptggenerated byCHRNA7 gene and its
partial duplicate, CHRFAM7A.

Methods: Airway epithelial cell lines, A549 and BEAS2Biere mainly used

as target for testing alternative splicing. RPCR, TA cloning and gel
extraction methods were used for testing CHRNA7 and CHRFAMT7A
transcripts Following RTPCR, the resultingoroduct band intensities were
analysed usg densitometric analysis tool$his was folowed by the use of
several bioinformatics analysis tools to predict thetgin structure for the
resultingtranscripts. For one of the detected transcripts, minigene methods were
used to test for the source of expression.

Results: A novel transcript missig exon 9 is reported for the first timeotB

genes showed the expression of full length and the novel transcripts (missing
exon 9) at similar ratios (~2:1Jhese results could be detected in immortalised
cell lines from human alveolar and bronchial leeital cells (A549 and

BEASZ2B, respectively) anchiBE (2)-c cells (neuroblastoma cells with bone



marrow metastasis). The same results were shown when primary human
peripheral blood monocytesells (PBMC) were testedlhis means that the
effect of missingexon 9 is not tissuspecific, and is not only found in
cancerous cells, indicating that it could be a common feature of splicing for
thesetwo genes.Furthermore, another novel transcript was detected which is
inserted exon 9bThe initial RT-PCR experimets seemed to suggest that this
was derived from CHRFAMT7A onlyThe use of minigene methods showed that
this transcript could be expressed frolmth genes CHRNA7 and
CHRFAMTYA, but a single nucleotide base within the inserted sequ@ice
position 77 fromthe 5° end)coud play a role in enhancing of exon 9b in the
MRNA transcripts. This base is C allele in CHRFAM7A sequence of exon 9b,
while its corresponding base in CHRNAY is G allele that has less prominent
effect on exon 9b inclusion.

Conclusion: CHRNA7 and CHRFAMT7A express novel transcripts in different
human cells that are missing exon 9. This could be dueaittive splicing
factors that areequired for recognition of exon 9 as a constitutive exon. For
exon 9b transcripts, these lie within the comnsequence of CHRNA7 and
CHRFAMTYA, and it seems that the presence of C allele at position 77 could
enhance the inclusion of exon 9b in CHRFAM7A more than the presence of G
allele in CHRNA7 sequence§.he results shown in this study implicate a
possibleregulatory role of the transcripts detected on the control mechanism
exerted by CHRFAM7A on CHRNAY. These results help to suggest a possible
role of in the development of COPD in the form of inflammatoryfanti

inflammatory control imbalance.
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1.1 Chronic Obstructive Pulmonary Disease COPD):

COPD isa chronic inflammatory disease interrupted by episodes of acute
exacerbation. A major feature of the disease is the phosislofreversibility of

airflow obstruction. Although smoking is the major risk factor contributing to

the diseasehere is strong evidence ftre role of genetidactors, which are

not understood completely. Chronic inflammation is a hallmark of COPD, a
procesghat may be controlled via the cholinergic anflammatory pathway.

The U7 nicotinic acetylcholine receptoa
this antrinflammatorypathway.This chapter will cover a short introduction to

COPD and the poteiat role of CHRNA7 in this disease.

1.1.1 Definition

COPD is a preventable and treatable disease with pulmonary and extra
pulmonary components. The pulmonary component is characterized by airflow
limitation that is not fully reversible, progressive, and assediavith an
abnormal inflammatory response of the larig noxious particles or gases

(GOLD, 2013.

1.1.1.1Chronic bronchitis and emphysema

The term COPD is becoming more frequently used for describing patients
having chronic bronchitis and emphysemChronic bronchitis is defined
(symptomatically) as chronic productive cough for three successive months per
year for more than one year, while emphysema is defined (pathologically) as
abnormal permanent dilatation of airways distal to the terminal bioles

(Kumar, c2012
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1.1.2 Classification

A simple spirometric classification of @PD based on lung function is
recommended by GOLDrable1-1).

Table 1-1: Spirometric Classification of COPD Severity Based on Post
Bronchodilator FEV1 % predicted.

COPD stage FEV1/FVC  FEV1% predicted
1: Mild <0.70 >80 %
2: Moderate <0.70 50% < and < 80%
3: Severe <0.70 30% < and < 50%
4: Very severe | <0.70 <30 %

FEV1: forced expiratory volume during the first second, FVC: forced vital capaci
Adopted fom (GOLD, 2013.

For simple classification, spirometry is used. This method includes the use of
shortacting bronchodilatarto test for reversibility and toninimize variation

in the results between different individuals testEdllowing the use ofa
bronchodilatoy the individual is asked to apply forceful expiration using the
spirometer tool. This will help assessing the forced expiratory volume during

the first secona@s a percentage of the predicted vdkieV,% predicted).

1.1.3 The burden of COPD:

COPD is a known cause of worldwide morbidity and mortality and it is
expected to be the third leading cause of worldwide mortality and the fifth
leading cause of morbidity by the year 20@Buist et al., 200X This
worldwide recognized burdean health and treatment co&sncreasing due to
the increasegrevalence othe aging population which is contributing to the

increasing prevalenceof the diseasdn older age groupsThe estimated

3
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population prevalence in adults is about 1QR6pez et al., 2006GOLD,

2013, butthis may be an underestimate as it will take more than a decade for a
COPD to be established and it is difficult to diagnose COPD in the early stages
(Lokke et al., 2006 Recent prospéwe cohort studies revealed that aftér 2
years of smoking, more than 20% of smokers will develop COPD{hinas

of which will develop severe forms of this disease (stages 3 and 4 according to

GOLD classification)Mannino et al., 2003.okke et al., 2006

1.1.4 Pathogenesis

COPD is a disease of complex etiology, and there are several factors that play a
role in its pathogenesis. Early pathological findings in chronic bronchitis
include mucus glands hypertrophy with resultant increased mucus secretion. If
the condition continued to progress, the bronealould be inflamed, and
inflammatory cellswould infiltrate the bronchial walls. This may end up with
fibrosis and narrowing of the airways. On the other hand, the changes in
emphysema includes dilatation of the small bronchioles leading to air trapping
and limitation of airflow, which may progress and cause losthefelastic

recoil of the lung tissu@Barnes et al., 20Q03Figurel1-1).
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Figure 1-1: Pathological features of COPD.
Chronic bronchitis and emphysenthe two major component parts of COP&re

compared with healthy lung tissu@: Chronic bronchitisshowing theinflamed
bronchiprecipitaed withthe inflammatoryproducts and excess mudbsis decreasing

the lumensize of the bronchi(as compared to the healthy broncld) Emphysema
showing alveoliwith loss of the alveolar membranes and thus decreasing the gas
exchange surfacarea(as compared to the healthy alveoli)

Taken from(nurseslabs, 20}2
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1.1.5 Development of COPD:

There are a number of factors that can contribute individually or collectively to
the development of COP{Barnes et al., 20Q03Table1-2).

Table 1-2: Risk factors for COPD.

Smoking

Protease/arfprotease imbalance

Genetic factors

Oxidative stress

Other factors (occupational exposure, outdoor pollution, age, infectidlasnmation

and other factors).

1.1.5.1Smoking

Although there arseveralisk factors for COPD, cigaretten®king remains to

be the predominant o{&OLD, 2013. There are many factors that determine
the decline in lung function and subsequent development of COPD amongst
smokers, like age at starting and paelars of smoking. Although cessation of
smoking is an effective strategy to slowdown this decline in experimental
animals(Li et al., 2007, it requires a long period to resolve the established
inflammatory changes in theumanlungs (Barnes et al, 2003; Retg et al,
2000)Lokke et al.,, 2006 Despite the significant role of smoking in
developing COPD, only about 20 % of smokers develop COPD and the disease
also occurs in nonsmoke(sannino et al., 2003Lokke et al., 2006Celli et

al.,, 2005. Howewer, when using the new criteria based on the GOLD
classification of COPD, it seems that up to half of smokers develop COPD

(Lundback et al., 2003
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1.1.5.1.1 How does smoking cause COPD?

In response tgrolonged inhalation of cigarette smoke and other noxious
particles inflammation can starin the lung tissueln some smokersthis
response igexaggeratedleading to chronic inflammation and damage to the
lung parenchma (with subsequent emphysema). In addition, small airway
fibrosis may result from disturbed immune mechanisms. Both effects cause air
trapping and airflow limitatiomeading to the development of CORBarnes et

al., 2003. These effects are mediated by activationirdlammatory cells
(tissue macrophages and neutrophils in the)luSgnilarly, smoking leads to
increasd oxidants released from these cells, and may cause decreasgdflevel
antioxidants in COPD patients, resul ti
Smoking can affedhe proteadantiprotease balancan effect that is mediated

by inflammatory cellsleading to dominanprotease effestand subsequent

damage to thlung tissue Figure1-2).
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Figure 1-2: The role of smoking in COPD pathogenesis.
Smoking can leadot the activation of inflammatory cells like macrophages and

epithelial cells. The activation of tissue macrophagesan cause the start of
inflammatorylike conditiors in the lungs, which serve to recruit neutrophils to the
inflamed area. This can furthee lcomplicated by the release of protease enzymes
from the inflammatory cells (macrophages, neutrophils, and epithelial cefisthe

other hand, another consequence of smoking is the imbalance of oxidants and anti
oxidants in the lungs leading to oxidaistress. Collectively, all these factors can

cause lung inflammation.
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1.1.5.2Genetic factors

Cangenetic factorpredisposd¢o COPD?

COPD is an example of interaction between genetic and environmental factors
(Kalsheker and Chappell, 200&Ithough smoking has beetownto be the

most important environmental factor, family based studies suggest a role for
genetic factors in the development of CORfllverman et al., 199850LD,

2013. The best recognized genetic factor that contributes to the development
of COPD is alphdl-antitrypsin (A1AT) deficiencyThe fact that COPD tesd

to cluster in families was the first evidence of association of genetic factors

with the deviopment of COPD that interplay with environmental factors.

1.1.5.2.1 Familial aggregation of COFD:

Family studies provide evidence for genetic factors contributing to COPD
(COPD tends to be clustered in families). Silverman and coworkers used
spirometric measurements to compare lung function between families of early
onset COPDsmoker probands and @&ontrol group. They showed that
families of COPD probands theEV1% and FEVIEVC levels were both
significantly lowerthan thosein the healthy controlsSimilarly, the former
group had higher risk for developimtronic bronchitighan the control gnap,
highlighting the importance of genetic factors predispgsd the developnent

of COPD in certain familiegSilverman et al., 1998 Higher risk(by two

three times)for developing COPD in siblings of patients with COPD was
shown by other studiesdicating the importance of familial clustering of
COPD within the smoking relatives of COPD proba(idseppers et al., 1977

McCloskey et al., 2001
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Further evidence of familial aggregation of COPD was evident fr@mn
studies, showinghat monozygotic twig are at high risk for developing COPD

if one of them develops the disea$his concordance was not complete, and it
shared almost equally with environmental factors for developing COPD in

these patientHubert et al., 198Redline et al., 198 McClearn et al., 1994

1.1.5.2.2 Alpha-1-antitrypsin (A1AT) deficiency:

AlAT is a serine protease inhibitor. It irreversibly inhibits serine proteases
secreted by neutrophils (neutrophil elastase (NE), proteinase 3 and cathepsin
G), with NE being its principal substra{Barnes et al., 2003 This action

protects the lung against proteolytic damage. In 1963, Laurell and Eriksson
were the first t o -bamdtoeproteimelectaopheresisine o f
samples from patients with eatyset emphysemélaurell and Eriksson,

1963. The A1AT deficiency accounts for only-2P6 of al COPD cases

(Ganrot et al., 1967Silverman et al., 199&alsheker and Chappell, 2008

and the disease affects individuals from different racial groups worldid&le

Serres, 2002

1.1.5.2.3 Candidate gene studies:

Determination of genetic susceptibility for COPD remains a big challenge.
There are many getic associations with COPD identified by candidate genes.
These have been inconsistently replica(€astaldi et al., 2090 The only
exception for this ishe SERPINAL gene (that encodes for A1AT), thas ha

been proven to affect susceptibility of COPEtoller and Aboussouan, 2005

10
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Candidate gene studies stexl no association with COPD in many genes. This
was basically due to ethnic group selection and the number of participants
(Celedon et al., 200Hersh et al., 20Q5Castaldi et al., 20)0In a recent
metaanalysis of candidate gene studies for COPD, it was suggested that the
genes involved with COPD developnt can be classified into three main
pathways: the inflammatory, protease/antiprotease and the oxidative stress
pathways(Smolonska et al., 2009However,among the variations studied,

only SERPINAL variations showed a well recognised association with COPD.

1.1.5.2.4 GWAS studies for COPD

These are noehypothesis driven studies, designed to identify association of
genetic variants with common diseases in a given lppa. This type of
study uses somewhat evenly distributed variation across the genome which
helps to identify specifiareas of the gene that are significantly associated with
the disease phenotypéBearson and Manolio, 2008 It was suggested that
GWAS for COPD could be a wable tools to reveal further genetic
association to this disease other than the A1AT deficidKaysheker and
Chappell, 2008

The first GWAS for COPD repagtl by Pillai and colleagues in 2009 identified

a strong associ at i wmiootinio AicetyCiwMP recgptar h  t w.
(nAChRS) loci on chromosome 15 (rs1051730 and rs8034191 on CHRNA3/5
gene locus This locus was suggested to represamhajor susceptility for
COPD in the general populatidkillai et al., 2009 Furthermore, the same
alleles of thislocus have been reported recently to be associated withy lun

cancer and nicotine addiction (Amos et al., 2008 Hung et al.,, 2008

11
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Thorgeirsson et al.,, 20p8 Another GWAS of pulmonary functiom the
Framingham Heart Studgentifieda SNPon chromosome 4931s13147758)

that was strongly associated with FEV1/FVC ratigWilk et al., 2009.
Recently, a study by Repapind colleaguem 2010reported a metanalysis of
GWAS of pulmonary function in individuals of European ancefRgpapi et

al., 2010. This study confirmed the previously reported associatibn
pulmonary fundbn with SNPs detectedt 4g31locusby the Wilk et al. study,

and showed that five novel, previously unreportéai were robustly
as®ciated with pulmonary function that represent good candidate genes for

lung development or renewal pathways.

It is worth mentioning that the results for the two SNPs at CHRNA3/5 locus
reported by Pillai et al could not be replicghtey the other two GWAS studies

of Wilk et al and Repapi et alpossibly due to investigating different
phenotypes of COPDOnterestingly, in a recent metmalysis study to test for
susceptibility to COPD, SNP (rs1051730) the CHRNA3/5 locusyvas found

to have a strong correlation with COPD developmsinbwing anassocidabn

with lower FEV1 % predicted values and increased the risks of developing
emphysemdZharg et al., 201L A | t h o und®hR gehe (CHRNA7) was

not in LD with the CHRNA3 locus, it is still functionally related to the

disease (as will be discussed later in this chapter).

1.1.5.3Inflammation

Inflammation is one of the defense mechanisms used bynthene system to

protectthe human body against pathogens. Normally this is well orchestrated

12
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by the immune system in a precise and rapid manner. The process involves
many cells, such as tissue macrophages, neutrophils and epithelial cells. These
cells wil release several inflammatory mediators €likumor necrosis factor
(TNF), Interleukinrl b -1 b L, | L6, | L 8mobility lgrbup boxla n d
(HMGBL1)), causing the start and progression of inflammation (Tracy, 2002;
Pavlov and Tracy, 2004; Wang et al, 2004).

It is well known thatfTNF (previously known as TN )s one of tle earliest
pro-inflammatory cytokine released during inflammation. It mainly functions

to cortrol invasion and help promethealing (Tracey, 2002 TNF was
identified by Beutlerand colleaguesn 1985 as a hormone causing cachexia,
who later on that same year identified its key role in mediating septic shock in
response to infectiofBeutler et al., 1985aBeutler et al., 1985b TNF is
produced by many cell types, like macrophagesnocytes and neutrophils.
TNF activates and prolongs the inflammatory response by activating other cells
to release cytokingsuch as HMGB1jWang et al., 1999Vang et al., 2004

In the typical and successful inflammatory response, the TNF release is kept to
the minimally effective level and period of secretion without progression to
systemic TNF release. After stimulation witgram negatie bacterial
endotoxirlipopolysaccharide (LPS)0.1 mg/kg), the levels of TNF in
experimental animals were elevated in the serum, the liver and the spleen,
confirming that TNF is secreted by components oftiemonuclear phagocyte
system (formerly knownsathereticuloendothelial tissyéWang et al., 2003
Cytokines and interleukins (IL) are small molecules with a profound activity
exerted at very low concentratis Picomolar or femtomolar)(Ulloa and

Tracey, 2005.
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The Central nervous System (CNS) on the other hand, will limit this response
from spreading via stimulating the vagus nefBerovikova et al., 200) (this

part will be discussed further in the amilammatory pathway).

1.1.5.3.1 COPD and inflammation:

What role does inflammation plays in COPD?

The bronchial epithelium is one of the importdimes of defense against
infections, and is enriched for iafhmatory mediatorCOPDwas suggested

to bea chronic inflammatory diseagdathan, 2002Barnes et al., 2003This

was supported bthe presence of large numbers of alveolar macrophages and
neutrophils within the lung tissues and secretions. This was shown to be
concomitant to increased release of inflammatory mediators, sudiRdL8

and other inflammatorgytokines. However, the release of these mediators
may be modified by cigarette smog whichmay be the case in COPDhe
alveolar macrophages seem to have a central rdleeistart ofinflammatory
changes of the lungsvhich may subsequently precipiatCOPD. These
changes include recruiting neutrophils and other inflammatory cells, release of
pro-inflammatory cytokines and release of elastaseyme The latter can
affect the lungparenchymaand alveolar cell walls leading to the development
of emphysera. This effectogetherwith the presence of chronic inflammation

of the bronchi (chronic bronchiti)ill form the components dEOPD(Barnes

et al., 2003 Thus,severalpulmonary cell types (the bronchial epithelial cells,
alveolar epithelial cellsneutrophilsand the pulmonary macrophages) seem to
contribute to the development of COPDis well established that thehronic

inflammatory condition in COPDs affecting the respiratory epithelial cell
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remodeling and regeneration whican further complicate the tissue texture
(Maouche et al., 2009 These inflammatory changes in COPD function via a
pathway that involves the nicotinic acetylcholine receptors (as mentioned

below).

1.2 Nicotinic acetyl choline subunits: a family of receptors

The nicotinic acetyl choline receptors (nARSs) are a group of recepsahat

form part of the superfamilpf ligandgated ion channelstlhe nAChRs are
charaterised by ion selectivity to catioiSeguela eal., 1993.

In humans, the nAChRs constitutes h&@mbers discovered so far) and these
areexpressed in differsubunitsifi 8 suescefhed
b-subunits (14 ) i n addi t isubunitstAlouguerque &t ala 2009 U

T h esubunits differ from thethersubunits in having two cysteine residires

close proximitywithin the amino terminagnd. This will formthe cysteine loop

which ispart of the agonist binding site helping to estitihe functionalrole

of the receptor (Boyd, 1997 Albuquerque et al., 2009 Generally, these

subunits bind tacetylcholine ACh) and to nicotine as agonists. ThAChR

subt y®dedwU2 h high affinity-sabonits4 coti n
for forming heteropentamierreceptors On t h e o-iOhhasrlowdra n d ,
affinity to bind nicotinebut have high affinity to bindalphabungarotoxin

(U B T)and tend to form hoapentamédc receptors Of t hi s group,

is the most abundant in the mammalian brain éssu whi | e U8 was
recognisednc hi ckens and U9 ha&ve lindled expression nh o wn

a range ohuman tissuessuch as outer hair cells of the inmar(Ulloa, 2005

Albuquerque et al., 2009
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This receptor famil{nAChRs) was identified in mamnglincluding Humans.
However, it was suggested thaistifiamily developed irHumansf r om + h e
nNAChRs whichinvolved gene duplications and mutations over time to yield

this group of receptorde Novere and Changeux, 19%%urst et al., 2013

1.2.1 General structure for nAChR subunits:

All these members share a common structure formeldreé major domains:
the extracellular domajrthe intracytoplasmic domain and the transmembrane
domain(Tsetlin et al., 201). Generally, the extracellular domainasmposed

of a long amino terminal en@-terminus)of more than 200 amino acid chain
and a short carboxy terminal ef@-terminus) The transmembrane domain is
composed ofseveral transmembrane domainfl-4) and the intracellular
cytoplasmic domain is composed of the relatively lgmgre than 100 amino
acids)intracytoplasmic loop between transmembrane domains 3 @rigure

1-3) (Brejc et al., 2001
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¥

IS OTS D

Extracellular part
of nAChRs

intracellular part
of nAChRs

A B

Figure 1-3: General structure for NAChRs.
A: single subunit of NAChRs showing composition of three main parts: extracellular

pat (including Nterminus (N) and @erminus (C), transmembrane parts (black
cylinders) and intracytoplasmic loop (between TMD3 and 4, TMD1 is the farthest
left).

B: schematic representation of five nAChR subunit assembly enclosing ion channel
(the pore bwhich is indicated above the chariagtowed).

Figure waganodified from (Millar, 2003, Hurst et al., 2013
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The N-terminus constituteshe major part of the receptor and includes the
signal peptide, thagonist bindingsitesand the glycosylation sites. Tipartis
followed by the transmembrane domains (T81D4) that help stabilise the
receptor into e cell membranéUnwin, 2005. The TMD2 lines the core of
the ion channel, while TMD &and3 separate TMD2 from the lipid layer of the
membranewith TMD 4 being he farthest from the regtaly et al., 2000 The
intracytoplasmic loopconnects between TMD 3 and 4 amttludes three
phosphorylation siteflansen et al., 200Bracun et al., 2008

A summary of the parts forming the nAChRs is show(Table 1-3).

Table 1-3: The nAChRsdomains

NAChR Part Included sites aa Position
N-terminus Contains SP, LB, GLY 200 extracellular
TMDs 1-4 - 1924 transmembrane
Intracellular loop | 3P >100 cytopasmic
C-terminus - - extracellular

N-terminus: amino terminal en&P: signal peptide, LB: ligand binding site, GLN=
glycosylation site, P: phosphorylation sit€-terminus: carboxy terminal enda:

number of constituting amino acids

1.2.2 Subunit assenbly and posttranslational modifications:

The nAChRsubunitscan assemble into homomer or heteromer pentameric
receptors that surround a ligagdted ion channgbore Almost all nAChR
subunits can form heteropentamer receptors whi | e U7 ar e rec
Humans to form a homopentamer recepiGorringer et al., 20Q0Millar,

2003 Wu and Lukas, 2001 However, heteropentamerr e cept or s of
combi ned wi tcbuld bedetscted from irotdent brgfigure 1-4)

(Liu et al., 2009%.
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a7 p2
\ ’a7 ’
a7 p2
p L]
o \ a7

p2

Figure 1-4: Schematic representation of some of nAChRsentamers
A . -nAChR subunits assembled into homopentameric receptor expressed on

the cell surfae of neuronal and neme ur on a l c-rAICHRssubunis: U4 b:
assembled into heteropentameric receptor expressed on the cell surface of
neur onal cell s. C: UlLblUGo nNnAChR subun
junction (muscle type nAChRs). TheCA (agonist)binding sites are shown as

bl ack ovaissibhet wee mnldb-auuwmige n U

Adapted from(Corringer et al., 20QAlbuquerque et al., 2009u and Lukas,

2011).

Al t h o und®hRsUaTethe best described homopentameric receptors, they

are not the only ones, and similar homopentamers were destribedm U9 and
U10 s uMursteiat,01BHowe v er , t hnAChRsacetwiddlyh at U
di stributed in human nAGhRssaeelsss widely | e U
expressed in humatissues(U 9a n d wérke hown to be expressed by the

outer hair cells of the innereavhi | e only U9 meam®ms expr e

involved in pain perceptign s det er mmACHRS a@s the praotyhkFor

such a group of receptorat least so farin addition, the wide expression of
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U AChRs enabled researchers to use this subunit for studies involving the
ion channel&function, drug design experiments asignaling pathways testing
(Bertrand D., 199%Bertrand et al., 2008

Following the translation aiAChR subunitsnRNAs, the polypeptide formed
will be subjected to a number obgttranslational modifications that take place
within the endoplasmic reticulum (ER)l the receptors are expressed on the
cell surfaceg(Green and Millar, 1995 First, the polypeptide chains would fold

in a way that helps establish the correct secondary structure of nAChR protein.
Then, the folded subunits woulghther to assemble and form the pentamer
receptor. This will include eablishing the agonist binding sites at the subunit
interfaces ( bferthenmpentamer resapthrer hétweearboth

the U a n d subunitsfor heteropentamer receptprd his preference would
leave heteropentamer receptors with two addmigling sites compared to five

for homopentamer one@Jnwin, 2005 Hurst et al., 2013 Finally, the N
glycosylation site and the disulfide bonds are added to thRemhinus(Gehle

et al., 1997.

Different parts of the nAChRs protein contribute to the assembly and function
of the reeptor. It has been established that thadminus is responsible for
the receptor assembbnd formation of the agorniinding sitesin NAChRs
(Verrall and Hall,1992 Brejc et al., 200 Similarly, the cytoplasmic loop is
involved in subunit folding, assemblyrafficking and efficient membrane
insertion of the proteinn addition to ensuringhe formation of factional
receptors (Jansen et al., 200&racun et al., 2008 This may be partly due to

the effect of three lpsphorylation sites that are essential for stimulating the

subunit assemblgnd for the control of receptor expression, desensitization and
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function of the receptdiGreen et al., 1991Guo and Wecker, 2002 Although

the Gterminus is relatively short and represemtsmall part of the protein, its
presence within the nAChRs protein is essential for enhancing tleirpro
transport to the surface and subsequent binding site fun(fions et al.,
20049).

The expr e-sAChRopnoteinsfwastfaund to be not always correlated
with their corresponding mRNA leve(8lumenthal et al., 1997 This effect

was shownto affect some of the normal and cancerous respiratory cells and
cell lines that might explain a defective translation, assembly or the relatively
scarce protein concentratiorf€arlisle et al., 2004Plummer et al., 20Q5

Carlisle et al., 2007

1.2.3 Agonist binding and channel opening

The nAChR regators funcion mainly asligandgated ion channels, lining
cation channels that perngalcium, and to some extent sodium. This results in
the influx of calcium (or sodium)nside the cell which will help upregulate
certain geneg¢Dani and Bertrand, 200.7Acetylcholine (ACh) is well known

for acting as m endogenous agonist for NAChR3uring the resting condition

of these receptoyshe ion channel is closed and no ions amnfiged to enter
the cell. Once ACh or nicotinginds to the agonist binding site of the receptor,
a conformational change of the receptor results in opening the channel and ion
influx inside the cel(Wu and Lukas, 20)1This effect tends to be shdned

(for few milliseconds) and the receptor will return to the resting $aai and
Bertrand, 2007 Taly et al., 200R However, a prolonged stimulation of

NAChRs withACh or nicotinewi | | cause oOfdhechanned(nani z at i ¢
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responsivestate @ the channel)Figure 1-5) (Galzi et al., 1992Hurst et al.,

2013.

A |OPEN

gl o

CLOSED V

C |IDESENSITIZED

Figure 1-5: A Diagram showing the different phases of nAChR functions.
After agonist binding, the channel opens and the ions influx inside the cell (A).

During the resting phase, no agonist is bound todbeptor and thehannel is
closed(B). This will cause the start of a cascade of events ending up with
upregulation of agene or stimulation of a second messersigmalling
pathway. This stimulatory effect will laginly for short time, and will be
followed subsequenthpy a desensitisation phase of the channel (the state of
nonresponsivenesgy). Adapted from(Hurst et al., 2013
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The nAChR channels function in a similar mode by allowing cation infusion
inside the cell and lead to thepregulation of certain genes or cascades of
pathways (Albuguerque et al., 2009 The ion selectivity of nAChRs is
dependent on few amino acitteat form part of the TMD 2 and TMD-2MD

3 loopand changes isuch anmo acids could chrage the channel into amion
selectivechannel(Galzi et al., 1992 Lummis et al., 2006 In contrast, an

i mportant competitive antagonist for
BGT). This chemical compound &component of snake venom that binds in
an irreversible reaction with nAChRs leading to inhibition of the ion flux inside
the cell(Albuquerque et al., 2009 For t h-B&T waseaused loymany U
studies to precipitate these receptors for further investigations. The nAChRs
were classifid according to their pattern of binding with this compourtd @@ U
BGT sensitive or insensitive receptors, with expression intensities varying from
no or mild to moderate or even high expresgiracun et al., 2008 Nicotine

was used experimentally in high concentrationdtb o eBGT it¥eversible
binding to nAChRgWang et al., 200350vind et al., 2000 The need for high

ni cotine doses was {nACGhRs have lpwl affinity fort h e
nicotine. Interestingly, nicotinesseemsto have a rolein activating these
receptors via several methods, includiogmpetitive agonistbinding and

bl ocki ng f act enAGhRs elpaessio@naynl ptiale 2081 U 7

1.2.4 Association with human diseases:

The major association of nAChRs witluman dseases was via nicotine
addiction. Nicotine is a known agonist to nAChRs, but a prolonged exposure to

nicotine, as the case for chronic cigarette smokers, can lead to increased
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receptor desensitization to nicotirver time This will result in the up

regl ati on of receptors with ®mCHREIN af fi ni
an attempt to increase receptor sensitizaftdavind et al., 2000 Similarly,
chronicexposurd o0 ni cotine | eads -nAChRs(Ppngetgul at i
al., 1999 Wang et al., 2001Fu et al., 200p

It was documented that more than two thirds of the nAChRs are retained within
intracellular pools, and that only one third was allowed to be transported to the

cell surface for expression and functioni#dbuquerque et al., 2009During

this intracellular pooling, many subunits will be degraded, a mechanism that is
counteracted by nicotine. ltases of increased nicotine concentratidexser

subunis are subject# to degradation, and thus more subunits are allowed to be
expressed on the surface allowing for the receptor upregulatioms, the

effect of chronic nicotine exposure, as the case for chremioking can

interfere with the proportion of expressed rdoem and leading to the
development of certain diseag@dbuquerque et al., 2009 This part will be

discussed in the final discussion).

It is worth mentioning that-nAChRsisst i mul
more than that exerted by ACh making the former a favorable drug target for

stimulating this subset of receptdtdiloa, 2005.

1.3 U 7nAChR subunit:

This is the only nAChR that is known to assembito homopentameric
receptors with the earlier studies reporting thisn chicken brain tissues
(Couturier et al.,, 1990The compari son of -nfAGMRs chi ck

showed high si minAChRstaymRWA and protein teeels U7
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(Lynn DoucetteStamm, 1993 Chini et al.,, 1994 Peng et al., 1994 This

receptor was studie extensively due toits unique homopentameric
compositionin human and animal tissues. It was speculated that due to this
property, and due to t ha&aAChRsqgvith otthex gr e e
mammalian nAChRs, that this receptor forms the ancestor of all nAChRs and
during evolution, the other types of nAChRs depeld by duplication,
inversion and deletiofAlbuquerque et al., 20092e Novere and Changeux,

1995. It is important to know thaRIC-3 (resistance tanhibitors of choline
eserases)protein is an essential chaperone 10rfnAChRs to enhance their
functional receptor expressiomhis effect is lost with other heteropentameric

receptors suc(HalexigtalJ20022 or U3b4

25



T h e -nitbfinic acetylcholine receptors Chapterl

1.3.1 CHRNATY:

This gene c¢ @AGhR sulfuits imumaretissUes. It is located at
chromosome 15q13 region and constitutes ten exons embedded within more

than 140 kb of intronic sequenc@Sault et al., 1998 The promoter region of

this gene was shown to ladout 77%GC-rich sequence which is lacking the

TATA box andincludesbinding sites for transcription factors, such as SP1,

AP-2, CREB and Egf (CarrasceSerrano et al., 1998 Not all these
transcription factors seem -nDAChRcANntri bl
good example is the transcription factor-2RJ  \ioarsl to benegatively

cont r ol FNAGhRs mRNA expiessioffFinlay-Schultz et al., 201

The CHRNAY exons-10 are relatively short exons spanning around 100 bp or

less in size except exon Bigure1-6).

CHRNA7

56 M Lk} 94 p1op

. HHHHH
1 136 361 599

i 1508

Figure 1-6: CHRNA7 exons
Exons (E) 110 demonstrated with the nucleotisiequence (at the start of each exon)

shown alternating on the upper and lower panels.
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However, the introns connecting these exons vary widelysize from

relatively short introns of 300 bps up to large introns of more than 25 kb size

(Table1-4).
Table 1-4: CHRNAY exons and introns nucleotide number and cDHN position.
Exon details Downstream intron details

Exon no. | Exon size (bp) cDNA position Intron no. Intron size (bp)

1 55 1-55 1 248

2 140 56-195 2 70,265

3 45 196240 3 10,440

4 110 241-350 4 42,007

5 80 351430 5 3.621

6 168 431-598 6 636

7 195 599793 7 962

8 87 794880 8 3.570

9 110 881-990 9 4.604

10 519 991-1509 - :
CHRNAY accession number NM_00074, NCBI and fronfGault et al., 1998§.
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1.3.2 U protein:

This protein showed similar structure to other nAChRs proteins. However

unl i ke most het er oipAChRsammeharacterized ACtheR s , U
low affinity to ACh and nicotine but withi gh af fi ni t(@mto bir
Urtreger et al., 1997lloa, 2005. This characteristiavas used extensively to

preci pinAChRseto diudy the physical pmies of the receptor
(Couturier et al.,, 1990Rangwala et al., 1997risdel and Green, 2090

However, usingnict i ne i n high <concentrations

block the latter binding to these recepttang et al., 2003

1.3.2.1The significance of specific aminoacidsguence f oer ming U7
NAChRs:

The amino aaACGhR aredrangeti m a tbimplex conformation
which directs the cation selectivity of the channel. Besides cation selectivity
pr oper-nNACBRs are routh more permeable to calcium ions than to
sodium and potassiumions depending on the unique amino acid structure
(Seguela et al., 1993This high permeability to calcium ions is a unique
pr op er MAChRsfandtihvas correlated with cellular protection. Changes
that can affect these receptors can affect the calcium ion balance that is
necessary for vital cell processes and thifiscting the cell survivalUteshev,
2012.

This ar chi-hAChRs is ringortant for thZintaining the receptor
function andchanges t@ertainamino acids witrothersof different properties

can change the ion channel properti®&ertrand et al., 1993Dani and

Bertrand, 200y, The use of sitelirected mutagenesis made it easier for
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predictions of the effect of amino acid changes on the pradgucture,

assembly anghannel function. Consequently, it was shown that the change of

a single amino acid near the extracellular space from the TMD2 can alter the

ion selectivity of the channel from cationic into aniofalzi et al., 199

Similar results were detected when substitutifigrged amino acidat the
aminoterminal end of TMD 2 of the receptor with a hydrophobic -sidain

amino acid decreased tfan channel permeability to calcium iofBertrand et

al., 1993. Furthermore, the substitution of two amino acids of the same group,

both with hydroxyl side chins, led to gainof-f uncti on ef-f ect 0
nNAChRs (Placzek et al., 20050n the other hand, a les&function of the

receptor was detected when substitian amino acid within the
intracytoplasmic loop with an uncharged amino acid. This change caused
prolongedand reversiblel e sensi ti zat i eAChRsin respbnge mut ar

to protein kinase C activatof§suneki et al., 2007

1.3.2.2Posttranslational modification of U 7nAChR:

There are a number of posttranslational modifications that affect the assembly
and functi onal -nAGhRI(Biumenihal et al.p109Rakhikn U 7
et al., 1999 Among these is RI& protein encoded by thgenehric-3 in
humangHalevi et al., 2008 This chaperone protein plays an importam by

e n h an ci mAChRsfldinghZsemblyandfunctional expressiofHalevi

et al., 2002Halevi et al., 2003Lansdell et al., 20Q5Villiams et al., 200h

S 0 me-nAGARs might escape this necessity and form receptors on the cell
surface in the absencef dRIC-3. Such receptorsvere proved to be

nonfunctioring, a condition that was concomitant iacreasedintracellular
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accumulation of nAChRsThis effectwas shown either in cells expressiog

levels of RIC-3 or in cells withmutated nonfunctioningorm of the protein

(Cooper and Millar, 199Rakhilin et al., 1999Halevi et al., 2002Williams et

al., 20035.

Interestingly, theN-glycosylation sites within thedl e r mi nu snAGHR t he U
subunitsve r e s h own tnAChRS finetientwithbuh ieterfe€r@iwith

the receptor surface expression in spite of béogted away from the ligand

binding site and thus are ndirectly affecting the agonist binding process

(Chen et al., 1998 Avramopoulou et al.,, 2004T he f ol dnAGhRs o f U7
may also play a role in the receptor assembly and function. As far as the
disulfide bond is concerned, receptors assembled imjgesconformation were

shown to form notfunctional receptors compared to the functional ones
formed by the double conformation recept@Rakhilin et al., 1999Drisdel

and Green, 20Q0Moreover the phosphorylatiorof certain tyrosine residues
within the intracytopl asmi cnACiiReapd can |
thus affecting the ion channel functioregatively This is supported by the
findings 0-hAChRs activityaafiee déphaspghorylatigBharpantier

et al., 2005Fu et al., 200p It is worth noting that another posttranslational
process, t he pal mit oynAChRsiassambly and the e n h a
ligand binding site formatiorieading to the formation of functional nAChRs

(Drisdel et al., 2004Alexander et al., 2010

By comparing the results obtained for CHRNA7humans to that in chiga

and rats, it -nA@hR issimi@wo other mACHhRSs th7general

structure Table1-5), (Figurel-7).
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Table 1-5: The parts of the HumanU 7nAChR.

Exon Protein part encoded aa
5'UTR | 77 % GC rich, lack TATA box, contains consensus SP1, / -
Egrl and CREBranscription binding sites
1 SP (aa 122) 18
2 last part of signal peptide L& (aa46) 46
3 - 15
4 GLY (aa 90), LB (aa 10117) 36
5 GLY (aa 133) 26
6 LB (aa 169175) 56
7 LB (aa 207219), TMD1(aa 23254) 65
8 TMD2 (aa 28-283) 29
9 TMD3 (aa293-315) 36
10 TMD4 (aa 42-494), 3 P (aa 367, 41 444), intracytoplasmic 173

loop (aa 318169), Gterminus (aa 49502)

N-terminus: amino terminal end, SP: signal peptide, LB: ligand binding site, GLY

glycosylation siteP. phosphorylation site, @&rminus: carboxy terminal en@iwo

disulfide bonds present between aa at positions188@&nd212-213.

aa: number of constituting amino acids.
Adapted from(Gault ¢ al., 1998 de Jonge and Ulloa, 2007
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N-Terminal

/\ /—C—Terminal
Extracellular

A 232 284 296 492
51l & 3. =
" 253 264 318 471 Membrane
Cytoplasmic

22 230 255 280 317 470 502

BD BD BD

Figure1-72 s chemat i ¢ r e-pACBRpeoteih domainen of U7
A: showing secondary structure for nAChRs using PSIPRED software. The

major parts of the protein are indicated-ttNminal and @erminal ends
extracellularly, TMB 1-4 (St4), and intracytoplasmic & between TMD 3

and 4). The intracytoplasmic loop between TMD 1 and 2 is small aralléss
important role on the receptsrassembly and function than the loop between
TMD 3 and 4 and the term intracytoplasmic loop refers usually to tiee. la

B: schenatic representation of nAChR protein structure using CSS palm 3.0
software program. The terms NH3 an@Zare referring to the Nerminus and
C-terminus, respectively. TMDs4 are indicated above the figure. SP: signal
peptide, cytoplasmic: intracytoplagm loop, BD: binding domains
(corresponding to agonist binding sites;@W: N-glycosylation sites (with
amino acid sequence within the protein indicated), S: refers to sulphur atom
within cysteine amino acids, P: refers to phosphorylation sites. The aikh
positionsof the corresponding parts are indicated on the Iqgveerel of the
figure.

Adapted from(Gault et al., 1998and(Millar, 2003).
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1.3.2.3T h e -nAChRs expression in different cells:

There wereseveralst udi es t hat t est eehAChRsrat t he ¢
MRNA andbr proteinlevelin different tissuesThe homeoligomeric nature of

this receptor helpetb shedight on this receptor as a model fogterogeneous
expression in cellsthatdoo t e x MACERs.SThelirdtsuccessfuattempt
wasmadeby using human o mb i n-mACHRDNA’transfection into cells

that do not express nAChRRBeng et al., 1999This was followed by many

studi es t-mACHRS ip difterergytpdd 8f human and animal tissues.

Among the human tissues that expresdettAChRs (mRNA and protein) are
SH-SY5Y (human neuroblastoma cell linfdeng et al., 1994 human brain

tissue (Gault et al., 1998Severance and Yolken, 200&uman bronchial

epithelial and aortiepithelial cells(Wang et al., 2001 human fibroblast cells

(Carlisle et al., 2004, and different human lung cancer cell linesmcluding

A549 cell line(Carlisle et al., 2004Plummer et al., 20Q%arlisle et al., 2007

Lam et al., 200,/Paleari et al., 2008Recently, huran mature adipocytes were
shown t o expr-mACKRs(Cancelo etialo 2032| U7

Similar work on animal tissues showed that it was expressed in different
tissues, such ast preeochromocytoma cells fromdrenal medull§dRangwala

et al., 1997, bovine adrenal chromaffin cel{&arciaGuzman et al., 199%I-

Hajj et al., 200Y, mouse brain tissugaragoza et al., 20pand rat autonomic
neurongSeverance et al., 200Mo st of t he wWAChRscalldne on
det ect homopent americ r ecept-mAChRs Howe
were recently identified in animal tissues such as bovine chromaffin(Eélls

Hajj et al., 200Y or rodent brain cell{Liu et al., 2009. These results are

similar to earlier t ri-mAGhR& add€hllRsnbvD | v e
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in Xenopus oocytes or human epithelial kidney cell line (tsA201) that yielded

heteropetameric functional recepto(&hiroug et al., 2002

1.3.3 CHRFAMTA:

This gene represents partially duplicated CHRNA7 on chromosome 15,
(upstream of CHRNA7) with exorts10 of CHRNA7Y duplicated ithe same

or opposite orientation to the CHRNA7 (as will be described beldg
duplication forms a new gene <call ed
cholinergic receptor family with sequence similarity 7A (CHRFAM7A)) after
combination with four novel exons (D to A) upstream of exori® 5so that

the orientation of theuplicated gene is in the following order: exons D, C, B,

A, then exons 80 (Gault et al., 1998(Figure1-8) (Tablel-6).

CHRFAM7A

163 B2 478 B42 1038
1 288 799 847 928 1887

Figure 1-8: CHRFAM7A exons
Exons (E)D-10 demonstrated with the nucleotisiequence (at the start of each exon)

shown alternating on the upper and lower panels.
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Table 1-6;: CHRAFM7A exons and introns nucleotide number and cDNA

position.

Exon details

D 297

7 195

9 110

Araud et al., 201).

1-162

288351

399478

647-841

9291038

CHRFAMT7A accession number NM_139320.1, NCBI and f(@uault et al., 1998

Downstream intromletails

D 6,264

B 2,919

5 3,884

7 962

9 4,606




T h e -nitbfinic acetylcholine receptors Chapterl

This gene was suggested to originate at some point during evotiuesto a
number of duplication and deletion steps that involved several genes at this
locus (15q1314) (Zody et al., 2006Makoff and Flomen, 20Q7 Among these
steps, duplication of CHRNA7 and associated or subsequent deletion of its first
four exons (14) gave rise to the partial duplication segment of excdf 5
(Riley, 2003. This partial duplication step was suggested to be located
following another partial duplation of ULK4 gene on chromosome 15. The
ULK4 gene original copy is located on chromosome 3p22, and several copies
were detected partially duplicated (exonsACon chromosome 15. In all the
partial duplication sites, another exon of unknown orighmedii e x on DO was
located upstream of the duplication giving rise to the composition of exons D
A (Riley, 2002 Araud etal.,, 201). Thi s A f us i combnedowith genes
partial CHRNA7 duplicatiorwas suggested to aid the formationttod fusion

or hybrid gene (the CHRFAM7A)This fusion was shown clearly when
investigations on the break point that joins the two genesR{TAY
duplicationand he @A f us i-A)wberepartohirdron@ (of CHRNA7)

and part of intron A (olULK4) were found merged to form a hybrid intron
connecting exons A and 5 within CHRFAM7A sequenid®st individuals
seem to have the CHRFAM7denebut some might miss one or both copies of
the gengGault et al., 1998Riley, 2002 Gault et al., 2008 It is not known if

this geneotype difference of CHRFAMYA is associated with phenotgpes

psychiatric disorders as the case is with CHRNRAgure 1-9).
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1.6 Mb

D155143
L76630
WIi13983
D155165
D1551360
L76630
WI13983
D15S5144

FAM7A FAM7A

| cHrFAM7A | CHRNA7 |

4 Duplicated cassette T T Duplicated cassette T

CHRNA7 (RefSeq NM_000746.3)

b 1 2345 6 7 89 10

CHRFAMTA (RefSeq NM_139320.1)

D CBAS 6 7 8 9 10

e
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Figure 1-9: chromosome 15g13L4 locus genetic composition.
a) Thelocationof CHRNA7 and CHRFAM7A on chromosome I5xons 110 of CHRNA7shown as red bars, ULK4 exonsACshown as blue bars,

exon D is shown as pirtkar and CHRNA7 promoter region is shown as a yellow édile the 3'U'R of CHRNA7 is shown as a green b&ixons
D-A are duplicated on chromosome 15 several tjimes of which is just upstream of partial duplication of CHRNAGHRFAM7A). CHRNA7
locatedon the right represent the original copy of the geneisilatated within a duplicated cassette on chromosome 15, about 1.6 Mb downstream
of the other duplicated cassette that harbours CHRFAMIOAh cassettes are about 300ikksize. Note that the locu915S1360 is unique to
CHRNAY withinintron 2, locus L76630 is located downstream of 3~ end of CHRNA7 exel®, Socus WI13983 is located after two of exonsAD
duplications while locu®15S143s locatedust upstream othese exons in CHRFMAGene locs only.

b) The exon composition of CHRNA7 (exonsl@) and of CHRFAMT7A (exons 3, then exons 40).

Taken from(Araud et al., 201)1 and information aapted from(Gault et al., 1998Riley, 2002 Araud et al., 2011de LucasCerrillo AM, 20117).
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Interestingly, this fusion gene is unigue to humans and could not be detected in
animals(Locke et al., 2008

1.3.4 CHRNAY and CHRFAMT7YA : similarities and differences
1.3.4.1At gene level:

Both genes, CHRFAM7A and CHRNA7, are located chromosome 15
(15913 and 15914, respectively) wighl.6 Mb intervening segment. Both
genes have exons-I® within their sequence with almost 100% similarity
(Gault et al., 1998 Gaultet alshowed thatie orientation of the CHRNA7 is

in the sense directiofGGault et al., 1998 This was the first study to show the
CHRFAM7A duplication and constitutive exons and suggested that the
orientation of the duplicated gene is in the sarmecdon of CHRNA7.A
subsequent study by Riley and-wmrkers conflicted with these results and
showed that both genes were the opposite direction(Riley, 2003.
Subsequent studies showed that both results were correct and that the presence
of a common polymorphism (2 bp deletion in exofGault et al., 1998 could

be used as a marker for CHRFAM7A inversion (opposite to CHRNA7
orientation)(Flomen et al., 20Q6-lomen et al., 2008 Theidentification of the
2bpdeletion lead$o categorisation ofwo major alleles of CHRFAM7Awith

and without the deletiorthat were suggestl tohavealmostequal expression
within populatiors expressing the gene€lhis means that CHRNA7 and
CHRFAMY7A are in the same or opposite orientation in almost equal
proportions of the population harbouring them.

The copy number variants of both genes,RlNA7 and CHRFAM7A, gave
rise to different allelic constitution among different populations. Most

populations have both copies of CHRNA7, but missingamieoth copiexan
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lead to neuropsychiatric diders (will be discussed shortly in the final
discussia) (Shinawi et al., 2009Endris et al., 201,0MasuretPaulet et al.,

201Q Spielmann et al., 201HoppmanChaney et al., 2033 Again, most
populations have both copies of CHRFAM7A, lwaround 10% missing one
copy and rarely missing both copiggaud et al., 201,1de LucasCerrillo AM,

2017). Missing both copies of CHRFAM7A was suggested to represent an
ancestral genomic structure that persisted over time and escaped the
duplication procesgMakoff and Flomen, 2007 Interestingly, both genes

originate from the sense straf®bverance and Yolken, 20Dn8

1.3.4.2At genomic sequenceevel:

The reference sequences for both genes were arranged on separate files for
further analgis. The exons, introns and SNRes were allocated using three
databasesNCBI, UCSCgenome browser arteinserbl. It wasdocumentedhat

the similarities between both genes (between exons 5 and 10) are exceeding
99% (Gault et al., 1998 Our results were similar to thosedicating only

three nucleotide differences within exons 7, 9 and 10, respectivaye(l-7).

Table 1-7: The three nucleotide base difference within exons 50 sequace
between the two genes.

Gene Exon7 (56) Exon 9 (53)* Exon 10 (126)*
CHRNA7 C A C
CHRFAM7A T G T

*. the nucleotidgositionon the sense strand is shown between brackets repres
the position within each exdstartingfrom the5" endof the exa).

All the sequence alignments were applied usihgstalWsoftware program.
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Using the NCBI database shows that there are three main transcripts deposited
for CHRNAY. These include full lengtimserted87 bp of intron 1 and missing
exons 4& 5. Howeve, for CHRFAMT7A, only two transcripts were deposited
which include the full length and missing exon B transcripable 1-8). There

are other mRNA transcripts of CHRNA7 and CHRFAM7A that were reported

in Human andanimal tissues but were not deposited in the NCBI database.

These transcripts will be discussed in detail in chapter 2.
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Table 1-8: Summary for the main transcripts deposited in the NCBI database for CHRNA7 ad CHRFAMTA.

NCBI MRNA size Size of coding Protein
Gene Transcript MRNA accession Protein accessiol comments
Accession (bp) sequence (bp) size (aa)
Variant 1 - NM_000746 3356 bp 1509 NP_000737 502 Full length
CHRNA7
Variant 2 - NM_001190455.2 3443 1Ip 1596 NP_001177384.] 531 87 bp of intron 1 inserted
Variant 3 NR_046324 - 3166 bp 1319 noncoding RNA Missing exons 4&5
Variant 1 - NM_139320.1 2858 bp 1557 NP_647536.1 412 Full length
CHRFAMT7A
Variant 2 - NM_148911.1 2794 bp 1493 NP_683709 321 Missing exon B

Bp: base pairs, aa: amino acids, NCBI database accession numbers: NM (for protein coding mRNA), NP(for protein), NR (for moding RNA)
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1.3.4.3At translation level:

Based on the differences in the first four exons of CHRFAMT7A, the
correponding proteind u p U7 )mvoutdthavé some differences from the

U7 protein. These include | ackandf t he
lack of part of theagonist binding domain encoded by exor4 @le Lucas

Cerrillo AM, 2011 Araud et al., 2011 However, there still some similarities

between both proteins in the TMDs, IC loop ante@ninusparts as the exons

coding for them (exons-Z0) are shared between the two geégure1-10).
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Figure 1-10:. T W7edACHRSs structure.
a) CHRNA7 and CHRFAMTYA genes are presented with their corresponding proteinUapts. panel:CHRNA7 is composed of ten exons (blue boxes)

that codes f or7nBGhRs pmtein. fhe first exkondoSCHRNA7 codes for 12 amino acids that form the signal peptide (SP) part of
the protein, exons-8 code for the ligand binding part (LBD) and exork07code for TMDs #, respectively. In addition, exon 10 codes for IC loop (L)
and Gterminus (C) parts of the proteiiliddle panelmai n parts of U7 protein. The protein parts ar
Lower panel.CHRFAMT7A is composed of ten exons, exon#Qorange boxes) and exonslb are almost the same of CHRNA7 (blue boxes). Note that
thedupU7 protein is | acki ngsthe iMDs, &Rooppand®@®imBU3. but still conserve
b) Schematic representat i enAChRS) stricture. SingleGubihi paltsamddheioafrangeimant oblthie cell membrane are shown.
c) Schematicrepesent ati on of t h-sAChRS)GHuBwe. Five subuniophrts and their @rfangement on the cell membrane are shown to
represent the pentameric receptor.
Note: for b) and c), N: refers to-términus, C: refers to-@rminus and numbers4lreferring to TMDs 14. TheTMD 2 that is forming the ion channel pore
is coloured in blue. The IC loop is shown between TMDs 3 and 4.
Adopted from(Verrall and Hdl, 1992 Rakhilin et al., 1999Moss and Smart, 20D1
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In addition, the sequence alignment of proteins of both genes showed a 100%
sequence simdkities for the part encoded by exond®@ which means that
these three base diffemsbetween the two genes does not affect the amino
acids encoded (synonymous nucleotide changes).

The differential expression of both proteins in different human eeits cell

lines was reported in many studies. Human tissue macrophages were shown to
have higher sensitivity for stimulation by cholinergic agonists than PBMCs
(Borovikova et al., 2000 Another study showed that human tissue
macrophages can express mRNA &mttionalproteins on their surfadeom

both genes (CHRNA7 and CHRFAM7AWang et al., 2003 These results

were conflicted partially by the findings of a subsequent study showing that
PMBCs can express mRNA from the CHRFAM7A orfyeverance et al.,
2009. Other studies tested for the expressiosashe (monocytes and PBMCs)

and other similar types of celfeuman leukemia cell lingsnd proved thaall

these cells express only CHRFAM7A mRNA and prateithough CHRNA7
MRNA was detected from bone marrow cells of the same indivigudlger

et al., 2002 These results were supported later by the findings of another
studyon the sameells andcell line (Benfante et al., 20)1However, the latter

study showed that human macrophages and monocytes can express low
amounts of CHRNA™RNA and proteinTaking the latter two study results, it
seems that when the cells are in the bone marrow they express both genes, but
with different differentiation involved latewith CHRNA7 expression seeny

to be lowered according to certain meclsams. This discrepancy in gene
expression within the same cell type @sobe attributed to different methods

of collection and separation of the cells from the whole blood saniptedth
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status of the selected individuatckizophrenigatients or he#ty volunteers)

or theuse ofdifferent methods with different detection sensitivity.

When comparing both proteins, it is important to remember the faa thap U 7

lacks the signal peptide forming part. Thisould subject the protein to
subcellular localizatiorand partial retention within the E5ault et al., 1998

de LucasCerrillo AM, 2011). Furthermoreijt is expected to havatruncated
N-terminusthat is lacking theémportant agonist bindingite This can give rise

to a difference in the functioh r om t hat of the U7 protei

when testing PBMCs with dup U7 prote

nonfunctional receptors formgWilliger et al., 2003.

1.4 The regulatory role of CHRFAMT7A: negative regulation of

CHRNA7Y

Unt i | recent !l y, t he asroolyaemattefof Spdcdation.u p U7
Researcton CHRNA7 and CHRFAM7A during the last decade revealed what

was described as ndanct o n a-hAChBS expressed on human PBMCs

(Villiger et al., 2002. Further research work revealed that these ‘receptors
were actual |l y du psenbled tggettert Ehis fact saiged the i t s
foll owing qu emdeinaan:act liké othérunAChRsthform

pent amer s (nAGChRE), lisahere is @ pobkibility of production of
heteropentaeric receptor§ r om U7 and dup U7 proteins
Subsequenstudies aimed at answering this question entestsome ofthe
specul ations about dup U7 protein: Fir
protein (as a result of lacking the signal peptide pa#$ testedde Lucas

Cerrillo AM, 2011). This was concomitant with confirming the expression of
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U7 n A emtiescell surfaceThe second finding included the fact that the
dup u7 prot-2s :embhae wonA®GhRs t forming U
heteropentameric receptovsi t h | e s s -BTK fand esstunctiorfalo r U
activity than -fAGhRs(Bemfanteaetrad. ,r2Dldde LiiZas

Cerrillo AM, 2011). It is worth noting that similar results were obtained when
comparing for dup Uingflom missing gr éncudiagme r s ¢
2bp in exon 6Araud etal., 201). Accordingly, this highlights a regulatory
role for dup -nBGhRsgor fort GHIRAAM74 on GHRNA7).

This role was evident when testing for the effect on inflammation using the
inflammatory model cells(such as primary human monocytesnd
macrophages)n such a model, it was shown thgtusing LPS for stimulatig
pro-inflammatory cytokine release and start of inflammation, the CHRFAM7A
was down regulated at transcriptional and translational levels, @RIRNA7

was transcriptionally pregulated Benfante et al., 201te LucasCerrillo AM,

2017). It is well established #t on@ inflammationhasstarted,in response to

LPS or other pronflammatory mediatorst will be localized and limited to the
affected area via many mechanisms. Among these is the cholinergic anti
inflammatory pathway, which functions principally throughivaation of the

U hAChRs(Borovikova et al., 2000Nang et al., 2003 However, it was not

clear until recetty how the body controls this effective and possibly damaging
antrinflammatory mechanism. It is evident now thiderresting conditios,

the CHRFAM7A and its dup U7 protein ke
in a minimal expression level thus allowifigr inflammation to proceed in
response to tissue invasion or injury. When inflammation starts, inflammatory

mediators act to suppress CHRFAMTYA role and thus allowing for CHRNA7
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expression and activation. Among the anfiammatory roles of CHRNA7 is

the suppression of LPS and other pnflammatory mediators. Again, this
reversesthe CHRFAMTYA blocking, paving the way for CHRNA7 down
regulatory role, and helping the tissue to go back to the resting stage
(Borovikova et al., 2000Wang et al., 2003Benfante et al., 201He Lucas

Cerrillo AM, 2017 (Figurel-11).
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Figure 1-11: The control mechanism for CHRFMA7A on CHRNA?7.
Upper panel:in normal condion, CHRFAM7A is down regulating CHRNA7

expression.Lower panel: during inflammation.1: LPS and other inflammatory
mediators cause CHRFAMT7A suppressi@n.CHRFAM7A effect on CHRNA7Y is
dimini shed, c a u s iregujation.31 eECHRNAZ actevatidnlseadsutg down
regulating LFS expression. 4. CHRFAMYA is rtggulated again, indicating the
resolution of inflammatory phase and return to the normal condition (as in the upper
panel).

Red arrows and boxeare showing thelown regulation effets. Green aows and
boxes are showing thgregulation effects. Interrupted arrows: diminishing effects.
Adopted from(Borovikova et al., 2000Tracey, 2002Wang et al., 20038Benfante et

al., 2011 de LuwcasCerrillo AM, 2011).
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It is worth noting that this relationship between the two genes is different in
different human tissues. The relative ratio ofRNA expression of
CHRNA7:CHRFAM7A was5:1 in cerebral cortex while the opposite is true
for macrophges (de LucasCerrillo AM, 2011). This might highlight the
different roles ths receptor is playing in different human tissues, where in the
brain it was correlated with neuronal transmission that have an effect on
cognition and memory, while in the peripheral tissues, such as tissue

macrophages, it seem to have a role in thecatinergic pathway.

1.5 The r ol-mAChR fin chblinergic anti-inflammatory
pathway:

Human health and disease is balanbgdontrol mechanisms$iumantissues
survive repeated insultérom infections, inflammatory conditions, injury and
cancer These condibns are dealt witltontinuouslyvia the immune system.
This is fundamentally achieved in part, through the production of pro
inflammatory mediatorgcytokines)that encounter the invading pathogens or
particles in a controlled mann¢ulloa and Tracey, 2005 Inflammation is
controlled, in partyvia the stimulation of the antnflammatory pathways, and
oncethe antiinflammatory pathway is diminished tstit can give rise to the
progression of inflammatory conditisnultimately resulting in human
morbidity and mortalityde Jonge and Ulloa, 20P7It is well established that
the human body keeps the prdlammatory and the aninflammatory
pathways balanced. These pathways interchangerthes duing tissue injury
and/or infection helping to keep the tissue damage to a minifiuacey,

2002. Disturbances to this balance can lead to -enflammatory part
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dominance causing infections, sepsis and even cancer. On the other hand
dominance of the inflammatory pathway can precipitate a wide range of
chronic inflammatory conditionfPavlov et al., 2003 This might be, in some
cases, more damaging than the original insult. Besides the humoral anti
inflammatory pathway (that foremone of the immune barriers of the human
body), another pathway was described that is functioning mainly via the
efferent vagus nerve (cholinergic nerve that functions by ACh release). This
pat hway was tcleolinergidd anttin M h B ammat or vy

(Borovikova et al., 2000(Figure1-12).
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Efferent vagus
nerve activity

Organ compartment
of the
reticuloendothelial
system

Gl tract

Figure 1-12: The cholinergic anti-inflammatory pathway.
Efferent vagus nerve stimulation leads to the release of ACh in organs of the

mononuclear phagocyte systefthe previously known as theeticuloendothelial

systen), such as the heart, liver, spleen and gastrointestinalti@). The released

ACh stimulats t h e-nAGRRs on the surface of tissue macrogsadeading to

inhibition of TNF, I'L1b and other inflammatory cyto
Takenfrom (Tracey, 200
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This pathway was shown to be mediated (in experimental amintathuman
macrophage as modelsof endotoxemia) through) ThAChR activation and

could suppress theelease of pranflammatory mediators, suchas TNF | L 1 b,
IL6, IL18 and HMGBL1 in response to LPS stimulati{®orovikova et al.,

200Q Wang et al., 2003Wang et al., 2004 Similar results were shown in
experimental animal models of acute lung injy8u et al., 200y (Figure

1-13).
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Figure 1-13 T h e r-oACkRs io inflaroh7ation.
The inflammation starts with tissue injury or infection (1). This causes the release of

pro-inflammatory cytokines from the inflammatory cells (2), such as the tissue
macrophages, via translational (A) (for cytoksne T NF U, I L1b and | L6
translational mechanisms (B) (for HMGBL1). This effect is supposed to be localized to

the site of inflammation and with limited inflammatory frgiokine release. To

ensure this limit is not exceeded, the cholinergic-aftammatory pathway starts
performing its effect -nACEBRs. Alushpattevayiwillul at i o
eventually inhibit the cytokine release at both translational andtiostiational

levels (3).

Black arrows indicatstimulatory effectvhile red arrowsndicateinhibitory effect.

Adapted from(Borovikova et al., 2000Wang et al., 2003Wang et al., 2004Ulloa,

2009H.
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However, this antinflammatory pathwayfunction extends far beyond
supprasing preinflammatory mediatorrelease into the suppression of
erdothelial cell activation during inflammation. This suppressidglh prevent
leukocyte migration to the inflametissue.The sum of these effects causes
further suppressn of theinflammatory chemokines used for recruiting other
inflammatory cells(Saeed et al., 2005Furthermore, the spleen was found to

be crucial for activation of the cholinergic antin f | ammat ory -pat hwe
NAChRs mediate this pathway through suppression of TNF release from the
macrophages within thepleen (Huston et al., 20Q6RosasBallina et al.,
2008. Surprisingly, this effect was found to be mediated via memecglIl
population that canysthesize and release ACh in response to vagus nerve
stimulation(RosasBallina et al., 2011 This role for the spleen proved to be
crucial for the antinflammatory pathway as most of the TNF released during
endotoxemia in experimental animals was originated in this qiyang et al.,

2003 Huston et al., 20Q@Dlofsson et al., 2032

Although the cholinergiantrinflammatory pathway depends on the vagus
ner v e  -nAChiReareltdnsidered awital part of the pathwagyand using

U hAChRs antagonists or knockdown techniques was enough to render the
pathway ineffective in counteracting inflammation. The terint h e
infl ammatory reflexd was described f ol
showed a relay pathway that involves an afferent pathway for informing the
central nervous system (CNS) that an injury or infection is starting at certain
part of the humarbody (Pavlov and Tracey, 200Ravlov and Tracey, 2006

This afferent signaling is mediated mainly via tfegus nerve in response to

the release of inflammatory cytokinéSlofsson et al., 20)2This represents
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the beginning of inflammationThe opposite (cholinergic) astiflammatory
pathway is rpr esented by the efferent-vagus
NAChRs and suppress inflammation (Pavlov et al., 2003, Olofsson et al.,
2012) . This oO0reflex6 recruits 1 mmune
invading pathogens and keep an imprint of saclpathogen for possible

repeated invasioriF{gure1-14).
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Figure 1-14: The inflammatory reflex.

The inflammatory reflex represents a-ddiectional commurication between the
central (CNS) and peripheradPlS nervous systems to accommodate inflammation.
During inflammation, the tissue macrophages start releasinmftaomatory
cytokines. This is followed by the stimulation of a number of pathways that
inform the CNS (such as the afferent vagus nerve). The CNS response comes
through the activation of the neuronal anflammatory pathway represented

by the cholinergic andinflammatory pathway (viahe efferentvagus nerve

sti mul at i-wAChRe & the shrface Oftissue macrophages and other
inflammatory cells)

Takenfrom (Tracey, 2002RosasBallinaand Tracey, 2009
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It is worth noting that both the neuronal and immune cells release ACh and
thus play a common role in controlling inflammatiby deivering the vagus
nerve signalto activate the fwlinergic pathway.The use of acetylcholine
eskrase inhibitors helped prevemiflammatory cytokine release awduld be
usedas a potential drug target for treating inflammatory dise@diésa, 2005
Pavlov et al., 2009

Results from nicotine exposure experiments suggested that chronimenicot
exposur e ¢ annAGhRsawhithi mvag beethe b&sis for defective
inflammation suppression in chronic smokers and in CQfdvashima et al.,
2012. However, stimulation of this pathway might not always be beneficial.
For instance, COPD is a dmic inflammatory disease and the chronic
exposure of nicotine in these patier#sppresss inflammation, but helps
precipitation of infection in such patientgle Jonge and Ulloa, 2007

| nt er e s-NAChRslwgre shahi to have a critical role in suppressing
inflammatory mediators in an inflammatory lung modehitmans(Kox et al.,
2011D).

Athough the dup U7 protein, encoweémd by t
contr ol | inAGhR exgression its role in the asitiflammatory
pathway requires further exploratiGfiraud et al., 201)1 It wasshownthat the
CHRFAM7A mRNA transcript (but not protein) was down regulated in
response to flammatory cytokine stimulation. This suggestadpossible
negative regul atory -nAChRs expresen darihgi s g e n
resting conditionwhich can be abolished once inflammation has started and
U AChRs expression is requirdBenfante et al., 2011de LucasCerrillo

AM, 2011).
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1.5.1 The role of U7MAChR agonists in treatment of chronic

inflammatory diseases:

More than a decade passed after the first trials of using nicotine for treatment
of chronic inflammatry diseases. The earlier attempts for using nicotine
treatment was employing nicotine transdermal patches for the treatment of
ulcerative colitiGuslandi, 1999 However, theeffectof nicotine txicity and

the less than expected clinical improvement had a role on limiting the use of
such treatmentit was shown in many studies that ACh and nicotine can be
used as agoAAGhRssin suppressingtinfamrdation. However,
nicotine proved to &ve a much morpowerful effect than ACh in such sets of
experimentgWang et al., 2003Wang et al., 2004 Furth e r mo fmAChR U 7
agonists were shown to suppress inflammatpaghway in patients with

rheumatoid arthritigvan Maanen et al., 20R9

1.5.2 Otherregulatory rol e s #nAQhRsU 7

I't was well d-0AChRs davd aenthjortrdiean respiratory cell
growth and subsequent development of lung cancer. This effect is thought to be
medi ated via the p-nAChRs togealine eexcanditon r e
that issimilar to chronic smoking. Prolonged exposurénofmancell lines to
nicotine can lead toU /hAChR upregulation(Peng et al., 1999 It is now
clearly evident that) 7nAChR controls the regeneration and proliferation of

the airway epithelial cell§Maouche et al., 2009 This role of the receptor
helps the respiratory eptlial cells to regenerate following wear and tear
processor after wound healingThe chronicexposure ofU hAChRs to
nicotine, as the case for COPD patients, was suggested to inactivate these

receptors and thus alter the epithelial remodeling. It ishMoonsidering that
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nicotine exposure can first cause receptor upregulation but also can cause a
reciprocal inactivatiordue to desensitization effe@laouche etl., 2009. It

was postulated that this effect of nicotine can extenuore thanU 7hAChR
upregulationand subsequently leadsltong cancer in animal mode{€arlisle

et al.,, 2007 Lam et al., P07, Paleari et al., 2008 It is worth noting that
among the mechanisms postulated to explain this upregulation is the repressive
effect of nicotine on tr amA€hkRs Buchta on of
repressive effect prv e d enough -hAChRédranBcaption eand U 7
subsequent receptor express{®imlay-Schultz et al., 20011t is known ttat
nicotine in cigarette smoke is a contributing factor to develop COPD. This
effect wasexploredin GWAS studiedo find a possible link between smoking

and lung function and COPD.

Many GWAS studies were conducted to explore possible susceptibilityoloci f
COPD development. Among the loci tested, only one [0@RNA3/5) on
chromosome 15 (15p2%howed correlation with the diseaééhang et al.,

2011). It isimportant to know that CHRNA7 locus on chromosome 15 (3pql

was not included in any of these studies probably due to the relatively large
distance from the CHRNAZ3/5 locymore than 40 Mb distancépillai et al.,

2009 Wilk et al., 2009 Repapi et al., 2090
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1.6 Conclusion:

Inflammation is considered as control mechanism that helps the body to
overcome infections and injurieShis mechanism requires limiting counter

regulabry systemthat helps to localize the body response and prevent
inflammation from changing to a chronic condition. When such a regula
mechanism (such as the cholinergic anfiammatory pathway) is defective,
inflammationisg@ pected to be chroni ecnAGRG har mf
crucial in the antinflammatory pathway to limit the effect of inflammation in

certain tissues. The fact that chronic obstructive pulmonary disease is among

the examples of chronic diseasesmigle | p suggest-nACKRINa r ol e
the disease development or progression. Furthermore, in addition to CHRNA7
coding for this receptor, the expression of the latter is under further control by
another gene, the CHRFAMT7A (the fusion gerB)e fusion g&e is down

regulated once inflammation starts (via inflammatory mediators) allowing for
CHRNA7Y up regul at i omAChR rexpressiomfpos thig u e n t
purposel proposed to study thexpression of these two genes and their splice
variantsin airway epibelial cells to help understand possible mechanisms of

control between the two genes.
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2 The characteri sation of CHR

gene) transcripts in a rang
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This chapter will discuss the processes of RNA sgicand alternative
splicing and the possible effects of splicing eleméathancers and silencers)
on these processes. In addition, tbée of alternative transcripts of the two
genes controlling the expressionfAChRs (CHRNA7 & CHRFAM7A) is
discussed! present myresults on alternative splicing of these two genes in

several human cell lines.

2.1 NORMAL RNA SPLICING:

Proteins constitute thessential componentd living cells and their synthesis

involves a multistep process. For protein synthesis, an intermediate step is
required involving passing the genetic code from the ganthe nucleus

(DNA) coding for that specific protein via amessage (messenger RNA
MRNA). Fi r st |, t he DNA | snRNAw@hick meluddsad i nt
replicate of the DNA template with all its exons and introns. The introns are
then excised to form t heexoncsegueneetd MRNAG
be transferred to theytoplasmfor subsequent translation into the required

protein This process, referred to as ORNA
(Pierce, 2006Strachan, 2010 This process requires first the recognition of

exons and introns to help a group of protekrsogvn asthe splicingcomplex

or splicing machinery) to assemble on an intron, forming the spliceosome. The

next step would be remimg that intron and joining its flanking exons
(Robberson et al., 199(a detaileddiscussionabout splicing will follow

shortly).
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2.1.1 Transcription and splicing:

For protein formation, the translation of mMRNA is a fundamental step.
However,in addition to transcription there amther essentiasteps to form
MRNA in the nucleus includaddinga 5" cap, removing intervening introns
and addingthe 3'poly (A) tail. These three major steps help to produce a
mature and stable mRNA that can ultimately pass to the cytoplasnbeand
recognized by the ridsomes for subsequent decoding (translation) to form the
required protein.

It has been established that RNA transcription and spliaiegtwo different
processes but proceed simultaneouBhis feature allows for shorteniraf the
time required for spting the prenRNA, thus allowing for only consensus
splice sites to be recogniz@dujardin et al., 201X osti et al., 2012 First the
production of pranRNA from the template DNA starts, followed by RNA
cappingwhich includes adding a-methylguanosine monophosphate base to
the 5" end This modification enables praRNA recognition for subsequent
splicing (Izaurralde et al., 1994ollowed by its export to the cytoplasm for
translation The RNA capis thought toprotect the mRNA from exonuclease
activity, thus stablising the mRNA and helpingn initiating translation.As
transcription proceeds, RNA splicing starts via recoguisintron/exon

boundaries for subsequent intra@moval.

2.1.2 Intron/exon definition:

For a successful splicing to proceed, exons require definfor the splicing
machineryto recognise their boundaries sahancing their inclusion in the

MRNA. On the other hand, introns require differentiation from exons to be
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excluded from mRNAIt is still controversial which part is defined first, exons
or introns, but after defining both, splicing stafBBewey et al., 2006Hertel,
2008.

There are important parts theonstitute an intron, which include tbe splice

site (5'SS)which is formed of GU bases (GT bases in corresponding DNA),
the A branch point (180 nucleotides upstream 8fend of the intron)the
polypyrimidine tract (PPTand the3" splice site(3'S9 (formed of AG bases),

(Pierce, 2006Caporale, 2008 (Figure2-1).

Exon 1 Intron Exon 2

A

GT AG
5SS 4 el 3 SS

|
18-40 nucleotides

Figure 2-1: The intron composition (in corresponding DNA sequence)
The 5° SS (GT) and3" SS (AG) mark the start and end points of an intron. The

Adeninebranch point(A) is 1840 nucleotide baseaspdream ofthe 3" splice site,
followed by the polypyrimidine tract (PPT)

The5SSand3" SSsites (with their adjacent sequences) defining an exon are
highly consered and most introns follow the GAG rule that defineghe start
and endooints(Smith, 2000 , Strachan, 2000In addition,the adeninebranch
point is highly conserved and is required for defining3™ SS(Kohtz, 1994.
Once the splicing machinery identifies these intronic parts, they start to

assembleonto an intron.First, the Ul small nuclear ribonuclear protein
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(snRNP) binds tahe 5SS. This will be followed by binding of the branch
point protein (BBP) (or splicing faatd. (SF1)) with the branch point. Another
spliceosome factor termed the U2 auxiliary factor (U2AF) binds to the PPT and

3'SS via its two major parts: 65 and 35 parts, respect{idyglin et al., 2005

g

GT AG
5SS 4 bl 3 SS

Strachan, 200Q(Figure2-2).

\ J\ J J
! |

Exon 1 Intron Exon 2

Figure 2-2: The spliceosome assemhly
The spliceosome is started by the binding of the spliceosome factors Ul, SF1,

U2AF (-65 and -35 parts) to the 5°SS, branch point, PPT and 3'SS,
respectively. Adapted frorfHertel, 2008.
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After the spliceosome parts are assemblidn spliceosome machinery starts
scanning the sequences downstream @& &S until a consensu®™ SSis
identified This will define an exon in between these two sites, usually within
300nucleotidebasesn length, and the splicingomplex removethe icentified
intron and joirs the newlydefined exon with the exon upstreamitdfReed and

Maniatis, 1986Robbersn et al., 1990

2.1.3 The spliceosome assembly and intron removal:

One of the major factors required fmsuccessful splicing process to take place

is the presence od group of small nuclear ribonuclear RNAs (snRNAs) and
proteins (SNRNPS), collectivelyfree r r ed t o as the O0splicec
The main functions of spliceosome are first defining exons and introns, and

then removing introns to form the mature mRfN#Austino and Cooper, 2003

The RNA splicing processstarts by binding of the first and second snRNPs

with the 5°GU and branch point sequences, respectively. The other snRNPs
constituting the spliceosome jothe reaction, bringing th&'and3" splice site

together withthe branch point close to each otliEie complex formed is then

cleaved from the exon boundary Etend of the intron) and attaches to the A
branch point site, forming a 6L&8riatd.
end of the intron, releasing the intron from the mRNA and allowlegtwo
successive exons to be joined. The process is repeated until all introns are
removed and the mature mRNA is formé@ierce, 2006 Strachan, 2010

Caporale, 2008 (Figure2-3).
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Y Y Y
Exon 1 Intron Exon 2

||
Intron

L ) \ J

T
Exon1 Exon2

Figure 2-3: RNA splicing steps.
1. Start ofsplicing: The Adenine branch point attacks the 55&parating the intronic

5" end from5" flanking exon.2: Lariat formation of the intronThis step starts by

joining of the 5°SS to the Adenine branch point to form the intronic lariat. This will be
followed byattack oftheu pst r eam e x o n theiintrdn.3: ExorgjoinBig end o
and release of the larigfor subsequent degradatiofjhe spliceosome factors U1,

SF1, U2AF {65 and-35 parts) binding to the 5°SS, branch point, PPT and 3'SS,
respectivelyareillustrated.

Exons dark grey boxes, introns: light grey boxes. Adapted f(@aporale,

2006, Strachan, 2010
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The splicing process requires several factors for successful splicing to be

completed, including the spliceosome complex, the splice donor aeg@tac

sites of the intron, branch point site, Exon Splicing Enhancers (ESEs) and

suppressors (ESS), Intron Splicing Enhancers (ISEs) and suppressors (ISS), in

addition to ATP(Caporale, 2008.

2.1.4 Exon sequence motifs controlling splicing:

In addition to the splice sites sequenaeghe intron, lhereare a number of
exonic sequence mds that helps control splicingDifferent tissues might
differ in the use ofthesesequences, which caalter theresultsof splicing,
giving rise tophysiologicalalternative splicing.

These sequengrotifs could be enhance(ESEs) or suppressoréESSs). Exon
splice enhancers (ESE) are purimeh conserved sequence motifs that are
present in constitutive exor{Black, 2003 Cote J, 2001 They help in exon
definition by binding to serine and arginineh proteins (SR) that interact with
spliceosome parts. TH8R proteinsare thought to enhance and stabilise the
spliceosome complex assembly on the splice sites flgrkiapecific exorin
addition to enhanng propagation on the preRNA. However, changes in
ESEsequencemight affect exon definition and cause exon skipping. The type
of exons affects their inclusion in the subsequent mRNA. Authentic
(constitutive) exonsire exons that should be included in all mMRNA transcripts.
These are flanked by constitutive splice acceptor and donor sites, and marked
by large number of ESE sequences included witHowever, ESE could be
found in other exon types, such as pseeadors. These exons are sequences

within the introns and are flanked by weak /amchon-functioning5™ & 3° SS
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andbranch poin{Cote J, 2001l Furthermore pseudaexons are enriched with
silencers (ESS) that interact with suppressor part of the spliceosome and favour
their skipping(Black, 2003 Wang, 2004 Zhang, 200t These ESS act via
activatingsilencer element@hrough binding to SR proteins that binds to these
silencers), leading teuppresisig of the recognition ofthe flanking splice sites
(Wang et al., 2006 Another type of exoms the cassette exons which are not
included in all RNA transcripts for a specifgene(Caporale, 200§. These

might cluster in a close proximity in such a way that only one might be

included per each RNA transcri@mith, 1989 Schmucker, 2000

Once exon definition starts (by identifying the 3" splice site immediately
upstream of the exon) the splicing machingecgnsthe downstreamseqence

for a constitutive 5° splice site. This process is usually active within 300
nucleotide bases (the average exon length), otherwise the search for an
alternative (cryptic) 5° splice site starténeither 5 splice site was detected,

the splicing mahinery would skip the 3 splicsite-recognised exon and starts
scanning downstream sequence for the next constitutive 3" splice site with its

immediate downstream ex¢@ote J, 200)L

2.1.5 Intron sequence motifs controlling splicing:

Intron splice enhancers (ISE) work in a similar pattern t& B interacting
with SR proteins to enhantlee definition ofdownstream exon@lack, 2003.
Similarly, intron splice silencers (ISS) can help in exon skipping. However, the

same sequence motif can act as ISE or ISS in different tissues depending on SR
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protein recognition of such a motif aan enhancer or suppressor, thus
contributing to either exon definition or skipping

In general, enhancers are thought to enhance exon recognition or oppose a
silencer effect allowingonstitutiveexons to be included in mature mRNA. A
change in part or all of enhancers and/or suppressgis miifect the selection

of flanking exons(Fairbrother and Chasin, 200@nd change the mRNA

constitution

2.1.6 RNA polyadenylation:

Following transcription, the RNA polymeraseehzyme scanthe premRNA

for the polyadenylation signal (usually within less than 30 nucleotides
downstream of the @p codon (Strachan, 2010 Once detectf RNA
polymerase |l starts to cut the preRNA and another enzyme (poly (A)
polymerase) startadding a long sequence of adenines to3thend (poly (A)

tail). This modification helps in mRNA transport to the cytoplasm and
assembly of the ribosome foratrslation initiation(Pierce, 2006 Strachan,
201Q Jung etl., 200§.

In summary, for most genes the expression in human tissues passes through
transcription,5° capping, splicing, polyadenylation, export to the cytoplasm,
and then either into translation or degradation depending on the correct

sequence carriein the mRNA.

2.1.7 Nonsensemediated mMRNA Decay (NMD):

The accurate translation of mMRNA to protein is importantsfothesising the

correctprotein required for a specific function. However, if different transcripts

72



The characterisation of CHRNAY transcripts Chapter 2

of mMRNA of one gene were all allowed te lranslated, different proteins
couldbe produced with different or antagonising functig@bang, 200).

Normally, there are a group of mechanisms temin 6 MRNA sur veil
These mechanisms functioto prevent, or at least lessen, the effect of
alternativemRNA transcriptgsplice variantsthat might interfere with proper
protein translation. One of these mechanisms is Nongseadated mRNA
Decay (NMD). This mechanism involves the detection of mRNA with
premature stop codons, and subsequent degradation before translasas. Th
thoughtto prevent the formation of different (short or truncatebteinsthat

might possesa different function from the original prote{€hang, 200). The

NMD procesgdepend on detecting the Exon Junction Complex (Edfcrmed

of a group of proteins woikg together)downstream of a detected premature
stop codon. Once activated, the NMibtivate enzymes that degrade mRNA.
The premature stop codon is often found in an exon upstream of the terminal
exon that harbours the original stop codon.

In a normal transcript, tihe are no exomxonjunctions detected downstream

of the stop codon, and NMD is not stimulated. Insteée EJC will enhance
translation(Nott et al., 2001 However, in transcripts with premature stop
codon, at least one ex@xon junction is detected by the EJC. This leads to

stimulation of NMD and subsequent degradation of mRNigure2-4).
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PTC-containing mRNA Normal mRNA

Premature Normal

stop codon stop codon stop codon

Pioneer
round

mRNA decay

Bulk
translation

I Chang Y-F, et al. 2007.

LX) Annu. Rev. Biochem. 76:51-74

Figure 2-4: NonsenseMediated Decay (NMD).
The nosensemediated mMRNA decay (NMD) occupgcausef premature stop codon

(PTC) recognition during the first round of translatidreft panel: When exon
junction complex (EJC) represented by (2 & 3b) is detected downstream of PTC,
NMD is allowed to degrade RN In contrast, a normal transcriptight panel$
avoids NMD because the last EJC is upstream of the stop codon. CBRindaqy
protein, eRF: eukaryote release factors

Taken from(Chang, 200y,
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The process of alternative splicing might end up with mRNA that codes for
protein with different structure and physiological function (or sometimes

without a specific function).

2.1.8 TissueSpecific Splicing:

Many genes express different mRNA transcripts in different tissues.
Alternative splicing was reported to affect more tivan thirds of all human
genes(Black, 2003 and of these up to 30% was shown to be tissue specific
splicing(Xu et al., 2002 Housekeeping genes are expressed in all tissues due
to an essential requirement for their function. However, other genes might be
expressed variably in different tissues, depending on the splicing factors
specificities or the particular stage of differentiatiof these cell§Strachan,
201Q Grosso, 2008 For a particular gene, this might cause more transcripts in
one tissue than other tissues due to alternative splicirgrecent studyt was
shown that alternative promoters can cause recognition of alternative
transcription initiation sites, and thus contribute to more than half of the
alternative splicing in the humayenome(Kimura et al., 2006 In this study,

the most common tissues affected by alternative promoters were testis and

brain tissue.

2.2 Alternative RNA Splicing:

More than three decades ago, it was estimated that alternative splicing
MRNA affected only 5% of the whole human genome. Now with the advances
achieved in bioinformatics and genomwale analysis ithas been shown that

alternative splicing may bas high as up to 90%n the human genome
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(Dujardin et al., 2012Matlin et al., 2005 This question was first brought into
light by the fact that the reported transcripts frahee human genome
outnumbered the reported human genes by almost five (Mmdrek and Lee,
2002 Piva et al., 201R higHighting that there might be more thaone
transcript for each gene. The process of alternative splicing was investigated
throughout the human geme to uncover the mechanisms and pathways of
some diseases. However, alternative splicing cam lpart of aregulatory
pathway(Pierce, 2006Caporale, 2006. This is best explained iDrosophila
melanogaste(fruit flies), where alternative splicing plays a majaie in sex
differentiation (Black, 2003. Female flies have the sex lethal protein (SxI)
which affecs the splicirg of two genes: transformer (Tra) and Mafeecific
lethd 2 (Msl2) genes. Orhe Tra gene, Sxl in female flies binds to a 3'SS
downstream of exon 3, enhancing splicing of exon 3 and subsequent protein
translation (the reverse is true for male flies, where Sxl is absent carsing
inactive form of the protein tbe translated). The opposite effect was noticed
in the Msl2 gene, where the presence of Sxl protein in ferflEle causes
intron 1 retention an@ subsequent inactive form tife proteinto betranslated,
while the male flies that lack SxI will have actige form of the protein.

There are many types of alternative splicing, including exon skipping, mutually
exclusive cassette exons, use of alterndivar 3" splice sites, use of

alternative promoter or poly (A) tail or intron retenti@eaporale, 2006

Black, 2003 (Figure2-5).
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Figure 2-5: Alternative RNA splicing forms.
A: Exon skippingof cassette exon (C1B: inclusion ofmutualy exclusivecassetteexons(C1 or 2) C: alternative5™ splice site D: alterndive 3" splice site,

E: alternative promoter (Por P3 region,F: alternative poly (A) tailG: intron inclusion.Blue boxes: exons, blue lines: introns, black lines: normal splicing
pathway, red lines: alternative splicing pathway.
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The highpercentage of alternative splicing could be justified by the fact that
the spliceosome assembly is dependent on three short sequence ntbéfs at
splice sites§ and3’) andthe aderine branch point. Although these three sites

are highly conservedStrachan, 201)0they still represent a doh a sea of
nucleotides that constitute introns, and can easily be mixed with similar or even
sometimesdentical sequences at cryptic (decoy) splice ¢@ede J, 200)Lthat

might be contained in cassette exons or pseaxms.Alternative splicing

could affect human genes in stress, but sometimes they could lead to diseases
(pathological alternative splicingKelemen et al., 20)2Many examples for
pathological alternative splicing exist in human diseases, several of which were
based on finding the inhibitory effects of alternative transcripts and their
translated truncated proteins on the norrrahscripts and their proteins
(Faustino and Cooper, 2003ther factors might play a role in alternative
splicing of some genes, such as the presence of some SR proteins in abundance
in some tissues and nan other tissues. This might affect the ESE that
specificallybinds tosuch(target)SR protein, and thus enhancing timelusion

of exors containingsuch a specifiESE in tissues witlabundanttarge) SR

protein than other tissu¢€aporale, 2008.

2.3 Alternative splice variants of CHRNA7 in human and
animal tissues:

Like many other genes, several splice variants for CHRNA7 have been
reported in human and animal neuronal tissues. G&wemnan et al showed

for the first time an alternative splicing of CHRNA7 ahmromaffin cells 6
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bovineadrenal medull§GarciaGuzman et al., 1995The mRNA and protein
for the full-lengthgene wer e detected, and the
functional receptors wademonstratedThe splice variant included a transcript
missing the 87 bp of exon &ifure 2-6, E). This will cause the second
trarsmembrane domain to be omitted, Istitt maintainsthe reading frame.
When this tramcript was injected in Xenopusocytes, no functional ion
channels were detecteB.o we v er , when tested for
assembly, this variant proved to have iahibitory effect wherco-expressed
together with theull-length copy of the genelt was thought thathie exon
skipping was related to the short length of the exon and Weaking splice
sites. This splice variant was suggested to Weder the contrd of species
specific splicing factors, as it could not be detected in rat brain and adrenal
medullatissues( t i S s ues tnA@HR) AcfewnyeassilaterGallt et al
showed for the first time the sequence of the full length (CHRNA7) gene for
the huma n -7 RACHR subuni{Gault et al., 1998 They showed in this study
that, in addition to thdull-lengthtranscript, there are five splice variants for
the gendfrom human brain tissu#)at ranged between deletions of exons 3, 4,
3& 4, 4& 5 and 35. Of these variants, only one (missing exon 3) maintained
the open r eadi7wcalingfseqaenmoe whild thetothes trabkcripts
contained premature stop coddisgure2-7, A-C, EG). Later, Saragozand
colleagueshowed that a novel exon exists in intron 9 of CHRNA7 of mouse
brain tissue and termed it exon ¥hgure2-6, G) (Saragoza et al., 20P3This
exon included 218 bp inserted from intronrs@quenceharbouring three in
frame termination codonsading to NMD Interestingly, tis exon was found

to lie within a 520 bpegion, whichis conserved ithe corresponding part of
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thehumangene. Similato transcripts missing exon 8, transcripts with exon 9b
insertionwere shown to have an inhibitory effect wheo-expressed with the
full-lengthcopy of the gene-owever, this variant washownto beinfluenced

by tissuespecific splicing factors in mice, where it was detected inuse
brain and dorsal root ganglion but not in retinal tisskefiowing that, the first
discovery of exorda in rat neuronal tissue was made by Severance et al
(Severance et al., 2004This included a novel exon of 87 bp that would
preserve the reading frame oktkranscript in ratissue.Several other splice
variants for CHRNA7 weralsodetected in this study. These variants included
deletions of exons -8 (completely or partially), all of which contained
premature stop codons that affected the reading fracheesnlted in a protein
mi ssing parts that encode forFigargoni st
2-6, B-D, F). When compared tlull-length transcripts, the exosa variants
showed more sensitivity to bind Acand a higher affinity to bind) B T: X
however, their desensitisation rate was slo{@ewverance et al., 2004

Following their work in rat tissue, Severarmed co-workersdetected a novel
exon between exons 4 and 5 (termed exon 4a) of the humar{Sgmrerance
and Yolken, 200B This was larger thatime corresponding exon in rat neuronal
tissue detected previously (2227 bp size)Another six splice variantsvere
detected in this stugdywo of which were reported earlier by Gault e{@hult

et al., 1998 (missing exon 4 or exons & 5). However,the rest were new
variants including in addition to inserted exon Apartially deleted exon 4,
exon 5 deletionor a CAG (singlet/doublét polymorphism atthe exon 4
inserted sequence splice junctidgaigure 2-7, C-D, F, HK). The new variant

(with the addedexon 4a resulted in addition of 442 amino acids that
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maintained the open reading fram8urprisingly the studies on human
CHRNAY lacked the functional characterisation of the resulting variant, &nd it

effect on translatiorgssemblya nd f ol di n dgsstlfinkldown pr ot ei n

Figure 2-6: Alternative splicing detected for CHRNA7 in experimental animal

neuronal tissues.
Top panel: exon number4; full length CHRNA7 mRNAB: missingexons 3&4C:

missing exons 3,4&5D: missing exons 3&4 and splice junction of exon§, &:
missing exon 8F: exon4a, G: exon9b. Blue boxes: constitutive exons, red boxes:

cassette exons.

82



The characterisation of CHRNAY transcripts Chapter 2

Figure 2-7: Alternative splicing for CHRNA7 in human brain tissue.
Top panel: exon numbers: full length CHRNA7 mRNA,B: missing exon 3C:

missing exon 4D: missing exon 5E: missing exons 3&4E: missing exons 4&5G:
missing exons-5, H-K: Exon 4a transcriptd:(with partial exon 4 deletion]: with
exon 5 deletionK: with CAG polymorphism at exon 4 inserted sequence splice

junction).Blue boxes: constitutive exons, red boxes: cassette exons.
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2.4 Alternative splice variants of CHRFAM7A:

Generally,fewer alternative transcripts for CHRFARA were reported. These
include exon E(between exons A& B), e x @mmmis$ing exon B(Riley,
2002 Gault et al., 2008 However, none of these studies explored the
expression othe CHRFAMT7A protein or its functiorf{Gault et al., 199Riley,

2002 (Figure2-8).

Figure 2-8: CHRFAMA alternative transcripts.
Top panel: exo numbers): full length CHRFAM7A mRNA,II: including exon E

between exons B & Alll: i nc | u d i nugstream oEron D,B/: missing exon

B. Blue boxes: constitutive exons, red boxes: cassette exons.
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2.5 Aims:

This chapter had two aims.h& first was to characterise tlRHRNA7 and
CHRFAMTYA transcripts imn immortalised airway epithelial cell lind%49)
and other cell line$BEAS2B, PBMC and BE (2c). The secondaim wasto

quantifythe main transcripts artd predict tke protein structu.
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2.6 Methods:
2.6.1 Cell culture:

The A549 cell line (human lungdenocarcinoma epithelial cells) was used as
anin vitro model for type Il pulmonary epithelial cells. Other cell lines were

also used for testing alternative transcripts of CHRNAnd CHRFAM7A

(Table2-1).

Table 2-1: Human cell lines used for alternative transcript test.

Cell line Description

A549 Alveolar adenocarcinoma cell line

BEAS2B Bronchial epithelial cell line

PBMC Peripheral blood mononuclear cells

BE(2)-c Neuroblastomaell linei derivedfrom bone marrownetastasis

The culture medium used for maintainingb49 cells was composed of
Dul beccods Modi f i(MEM) ESAGVA-ADLBDRICHY &J)j] u m
10% FBS (foetal bovine serum) (SIGMALDRICH, UK), 2mM L-glutamine
(SIGMA-ALDRICH, UK), 100U/ml penicillin, 100ug/ml streptomycin
(Invitrogen, UK) and 2.5pg/ml amphotericin B (SIGMRLDRICH, UK) in
75cm? flasks. Regarding BE (2 cells, e cul t ure medi um us e«
minimum essential medium (EMEM) (SIGMALDRICH, UK), with 15%
FBS (foetal bovine serum) (SIGMALDRICH, UK), 2mM L-glutamine
(SIGMA-ALDRICH, UK), 100U/ml penicillin, and 100ug/ml streptomycin
(Invitrogen, UK) and 2.5ug/mamphotericin B (SIGMAALDRICH, UK) and

5% NEAA (nonessential amino acids) in a8 flasks. However, RNA for

BEAS2B and PBMC was kindly provided from other PhD students.
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For maintenance d’549 orBE (2)cc el | s, t hey wer e i ncub:
CO, humidity for 24 hrs. For cell splitting, the cell cultures were first examined

under the light microscope and were subcultured once thehada~80%

confluency (about 8LO° cells) The medium was removed, folled by

washing with PBS (phosphate buffered saline) (Oxoid, England), and cells

were dissociated from thdakksusing trypsiREDTA (SIGMA-ALDRICH,

UK) , foll owed by incubation at 37¢ f
successfully detached, DMEM was addet mixture split into two different

75cm’f | asks and incubated at 37e for 72

2.6.2 RNA Extraction:

Total RNA was isolated frorhumancell lines of interest Table 21). When

cell cultures were > 8@ confluent, they were used for RNA extraction. First,

the cells were harvested by washing the cultures with PBS (5 ml) proailto
dissociation using trypsiBEDTA. The cell suspension was centrifuged for 5
minutes at 1000 rpr{B00g)to pellet the cellsFor RNA preparation, RNeasy

Mini kit (QIAGEN) wasusedaccor ding to the mlanufact
addition, RNasefree DNase set(QIAGEN) was used according to
manufacturer 6s gui del i nes. Thi s step
genomic DNA that may interfere with downstream st DNA yield was

thenmeasured using a Nanodrop spectrophotometer.

2.6.3 cDNA Generation:

The cDNA was generated from 2 pg of RNA using 500 ng of Oligomer dT

(Stratagene, Germany) in a final reaction volume7 Jul. The mixture was
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t hen incubated for 5 orml0 nminutessat raom 6 5 ¢

temperature. The following reagents from the Affinity Script kit (Stratagene,
Germany) werghen addedo eachtube: 1x buffer, 4 mM dNTP, 1 ul of the
reversetranscriptase muliemperature enzyme arddU/ ul of RNase Block.
Thereet i ons were incubated for 10 mi
mi nut es at 70e and aregativd sample® Wede.used n
(using 1.5 pl of RNaséree water instead of reverse transcriptase enzyme and
RNase block) to enable the detectminproducts derived from contaminating

genomicor plasmidDNA rather than from generated cDNA

2.6.4 PCR:

CHRNAY is located on chromosome 15, proximal to CHRFAM7A (partially
duplicated CHRNA7) gene. To detect possible expression of splice variants for
CHRNAY by A549 cells, several primers were designed to amplify different
parts of the mRNA. Most of these were designed in a way to avoid detecting
the common exons-50 expressed by both gen@able2-2 shows the primer

sets used to detect CHRNA7 variantt®wever, for CHRFAMT7A, the primers
were designed to detect for two main parts of the gene mRNA: FAM7A exons
(D to A) and the duplicated CHRNA7 exons-18). Table 2-3 shows the

primer sets used to detect the main splice variants of CHRFAM7A.
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Table 2-2: Nucleotide sequences of the primers used for CHRNAY variants
detection.

Primer ID Primer sequence( 5° Y3 ) Position
ATE1l_S GACTCAACATGCGCTGCTC Exon 1
ATE2_S GCCAATGACTCGCAACCACTC Exon 2
ATE4_ S AGATGGCCAGATTTGGAAAC Exon 4
A7E4a_S TTATGACCAACAGCAGGAAGTG Exon 4a
A7E4a_AS CACAACAGGGAACATAGACGA Exon 4a
ATEG6_AS CCAGCGTACATCGATGTAGCA Exon 6
ATE7_S CAGATTCCGGGGAGAAGATT Exon 7
A7TE10_AS AGCCGATGTACAGCAGGTTC Exon 10
All primers are from Eurogentec, Belgium

Table 2-3: Nucleotide sequences of the primers used for CHRFAM7A variants
detection.

Primer ID Pri mer sequence Position
A7TEA_S CCAGCATTTGTGGATAGCTG ExonA

ATED_S TCAAGGCCAAACCGAAGTTA ExonD

A7TEC_AS GATTCCAGGTCCTGCTGACT Exon C
A7TE10_AS AGCCGATGTACAGCAGGTTC Exon 10
All primers are from Eurogentec, Belgium
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The RT-PCR was performed iy a 30 pl reaction, using 1 pl of cDNA, in

addition to the following reagents a final concentration/reactiorix Taq

buffer with (NH4).SOy, 1.5 mM MgC}, 0.2 mM dNTPs mix (Fermentas Life

Sciences, UK), @.uM of each primer, and 1 Uaq polymerase (Rie, USA).

The thermal cycler was used for the PCR amplification (Applied Biosystems)

using theconditions shown iTable2-4.

Table 2-4: RT-PCR conditions used.

Stggel Stage 2 Stage3 | Hold
Initial Final
Denaturation| Annealing| extension -
denaturation extension
Cycles 1 Y35Y 1 -
Temperature 94° 94° 60° 72° 72° 10°
Time* 2:0 00:30 00:45 1.00 7:00 b

*: (minutes: seconds)

A summary for CHRNA7 and CHRFAM7 &anscipts targetedn A549 cells

and their predicted sizes is shown {Rigure 2-9) and (Figure 2-10),

respectively.
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Figure 2-9: CHRNA7 amplified parts.
Diagram showing location of primers used to amplify different transcripts of

CHRNA7 in A549 RNA. Blue boxes: exons, Green arrow: forward primer, Red
arrow: reverse primer. The produete A: (exond-10), B: (exons2-6), C: (exons2-
4a),D: (exonsda6), E: (exons4-6), F: (exons2-10), G: (exons4-10), H: (exons7-
10). Only exonsincluded in the PCR amplificatiowere included in the diagrarmhe

expected product size (in bp) is shown on the right.
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2 140 bp
3 399 bp
4 124 bp

Figure 2-10. CHRFAM7A amplified parts.
Diagram showing location of primers used to amplify different transcripts of

CHRFAMTYA in A549 RNA. Blue boxes: exons, Green arrow: forward primer, Red
arrow: reverse primer. The products arg¢exons Al10), 2: (exons A6), 3: (exons ¥
10), 4: (exons DC). Only amplified exons were included in the diagram. The

expected product size (in bp) is shown on the right

2.6.5 Agarose gel electrophoresis:

PCR products were subjected to agarose gel electregibousing 1% agarose
gel (Invitrogen, Paisley, UK), with 1 x Trigcetic aciEDTA (TAE) running
buffer and 5 ng ethidium bromide (SIGMALDRICH, UK) staining/25 ml

of the gel. 5ul of 100bp DNA Step Ladder (Fermentas life Sciences, UK) was
used as a se marker and the results visualised using UV light reader

(Anachem, Luton, UK).
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2.6.6 TA cloning:

This included PCR purification, insert ligation, transformation and restriction
digestion.The purpose of the method is to clone PCR prodwits multiple
amplicons The method is based on hybridization of the Adenine nucleotide
base (added by Taq polymerase enzyme to PCR products) with the Thymine
base of a linearized vector with the aid of ligase enzyme. This hybrid DNA
fragment is then transformed intescterichia coli bacteria for subsequent
amplification. Such a method would help separate multiple amplicons
amplified using one primer set to detect different transcripts of the same gene

(Holton and Graham, 1991

2.6.6.1PCR purification:

To improve the ligation efficiency, a cleap step was performed prior to
ligation to remove primer dimers. For this, QIAquick PCR purification kit was
used (QIAEN)accor di ng t o ma n.uTheaDNA yigldemasd s g u i

measured using a Nanodrop spectrophotometer.

2.6.6.2Insert ligation:

The PCR product was cloned into the p&@mp/kanStrataClone vector mix

(Stratagene, Germangfigure2-11).
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B-galactosidase a-fragment (lacZ’) 1-352
multiple cloning site (MCS) 57-195

PCR product insertion site 123
kanamycin resistance ORF 463-1254
ampicillin resistance (bla) ORF 12662123
f1 origin 2315-2621

<loxP> (nonfunctional) 2688-2721

pUC origin 3262-3929

lac promoter 41514270

Chapter 2
MCS
P lac PCR Product Insertion Site
lacZ!
pUC on
kanamycin
pSC-A-amp/kan
4.3 kb
<loxP>=>

£l on ampicillin

pSC-A-amp/kan PCR Cloning Vector PCR Product Insertion Site Region

(sequence shown 4261-4270, 1-250)

-;‘ P-gal ax-fragment
-

1 =

Apa Hnc ll
EcoO109 1 Acc |
¥pnl Drao il Xno 1 Sal

GGAAACAGCTATGACCATGATTACGCCAAGCGCGCAATTAACCCTCACTAAAGGGAACAAAAGCTGGGTACCGGGCCCCCCCTCGAGGTCGAC. ..

M13 Reverze primer binding site’

BspiCo1 «
?°| l-"hnd m %CORV

.. .GGTATCGATAAGCTTGATATCCACTGTGGAATTCGCCCTT

SamH | Spel Xba | Pilo?l ;:ac n 'i’ac 1

IEcoi I (non-uniquc)

T3 pnmer binding site

EcoR | (non-unique) Psrl Smal

PCR Product I AAGGG CGAATTCCACATTGGGCTGCAGCCCGGG . ..

- . .GGATCCACTAGTTCTAGAGCGGCCGCACCGCGGGAGCTCCAATTCGCCCTATAGTGAGTCGTATTACGCGCGCTCACTGGCCGTCGTTTTACAA

94

=2 T7 pnmer binding site 7 M13 =20 pnmer bindng st©
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Figure 2-11: pSC-A-amp/kan PCR cloning vector.
Top: vector map, showing all includesites and featurgdlustrated. Most important of these is the multiple cloning site<C@) that is going to harbour the

PCR product insert site (illustrated). Bottom: RiDRertion siteThis site shows the recognition sites for the restriction enzyme and the primer sequence.
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For ligation, a 6 pl reaction, the following reagents were edtd3 pl of
StrataClone buffer, 2 pl opurified PCR product(about 25ng)and 1 plof
StrataClone vector miamp/kan. This mix contains the two vector DNA arms
with uridine overhangs that base pair with the adenosine overhangs of the Taq
polymeraseamplified PCR products

The reaction was then incubated at room temperature for 5 minutes.

2.6.6.3Transformation to competent cells:

For transformation, StrataClone SoloPack competent cells (Stratagene,
Germany) were used These cells contain CGrecombinase enzyme &h

enhancs the recombination of the lox P sites on the two vector atmss

helpng the formation of circular plasmithsert DNA molecule. Such a DNA

can replicate in host cells growing on ampicillin or kanampgintaining

media. The cellsvere removedrom storageat8 0 e, and | eft on i c
for 5 minutes. Then 1ul of ligation reaction mixture was added into the
competent cells, and the reaction mixture was mixed gently (by repeated
pipetting) and then incubated on ice for 20 minutes. Theiogavtas then

heats hocked at 42e¢ for 45 seconds, and
250ul of room temperature SOC solutiguper optimal broth medium with

glucose used to enhance the plasmid transformation efficievay)added to

each reaction tubeT he reacti on mixture was the
horizontal shaking for 60 minutes. Finally, 100 ul of reaction mixture was
spread on plates containipge-warmed CGagar(Circle Grow rich bacterial

growth media Anachem Luton, UK) (containing 4 g/10@nl CG, 1.5 g/100 ml

agar and 50 ang209lXxgah ang incabated ovemight at 37°
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Single colonies were inoculated into 5 ml CG bacterial growth media
(including 50 ¢ gntubdtedfaa a8 boursat 37hip a a n d

shaking incubator

2.6.6.4 Insert-specific PCR

A screeningnsertspecific PCR was carried o(using the original amplimers)
to show which cultures contained the plasramt insert. All other reagents
were the ame used for PCR mentioned in sectiof.2while 1 ul of liquid
growth was used as the PCR templatee same PCR program shown in table
(2-4) was used, except faa difference in theanitial denaturation time (4
minutes rather than 2 minutesfhe PCR products were subjected to gel

electrophoresis for analysis (asmtiened in section 2.6.5).

2.6.6.5Plasmid-insert extraction:

Using Pureyield Plasmid Miniprep System (Promega, USA), plasmid was
extracted from bacterial culturesc cor di ng t o man.uTheact ur e
DNA vyield was then measured using a Nanodrop specttopteter. This

extraction method depends on the use of silica membrane columns that helps in
nucleic acid extraction. The method includes precipitation of the cell debris

using centrifugation and lysis buffer. The obtained supern&tantaining the

plasmd DNA) can thenbe added on the silica membrane for subsequent
purification using several buffers (such as the endotoxin removal buffer).
These purification steps help preparing a plasmid DNA free of proteins, RNA,

and endotoxin contaminants.
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2.6.6.6Restriction digestion:

In order to identify plasmids containing the insert of interest, plasmid DNA
was screened using restriction digestion with EcoRIl. This enzyme will
recognise the sequence G: AATTC and then generates fragments that contain
5'-cohesive termini. Théollowing was added into 10ul reaction: 600 ng of
plasmid DNA, 1upl of 10x cut buffetH (Roche), 5U of EcoRI restriction
enzyme (Roche) and the reaction volume completed by adding nufiiease
water. The reaction mi Xxt urFerdetezt®onad h e n
the size ofpredictedinserts, the digested DNA was run on 1% agarose gel
(Invitrogen, Paisley, UK), with 1x TAE running buffer and 5ng of ethidium
bromide (SIGMAALDRICH). 5ul of 100bp DNAstepladdel(Fermentas life
sciences, UK) wassed as a size marker, and the results visualised using UV
light reader (Anachem, Luton, UK). Equivalent samples from the undigested

DNA were run on the same gel to compare results.

2.6.7 Gel extraction:

The Qlaquick gel extraction kit (QIAGEN) was used forragtion of PR
products from the agarose g&he PCR products with multiple and relatively
separable bands were chosen for gel extraction. First, the PCR product of
interest was run on enge of 13.5% agarose geh$ mentioned in section
2.6.5) to visudise the bands of interest. The gels obtained were put in new
1.5ml micro centrifugeubes, and weighed. An emptysml micro centrifuge

tube weight was subtracted from the-gehtaining tubes weights. The yielded
weight (in mg) was considered as an eglent one volume in ul. Three gel

volumes of QG buffer was added to the gel and the reaction was incubated for
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10 minutes at 50e with repeated vorte
dissolved. One gel volume adopropanol (Fisher Scientifics, UK) wasdded

and mixed with the dissolved gel mixture. To bind DNA, the mixture was then
applied to a new QIAquick column and centrifuged for 1 minute at 13000 rpm.
The flowthrough was discarded. Then 0.5 ml of QG buffer was attu¢e
column and centrifugedof 1 minute at 13000 rpnil0000 g) The flow
through was discarded. To wash the DNA, 0.75 ml of PE buffer was then
added to the column and centrifuged for 1 minute at 13000rpm and the flow
through was discarded. The centrifugation was repeated for 1 naini8900

rpm to ensure complete removal of the buffer. To elute the DNA, the column
was then put in a netv.5ml micro centrifugeube, and 30 ul of BE buffer was
applied on column, centrifuged for 1 minute at 13000.rphe DNA yield was

measured usingldanodrop spectrophotometer.

2.6.8 DNA Sequencing:

For PCR products with single band, a clegnstep was applied prior to DNA
sequencing, while TA cloning or gel extraction products were sequenced
directly without this step. The sequence cle@nreaction inalded adding 2U

of EXOSARIT enzyme (BB, USA) to treat 5 pl of the PCR products (to
remove the residual primers and dNTPs from the PCR products to be
sequenced). The samples were then incubated in thermal cycler (Applied
Biosystems) using the followingggor a mme (1 cycl eGand 15 mi
then 15 min at 8O0e.

Sequencing of PCR products was carried out using one of the primers used for

the initial PCR amplification Table 2-2, Table 2-3, & Error! Reference
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source not found). The samples were prepared on ice using the followling:

ul of sequencingprimer (5uM), 2 upl of Big Dye v3.1 Teminator Ready

reaction mix (Apjpied Biosystem) and 1x sequencing buffer (Big Dye
terminator, v3.1) (Applied Biosystem in addition to the DNA template.
Quantities of DNA template used ranged from 3l of the enzysaed PCR
product(~20ng) 5-20 ng of gelextractedoroduct, or 156600ng of TA cloned

DNA. The mixture wasncubated ina thermal cycler (Applied Biosystems)
using the following programme (25 <cycl
50e¢, 4 minutes at 60e and the sampl es
reactionclean up the sequenceolumn purification tubes (Edge Biosystems
Performa DTR GeFiltration Cartridges) were used to remove dye terminators,

dNTPs, and other low molecular weight materials from the sequencing
reaction. First, the columns were centrifuged for 3 minutes at g0(850 g)

to remove excess buffer from tub&he columns were then transferred to a

new tube, and thesequencing productsvere then added on the column
membrane, and centrifuged for 3 minutes at 4000 (@50 g) The eluates

were transferred into new®. ml tubes to be evBporate
confirm the correct sequence for each of the transcripts detected from PCR
products, gelextractions,or bacterial clones, DNA sequencing was applied

using forward and reverse primers for each transcAfit. samples were

separated by capillary electrophoresis for sequencing.
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The sequences for primers M13 forward and reverse are shownran
Reference source not found.

Table 2-5: Nucleotide sequence for pS@\-amp/kan vector primers.

Primer ID Primer sequence

M13 F GGAAACAGCTATGACCATG

M13 R GTAAAACGACGGCCAGT

F: Forward primer, R: Reverse primer, M13 primers (100 ng{ul, Invitrogen)

2.6.9 Quantitative Real-time PCR (QRT-PCR):

To estimate thexpression of théwvo major transcripts of CHRNA7 by A549
cells, QRFPCR was usedn order to avoid detection of the CHRFAM7A
transcripts, the sense primer was located outside of the duplicated region, in
exon 4 Table2-2). The antisense primers were designed to bridge the-exon
exon boundaries between exons 8 and 9 f(fbrlength CHRNA7 transcript)

and between exons 8 and 10 (for missing exon 9 CHRNA7 transcradt)e(

2-6) (Figure2-12).

Table 2-6: Reverse primers used for QRTPCR amplification of CHRNA7 two
major transcripts in A549 cells.

Primer ID Primer sequence Position

A7TE8/9_AS CGAAGTACTGGGCTATCAATGG  Exons 89 junction

A7EB/10_AS | GACTCTGGTCTATCAATGGTACC Exons 810 junction

All primers are from Eurogentec, Belgium
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Figure 2-122 CHRNA7 amplified parts for QRT-PCR.
Diagram showing location of primers used to amplify two major transcripts of

CHRNA7 in A549 using QRTPCR. Blue boxes: exons, Green arrow: forward primer,
Red arrow: reverse primer. The products Aréexons 48/9), B: (exons 48/10). The

expected product size (in bp) is shown on the right.

SYBR GREEN BRILLIANT Il master mix(Agilent technologieswas used

for the QRFPCR. The QRIPCRmaster mixwas preparedto a final volume

of 20 pl by adding 10 pl/reaction of SYBR green britlialll master mix, 0.3
pl/reaction of thediluted referencedye (1/50) 0.3 uM primer concentration

and 5 pl/reaction of the diluted A549 cDNAnNd the reaction volume was
completed using RNadece water The cDNA: RNasdree water dilutions

used were 1:41/5) and 1:19 (1/20) in duplicates for each primer set. Then
PCR products were subjectedreal time PCR machine analysis in addition to
agarose gel electrophoregss mentioned in sectiongs).

For primer specificity check of each primer set usked,dDNA templates used

for QRT-PCR were used for RPCR using the same primer sets. These were
then used for TA cloning to separate the resulted products (as mentioned in
section 2.6.6). This was followed by using the prepared clones as templates
represenng full-length or missing exon 9 (according to the primer set used)
for another RTPCR by using both primer sets in two separate reactidms

test was aimea@t showing whether the primer sets designed were specific or

not (that is fulllength primers wre supposed to amplify fukkngth clones, and
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the same for missing exon 9 part). Previously prepared clones (representing

full-length exons L0 and missing exon 4) were used as control templates.

2.6.10 RT-PCR semiquantitative assay:

This assay used same TR described in section62. The primer sets used

to amplify exons 410 of CHRNA7(Table2-2; Figure2-9) and exons AlLO of
CHRFAM7A (Table 2-3; Figure 2-10). PCR samples were prepared in
duplicaes for cycles 2-85, and cyclespecific samples were removed from the
thermocycler after each specified cycle and kept on ice (e.g. 27sp@tic
samples were removed after cycle 27, and so on). After completing second
stage of RTPCR, the samples were-irdroduced into the thermocycler for the
elongation step till the end of the program. Then PCR products were subjected
to gel electrophoresig¢as mentioned in section 65). The procedure was

repeatedt leasthreetimes to achieve reproducible results.

2.6.11 AlphaDigiDoc software and statistical analysis:

To evaluate the relative percentage of mRNA expression for the major
transcripts of CHRNA7 rad CHRFAMT7A, the gel electrophoresis pictsire
were analysed using AlphaDigiDoc1201 software. The parameter used for
comparisons was the band intensity for each transcript, which was evaluated
across duplicated samples for different PCR cycles38)7to deéermine the
exponential phase and the plateau pl{esative start and end poiptsand to
determine the relative percentage of expression of each transcript by A549

cells (for each gene transcripts).
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2.6.12 Bioinformatics used for analysis of transcripts

First, for the extraction of the reference sequence for CHRNA7 and
CHRFAMTYA, database websites for corresponding human reference sequences
were used fronNCBI, UCSG and Ensemhl Then for sequence alignment of
the common parts of the two gen&dustalW software program was used
((Larkin et al., 200Y. For prediction of the possible restriction enzyme
recognition sites within exon 9b and flanking introkgeb Cutterand Neb
Cutter software programs were used. Foinmmr design,primer3 (v.0.4.0)
software was used for designing the primémsmer-Blast/NCBIlsoftware was
used to check for the primer specificifyo look for the consensus sequencks
ESE ancESS, thepredicted ESE (PESE) and predicted ESS (PESS$QE-
ESEand Human splicing findesoftware programs were usééairbrother et

al., 2002. Using ORF finder software programme, the mRNA of resultant
splice variants was translated into corresponding protein coden for
determining tike KOZAK consensus sequenoseakAUG software program
(Tikole and Sankararamakrishnan, 2P@@&s used. This was followed by using
the SOSUI signakoftware prognam (Masahiro, 200bfor the prediction of a
possible signal peptideThen usingPSIPRED software (Jones, 2007 the
secondary protein structure was predicted for each transAripggmmary for

the software programs usingorf bio-informatics analysis and their

corresponding URLSs are listed ihable2-7).
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Table 2-7: Summary for the bio-informatics software programs and tools used
for analysis of CHRNA7 and CHRFAM7YA transcripts.

Software program URL
Clustalw (sequence http://www.ebi.ac.uk/Tools/msa/clustalw2/
alignment)

Web cutter (searching for| http://users.unimi.it/~camelot/tools/cut2.html

restriction recognition sites)
Neb cutter(as above) http://tools.neb.com/NEBcutter2/
Primer 3 (v.0.4.0) (PCR| http://frodo.wi.mit.edu/

primer design)

Primer blast/NCBI (check| http://www.ncbi.nlm.nih.gov/tools/primer

primer potential target) blast/
RESCUEESE (look for | http://genes.mit.edu/burgelab/resezse/

potertial ESE sequences)

Human Splicing Finder| http://www.umd.be/HSF/

(look for splicing sequences

ORF finder (look for ORF | http://www.ncbi.nim.nih.gov/gorf/gorf.html

with a start and stop codons
WeakAUG (detect possibl¢ http://bioinfo.iitk.ac.in/AUGPred/index.php

weak start codons)

SOSUI  (detect signal http://bp.nuap.nagoya.ac.jp/sosui/

peptides)
PSIPRED (test for possiblg http://bioinf.cs.ucl.ac.uk/psipred/

protein secondary structure)
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2.6.13 Western blotting:
2.6.13.1 Cell lysate preparation:

For cell lysate preparation, all reagents were kept on ice throughout the
procedureRIPA buffer (20 mM Tris pH7.5, 150 mM NacCl, 1% triton200,
0.5% sodium doxycholate, 1 mM EDTA and 0.1% SD&ps prepared and
mixed with 5x protease inhibitamixture Complete Mini protease inhibitor
cocktail tablets, Rochel-irst thecells were cleanedrom the old medium and
dead cells, and then washed with-co¢éd PBS.Then 600 pl of the prepared
buffer mixture was added intthe cells for5 minutes, and tlecells were
detached andransferred intal.5ml micro centrifuge tubeshe mixture was
then rotated ina cold room for 30 minutes to allow solubilisation of the
proteins, before separating the lysate from the cell remnants agngcooled
centr i fQfre20 mihutes4a¢12000 rpm (4000 g) After that, the
supernatant was collected and transferred into a new tube and steB@dgat
Then the lysate protein camts were quantifie using BCA protein
quantitative assay kit (Thermo Fisher Scientific, USAd¢cording to
manuf act ur e Thegoteqnsampmeavereguantdiedafter thatusing
FIUOSTAROPTIMA spectrometeat 550 nm wavelengt{BMGs LABTECH,

Germany).

2.6.13.2 SDSPAGE:

Sodium dodcyl sulphatepolyacrylamide gel electrophoresis (SP8GE)
was used to separate the proteins according to their sizes. This constituted
discontinuouss-10% gel. The constituents of gel used are include@ able

2-8).
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Table 2-8: SDSPAGE reagents.

Substance Stacking gel Separating gel

Gel percentage 5% 10%
Polyacrylamide mix 40% 625 pl 5 mi

Tris base 625 ul (pH 6.8)1IM 5 ml (pH 88), 1.5 M
Ammonium Persulfate (APS) 10% | 50 pl 200 pl

Sodium Dodicyl Sulfate (SDS) 10% | 50 pl 200 pl
Tetramethylethyl diamine (TMED) | 5 ul 8 ul

Distilled water 3.65 ml 9.6 ml

Total volume 5 ml 20 ml

The samples were prepared by adding aliquots of ABfldysate mixed with

4x loading buffer (240 mM Tri¢iCL/Tris base pH 6.8, 8% SDS, 0.04%

br o mo p h e n o |-meochptoethanoba®i@ 40% glycerol). The mixture was
t hen i nc uda 10anihutes,tput érlice before loading on the gel. To
monitor theprotein migration during SDBAGE, a protein ladder was used to

identify the protein size between-260 kDa (Fermentas life sciences, UK).

The power supply was set to 150 volts, 50 mA, for 1:30 hr.

2.6.13.3 Semtidry Transfer:

The transfer was carried out usingBF (polyvinylidene fluoride) membrane.
The transfer sandwich was prepared as follows (from down upwards): Three
blotting papers, PVDF, Gel, and three blotting papers on top (with the gel near
the cathode), all soaked in transfer buffer for 5 minutes pri@rrangement,

except PVDF which was soaked in absolute methanol then in the transfer
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buffer. The transfer buffeswvas composed of the following: 48 mM Tris

HCL/Tris base, 39 mMjlycerinand 20% Methanol.

2.6.13.4 Immunoblotting:

The membrane was blocked ovelrtigwith 5% skimmed milk This was
followed byi ncubati on with primary rabbit p
protein (ab10096, Abcam, UK) for 1:30., and secondary goat polyclonal to

rabbit antibodies conjugated to horse radish peroxidise (HRP) (ab6721,
Abcam, UK) foranotherl:30 hr. Each of thblocking and antibody incubation

steps was followed by washing with PB®/een buffer (0.1% TweeB0 and
phosphate buffered saline) for three times-150minute duration/each). The
membr anes wer e pr ob edin asa pbditiveaantrol fb o di e s
protein in A549 (primary mouse monoclonal IgG (SIGMADRICH, UK),

and secondary goat anti mouse IgG (SIGMERDRICH, UK)). The blocking

agent and antibodies were all diluted in 8% milk-PBSTween wash buffer.

The dilutions used for all antibodies awmmarized irfTable2-9).

Table 2-9: Sources, dilution and expected protein sizes for antibodies used.

Expected
Antibody Source Dilution

band size
Primary antibody f or U7 | Abcam, UK 1:400 56 kDa
secondary ant i |Abcam, UK 1:3000

Pri mary antadtim o { SIGMA-ALDRICH, UK 1:4000 46 kDa

secondar y a-actni | SIGMA-ALDRICH, UK 1:10000

10¢€
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2.6.13.5 Enhancedchemiluminescence (ECL):

The expected antiboeyrotein complexes were detected using ECL reagents
spray(Calbiochem) The membranes were sprayed twice, and incubatedeon
bench at room temperature for 1 minute. This was followed by using Kodak
films in adark room to visualise the protein bands. €Rposure duratioiime

used wador 15, 30, 45, 60, 90, 120, 300, and 600 seconds

2.6.13.6 Protein deglycosylation:

Using deglycosylation kit (New England Biolabs), PNGase F en{peide:
N-Glycosidase F)was used for deglycosylation of A549 lysates prior to
Westernblot analysis.For each reactior50 pg of A549 lysate protein was
used. This was mixed withlx glycoprotein denaturing buffer, and distilled
water was used to complethe 20 pl reactionvolumes To denature the
glycoprotein, the mixture was hea d a't 100e for 10
following reagents were added: G7 reaction bufes), NR-40 (1%) and1000
units of PNGase F enzyme. Thinal reaction volume(of 40 pl) was
completed using distilled water. RNase B, a positive canivat usedor the

deglycosylation reaction.
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2.7 Results:
2.7.1 Characterisation of CHRNA7Y transcripts in A549 cells

Using primers specific for different parts of CHRNAVaple 2-2), RT-PCR
was used to amplify the target parts ithsstrated inFigure 2-9. The PCR
products detected from A549 cells cDN#sing exons B primer setsare

shown in(Figure2-13).

Figure 2-13. Agarose gel electrophoresis for CHRNA7Y transcript EZ6.
Lanes 12: duplicate samples of exon&@product from cDNA of A549 (expected size

is 336 bpfull-length EL). Two smaller bands of lower intensity than the full length
were dete@d the middle one can be observed (matching to predicted sizes of
transcripts missing exon 4 (226 bp siZe4) andthe lowermostone that was too faint

on the gel (matching the predicted sizenmd$sing exons 4&5 @6 bp size=E4&5)),
respectively Thesebands were visible on the gel but were too faint to be captured on
the imageM: 100 bp DNA ladderB: blank.

11C
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The use of other primer sets (spanning different parts of CHRNA7) showed the
expression of expectdshnd sizesHowever, additional novel traoripts were

alsodetected Figure2-14).

1000 bp

500 bp

Figure 2-14: Agarose gel electrophoresis foall tested CHRNA7 transcripts.
Different primer sets were used to amplify RNA7 exons (E)Lanes 16 show A549

amplified cDNA using CHRNA7 specific primer$:E2-4a (expected size is 312 hp)
2:E4a6 (expected size=242 bp3: E4-6 (expected size=160 hp): E4-10(expected
size= 857 bp)5: E2-10 (expected size= 1033h#: E7-10 (expected size= 399 hp)
Larger size products (lanest¥ showed additional products with deletion (lower than
the expected sizes for the primer pairs used), while only lane 6 (the only product
amplified from both genes) showed an extra product with tiose(larger than the
expected size for the primer pair uséd).100 bp DNA ladder

For short amplicong1-3), only a single product was detected. For larger
amplicons(4-6), two majorproductswere detected. However, PCR product 6
(amplifying exons 710) showed a brighter main band (middle band), a second
transcript with deletion similar téthose noticed witiPCR products 4 & 5

(lower band) and a third transcript wiihinsertion (top band).
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Following the RTPCR results, direct DNA sequencing for gwiots containing
a single band (Ez2la, 4a6, and 46) andthe topband productef (E2-6) was
gel extracted anghowed that these wefall-length products, as shown in

(Table2-10).

Table 2-10: Sequencing results for PCR products.

PCR product Exons included Product size (bp)
Exons 26 2,3,4,5,6 336
Exons 24a 2,3,4,4a 312
Exons 4a6 4a,5,6 242
Exons 46 4,5,6 160
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The full length of CHRNA7 was amplifiedsing specific primers between
exons 110. Similar results were obtained from HWPTR with two major

transcripts, the fullength,and aproduct witharound100bp deletion Kigure

2-15).

<— 1000bp

<— 500bp

Figure 2-15: Agarose gel electrophoresis for CHRNA7 transcript E110.
Lanes 12: duplicatesamples of exon-10 product from cDNA of A549 (expected

size is 1173 bp=FL)The FL PCRproduct (arrowed) was detected in addition to
anotherproduct of smaller size (by about 100 bp) and of almost similar inteivity.
100 bp DNA ladderB: blank.

11¢
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For products with multiple bands, TA cloning or gel extraction or both were
applied. For products with relatively separable bands afteelgefrophoresis,
gel extraction was usedtherwisethe TA cloning techniquewas applied for

productswith band closer to each other

The use othe gel extraction strategy made it possible for several bands to be
separated using a high percentage gekttsdphoresis, extracted and then
sequened Surprisingly, all large size products showed the expression of a
novel transcripts missing exon 9. This transcript was not reported in any
previous study of CHRNA7 transcript3he results of gel extction are

summarised i able2-11.

Table 2-11. Summary for sequencing of gel extraction products.

PCR
Product size(bp) Transcripts detected
product
366 E2-6 FL
E2-6 226 missing exon 4
146 missing exons 4&5
1173 E1-10 FL
E1-10 o
1063 missing exon 9
1033 E2-10 FL
E2-10 o
923 missing exon 9
857 E4-10 FL
E4-10 o
747 missing exon 9
~ 600 Inserted product
E7-10 399 E7-10 FL
289 missing exon 9
E: exon, FL: full length included: indicates novel transcripts detected.
The sequencing results were norformative for thelarger PCR product (with
inserion) from amplifying exons 0. This gelextracted product was furth
explored using the TAloningmethod.
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Whenever the use afel extraction was impractical, TA cloning was applied.
First, the PCR productthat were used for TA cloning included products
amplifying exons 6, 1-10,and 710 of CHRNA7. For all TA cloning, ligation
and transformation were applied to insert the P@Rduct into pSEA-
amp/kan cloning vector. This was followed by PCR screening to distinguish
clones with same insert and avoid repeating plasnsert extraction of the
same transcript-ollowing plasmidinsert DNA extraction, the samples were
subjectedd screening using EcoRI restriction enzymeigiinguish transcripts

prior to sequencing.

11¢
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2.7.1.1TA cloning for exons 26 PCR product of CHRNAZ7:

This PCR product included CHRNA7 transcripts enclosed between exons 2 &
6. All the clones were sequesdand a summary of the results is detailed in
(Table2-15). ThenPCR screenin@using exons 6 primer setvas used prior

to miniprep plasmigreparatiorshowed products dfill-lengthexons 26 and

missing exon dased on expected sizZ@sgure2-16).

Figure 2-16: Agarose gel for PCR screeningf exons 26 products.
PCR screeningf TA clonesfromexons 26 PCR product of A& (samples 15). The

clones 4& 5 match thdull-lengthtranscript of exons-B. Clones 43 méch transcript
missing exon 4M: 100 bp DNA ladder, B: blank.

11€
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EcoRl restriction sites on pS&-amp/kan vector will cut the vector from the
insat PCR product. In additiorcoRI will cut the insert within exon 5 (at base
45 of exon 5) cutting the insert product of 336 bp into 264bp and 72bprparts
addition to the band corresponding to the plasmid backi{brgrire 2-17)
(Table2-12).

pSC-A-amp/Kan pSC-A-amp/Kan

vector l vector

1‘1 I |
264bp T2bp

Figure 2-17. Restriction digestion of plasmidinsert (exons 26) DNA using
EcoRI.
The figure shows EcdRecognition site on pSGA-amp/kan vector anéxons 26

insert(original size=336bp) and possible digesiteskertparts sizes=264bp and 72bp,
respectively.F: forward PCR primer, R: reverse PCR prim26: CHRNA7 exons
amplified

Table 2-12: Predicted digestion product size$or alternative transcript inserts
from cloning of exons 26 PCR products.

Exons included Product(s) size(s)
Missing exon 3 219, 72

Missing exon 4 154,72

Missing exon 5 256 (uncut)

Missing exons 3&4 110,72
Mi ssing exons 4&5 146 (uncut)
Missing exons 3,4&5 | 101 (uncut)
With exon 4a 392,72

Without exon 4a 264, 72
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According to the restriction digestion results, samples were sespi@figure

2-18).

1D 1U

Figure 2-18 Agarose gel for restriction digestion using EcoRI for exons -B

clones.
Lanes 1D/1U:Full-lengthexons 26 product, lane2D/2U: missing exon 4 product

(refer toTable2-12 for product sizes). D: digest&NA using EcoRlI, U: undigested

DNA. Upperbands (white arroteal) and lower bandsshite arrow representing the
two digested parts, with thewer bands were visualised on the gel but were too faint

to be capturedrothe imageM: 100bp DNA ladder.

11€
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2.7.1.2TA cloning for exons 210 PCR product of CHRNAZ7:

This PCR product included CHRNA7 transcripts enclosed between exons 1 &
10. About 25 % of the clones were sequethand a summary of the results is
detailedin Table2-15.Then PCR screening was used prior to miniprep plasmid
preparatiorwith most of the cloneshowing products offull-lengthexons1-10

based on expected sizésdgure2-19).

Figure 2-19: Agarose gel for PCR screenindor exons 10 products
PCR screeningf TA clones from exons-10 PCR product of A54%amples 444).

All the clonesshown in this figurematch he full-length transcript of exons-10
(size=1173 bp)M: 100 bp DNA lader.
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EcoRl restriction sites on pS&-amp/kan vector will cut the vector from the
insert PCR product. In addition, EcoRI will cut the insert within exon 5
sequene (at base 45 of exon 5) cutting the insert of 1173 bp into 403bp and
770bp fragmentsin addition to the band corresponding to the plasmid

backbongFigure2-20) (Table2-13).

pSC-A-
amp/kan

PSC-A-
amp/kan

vector l 403bp 770 bp l vector
o - co
EcoRT EcoRI

Figure 2-20:. Restriction digestion of plasmidinsert (exons 110) DNA using
EcoRI.
The figure shows EcoRI recognition sites on pS@mp/kan vector and exonslD

insert (original size=1173bp) and pddsi digested insert parts sizes=403bp and
770bp, respectivelyF: forward PCR primer, R: reverse PCR primet01 CHRNA7Y

exons amplified.

Table 2-13: Predicted digestion product sizes for alternative transgpt inserts
from cloning of exons 110 PCR products.

Exons included Product(s) size(s)
Missing exon 3 358, 770
Missing exon 4 293, 770
Missing exon 5 1093 (uncut)
Missing exons 3&4 248 770
Missing exons 4&5 983 (uncut)
Missing exons 3,4&5 938 (unct)
With exon 4a 530, 770
Without exon 4a 403, 770
Missing exon 9 403, 660

12C
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According to the restriction digestion results, samples were sespi@figure

2-21).

1000 bp —>

500 bp —>

Figure 2-21: Agarose gel for restriction digestion using EcoRI for exons-10

clones.
Lanes 1D/1U:Full-lengthexons 110 product, lan&b/2U: missing exon 4 product

(refer toTable2-13 for product sizes). D: destedDNA using EcoRlI, U: undigested.
Upper bands (white arrowhead) and lower bandsité arrow representing two the
two digested part$4: 100bp DNA ladder.
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2.7.1.3TA cloning for exons7-10 PCR product of CHRNAZ7:

This PCR product included G®NA7 transcripts enclosed between exons 7 &
10. About 25 % of the clones wesequencednd a summary of the results is
detailed inTable2-15. This is the only primer set that was designed to amplify
the exons food in both genes CHRNA7 and CHRFAM7A. Then PCR
screening was used prior to miniprep plasmid preparation with most of the
clones showed products @dll-length exons7-10 based on expected sizes

(Figure 2-22).

Figure 2-22: Agarose gel for PCR screenindor exons 710 product.
PCR screeningf TA clones from exons-I0 PCR product of A549%éamples 710).

All the clones match thiill-lengthtranscript of exons-10 (size =399 bp)M: 100 bp
DNA ladder.

12z
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EcoRl restriction sites on pS&-amp/kan vector will cut the vector from the
insert PCR product. However, EcoRI will not cut the insert leaving one band
for the insert full length= 399bpin addition to tle band corresponding to the

plasmid backbonFigure2-23).

PSC-A- PSC-A-
amp/kan amp/kan
vector vector
EcoRI EcoRI

Figure 2-23:. Restriction digestion of plasmidinsert (exons 710) DNA using
EcoRlI.

The figure shows EcdRecognition sites on pS&-amp/kan vector and exonsld
insert (original size=39bp)uncut F: forward PCR primer, R: reverse PCR prinTer,
10: CHRNAY exons amplified.

The transcript that was expected to be noticed is missing exon 9 (proved earlier
by gel extraction) in addition to the transcript with addition with larger size
than exons A0 (Figure 2-14). However, onlyfull-length transcript (exons -7

10) could be detectedhe earlier results ajel extractionand sequencinépr

the isolated three bands detected for exe® PCR product showed that the
middle band is full length (exons10) and the lower band is missing exon 9,
but the upper band was detectechasing only fultlengthtranscripts. It was
asumed that the transcript with insertidrigure 2-14, lane 6 upper banp

have less copies than those of the-lfeffigth transcripts. As the two PCR
productso6 (i-lersgtd transcripts) bandsdweré elolsd to each
other on the gel, the gel extraction might have included a mixture of both
products during the extraction process for each product. This might explain the
finding of only full-length copies sequence results for the insertion transcript.

Theseresultshighlightedto theneed for a gearateTA cloning for the top gel

12¢
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extracted band (insertion transcript) to isolate this transcript from the full
length transcripts (as discussed below).

2.7.1.4TA cloning for top band of exons 710 PCR product of CHRNAT:

For characterising the upper band detected for the ex@09CR product, TA
cloning of the gel extracted upper babtlA followed. Then PCR screening
was used prior to miniprep plasmid preparation with most of the clones
showing products oftranscript wih insertion (around 600 bp sizelFigure

2-24).

Figure 2-24: Agarose gel for PCR screenindor exon 7-10 top band products
After using TA cloning for the upperabnd products amplified usirexons 710 primer

setin A549 cells, PCRscreeningusing the same primer set was carried (tarnesl-
5). Based on the bandzes from the gel picturelanesl & 2 showed transcript with
insertion(around 600 bp size)ane 3 showed transcript slightly larger than the full
length,lanes4 & 5 showed clones match tiiall -lengthtranscript of exons-70 (399
bp size) M: 100 bp DNA ladderNote: the figure isnade from different gel images.

These results showed the presencdutiflength transcripts within the gel
extracted mixture that explains the sequencing reswltspatible withfull-

lengthtranscripts

124



The characterisation of CHRNAY transcripts Chapter 2

These samples were sequethand the results are shown(ifable 2-14).

Table 2-14: Summary for sequencing results of TA clones from exonsI0 upper
gel extraction.

Exons included | Product(s) size(s) Sequencing result

Exons 710 + 197 bp from

399 bp + additional 19Dbp  CHRFAMYA* intron 9 sequence
(7,8,9,19,10)
Exons 7,8,10 + 19@Bp from
CHRFAM7A* intron 9 sequence
(7,8,19,10)

Full length +

insertion

Missing exon 9 | 289 bp (missing exon9) +
+ insertion additional 197p

Full length

399 bp Exons 710
(exons 710)

*. The sequencingesults were aligned with intron 9 sequences of both g
(CHRNAY and CHRFAMTYA). The results showed that the insertion was partrof i
9 matching that from CHRFAMT7A (further details will be discussed for this trans
later in this chapter arid chapter 3).

From this point onward, thisisertedsequenc®f intron 9 was termed exon 9b

(E9b).
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The total number of TA clones with inserts and the results of transcripts
detected is summarised ihable 2-15. Surprisingly, the novel transcripts

missing exon 9 could not be detected on TA cloning.

Table 2-15: TA cloning summary for CHRNAY transcripts.

PCR Clones

Transcripts detected Number
product tested

full length (exons &)
Exons 26 |11 missing exon 4

missing exon8 & 4

full length (exonsi10)
Exons 110 | 9 missing exon 4

missing £' 24 bp of exon 4
full length (exons 710)
Exons 710 | 15 with exon9b

o 00 -k W o1k B~ O

with exon9b & missing exord 1

Note that no transcripts missing exon 9 were detected fron
amplified sequences. This might highlight #féect of missing exof
9 on these transcripts when transformed into E.coli, by either ca|
toxic effect on the cell, inhibiting cell growth, repration,

transcription, or other effects.
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In summary, different methods were employed for the detection of CHRNA7
transcripts in A549 cells. These included the use of specific PCR primers, gel
extraction,or TA cloning method. Some of the trangtsi should be detected

using one or more methods depending on that specific métabte2-16).

Table 2-16: A summary of CHRNAY transcripts detectedin A549 cells.

Gene Transcript Detection method

Full length (exons-10) RT-PCR, gel extraction, TA cloning

Missing exon 9 Gel extraction

Missing exon 4 Gel extraction, TA cloning
CHRNAY | Missing exons 3&4 TA cloning

Missing exons 4&5 Gel extraction

Exon 4a (inshort
RT-PCR
transcripts)

It is worth noting that fulength transcripts could be detected using all
methods due to their abundant expression. Missing exon 9 transcripts were
clearly detected by using PCR primers (shown as a second sequence peak that
mixed up with the fullength one) or by using gel extraction method. However,
none was detected using the Tdoning method. For missing exon 4
transcripts, they were detected bbthgel extraction and TA cloning methods,

but much less than missing exdh transcriptswhen comparing the gel

extraction method.
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2.7.2 Characterisation of the main CHRFAMT7A transcripts in A549

cells:

Using primers specific for different parts of CHRFAM7Aaple 2-3), RT-
PCR was used tamplify the target parts as illustrated (figure 2-10). The

PCR products detected from A549 cells cDNA are showRigure2-25).

IOl 2549 M B

FL—)

<— 1000bp

€— 500bp

Figure 2-25:Agarose gel electrophoresis for CHRFAM7A transcript.
A: exons A10 (expected size is 848 bp=FL) with one band smaller than FL rigted,

exons DC (expected size is 124 byf); exons A6 (expected size i51 bp. M: 100
bp DNA ladder B: blank.
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Interestingly, the sammoveltranscript detected for CHRNA(issing exon P
was detected in CHRFAMT7A transcript.
In addition, a transcript missing bases@® (TG) of exon 6 that was reported

before(Gault et al., 1998was detected from A549 cellBi§ure2-26).

160

1 |
I
|

nn

Sequence 1: CAAACTGAAGTTT (higher peaks)
Sequence 2: CAAACAAGTTTGG (lower peaks)

Figure 2-26:CHRFAMT7YA transcript miss ing TG bases of exon 6.
TG bases at sequence-6&3 of exon 6 aréndicated From that point, two sequences

could be detected: a major transcript (Willc basesiSequence 1and a minor
transcript (withoutTG bases)Sequence 2Base colour reference: A=greeT=red,
G=black, C=Dblue.
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However, regarding the common exons between CHRNA7 and CHRFAMT7A genes,
exons 710 part was amplified earlier (results shownFigure 2-14). These results
showed the expression aftranscript wittaninsertion (larger than the size of exons 7

10 (Figure2-27).

Figure 2-27: Agarose gel electrophoresis for CHRNA7/CHRFAM7A transcript
E7-10 in A549 cells.
Lanes A37 & A6: cDNA samples from A549 (expected size is 399 bp=FL). Two

additional bands of largétranscript with insert ~ 600 bp size) and smalleatching
to predicted sizes of transcripts with missing exorE9= 289 bp size) product sig
could be observed: 100 bp DNA ladder, B: blank.

2.7.2. 1Initial characterization of insert transcripts in A549 cells:

The larger product (with inséoh) was targeted first using gel extraction and
sequencing. However, the sequencing results came back mitted signal of

full length and an additional sequence (of lower peaks height). We aimed for
targeting this transcript using TA cloning of the gel extracted largest size band

(Figure2-27).
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2.7.2.1.1 TA cloning of the largest product from RT-PCR for exons 710:

This TA cloning & different from that mentioned in section 2.7.1.3 because it
was preceded by gel extraction of the exehO7top band prior to cloning.
PCR screening was used prior to plasingert extractioraccording to which
the clones were selected for extractibig(ire2-28).

T2y 10178920MC B
o

<« 1000p
Transcript with insertion
& 50
-E9b & insertion
no |

Figure 2-28: Agarose gel for PCR screenindor exon 9b inserted products
PCR screeningf TA clones from exons 9b inserts PCR product of A&Eh{ples 11

20). The clones1A43, 1618, & 20 match exons-X0 transcript with insertionThe
clones 14 & 19 match the fdibngth transcript (FL: exons-10). The clone 11
matches transcripts missingan 9andwith inserton. C: exons 710 plasmid insert as
control for FL. M: 100 bp DNA ladder, B: blank

The TA cloning results showed the presence of an inserted sequence (termed in

this study as exon 9b) between exons 9 and 10 sequéngee@-29).

131



The characterisation of CHRNAY transcripts Chapter 2

E9 E% E10

320 510 520

¢ic ¢4 46T 6L CCT TS Pt fTiicie i tieieTc

| |
T A

Figure 2-29: Exon 9b inserted sequencposition.
Exon 9b sequence inserted between exons 9 and 10 sequences. Base colour reference:

A=green, T=red, G=black, C=blue

Out of 9 clones, 7 were detected to match exon 9b insertion (one of them
showed combined missing exon 9 with exon 9b insertion) and only two showed
exons 710 matching the expected product from reference sequence of both

genes Figure2-30).
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A 399 bp

596 bp

436 bp

Figure 2-30: exon 9b transcripts detected in A549.
Blue boxes: constitutive exons, grey box: inserted exon 9b. The transcripts are

(exons?10), B: (exons 710, +E9Db),C: (exons 710, +E9Db,-E9). The expected
product size (in bp) is shown on the right.

2.7.2.1.2 Sequencing the resulhg products:

The inserted sequence showed medido the part of intron 9 sequence from
CHRNA7 and CHRFAM7A. However, only two bases were differeithiw

the exon 9b sequence frotheintron 9 part of CHRNA7 but matchinghat of
CHRFAM7A when aligned with the reference sequences of both genes
(CHRNAY accession number NM_00074 and CHRFAM7A accession number

NM_139320.1, NCBIJFigure2-31).
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CHRFAM7A TTTGCTTTTTATCAGGGTACTTTGAAAAACAGCTTTGCAAAGTGGTCACGTCATCACAAG 180
ESb TTTGCTTTTTATCAGGGTACTTTGAAAAACAGCTTTGCAAAGTGGTCACGTCATCACAAG 166
CHRNA7 TTTGCTTTTTATCAGGGTACTTTGAAAAACAGCTTTGCAAAGTGGTCACGTCATCACAAG 180

%k & %k kK ke ke k% %k ok %k %k ok ok ke ok ke ke ke ke Tk ok ok ke ke ok ok ke ok ok ok ok ke kb ke ok ek ke ke ke ke ke ok ke ke ke ke ok ke ke ok k ke ok ok

CHRFAM7A AGATGTGGTAATCTGATGTTGGAAGCCT
ESb AGATGTGGTAATCTGATGTTGGAAGCCT ACTGCTTCAAGCTTCAAGTTTACCTGGTGT 226
CHRNA7 AGATGTGGTAATCTGATGTTGGAAGCCTGAAGIGCTTCAAGCTTCAAGTTTACCTGGTGT 240

hAAhkhkkhkhkhkAhkhkkkhkkhkhkhkhkkhkkhk hkkhkhkhhhkhkkhhhkkhhhkkhk % kk kkkkk kk kk ok kk ok kk kkkkkhkkkhkxkk

AICTGCTTCAAGCTTCAAGTTTACCTGGTGT 240

CHRFAM7A CTCATGGATATCCTGGGATTGCATTTGAAAATGTACAACCTCCCCCAGACACTCTTTGCG
ESb CTCATGGATATCCTGGGATTGCATTTGAAAATGTACAACCTCCCCCAGR ACTCTTTGCG

300
286

CHRNA7 CTCATGGATATCCTGGGATTGCATTTGAAAATGTACAACCTCCCCCAEE ACTCTTTGCG 300
Hh kA A Ak A A AA A Ak A Ak dAhkhhh Ak hk Ak Ak hkhk Ak hkhkhhkhhkhkhkhhkhhhkkhk *hkhkkhkhkhkkkxk
CHRFAM7A AATTTGCAGTGGCCTTCCAGGGCACCTAACA!GTAGTGTGGGAGCCAGAGTTAGATCTGA 360
ESb AATTTGCAGTGGCCTTCCAGGGCACCTAACAGGTAGTGTGGGAGCCAGAGTTAGATCTGA 346
CHRNA7 AATTTGCAGTGGCCTTCCAGGGCACCTAACAGGTAGTGTGGGAGCCAGAGTTAGATCTGA 360

AhkAkARAAARAkAAAAAAAAAAhkhAAhkAAkhAAhkAhAkhAhAkhkhkhkhkhkkhkhkhkhkhkhkhkhAhAhbkAhAhkkhkAhkkhkhhkkh hAkkhkxk

Figure 2-31: Sequence alignment of exon 9b detected.
The detected exon 9b sequence was aligned with intron 9 of CHRNA7 and CHRFAM7A genes. Two nucleotide bases webetiéerettie two genes

positions 77 & 154 of exon 9enclosed within black boxes), atidese two bases in thexon 9btranscripts (detected in our studyjatched that of
CHRFAMTYA. The numbers above indicate the sequence from start of exon 9b (whestart of exon 9b, 77 & 154 represent the two different positions
between both genegand 197 is the end of exon 9b).
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At first, this exon 9b was expected to match that found in mice neuronal tissues
within a conserved region between human and if8egeagoza et al., 20P3n

that study, CHRNA7 transcripts with inserted part of intron 9 (termed in the
study as exon 9b) were detectddhis region corresponds toetmucleotide
sequences 2028574 of the human intron 9, while exon 9b detected in our

study is located within nucleotide sequences 402%2 ofhumanintron 9.

2.7.2.2Characterization of exon 9b in BE (2jc cells transcripts:

After confirming the expression axon 9b in CHRFAMT7A transcripts in
A549 cells we tried to answer the following question: does this represent a
tissue specific splicing process? To answer this question, the exkhsvére
amplified from BE (2)c cDNA using the same primer sets and PCRtmns

to those used with A549. The results came back supporting those found in

A549 cells Figure2-32).
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BE2 A M C B

€— 1000 bp

€— 500bp

Figure 2-32 Agarose gel electrophoresis for CHRNA7/EIRFAM7A transcript

exons 710 in BE (2)c cells.

Lanes 1 & 2: cDNA samples from BE (2)(expected size is 399 bp=FL). A: cDNA
from A549 tested as control for exond @ transcripts. Two additional bands of larger
(+E9b= 596 bp size) and smalleE®= 289bp size) product sizes can be observed
(matching to predicted sizes of transcripts with inserted exon 9b and missing exon 9,

respectively). C: exons-¥0 plasmidinsert as control foFL. M: 100 bp DNA ladder,

B: blank.

2.7.2.2.1 TA cloning of the largest product fom RT-PCR for exons 710:

Similar to results shown early with A549, the results of PCR screening and
restriction digestion (using EcoRI enzynie)BE (2)c cells showed products
with the predicted sizes expected for exon 9b transcripts (full lengthih),

inserted exon 9b (+E9b) and missing exorE®J) (Figure2-33).
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23D U 24D U 25D U 26D U 27D U M

e/

| —

\oiand

A

+E9b——> =
-

E9 —> oot

28D U 29D U 30D U 31D U 32D U

<— 1000 bp

e ¢ g

FL —> <— 500 bp

Figure 2-33: Agarose gel for restriction digestion using EcoRI for exons-10

clones from BE @)-c cells.
Lanes 23D/U& 24D/U: inserted exon 9b products (+E9b), lane 27D/U: missing exon 9

transcript {£9), lanes 31D/U & 32D/Uiull-lengthexons #10 (FL). D: digested DNA
using EcoRl, U: undigested. These bands were visible on the gel but somegéirees w
too faint to be captured on the image. M: 100bp DNA ladder.

Although showing exon 9b inserted transcripis, couldnot detecttranscripts
with inserted exon 9b and deleted exon 8E (2)-c cells(Like thosefound in

A549 cells).

2.7.2.2.2 Sequencing theaesulting products:

The sequencing results of the detected transcripts were similar to those
detected in A549 (exon 9b sequenegmichedthe corresponding part in

CHRFAM7A) (Figure2-31).
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2.7.2.3Ex0on 9b sequence analysis:

After detection of exon 9b sequences within CHRFAMT7A transcripts in A549

and BE (2)c cells, several bioinformatics tools were applied to the sequence to
check for the splicing driving sequences within exon 9b and the flanking
introns.

2.7.2.3.1 Clustal W:

This sdtware was used for comparing specific sequences for nucleotide base
differences. The sequencing results for CHRNA7, CHRFAM7A, and exon 9b
transcripts detected were compared and shown to differ at positions 77 and 154
of exon 9b sequence. These two basesldc differentiate the origin of

transcripts with exont®® (CHRNA7 or CHRFAM7A) Table2-17)

Table 2-17: Exon 9b sequences detected at positions 77 and 154.

Sequence Position 77 of exon 9b Position 154 of exon 9b
CHRNA7 G G
CHRFAMT7A C A
Exon 9b transcripts in A549 C A
Exon 9b transcripts in BE (2}c | C A

The sequence of exon 9b detected in A549 transcripts matched that of corresj
intron 9 part of CHRFAM7A. Only two nucleotide bases were different between the
genes at positions 77 & 154 of exon 9his lead to concluding thaxon 9b transcript
in A549 cellsproduced byCHRFAMT7A.

2.7.2.3.2 Exon scan:

This software was used to predict the exonic sequences witlgivea

sequence. The software requires the introduction of whole or part of a genomic

13¢€
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sequence to predict the presence of exons within a given sequence that should
be flanked by 20 and 60 nucleotide bases sequences upstream and downstream
of the exontestal, respectively. To test for exon 9b, sequences from CHRNA7
(NM_000746) and CHRFAM7A (NM_139320.1) were analysed. The first set

of data included intron 8, exon 9 and intron 9 while the second set of data
included only intron 9. The results for both datts showed that exo@b was

not detected as an exorhis means that exon 9b is not a constitutive exon.

2.7.2.3.3 Splice site prediction:

For predicting the splice siteBDGP software was used to test for the strength

of the splice signalRigure2-34).

Donor site predictions for 128.243.253.116.8034.0:

Start End Score Exon Intron

261 2175 0.78 ctaacaggjt:agtgtg

Acceptor site predictions for 128.243.253.116.8034.0:

Start End Score Intron Exon

50 90 0.64 ttggtgtttgctttttatcd Jggtactttgaaaaacagcett

Figure 2-34: Splice site prediction test.
The strength of the splice sites flanking exon 9b sequence was checke@D&Rg

software program. Start/ end: refers to the stad/of splice site detected within the
sequence tested. The score represents the strength of splice site. Safire(cdf the

exon/intron boundary is shown in big letters.
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Given that the threshold value used by the software was 0.4 for both splice
sites, it seems that the splice sites flanking exon 9b are much higher than that
of the threshold values. When usiftyman splice findesoftware, similar
results were detecte@he results of these two software programs for predicting
potential splice site are based on testing sequences flanked by AG and GT
intronic sequences. This is a different analysis method from that used in Exon
scan software program where it utilises additional ESEs, ESSs and give an

overall score for a given sequence to predicfandd exon.

In summary the search for themain transcripts oCHRFAM7A was carried out
during this study. The main aim was to characterise the main transcripts expressed by
A549 cells, and only RPCR and gel extraction methods were employed for this
purpose. The results showed that A549 cells express two major transcripts for this

gene: fulllength and missing exon 9 (similar to that expressed by CHRNPabIé

2-18).

Table 2-18: A summary for CHRFAM7YA transcripts detected in A549 cells.

Gene Transcript Detection method
exons A10 RT-PCR
Missing exon 9* gel extraction
CHRFAM7A | Exons DC RT-PCR

Missing GT 6768 of exon 6 Gel extraction

Exon 9b* Gel extradbn & TA cloning

*: indicates novel transcripts detected.
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2.7.3 CHRNA7 and CHRFAMTYA transcripts detected in other cell lines:

The main transcripts of CHRNA7 and CHRFAM7A were tested in other cell
lines (mentioned in section @1). These transcripts includede full length, as

well as the two novel transcripts detected in this study (missing exon 9 and
exon 9b).

First, the main transcripts of these genes were tested and compared at the same
time for relative expression in A549 and BEAS2B cellhe expressiorof
CHRFAMTYA transcripts washigher than the expression of CHRNA7
transcripts in both cell lines, although much less of the latter transcrigt$ co

be detected in BEAS2B cellBigure2-35).

A BEAS2B A549
£ 3 8 <— 1000bp
<— 500bp
B
<— 1000b
gy —EL—3 .
<— 500bp

Figure 2-35. Comparison of the relative expression of CHRNA7 and
CHRFAMTYA by A549 and BEAS2B cells.
A: CHRNA7 main transcriptsB: CHRFAM7A main transcriptsCells testedA549

and BEAS2B. FL: Full-lengthtranscript eferred hex for CHRNA7 exons 110; or
for CHRFAM7A exons A10),-E9=missing exon Product sizes were FL= 1173 bp
& -E9= 1063bp for CHRNA7, and FL= 848bp-&9=738bp for CHRFAM7AThese
bands were visible on the gel but were too faint to be captured on the iMad®0
bp DNA ladder, B: blank.
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This comparison was also repeated paripheral blood mononuclear cells
(PBMC), which again showed a relativetygherexpression oCHRFAM7A,

than CHRNAY transcript@igure2-36).

b il L R

bt LU

B R

iz MY

Figure 2-36: Comparison of the relative expression of CHRNA7 and
CHRFAM7A by PBMC cells.
A: CHRNA7 main transcript8: CHRFAM7A main transcripts. P2: PBMC cDNA

preps, FL:full-length transcript (referred here for CHRNA7 exons-1D; or for
CHRFAM7A exons A10), -E9=missing exon Product sizes were FL= 1173 bp &
-E9= 1063bp for CHRNA7, and FL= 848bp-&9=738bp for CHRFAM7A.

P1 PBMC CHRNAY transcripts were visible on the gel, but were too faibieto
captured by the imag#!: 100 bp DNA ladder, B: blank.
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Several cDNA preps of PBMC were compared with A549 expression of the

two geneskigure2-37).

A

Pl P2 P3 A549 M B

i

B P1 P2 P3 A549

Figure 2-37: Comparison of the relative expression of CHRNA7 and

CHRFAMT7A by PBMC and A549 cells.
A: CHRNA7 main transcript8: CHRFAM7A main transcripts. P2: PBMC cDNA

preps, A549: A549 cDNA prep, Fifull-lengthtranscript(referred here for CHRNA7
exons1-10; or for CHRFAM7A exons AL0), -E9=missing exon 9. The CHRNAY
transcripts were visible on the gel, but were too faint to be captured by the Mhage.
100 bp DNA ladder, B: blank.
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The same comparison was repeated using B (®lls cDNA However, the
results in these cells were the opposit¢hat expressed by the other cell lines
used showing more expression of CHRNA7 than the CHRFANFi§ure

2-38 andFigure2-39).

A

1 2 3 4 A549 M B

S %‘l“dﬁj

FL S — ' S
B —1=3 : <— 1000bp

<— 500bp

1 2 3 4 A5499 M B

PO ) Vo <

Figure 2-38. Comparison of the relative expression of CHRNA7 and
CHRFAMTYA by BE (2)-c and A549 cells.
A: CHRNA7 main transcript8: CHRFAM7A main transcripts.-4: BE (2)c cDNA

preps, A549: AS54cDNA prep, FL:full-length transcript (CHRNA7=exons-10;
CHRFAM7A=exons A10), -E9=missing exon 9. The CHRFAMTYA transcripts were
visible on the gelbut were too faint to be captured by the imade opposite relation
between the two genesanscriptsis evident on this gel picture, showing more
CHRFAMTYA in A549 cells, while more CHRNAY in be {2)cells. M: 100 bp DNA
ladder, B: blank.
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BE(2)-c A549 M B

Figure 2-39: Comparison of the relative expression of short fragrent of
CHRFAMT7A between BE (2)}c and A549 cells.
BE (2)c and A549 cDNA preps were testixconfirm theexpressiorof exons A6

part of CHRFAM7 of 140bp size (arrowedl): 100 bp DNA ladder, B: blank.
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For three cell lines (B49, BEAS2B and PBMC), the main transcripts of
CHRNA7 and CHRFAM7A genes were characterized byACR and gel
extraction Table 2-19). Interestingly, all of the three cells expressed the full
lengths and missing ex 9 transcripts of both genes. Furthermore, the exon 9b
transcripts could not be detected in PBMC cells, whilé transcripts could
notbe detected in BEAS2B cells.

Table 2-19: A summary for the main transcripts of both genes in three main cells
tested.

Transcript Cells
Gene
- A549 BEAS2B PBMC
FL \Y \Y, Vv
CHRNA7
-E9 \% \% Y,
E9br Vv Vv X
FL \% \% Y,
CHRFAM7A
-E Vv Vv Y,
-TG \% X Y,
Note: FL=full length (for CHRNA7=exons-10; for CHRFAM7A=exons ALO),
-E9=missing exon 9, E&with exon 9b;TG=missing bases 638 of exon6.
V : detected transcripts, X: natetected transcripts
*. indicates novel transcripts detected
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2.7.4 Quantitative Real-time PCR results:

For estimating the relative percent expression of full leagthmissing exon 9
CHRNAY transcriptdy A549 cells QRT-PCR was used. For this purpose, the
primerswere designed in a way to avoid amplifying the common sequence
between CHRNA7 and CHRFAM74exons 510). Thus,the forward primer
was used incommon for tle detectionof both transcriptof CHRNA7 (full-
length and missing exon 9) (forward primer eron4Table 2-2) while a
separatereverse primerfor each transcriptwvas designed on exexon
junctions Table2-6, Figure2-12). Thus, the two amplified parts of CHRNA7
would be one representing the flehgth transcripts (amplifying exonsekon
junction 8/9 part) and another represegtirmissing exon 9 transcripts

(amplifying exons 4exon junction 8/10).
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2.7.4.1QRT-PCR optimization:

First, the primer sets were optimized using-RTR.For this purpose, SYBR
green brilliant 11l was tested first oa Verity block PCRmachineusing a

tenmperature gradienF{gure2-40).

Exons 4-8/9 (=FL) Exons 4-8/10(=-E9)
l I l I

B 58 60 62 M 58 60 62 B

<— 1000bp

<— 500bp

Figure 2-40: RT-PCR using QRT-PCR primers and mastermix.
A549 cDNA preperationsvere tested using QRFPCR primers for detection déill

length (FL, expected product size=584bp) and missing exelBP éxpected product
size=581bp) transcript#.is worth noting that the final temperature used for the QRT
PCR was 60°. The corresponding products from both primer sets were szbpmhc
the results confirmed the predicted sequended.00 bp DNA ladder, B: blank.
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The next step included testing these primers on A549 cDNA usingRIR
(Figure2-41).

Exons 4-8/9 (FL) Exons 4-8/10 (-E9)
%‘“ g ,,,,,,,,,
JEEEE ma s s e E e

Fasvescenos (Rn)
Fhucresoence (aRn)

g g
4 i o
; ]

4 1 1 W 2 4 % W 2 4 6 & 0 12 14 16 18 20 2 24 20 I8 M 32 34 B % 4
ccccc

Figure 2-41: Amplification plots for QRT -PCR.
Left: Exons 48/9 (full length=FL) andRight: exons 48/10 (missing exon 9=E9)

transcriptsof CHRNA7 were detected using QRACR. The amplification plots show

the delay in amplificatiolCt values associated with decreasingaimunt oftemplate
starting the reaction (withower Ct values with 1/5 cDNA dilution andigher Ct

values with 1/50 cDNA dilution)The dilutions of the cDNA used were 1/5, 1/20 and
1/50 in duplicategindicated o top left corner of each plot) arlde Ct values foare
indicated (a box and arrow)hese results showed that with increasing the dilution of
the tested cDNA samples, Ct values were higher, indicating that less template were

available at the start oféhreaction.
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In addition, the dissociation curves for the above shown -BRR results
indicated that multiple products could be amplified. This was later confirmed
when he products were subjected to agarose gel electrophoresis following each
PCR reaction and an extra band below the main band of eachplified
product was noticegust below the main product ban{fer all the dilutions

and all the duplicat¢gFigure2-42).

1/5 1/5 120 120 1/50 150 M

E4-8/9 (FL)—>

kB B N

E4-8/10 (-E9)—>

Figure 2-42: Agarose gel electrophoresis for QRIPCR products.
cDNA dilutions (in duplicates) are indicated above each lane. FL: indicates exons 4

8/9 products;E9: indicates missing exon 9 products. Lower band is noticeevibto
main band o&ll productsM: 100 bp DNA ladder, B: blank.
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RT-PCR was repeated to check for the double banding pattern; however, the

same results were obtaindddure2-43).

58 60 62 M B

E4-8/9 (FL)—>

E4-810(-E9H— [ B B
€— 500bp

Figure 2-43. Agarose gel electrophoresis for QRIPCR products(using

temperature gradiant).
Temperature gradient RFCR was repeated for QRACR primers ananaster mix

using A549 cDNA Temperatures used indicated above the ldflesindicatesexons
4-8/9 products;E9: indicates missing exon 9 products. Lower band is noticed below
the main band of all product§hese bands were visible on the gel but were too faint
to be captured on the imadé: 100 bp DNA ladder, B: blank.
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Due b the presence of a second band of similar size when usingRQIRTfor
amplifying both products (exons-89 (FL) and exons -8/10(¢E9)), the
sequence similarities between the reverse primers were checked for matching
bases. First, both primers have a cannsequence (the part of the primer on
exon 8) this narrowed the comparison area to Shend of the primers (the
parts on exon 9 or 10However, four more bases were identical between the
two primers Figure2-44).

Exon 8 part of primer Exon 9 part of primer

t = Exon 8/9 junction
FLLLTEETEE SAAd o e
Exon 8/10junction

> reverse primer

S~
[

Exon 8 part of primer Exon 10 part of primer

Figure 2-44: QRT-PCR primers for CHRNA7.
The primer nucleotides included from exon 8 (in red), exon grég) or exon 10 (in

yellow). The matching nucleotides between the two reverse primers acataulby

arrows (Z2).

Due to the presence of 14 nucleotide bases matching between the two reverse
primers,it was decided to use TA cloning fgenerating exons-8/9 (FL) and

exons 48/10 (E9) templates test for the primer specificity
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2.7.4.2TA cloning for exons4-8/9 & 4-8/10 RT-PCR product of CHRNA7:

Initially, the RT-PCR products amplified usimgimer sets foexons 48/9 and
exons 48/10wereused as the target for TA cloning. The aim was to generate
full length and missing exon 9 templates. The n&efp was to usethese
templatesto test bothprimer setsfor specificity of each set. Finer
confirmation of the primespecificity was doneby using previously prepared
clones containingexons 110 with or missing exon 4, respectively. These
templatesshould confirmif the exon 4 specificitys to CHRNA7 and not to
CHRFAMTYA transcripts.As with aher TA cloning used beforePCR
screeningwas used after TA cloning to limit thextraction of the plasmid
insert DNA This was done bysing the primers usedhitially for RT-PCR
amplification. This means thakons 48/9 primers weraised for RTPCR and
then TA cloning were used for PCR screening and according to the band size
difference clones were selected foaghidextraction and sequencinghe

same was @he forexons 48/10 primer sets)Figure2-45).
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E4-89FL) — £ P

E4-8/10 (-E9) —>
<— 500bp

Figure 2-45; Agarose gel for PCR screening.
PCR screeningf TA clones from exons-8/9 (Top) (with Clone 4 matctihe full-

lengthtranscript of exons-8/9 of 584 bp sizg & 4-8/10 Botton) (with Clonesll &
12 matching transcrips missing exon ®f 581 bp sizePCR products of A549. M: 100
bp DNA ladder, C: controls (from gel extraction), B: blank.
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A further screening step was followed (prior to sending the plasmid inserts for
sequencing) by usingcoRI for digestion of the plasmid from the insert (with

no recognition sitéor ECoRI n exons 48/9 or 48/10) Figure2-46).

1D 1U 2D 2U 4D 4U M

E4-8/9 (FL) —>

FLHRCCL

E4-8/10 (-E9) —>

Figure 2-46. Agarose gel for restriction digestion using EcoRI for exons-8/9 &

4-8/10 clones.
Top: exons 48/9 clones digestion (with lanes 1, 2 & 4D matching uncut exesrd 4

product size=84 bp), Bottom: exons 48/10 clones digestion (with lanes 3 & 5D
matching uncut exons&/10 product size=581 b} digested DNA using EcoRl, U:
undigested, M: 100bp DNA ladder.
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After extractingthe plasmidinsert DNA,the samples were sent fsequencing
andmatched thexpected productsvith sequence aéxons 48/9 matched full
length CHRNA7 transcripts anthe inserts okexons 48/10 matched missing

exon 9 CHRNAY transcripiigure2-47).

. Exon 9 part of Exon 8 part of
lasmid
plasm exon 8/9 primer exon 8/9 primer
| [ | I
100 110 120
- = = = HiE H O N e = == N E S mE = H B = = @ = = = = =
CCCTTIE GAAGTAC TG GG E TA TCA & TG GTa C
oA AANNLANAA Lol AR A A
. Exon 10 part of Exon 8 part of
plasmid exon 8/10 primer exon 8/10 primer
'J{D : 100 . 110 :
H m O NN = - s m =l = E N = F " = = = = =
ECC TTHG ACTC TG GT|C TAT Ca aT G C C

WL

Figure 2-47: DNA sequencing of extracted plasmidnsert for QRT-PCR primer
products.
Upper panel exons 48/9 (ull-lengthCHRNAY transcript) sequencing resuliewer

panel exons 48/10 (missing exon 9 CHRNAY trangat) sequencing results. For
each sequencing result, three arasshown: plasmid, exon 9 or 10 and then exon 8
of the reverse primer, respectivelgequencing primer used was exon 4S primer

(Table2-2). Base ctour reference: A=green, T=red, G=black, C=blue.
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2.7.4.3Testing QRT-PCR primer specificity:

These DNA extracts were used as templates for further teByngsing QRF
PCR primer setsPCR amplificationwas applied antboth templates sets (full
length and mising exon 9) were tested by both primer sets (full length and

missing exon 9) to test for the primer specificigjgure2-48).

FL -E9
template template
[ N ] B M
FL
primers
FL -E9
template template
| \[ ] & m
-E9
primers

<— 500bp

Figure 2-48. Agarose gel for PCRof testing QRT-PCR primer specificity.
PCR using QRIPCR primers on A549 DNA clones representing full length (FL) and

missing exon 9-E9) templatesUpper panel FL primers used on both templates,
Lower panel -E9 primers used on both templates. Both prigets amplified both
template sets, and faint lower bands could be detected for most of the PCR products.
White arrowheads indicate the produstdectedior the illustratedDNA sequencén

the next figure Eigure 2-49). These are representing a missing exon 9 template
amplified by using exons-8/9 (FL) primer set (on the upper panel) and alangth
template amplified by using the exon84.0 (E9) primer set (on the lower pandy):

100 bp DNA ladder, B: blank
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This result indicates that the primesge nonspecific and can bind tboth
templats leading tothe nonspecific nature of the reactiomhe PCR products

of the above reactior-{gure 2-48) were sent for sequeing, and the results
showed sequeroof all the products matching the expected sequence except

the last part, represented by texjuence of thB" end ofthe reverse primers

(Figure2-49).
Exon 8: CAT;FGATAG : = | Exon 9 part of 89 AS |
l ‘ ' LA J

i
I//

w‘c‘ “‘w“‘ ““ “““‘ I/
I

Primer set: 4-8/9,
template: AS549 E1-10 (-E9)

Exon 8: CATTGATAG
I | CIEE R YY) Exon w0 partof 104 |
[ { \ A \I \ ,
/ \f A |
SVANE i
I\ \ ‘v" \ /! ‘
\.I.Ill ‘ﬂll '\I’I If‘ '||Il \ a: “‘4‘ :
/I;mu_'. h‘"\ ‘,'II ! -"'I ;‘r ‘ > S .{f’ﬁ\\ N

Primer set: 4-8/10, I
template: A549 E1-10 (FL)

Figure 2-49: DNA sequencing results for PCR products of QRTIPCR primer
specificity testing.

This figure showsthe sequene of two of thePCR products shown ofrigure 2-48.
Upper panel The missing exon 9 template amplified Bwll-length primers
(indicating that the 5° end of this primer whigkpresent&xon 9sequence wasot
annealingo anything(in the PCR). Lower panel: Thefull-lengthtemplate amplified

by missing exon 9 primer@ndicating that the 5° end of this primer which represents
exon 10 sequence wastannealingo anything(in the PCR))
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To prove that the sense primer for QRTR (exon 49 able2-2) was specific

to CHRNAY transripts, another PCR waserformed orclonesprepared from
A549 cDNA by using exons-10 primer set Table 2-2) and wereproved by
sequencing to be matching full length and missing exon 4, respectively. These
templae DNA samples were subjected to amplification by PCR using-QRT
PCR primer sets for full length and missing exon 9 transcripts. The results
showed that exon 4S primer is detecting CHRNA7 with exon 4, and could not
detect those missing exon 4, indicatingttthis primer is specific to CHRNA7

transcripts with exon 4~gure2-50).



The characterisation of CHRNAY transcripts Chapter 2

FL -E4 Control
template template template

E4-8/9 (FL)
primers

FL -E4 Control
template template template

l |l | |

E4-8/10 (-E9)

priumers ¢ 500bp

Figure 2-50: Agarose gel for PCRproducts testing ofexon 4S primer specificity.
PCR using QRIPCR primers on A549 DNA clones representing full length (FL) and

missing exon 4-g9) templatesUpper panel FL primers used on both templates,
Lower panel -E9 primers used on both templates. Only CHRNA7 templates with
exon 4 were amplifiedising both primer set3he use off E9 QRTPCR primer set
(exons 48/10 primers) in addition to the FL ones aimed at testing both primer sets for
annealing when exon 4 was within (FL) or missing freB%{ the templateC1: A549
cDNA, C2: BEAS2B cDNA. M:100 bp DNA ladder, B: blank.
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In addition, the sequence of exon 4S primer was aligned with ex@fsoi
CHRNAY and it matched sequenceexon 4. When exon 4S sequence was
aligned with exons A of CHRFAM7YA, it did not match to any sequence

(Figure2-51).
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{ [Exon D TCGCGRCCATGACAGCGACTCGRGACAGGCTCCTITTICCACACOCCTCOCECGaRGOTS 300
BAS  mmmmememmmeemeee e

Exon D AGGGGAAGATGTCCATGTCCGGRTTCAAGGCCARACCGAAGTTACTGRCCTCTATCTTCC 360
BM§ e AGATGGCCAGATTTGG---- ==~~~ AAC---=-===mmmmmmmmnenne 20

Exon D AGGAGAACCAGGAGCCACAGCCGCGGCTCACGCCCCACCGCAACATTANG 410
e

) [Exon € ATTACAAGTGGACACCTGAGTCAGCAGGACCTGRAATCCCAGATGAGAGAGCTTATCTAC 60
4 mmmmmmmmmmemmmemeeeeee AG---ATGG- ---CCAGAT- - --===========- 12

* % ke ok kkkk

xon C  ACGACTCAGATCTTGITGICACCCCCATTATTGACAATCCAAAGGTGCAGARAGCACTCT 120
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xon C GACAA 125
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3 [Exon B ATANTGAAACAACCACCATCGGTTAAATTIGATGCAAARATATTGCATCTACCAGCATIT 60
B4 -AGATGG-------- CCA-~G-===-ATPIG------------- GARAC------=-=- 20

Rty T Fhhkk kokok

Exon B TCAG 64

Ms -
4 [Exon A TTCCAATTGCTAATCCAGCATTTGTGGATAGCTGCARACTGCGATAT 47
E4S ---AGATGG- ----CCAG-ATTT--GG-------- ABAC-------- 20

R % kkkk kkkk k% *kk ok

Figure 2-51: Sequence alignment of exon 4S primer and CHRFAM7A exons-B.
1: with exon D, 2: with exon C, 3: with exon B, 4: with exon A. No complete

maching of exon 4S primer was detected on any of these exon sequesteeisks

below the sequences indicates the matching between the nucleic acids aligned)
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2.7.5 PCR semiquantitative assays:

Due to the difficulties encountered while attempting GRIR amplification

of CHRNA7 main transcripts (fulength and missing exon 9) an alternative
semiquantitative RTPCR assay was used. This method depends on the use of
primer sets that were used to amptifig maintranscriptsof both genegexons

1-10 primersfor CHRNA7 and exons A0 for CHRFAM7A). This method
helped to estimatéhe relative percent expression of the main transcripts of
these genes by A549 cells. This step was followeduantifying the intensity

of the representative bangdeesenton gel éectrophoresis using a densitometry
method.

The target templates were amplifieding RFPCR @s described in section
2.6.4) and the results were then analysed using AlphaDigiDoc 1201 software
(as described in section6211). For this purpose, A549 cDNA ag used.
Beforethe quantitation assay, the cDNA was tested usingFR to check for
CHRNA7 and CHRFAMT7A expression. Oncenfirmed this cDNA was used

for all subsequent runs for quantitat:i

2.7.5.1PCR semiquantitative assays forCHRNA7 transcripts:

RT-PCR was used for amplifying CHRNA7 in A549 cells using different cycle
number for amplifications (cycles Z35). This helped narrow the cycle
numbers used-or optimization purposethe first run wagperformedon single
samples The results showed that the amplification starts at cycle 27 and

reaches a plateau phase after cycléFRagure2-52).
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21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 M B

DTN L

<— 1000bp

<— 500bp

Run 1 CHRNA7 (1-10): mean intensity of FL & -E9 transcripts

25000

band intensity on GE

27 28 29 30 31 32 33 34 35
PCR cycle

Figure 2-52: Semiquantitative assay optimisaion for CHRNA7 transcripts .
Upper panel Agarose gel electrophoresis of ®CR applied on A549 cDNAPCR

sample tubes were removedrfrd®CR block after cycles 235 (cycle numbeshown
on top).Lower panel AlphaDigiDoc analysidor PCR products that wendsually

detectable on the gel (for cycles-2%) (using band intensityM: 100 bp DNA ladder,
B: blank.
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From this point onward, the cycles selectedre 27-35 (27 cycles which
showed the fist visible CHRNA7 transcripts). The resulfor CHRNA7

transcripts sernajuantitative assay is shown (frigure2-53).

088292930303 33MNN3BWMMHIMB

B

& 10000y

& Sty

Figure 2-53. Agarose gel electrophoresis for Semguantitative assay of
CHRNA?7.

RT-PCR applied on A549 cDNAo test for CHRNAY transcriptsvi: 100 bp DNA
ladder, B: blank.
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After completing 3 runs for CHRA7 semiquantitation, AlphaDigiDoc
analysis was applietb measurehe band intensities for each duplicate offea
cycle. The mean intensitgf the bandsat each cyclandthe means from three
runs for each cycle erecalculated. These intensities were subsequently used
to calculate the corrected intenségljustedfor the band size of the two major
bands (full lenth and missing exon 9 transcripts). Finally, the percent

expression of these two transcripts in each cycle was calc(Rtgoie2-54).
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A Runs 1-3 CHRNAT (1-10): mean intensity of FL &-E9 transcripts

N
(921

~
(=}

band intensity corrceted for size
_ —_
v = o
—
:
}7} F 1
— —t ]
1
-

0 m
i 28 29 30 31 3 3 34 35
RT-PCR cycles
B Runs 1-3 CHRNA7 (1-10): % of mean intensity of FL & -EO transcripts/cycle

100%
90%
80%
0%
60%
50% B-£9

A% mfL

30%

20%

10%

0%

2 28 29 30 3 3 3 34 35

Figure 2-54: AlphaDigiDoc analysis of CHRNA7 semguantitative assays.
A: The intensitycurveis showing the correlated increase in intensities of the bands

with increasing PCRycles(mean+ SEM). This intensity waadjustedor the size of
the PCR productn the Yaxis while he PCR cycles on the-Xxis. B: The percent
expression oboth transcrips at eachcycle presented as bar charf$he percentage is
shown on the Yaxis while the PCR cyclemre showron the Xaxis. This figure shows
the exponential phase starts at cycle38 The relative ratio of fullength: missing

exon 9is ~2:1.
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2.7.5.2PCR semtquantitative assays for CHRFAMT7A transcripts:

The same steps were followed for CHRFAM7A transcripts as for CHRNAY.
The results for CHRFAMTA transcripts sequantitative assay ishewn in

(Figure2-55).

717 282829 2930 3 31 31 NRNB B MMUNIPMB

< 1000bp

-E9 ﬂ

& 500bp

Figure 2-55 Agarose gel electrophoresis for Senfuantitative assay of
CHRFAMT7A.
RT-PCR applied on A549 cDNA to test for CHRFAM7A transgipipression. M:

100 bp DNA ladder, B: blank.
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After completing 3 runs for CHRFAM7A semuantitation,AlphaDigiDoc
analysis was applietb measurehe band intensities for each duplicate of each
cycle. The mean intensitgf the bandsat eachcycle andthe means from three
runs for each cycle @re calculated.These intensities were subsequently used
to calculate the correctedtensityadjustedor the size of the two major bands
(full length and missing exon 9 transcripts). Finally, fhercen expression of

these two transcripts in each cyelas calculate@Figure2-56).
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A Runs 1-3 CHRFAM7A (A-10): mean intensity of FL & -E9 transcripts
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Figure 2-56: Alpha DigiDoc analysis of CHRFAM7A semiquantitative assays.
A: The intensity curve is showing the correlated increase in intensities of the bands

with increasing PCR cycles (mean + SEM). This intensity was corrected for the size of
the PCR product on the-akis while the PCR cycles on theaxis. B: The percent
expression of both transcripts at each cycle presented as bar charts. The percentage is
shown on the Yaxis while the PCR cycleare shownon the Xaxis.. This figure

shows the exponential phase starts at cycl8R7The relative ratio of fulength:

missirg exon 9 is ~2:1.
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2.7.6 Bio-informatics analysis of alternative transcripts and protein

structure:
2.7.6.1Using splicing/alternative splicing tools:

For detection of ESE sequence motifs within each exon of both genes, and to
calculate the ratio of predicted ESE &H) to predicted ESS (PES8)e
Human Splice Findesoftware program was usétiable2-20 andTable2-21).

The default thresholds of the above mentioned software progranesused as

the reference values. These included the consideration of a constitutive exon
for each exon with a PESE/PESS ratialue more tharb.5 compared to
alternatively spliced exons (with a ratio of 3.6) gpsgudoexons which have a
ratio of around ®&3 (Zhang, 20041 Taking these threshold values into
consideration, it seems that exons 1, 2, 6, 7, and 10 have a constiutive
alternatively splicegkxon characteristic while the samasanot true for exons

3, 4, 4a, 8 and when CHRNAY exonsveretested Table2-20). These results

were somewhat consistent with the previous results detected for alternative
splicing affecting CHRNA7 as exons 3,ahd4awerefoundto be frequently
missing from RNA transcripts solely or in combinatidi@ault et al., 1998
Severance and Yolken, 2008While no transcripts missing exon 8 were
reported before in studies testing human tissues, our study show the existence
of transcripts missing exon 9 and backing the PESE/PESS ratio results

predictions.
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Table 2-20: ESE analysis for CHRNAY exons.

Exon

ESE

15

16

12

The PESE/PESS ratfor exons 1,2,6,7 and 10 showed values
constitutiveor alternatively spliceégxons (>36), while those of
exons 3,4,5,8 and 9 showed smaller values.

PESE/PESS ratio

12

0.38

No silencer motif detected

3.63

1.08
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When testing CHRFAM7A exons using PESE/PESS satie results showed

that exols D, 6, 7, and 10 have a constitutive alternatively splicee&xons
characteristics, while the same was not true for exons C, B, A, 8, 9, and 9b
(Table 2-21). Only transcripts missing exon B were detected befGaault et

al., 1998 in addition to missing exon 9 transcripts detected in our study that

back up the PESE/PESS ratio results.

Table 2-21: ESE analysis for CHRFAM7A exons.

Exon ESE PESE/PESS ratio

D 10 35

C 17 1.83

B 8 0.24

A 2 0.06

5 2 No silencer motif detected

6 12 3.86

7 12 3.63

8 2 0.79

9 6 1.08

9% 15 2.63

10 31 6.89

The PESE/PESS ratio for exons O, ® and 10 showed values
constitutiveor alternatively spliceégxons (>36), while those of exon
C, B, A, 5, 8, 9 and 9b showed smaller values.
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2.7.6.2Predicting the ORF and secondary protein structure

For the analysis of the results obtained tordfurther prediction of thé@npact
on protein structure and, aemurpberesd s i on

bioinformatics software programs were used.

2.7.6.2.1 ORF finder results:

For the splice variants detected for both genes in A549 cells, the transcripts
were subjected tORF findersoftwarefor initial detection of the mRNA open
reading frame (ORF), possible start and stop codons and by comparing the
preserved anthe lost parts of mMRNA and their corresponding translated parts

of the proteinTable2-22 & Table2-23).
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Table 2-22: Summary for bioinformatics software analysis for CHRNA7main transcripts detected in A549 cells.

Predicted protein amino

_ ORF Possible effects on the protein
acids

Transcript

Start Stop

Total Conserved New | ORF Exon Exon | Preserved lost

codon codon

FL 502 502 - +1 1 El TAA E10 All -
- SP, Nend, all GLY, all BD, | All P, most of IC loop, TMD4

Missing E9 | 380 306 13 |41 1 El TGA E10

TMD1-3

C-end

FL=full length, E=exon, IC=intracellular,

GLY=glycosylation site;eNd= aminoterminal, €nd= carboxy terminal, TMD= tna&-membrane domain, BD

binding domain, P= phosphorylation sites, Start codon: the cDNA sequence of starting AdeninelawaflédiG of the predicted ORF, SP: signal peptidé

Start codon: refers to c.1 of the reference sequence of CHRNA7 accession number NM_000746.
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Table 2-23: Summary for bioinformatics software analysis fo CHRFAM7A main transcripts detected in A549 cells.

Predicted protein amino . .
_ ORF Possible effects on the protein
acids
Transcript
Start Stop
Total Conserved New | ORF Exon Exon | Preserved lost
codon codon
FL 412 412 - +1 319 EB TAA E10 | All (No SP -
Missing E9 | 290 230 13 +1 319 EB TGA E10 | N-end, all GLY, all BD, TMD213, Gend | All P, IC loop, TMDA4,
Inserted All P, part of IC loop,
264 246 4 +1 319 EB TGA  E9b | N-end, all GLY, all BD, TMD13, Gend
E9b TMD4
Missing E9
All P, IC loop, TMD4,
& inserted | 221 212 1 +1 319 EB TAA E9b | N-end, all GLY, all BD, TMD213 -
-en
E9b

FL= full length, E= Exon, EB= exon B, IC= intracellular, GLY= glycosylation sitesrid= aminoterminal, €nd= carboxy terminal, TMD= tr&membrane
domain, BD= binding domain, P= phosphotiga sites, Start codon: the cDNA sequence of starting Adenine nucleotide of ATG of the predicted ORF

Start codon: refers to c.1 of the reference sequence of CHRFAM7A accession number NM_139320.1.
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2.7.6.2.2 Predicting the start codon

Several software programaere employed to predict the start codon of
different transcripts detected earlier (liklke ORF finder and the Human
Splicing Finde}. In addition, starcodonswithin weak contextsvere predicted
using the Weak AUGsoftware program. This program used tK®ZAK
consensus sequence to prediet translation initiation site. The presence of
Adenosine nucleotide base at posities or guanosine nucleotide base at
position +1 of anAUG (or ATG in corresponding DNA sequence) can help
predict the Kozak consensasquence for a start codon. The transcripts were
first subjected to ORF finder and the Human Splicing Finder analysis to help
predictthe startcodon, and then the ORF predictbeé RNAto be translated
Further analysis using WeakAU®as undertakero test for possible weak
consensus start codorBased on the results shown aboValle2-22 & Table
2-23), only CHRNAY transcripts missing exons 4&34 or 4& 5 in additionto

all CHRFAM7A transcriptswere shownto have a weak start codon for

translation initiation (usingreakAUGsoftware program{Figure2-57).
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CHRNA7
Position Context Predicted
FL & -E9 ! .
9 TC%AC@ GCTG  [g —
CHRFAM7A
Position Context Predicted
FL, -E9, +E9b 9 ATTTGRTG AAAA | Weak

Figure 2-57: KOZAK ¢ onsensus sequence prediction.
Upperpanel: CHRNAY transcripts detected in A549 cellswer panel.CHRFAM7A

transcripts detected in A549 cells. Red box: ATG start codon, blue arrow3/8aG

at +4 positionsrequired for recognising A at position +1 @® start of startodon.

Predicted indicate aWeak or Strong ATG predictedin a given sequencéhis test
showed that CHRFAM7A transcripts had a weak AUG, unlike CHRNAY transcripts.
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2.7.6.2.3 SOSUI signal software program:

The transcripts that eve detected in A549 for both genes were tested for the
presence ofa signal peptide within the translated mRNA sequensaeg
SOSUIlsoftware programOnly CHRNA7Y transcripts weréetectedshownto

have signal peptiderhile CHRFAMT7A transcriptslid not

2.7.6.2.4 PSIPRED software program:

For prediction of the secondary structure of the proteins translated from the
transcripts detected for both genes in A549 cdlig PSIPRED software
program was used.After using ORFinder, transcripts with start and stop
codons were picked up for subsequent bioinformatics testifihe
corresponding amino acid sequenadsthe selected ORF sequencesre
subjected to secondary structure prediction uBiBtPREDsoftware program.

The results for CHRNA7 transcripts showed that letigth and inserted exon

4a have the same structure with aminoterminal and carboxyterminal ends both
were extracellular, 4 transmembrane domains and intracytoplasmic loop
(between TMD 3 & 4) The results for missing exon 9 transcripts showed that
the trarslated protein would lose transmembratmmain 3 and part of the
intracytoplasmic loop modifying the protein structure with the carboxyterminal

end converted intracytoplasmic in positiégiigure2-58).



The characterisation of CHRNAY transcripts

Chapter 2

A N-Terminal

Extracellular

[N

f///,r-C-Terminal

232 284

296 492

S1 S2 S3 sS4
. 253 264 318 Py L e nhrane
Cytoplasmic
B N-Terminal
Extracellular
232 284 296
S1 S2 S3
253 264 CYERg . lcnbrane

Cytoplasmic

N/

C-Terminal

Figure 2-58: Secondary protein structure prediction for CHRNAY transcripts.
A: protein structure for théull-length CHRNA7Y transcripg. B: protein structure for

themissing exon 9 CHRNAY transcript
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The results forprotein structure ofCHRFAM7A transcripts showed that full
length transcripts havemotein withsimilar structure taghat of CHRNA7 full
length transcript. Theame was true faresultsof missing exon 9 transcripts
inserted exon 9b and comknhinserted exon 9b and missing exon 9 transcripts
were all showed similgproteinstructure forthat of CHRNA7 missing exon 9

(Figure2-59).
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N-Terninal N-Terminal
m /C-Terminal
Extracellular o Extracellular ) o7 T
$4 S1 $2 $3
81 Henbrane 163 174 21 Membrane
Cytoplasnic Cytoplasmic
C-Terminal
N-Terminal N-Terminal
Extracellular 0 707 208 Extracellular 102 o7 202
Si $2 83 1 S2 $3
. 163 174 28 Membrane . 163 174 218 Membrane
Cytoplasmic Cytoplasmic
C-Terninal C-Terminal
Figure 2-59. Secondary protein structure prediction for CHRFAM7A

transcripts.

A: protein structure for the fulengthand B: protein structure for thenissing exon 9

transcriptprotein C: protein structure for thanserted exon 9b transcripD: protein

structurefor themissing exon 9 and iested exon 9b transcripNote:-GT (67-68) of

exon 6 predicted protein is similarfidl length transcript protein, except for a shorter

N-end. This means that missing exon 9, including exon 9b or both could lead to the
sameresults of missing TMD 3 and reversingt€minus intrackularly.
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2.7.7 Western blotting results:

Western blot analysis was performed on A549 cell Igsa&teconfirm the
expression of U7 protein. After the t
Coonmassie brilliant blue stain to check for the efficiency of transfer of proteins

to the membane The preliminary results for detecting proteins(using the

antibody against thef#&rminus part of CHRNAiArom Abcam) in A549 cells

showed many bands detettby Westernblotting. However the brightest of

these were two bands of around 42 and 34 kDa sizes, respeclifielynext

run showed clearer, but still abundant bands (run 2). However after changing

the blocking into 1 hour rather than overnight, and lxatung the PVDF
membr ane with primary antibody specifi
bands were notickabove 55 kDa sizd-urthermore, another antibody that can
detectthd nt r acyt opl asmic | oop part of the
d u p ratéins foom Santa Crug was usedo probe theA549 lysate. These

latter antibodies could detettiree bands of 55+ kDa sizébe predicted size

of the protein is 56 kDaFigure2-60).
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Figure 2-60: Western blot analysis for A549 cell lysate using7 antibodies.
A549 cell lysatesvere used for testing the antibodi8&e indicator (in kDa) is shown

on left of Westernblot with arrows b-actin: indicate comol protein (of 46 kDa size)

(shown at the lower part of this figure) Bl ack tri angl e: i ndicat
band (~57 kDa sizeRun ¥ Many bands were detected, but the brightest two were

around 42 and 34 kDa sizes, respectivRyn 2:similar torun 1, but with two main

large bands around 55+ and 75+ kDa sizes, respectiRaly.3:two major bands at

55+ kDa sizeRun 4:three bands at 55+ kDa sizadote that the antibodies used in

runs 23 (from Abcam) detect t heonmiiete er mi na
antibodies used in run 4 are (from Santa Cruz ) could detect the intracytoplasmic loop

in the commonmegionof both proteins (U7 and dupU7).
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