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Abstract

Fanconi AnaemiaFA) is an inherited autosomeadcessive disorder that can lead to
abnormal development, bomearrow failure, and an increased vulnerability to
carcinogenesiLells derived from FAoatientsareunusually sensitive to DNA crosslinking
agents and it is now known that FA cells lack onaveénty-two known different FA
complementation group (FANCproteins involved in the repair of DNA interstrand
crosslinks (ICLs). More recently, twoNA glycosylases (endonuclease Villike 1 & 3

[NEIL1 & NEIL3]) that excise oxidised bases from DNA, thus initiating base excision
repair, have been found to participate in the resolution of psoralen induced @istore,

this project set out to deteime whether the modulation of NEIL1 or NEIL3 expression in

cell lines lackingFANCD2, of the monoubiquitinatedNA-heterodimer protein complex
FANCDZ2/FANCI, could significantly affect their sensitivity to IGibducing agents, such

as mitomycin C and cisplatit\n FA original and two FAgenerated cancerous cell model
systems representing FA and equivalent wildtype cells were then transfected with plasmids
expressingFLAG-taggedNEIL1 or NEIL3 and challenged with the crosslinking agents or

the oxidising agentert-butyl hydroperoxide, and any differences in sensitivity to these
agents determined. Similarly, sSiRNAs were designed against NEIL3 and thkidt8tin

ligase tripartite moticontaining protein 26 (TRIM26), that has been shown to ubiquinate
both NEIL1 and NEIL3 for proteasomal degradation and similar cell growth analyses
performed using the MTT ass&ecombinantNEIL1 expression was confirmed by wester
blotting but had little effect on resistance to crosslinking and oxidising agents.
Overexpression of NEIL3, either a truncated version lacking tter@inal GRF domains
(NEIL3'°%9), or the fultlength protein, proved more difficult to confirm by westblotting,
possibly due to antibody specificities t@combinant and nerecombinant NEIL3
However, MTT assays generally indicated a small increase in resistance irrespective of FA
background, suggesting that NEIL3 overexpression was achieved in thdse -cel
Unexpectedlycompared to literature and Elder laboratory reski®ckdown of NEIL3
showed increased resistance against ICL and oxidative agents independent of FA phenotype,
while knockdown of TRIM26 showed no clear effect on the sensitivity of heell line to

the genotoxic agents tested. In conclusion, the results indicate that the overexpression of
NEIL1 or NEIL3 could not compensate for the loss of the FA pathway of ICL repair and
had little reproducible effect on the resistance of theseamed to crosslinking and oxidizing

agents.
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Chapter lintroduction

Cancersare caused bgimple or multifactorialfactors of which environmental factors,
ageing, genetic mutations, or a combination of all these factors could lead to an increased
chance of carcinogesis(Jordeet al, 2016 Chapter 11 and 1#Hassanpour and Dehghani,
2017) Theycan also occur at an increased rate when a patient is diagnosed with another
disease or disorder with contributing genetic mutatisnsh as~anconi AnaemigCheung

and Taniguchi, 2017Fanconi Anaemia (FA) is an inherited autosomeglessive disorder

that due to the deficiency of one of tweitiyo knownFA complementation group (FANC)
genescan lead to the phenotypes of abnormal development;ian®w failure aplastic
areemiaand anincreased vulnerability tblood-relatedcarcinogenesiand solid tumours
(Mehta and Ebens, 2002; Garaycoecéeal, 2018) The FA pathwayalso known as #h
interstrand crosslinkiICL) repair pathwayis a DNA repair pathwainvolved in targeting

and excising ICk using the affected FANC genes during DNA replicati@meung and
Taniguchi, 2017; Garaycoechehal, 2018) Base excision repaiBER) is responsible for
repairing chemically modified DNA bases and sirgfiand breaksften induced by
oxidation, deamination, alkylation or hydroly¢Bossharcet al, 2012; lyama and Wilson,
2014)

From the BER pthway theDNA glycosylases endonuclease Vike (NEIL)-1 (NEIL1),
NEIL2 and NEIL3specifically target multiple oxidative lesions, including in a supportive
or backup role for other DNA glycosylases and themselves, in both senyledouble
stranded DNA(Jacobs and Schar, 2012jowever, NEIL3 knockout mouse embryonic
fibroblasts (MEF) have been shown to be sensitisednt ICL-inducing agentcisplatin
(Rolsethet al, 2013) and the overexpression BEIL1 increased resistance to the ICL
inducingagentmitomycin C MMC, MacéAimé et al, 2010) Furthermore, itvasrecently
shown that hNEIL1 and hNEIL8an excise psoralen induced ICLs in thresnd four
stranded DNA structurgd/artin et al, 2017) FA cells arehighly sensitive to ICL inducing
agents and theFANC genes have been shown to be involved in ICL re(dehta and
Ebens, 2002)Therefore,the purpose of this study was to determine the roléhefDNA
glycosylaseNEIL1 and NEIL3 in therepair of ICLs, and potentially lead the study for

possible cancer therapeutics



1.1. Cancer

Canceris one of the mosthallenging if not the mosthallenging forms of disease known
to man,with a projected rate of one in two people being diagnosed with cancer imitiee U
Kingdom(Ahmadet al, 2015) To dateit is estimatedhat there arever200 different types
of cancey the most commady diagnosedf which is breastfor women prostate for men,
andlung andcolon cancergHassanpour and Dehghani, 20IThe causes of cancers can be
simpleor multifactorial asarethe causes ather more common diseassuchastype I
diabetes,of which environmental factorgsuch aschemicas, radiation, andor a deficient
healthy lifestyle), ageing,or genetic mutations, or a combinationadifthesefactorscould
lead to an increased chance of carcinogen@sisdeet al, 2016, Chapter1l and 12
Hassanpour and Dehghani, 201Mjtially, six accepted principles hegrationalise the
complexity of cells developing into cancers, known as the hallnsdidance(Hanahan and
Weinberg, 2011)The cancer hallmarks are replicative immortality, angiogenic induction,
resistance to celldeath, sugpension of proliferative signalling evasion of growth
suppressors, and promoting invasion and metas(éasahan and Weinberg, 2011)
However, the primary basis cfrcinogenesiss alteredcell-regulatorygenesleadingto a
common phenotype of uncontrolled cell grodbrdeet al, 2016) Cancers can also occur
at an increasedate when a patient is diagnosedth another disease or disorderth
contributing genetic mutatior{ordeet al, 2016) such askeroderma pigmentosu(®aya
Grosjean, 2008andFanconi Anaemi&Cheung and aniguchi, 2017)Whateverthe cause,
the greatest challenge i8 administerthe correct treatmentsuitable forthe difficulties
surrounding the diagnosis tfe cancer.The most common treatments are surgamg a
systemic form otthemotherapywhich involves the use ddNA-damaging agents afuit
radiation( O 6 C o n n oHowevet telirbayments rely heavily afully-functionalDNA
repair pathway that could maintainDNA stability within noncancerous cellswhile

targetingtreatablecancerous cells



1.2. DNA Stability

The DNA moleculestores the genetic information of the cell in discreet units called genes.
In human cells, there are@lt 20,500 genes that code for proteinthe macromolecules

that are the principal molecular catalysts and one obtiilding blocks ofcells (Clampet

al., 2007; Strachan and Read, 20I)ereforeit isessentiathat theDNA sequence remains
unchanged from generation to generatamd during cell division in a multicellular
organism. Any permanent changes to the DNA sequence are known as mutatiotisesed if
are not preventedheycan lead to debilitating diseases, such as cdBtexrchan and Read,
2010; Jordeet al, 2016) Unfortunately, the DNA molecule is susceptible to chemical
modification, either dué spontaneous base loss or base modification and breakage of the
phosphodiester bonds in one or both strands that make up the DNA moleculeqisargle

ard doublestrand breakg) O6 Co n n o r , et&,2A16) If thebeomodifeations to the
DNA molecue are not recognised amectified, mutations will result. Therefore, all cells
have evolved a number of DNA repair functions to combat the inherent instability of the
DNA molecule and ensure that mutations are kept to a minifitang and Andreassen,
2009; Krokan and Bjor asetal,2083; O6Connor ,

In analysing DNA lesionghey can be categorised @sendogenous damage regudtfrom
internal cellular processes, afi)l exogenous damagesuling from sourcesexternal tahe
cell (Strachan and Read 201@)is estimated thaDNA lesionscan occur at aate of 10
molecular lesions in a genome plary (lyama and Wilson, 2014butthis rate mayncrease
wherever aging and/ocexternal sources are involveindogenous damage can resuin
oxidation, alkylation, hydrolysis andNA replicatiorassociatetnismatched basgb/ama
and Wilson, 2014) Exogenousdamagecan result from exposure to natural products,
externally sourcegroducts of metabolismyltra-violet (UV) radiation, ionising radiation,
andthermaldamagglyama and Wilson, 2014Pepending on the type &fsions a repair

procesgequiresa specificDNA repair pathway

1.2.1. DNA Oxidation

Reactive oxygen species (RO&)d oxidisingagentsare moleculescontainng an oxygen
molecule(Maejimaet al, 2012; Cadet and Wagner, 2018) ROS can bgroducedas a
sideeffect from the electron transport chain involved mitochondrial respiration an
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oxidoreductase enzyme, or even metthlysed oxidatiofBossharcet al, 2012; Maejima

et al, 2012; Cadet and Wagner, 2018thoughin smallquantities and in secluded areas
away from sensitive regiorsich as DNA came consideretharmlesgPhaniendraet al,
2015) The most commoROS aregoeroxides, such as superoxide ani@s) andhydrogen
peroxide(H202), and hydroxyl radicalsuch asOH- (Maejimaet al, 2012) Defences for
such radicalsexist such as the enzyme superoxiismutase (SOD) that can catalyse a
conversion oftwo superoxide ions into oxygen and hydrogen peroxide, which is then
converted further intavater and oxygeriMcCord and Fridovich, 1968; Maejimeat al,
2012) Oxidative lesions could also be caubgd freeneelectradthat could alter a DNA
base to a radical, and therefore vulnerable to any oxggetaining moleculeas the
oxidising ageniDizdaroglu and Jaruga, 2012; Cadet and Wagner, 2048)vever that
conceptwould include simple melules such as #D, which can act as eeducing agent
under certain circumstances be the oxygemontaining molecule to an ionised DNA base

astheoxidising agen{Kino et al, 2017)

Table 1.1: Radical and nonradical reactive oxygen species (ROS).

Reactive Oxygen Species (ROS)

Radical Nonradical
SupeoxideAnion (Oy7) o—0O Hydrogen Peroxide (H,0O,) H—O—0O—H
Hydroxyl (OH) O—H Organic Peroxide (RO,H) R—O—O—H
Alkoxyl (RO) R—O HypochlorousAcid (HCIO) H—O—cClI
Peroxyl (RO,) R—O—O | Ozone(O») OO

Singlet Oxygen (1Oy) O—oO

Adapted fromPhaniendrat al, 2015
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If not removed, especially during times of oxidative stress, the chemically altered DNA

bases could lead to a series of events that could trigger cellular ap@ptasjsnaet al,

2012; Wallaceet al, 2017) As can be seen in Figures 1.1.3, andusingsome ofthe

common oxidising agentssted in Table 1.1all four DNA bases can become susceptible to

chemial alterationsThe literature reviewmainly use the hydroxyl radicdllTable 1.1)as
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the ROSagentdue to its high reaction to biological molecules and rationalisation of DNA
oxidation(Dizdaroglu and Jaruga, 2012Zhe same oxidised products may be achieved from
other ROS agents displayed in Table 1.1 when interacting with the DNA, |sasdsas
guanine with ROS agenthydrogen peroxide prodes 8-oxo-7,8-dihydroguanine (8
oxoguanine, ®x0G) or spiroiminodihydantan (Sp) (Chen and Lin, 2021)However, the
literature reviews specifying those achievemeants limited or theoreticaland require

further confirmation.

Most of the oxidativelydamagedDNA base displayedin Figures 1.1 1.3 arepre
mutagenicandsome are consideregitotoxic. Guanine is the most frequently oxidised base
and8-oxoG is one of the most common oxidative bas@&hs occurring in DNABosshard

et al, 2012; Whitakeet al, 2017) This alteration is especially important to consides-
0xoG canbasepair with adenine resulting ina thymine to adenine transversion mutation
following DNA replication (Whitaker et al, 2017) 8-0xoG is also vulnerable to furthe
oxidisation byROS, as seeimn Figure 1.1(Dizdaroglu and Jaruga, 2012; Cadet and Wagner,
2013) The oxidised lesion from-8x0G, spiroiminodihydantoin has a high preference for
basepairing with guanine over ademnandguanidinohydantoif{Gh) has a baspairing
preference to adenine over guanine, and therefore forcing guanine to thymine or cytosine
transversion mutation&ino et al, 2020) Adenine, though structurally similar taignine,

has the least oxidative lesions as seen in Figure 1.2, although it is not understood why.

Compared to the other bases subjected to oxidative damage, cytosine has thaumgjherst

of oxidativelesions, the majority of whicbccurafter deaminatiorand a majority of the
resulting lesions are uracil based, seen in Figure 1.Bn examples the oxidative lesion
5,6-dihydroxy-5,6-dihydrocytosine ¢ytosine glycol), which can further be dtered by
dehydration into Sydroxycytosine (BOHC) or by deamination int&é,6-dihydroxy-5,6-
dihydrouracil(uracil glycol), andcan alter even further by dehydration intbydroxyuracil
(5-OHU) (Wallace, 2002; Cadet and Wagner, 2018)erationslike these are especially
important as uracil is a common bas&NA in place of thymineluringtranscriptionands-
hydroxymethyluraciis known to be cytotoxiand mutagenigqWhitakeret al, 2017) The
deaminated alteration of-toydroxymethyluracil andhe oxidative lesioned alteration of
thymine, 5hydroxymethyluracil, is especially mutagenic and cytotoxic as the lesion can
form an intrastrand crosslink and possibly an interstrand crosslink with guanine or adenine

(Cadet and Wagner, 2013)hymineis structurally similar to cytosinéoweverit does not
7



haveas many oxidative lesigras cytosine.Similar to how8-oxoGis a common oxidative
lesion of guaninecis and trans diastereomers of thymine glycol (5déhydroxy-5,6-
dihydrothymine Tg) arecommon lesios of thymine after oxidatiorfCadet and Wagner,
2013) This oxidative lesionis especially important ag can block replicativeDNA
polymerasesand can fornDNA-proteincrosslinkswith theamino acidysine (Dolinnaya
et al, 2013)

1.2.2. Interstrand Crosslirsk

Interstrand crosslinkd@Ls) arehighly toxic covalent bondéetween twdNA bases on
opposing DNA strandgrevening DNA strand separation during transcription dbNA
replication asopposedo intrastrand crosslinkshich are less toxic and are formed on the
same DNA stran@Wilson and Seidman, 2010; Deans and West, 2013; :-Maetinezet
al., 2016) As seen in Figurd 4, the introduction & a crosslinkingagent forng an ICL
between DNA base$here are various ICL agents, the most recognised of whittnagen
mustardand its derivativedyecause iwvas the first agergtudiedafter sulphur mustard was
used as a chemical weapon during Worldi¥®ne andiwo (Deans and West, 2013; Lopez
Martinez et al, 2016) Only later were kernative applicationsand other ICL agents
discovered- in thecaseof nitrogen mustardhe modified version melphalanandtheyare
still being used as torm of treatmentor cancer therap@wilson and Seidman, 2010; Deans
and West, 2013)There were also studies of endogenous ICL agents, howee were
difficult to experiment due to most of them being studied or assessed after mutagenicity
(Pang and Andreassen, 2009he only known endogenous ICL agents aeactive
aldehydes, such aetaldehyde (a derived metabolism of etlfamoalondialdehyde as a
product of lipid peroxidation and nitric oxigeang and Andreassen, 2009; Lopéartinez

et al, 2016) However most stuées areconcentrated othe more relevant exogenous ICL

agents fotesting and treatmerthe mostvell-knownexampleglisplayedin Figurel.4.
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Figure 1.4: DNA crosslinking agents and the structure of thenterstrand crosslinks
(ICL) produced.

A) Nitrogenous mustard3) mitomycin C (MMC); C) platinum compund; D) psoralens
E) nitrosoureask) diepoxybutane.
(Adaptedand reformatted from Lopedartinezet al, 2016).

Other ICL inducing agentsinclude mitomycin C (MMC) a naturally occurringantibiotic
compoundfrom Streptomyces caespitosydatinum compounds such as cisplajans-
diamminedichloroplatinum(ll)] psoralens, a naturatompound produced from plants;
nitrosoureas such as 1h&(2chloroethyl)1-ni-trosourea and diepoxybutane 1,2,3,4
diepoxybutane), a bitransformed product from the gas contaminateblifadienglLopez
Martinez et al, 2016) Unlike nitrogen mustardplatinum compounds ardiepoxybutane
ICLs, MMC, psoralenr nitrosoureaslo not formICLs withoutfirst being metabolically
reduced irradiated by UV or undergoingmetabolic activationLopezMartinez et al,
2016)

The ICL formation and potency depend on the chemical reaction preference of the ICL agent

involved, the specificity of the DNA bases and their positions along the DNA strands.



Nitrogen mustarégentsare mostly used for treatment of lymphoid tumopredice mostly
monoadductsand only 1 7 5% of lesions ardCLs that are twonucleotidesapartand
preferablybetween guanines iopposing MsNC-3Nsequence$Wang and Gautier, 2010;
Wilson and Seidman,020). Platinum compound agentsoduce the same amount of ICLs
but are one nucleotide aparand preferably between guaninesop p 0 s i-@G@3 Np Nj
sequencegproduce mostly intrastrand crosslinks, andraostly usedfor ovarian, testicular
andlung cancetreatmentgJung and Lippard, 2007; Wang a@dutier, 201Q)Nitrosaureas
agents producenostly monoadducts anitrastrand crosslinksput only 37 8% ICLs
between base pairs guanine and cytqsamel are mostly used fotreating glioblastoma
tumous (Wang and Gautier, 201.0MMC producesonly 57 13% ICLs that are one
nucleotide aparand preferably between cytosinesdp p 0 s i-GGB Np Nj e ghute nc e s
mostly producefROSs, andis usedto treat gastrointestinal, breast, lung and bladder cancers
andFanconi anaemia diagnogiehta and Ebens, 2002; Wang and Gautier, 2@Asralen
agentsproducemostly monoadductand up to 40%ICLs that are one nucleotide apart
preferably between thymines op p o s i-TA¢g3 NS5 N§ e gan@é aremesily, used for
treating cutaneous-¢ell lymphomaDeans and West, 2013; Lopbtartinezet al, 2016)
Diepoxybutands known toproduce monoadduct§SBs (SSBs) DNA-protein crosslinks

and ICLs mainly between guanines iop p o0 s i-GCG-3 Nj Njs e (LopenMarirezet

al., 2016) However, although the percentage of ICissnotstated it is most likely higher

than MMC due to itsisein FanconianaemialiagnosigAuerbach, 2015)

As the role of bemotherapeutids toincrease DNA replication stredsiring the cell cycles

S phase, &commonissuein treating cancer through chemotherapy is drug resistance
(Boulikaset al, 2008 Ubhi and Brown, 2019)n metastatic pancreatic candezsatmat,
MMC and cisplatin, even when combined witluorouracilor gemcitabingrespectively

had low response rate@VNolff et al, 2003) But when treating @ncreatic ductal
adenocarcinomaith BRCA1/2or PALB2 mutations,response rates were increased when
combinedgemcitabineand cisplatinwere administered O 6 R etial, RO20) Increased
resistance to platinum compound agents are commonly known to occur over time during
treatment as they could causalular drug accumulation redtimn, increase detoxification
systens andDNA repair processs decrease apoptosis apmoteautophagy(Zhouet al,
2020) Although recently a developed oxaliplatin Pt(IV) pralrug conjugatedwith
gadoliniumtexaphyrin as an alternative platinum compound agent of oxaliplptomotel

10



expression of tumour suppressor p53 in ovarian cancer cells with cisplatin resistance
(Thiabaudet al, 2020)

1.3. DNA Repair

DNA repairis initiated dter a DNA lesionis identified and ngair initiatedby the DNA
damage respongBDR) pahway( O 6 C o n n oFRor,exathfilel tbhjghly mutagenic and
cytotoxic lesion O8-methylguanine @®-meG) caused by a methylatinggentis repairel
by Of-methylguanineEDNA-methyltransferase (MGMTy direct repailyama and Wilson,
2014; Pierce 2014) MGMT removes thamethyl (or alkyl group¥rom theguanineto a
cysteine residuén the active site of the proteinvhich inactivates MGMTthat is then
ubiquitinated and degradé8rivenugopatt al, 1996; lyama and Wilson, 2014jowever,
direct repair is rare andith the exception of doublstrand break§DSBs) mostDNA
damage is repaired by excision repair processes, either nucleotide excisio(NERaiior
bulky damage and intrastrand crosslinks or base excision (Bjid®) for SSBs, abasic sites
and chemically modified baséBierce2 0 1 4 ; O 6 C o. b3Bs are repairédlby gne
of two mechanisms, nelnomolaous engoining when the cell is in the GO and G1 phase
of the cell cycle and homologous recombinatibiR) when the cell is in G2 and a sister

chromatid is available for homologous regaiO 6 Connor , 2015)

The DDR usesthe protein kinaseataxiatelangiectasia mutated (ATM) and AFMind
Rad3related (ATR)asthemain damageletectorgLiang et al, 2009) ATM is responsible
for detectingDNA DSBs, and ATR for DNA SSBs ( T ¢ uet &.,a2019) Downstream
throughphosphorylationthe celicycle regulatorgheckpoint kinase 10HK1) and CHK2
stopthecell-cyclein G1 and activateDNA repair( T ¢ wet ak, 2019). Based on th®DR
and the protein kinasthat detects th®NA damage, the appropriatepair pathwayis
activated To date there aresix main DNA repair pathwaysBER, NER, mismatch repair
(MMR), homologous @combination(HR), northomologous end joiningand the FA
pathway(lyama and Wilson, 2014; Wet al, 2019) BER is responsibléor repairingDNA
SSBs ad more specificallychemicallyaltered basesvhich isdetailed further irSection
1.5 NER is also responsible foepairingSSBs, but more specificallynodified nucleotides
resulting inbulky adductsintrastrand crosslinksuch as UVinducedpyrimidine dimers
(O06Connor , 8t@ll Z019). NiViRkresalvieamismatched baspairs and base
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insertions and deletionflyama andWi | s on, 2014; . PR @w morno r ,
homologousendjoining are responsible for repairing DNASBs, as described earlier
(Changet al, 2017) The FA pathway, which is also regarded aslI@k repair pathway
(Wu et al, 2019) requires ATR activationbutis categorisednoreas being responsible for
the repair oDNA DSBs, due to the recruitment of proteitisatcreatea DSB after incison

of ICLs, which thenrequir recruiting proteingollowing the HR repair mechanicgs
detailed in Section.4.

1.4. Fanconi Anaemia Pathway

Fanconi Anaemia (FA) is an inherited autosomealessive disordethat, due to poor
development of blood cellgan lead to the phenotypes abnormal development, bone
marrow failure aplastic amemia and an increased vulnerability tbloodrelated
carcinogenesisind solid tumourgMehta and Ebens2002; Garaycoecheet al, 2018)
Rarely, FA could also be inherited as an autosomal dominant disorder through a variant of
RAD51 (FANCR) or as an >inked disorder through a variant of FANCB, but FA is mostly
inheritedin anautosomatecessiveatternthrough variants of FANCAMehta and Ebens,
2002) Diagnosis of the disease istmally conducted byesting lymhocytes forincreased
chromosonal breakagaising MMC or diepoxybutaneand by genetictestingfor specific
mutationsin genes known to be involved in t€A pathway(Mehta and Ebens, 2002;
Auerbach, 2015)The FA pathways a DNA repair pathway tha involved in targeting and
excising ICLsusingthe affected FA complementation group (FANC) genes during DNA
replication (Cheung and Taniguchi, 2017; Garaycoecheal, 2018) The FA pathway
primarily operates during the-$hase of the celtycle and it tends to be DNA replication
dependen{Datta and Brosh Jr., 2019)

Biochemical studies opatientd er i ved cel | l ines have been
(Ishida and Buchwald, 1982andcurrently there are 22 knowlRANC genes(Wu et al,

2019) as seen in Table2Z.FA diagnosed cells are deficient in a FANC or related protein
(such asBRCAZ2, also known asFANCD1), that destabilise the necessary protein
complexegCheung and Taniguchi, 201 fhaking the patient vulnerable to certain types of
DNA lesions.Options for treatment are also limited, asngoof the ICLinducing agents
described irSectionl.2.2. are also used for chemotherapy and thersfareld beavoided

for those diagnosed with FA. Interestinghgmatopoietic stem cell transplardosed with

12

2 C



total body irradiation have been considetedoe dosed with the alternative intrastrand
crosslinking agent busulfan instead to increase engraftment and lower hepatotoxicity before
treatmeni{Mehtaet al, 2019) SinceMehtaet al. (2019)determined that patients with FA

and nonrFA traits had no ghnificant differences in toxicity when treated with busulfan, the
crosslinking agent has been considered as the alternative methedi&opoietic stem cell
transplarg and is currently being investigated as a potential chemotherapy tresinfeht

caner patient§Mehta and Ebens, 2002; Melgial., 2019) The specific functionality and
mechanics of the indivithl FANC proteins, and their combined involvement during the FA
pathway, are still being investigated and debated, however the basic understanding of the
FA pathway is currently accepteals displayed in Figure 1.Brior to the understanding of

the role dthe FA pathway, the repair for ICLs in DNA was theorised to have been completed
by, or a combination othe repair pathwaySlER andHR, but was not understood why or

how the repair pathways were recruited togetfMcHugh et al, 2001) That was until
studies into the FA pathway had reveatledt over half of the recognised FANC proteins
listed in Table 1.2 were recognised as proteins involved in &EfRe FA incisiomomplex

that unhooks the ICland HRfor the DNADSB repair. Therefore theonnectiorbetween

the repair pathwaywas establisedandthe FA pathway was accepted as frencipal ICL

repair pathway

13



Table 1.2: Gene names and molecular function of the Fanconi Anaemia
complementation groups (FANCSs) in the Fanconi Anaemia (FApathway.

Fanconi Anaemia
_ Recognised . o
Complementation Molecular Function Within the FA Pathway
Gene Name
Group (FANC) #
A FANCA FA core complexocalisation and translocation
B FANCB FA cprg complesgqffold FA ID complex
ubiquitylationefficiency improvement
. FANCC FA core compl_exstal_blllseFA ID gompIeX|nteract|on
andubiquitylation efficiencyimprovement
D1 BRCA HR; recruis RAD51
D2 FANCD2 FA ID complex initiates unhookin@f nucleases
FA core complexstabilise FA ID complex interactio
E FANCE o . . .
and ubiquitylation efficiency improvement
FA core complexstabilise FA ID complex interactiof
F FANCF o . - :
and ubiquitylation efficiency improvement
G FANCG FA core complexocalisation and translocation
I FANCI FA ID complex, initiates unhooking by nucleases
J BRIP1 PromotedHR pathway when phosphorylated
1 FANCL FA core complexE3 ligasemonoubiquitinagésFA 1D
complex
M FANCM FANCM/MHF and EA core complees binds toDNA
atflipped ICL site
N PALB2 HR; mediate BRCA1/2 toDNA strand
o RAD51C HR; RAD51 paralog fomucleoprotein filament
assemby
FA incisioncomplex;recruitment andcaffoldingfor
P SLX4 : o .
first ICL incision and unhooking
Q ERCC4 | FA incisioncomplex first ICL incision and unhooking
- RAD51 HR; searches for homologgmplate
and DNA strand exchange
s BRCA1 HR promotion o!ls.souates CMG helicasdter ICL
detectedjoins BRCA2 as part dfiR
- UBE2T FA core complexE2 ligasemonaubiquitin control
from FA ID complex.
U XRCC2 HR; RAD51 paralog for nucleoprotein filament
assembly
\Y REV7 Transl esion synthesi s;
W REWD3 HR complex mediates eplication protein A (RPA)o
promote HR

Adapted and reviewed frofimaylor et al. (2020)
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When an ICL is present, the DNA damage response is the RiNW& E3 ubiquitin ligase
TRAIP (TRAIP), which ubiquitylates the replicative DNA helicase protein complex CMG
(CDC45, MCM2i 7 and GINS) and stalls DNA replicatigVu et al, 2019) This was
initially thought to be the responsibility of FANCM in the FANOWIAF (FA-associated
protein 24 [FAAP24], histone fold protein 1 [MHF1] and 2 [MHF2]) complex with breast
cancer associated protein 1 (BRCA1) and BARD1 (BR@A4ociated really interesting
new gene domain protein 1) after ATR DNA damage response, thusifajlthe standard

FA pathway(Ceccaldiet al, 2016; Datta and Brosh Jr., 201®%u et al.(2019) had shown
that FANCM was not necessary, however it may be more accurate to assume that under a
specific replication model in response to a specific type of ICL, that TRAIP or
FANCM/MHF is recruited @ detect and respond, and requires further investigation for
clarification. Following the ICL response and protein complex recruitment, the DNA is
unwound and remodelled as the replication fork converged at the IQDsita and Brosh

Jr., 2019; Wuet al, 2019. Following the standard accepted FA pathway, FANCM/MHF
acts as aanchor to the ICL site andotatform for the recruitment of other proteins to form
the FA core complex, which consists of FANCM/MHF compleANCA, -B, -C, -E, -F, -

G and-L, UBE2T, FAAP100 and FAAP2({Ceccaldiet al, 2016) The FA core complex
acts as the ubiquitin ligase to recruit and monoubiquititregendividual proteinEANCD2

and FANCI of the heterodimer FA ID comple§Cheung and Taniguchi, 2017; Datta and
Brosh Jr., 2019)The FA ID complex stalls the replication fork and, so long as the complex
is ubiquitinated, is prevented frodeubiquitylationby ubiquitin-specific protease QUSP1)

and USPZtassociated factor YUAF1), therefore preventing premature FA pathway
inactivatian (Taylor et al, 2020)
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After the FA ID complex is monoubiquitinatedn d st abi | i ses as a DNA
replication fork(Alcon et al, 2020) the FA incision complexa protein scaffoldnvolving

excision repair cross complementing prot@ifERCC1) withERCC4and MUSS81 with

Essential Meiotic Structur8pecific Endonuclease ENMEL), combined with SLX, is
recruitedfor the incisionand flipping of thelCL, resulting in ageneratedNA double

stranded breakMartin et al, 2017; Datta and Brosh Jr., 201@pposite thdlipped ICL,
thesinglestranded DNAgapis sealedvith DNA polymerase®evlor g, which contain the

subunits Rev3 and ReyDatta and Brds Jr., 2019; Tayloet al, 2020) It is currently
thoughtthat he ICLis removed byNER, or morerecentlya theoryfavours BER, due tothe
supportingeviderce of DNA glycosylaseNEIL1 andNEIL3 with the aid ofa third and

fourth DNA strand (Martin et al, 2017) After the ICL incision the remainingsingle

stranded DNA gap is sealed with DNA polymerasesRegl agai n, cédmplethgowed b
DNA repairafterRAD51-catalysedHR usingRAD51, RAD51CBRCA1, BRCA2, PALB?2,

BRIP1 and BARDCeccaldiet al, 2016)

The FANC genes/proteins and their ICL repair relation wsardiedextensively within the

FA pathway, mainly in relation to thgrotein complexe&A core and FA ID Specifically,

the FANC genes/proteirstudial the most were FANCA and FANCD2. FANCA had the
highest percentage of Fattributed gene variants and was determineGasciaHigueraet

al. (1999)to bind to FANCG and FANCC in the FA core complehich also had high
percentages ofene variantgKimble et al, 2018) The absence or depletion of FANCA
rendered the FA core complex nlumctional, and therefore, the FA ID complex was not
recruitedand ubiquitinatedFANCD2 had more FAattributed gene variants than FANCDI

in the FA ID complex, though they were both considered rare compared to other FANC
genegKimble etal., 2018) FANCD2 was extensively researched due to its association with
the BRCA1 (FANCS) and BRCA2 (FANCD1) proteins involved in the HR pathway
(GarciaHiguera et al, 2001; Hussainet al, 2004) and the FA ID complexes
monoubiquitination from the FA core complex promoting the nuclear incision protein
complex recruitmeniMehta and Ebens, 2002 owever, the absence/depletion of FANCD2
rendered the FA ID complex ndanctional, and thexforedown regulating the recruitment

of protein complexes for ICL repair
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1.5. Base Excision Repair

Base excision repaiBER) is responsible for repairing chemically modifietlA basesand

SSBs (Pierce 2014) These DNAbaselesions are induced by oxidation, deamination,
alkylationandhydrolysis(Bossharcet al, 2012; lyama and Wilso2014) BER follows the

major steps of recognising and excising an irregular base, nicking the resulting abasic site,

processing the terminal ends, replacing the excised nucleotide and sealing {fremczk
2014) as shown in Figures@and 17.
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Figure 1.6: Activity of mono- and bi-functional DNA glycosylases showing the different
ends produced.

Reviewed and reformatted frolkrokan and Bjorag2013, and Parsons and Edmonds
(2016)

BER starts either when BNA glycosylase recognises and excises a chemioadiglified
base or whenPARP1is activated at the site alSSBand recruitshe necessary proteifsr
SSB repair (Pierce 2014; Fakour et al, 2019) DNA glycosylases are classed as
monofunctional or bifunctiona{Bosshardet al, 2012; lyama and Wilson, 2014and

function as displayed in Figure6l.Monofunctional DNA glycosylasesydrolyse the N
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glycosylic bond, which leaves an AP (apurinic or apyrimidinic) site followeddsyvage of
the DNA backboneat the5 -gide of the AP sitdby AP-endonuclease 1 (APE1), leaving a
DNASSBwi t-hy 8 a o>0OWHI) (aGesxyriboge phosphafte 5dRP) end¢Bosshard

et al, 2012; lyama and Wilson, 2014)he 5-dRP is then removed by DNA polymerase
b (P o ) to dreate & -phosphatdefore a complementary nucleotide is addgflinctional
DNA glycosylases ol | ow t he same pr i nci-APllyase actvityc e pt
incising the phosphodiester backbatahe3 8lge of the AP sité y -elimination resulting
ina -plo s p hat ehosphoglycotate @Esidue respectivéBosshardet al, 2012;
lyama and Wilson, 2014Alternatively, some bifunctional DNA glycosylases, including
Fpg/Nei (formamidopyrimidine DNA glycosylase [Fpg] and endonuclease VIII [Neli])
cl eave-elbiymibn ait i o n;a nrdgpkGaphatei grogpwith the 3 sphosphate
converted to 8 -@H group by polynucleotide kinase/phosphatase (PNEBB3sharcet al,
2012; Krokan andBjoras, 2013) Whichever the case, the result is the excision of the
chemically modified base and a DN@SBthat is repaired by one of two methods, short
patch or longpatch BER.
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Figure 1.7: Base excision repair.

(Reviewed and reformatted froirokan and Bjoras2013 and Parsons and Edmonds
2016)

The different pathways of BER asemmarised in Figure 4..Following N-glycosylic bond
cleavage, Isortpatch BERstars with endprocessing usmeitherP o I1to cleaet he 5 a
dRP, APEZloremovet he 3 a p hos p h,ordPNKPto charae tle8 -phasghated u e
groupto -QHx (Krokan and Bjoras, 2013; Albelaet al, 2019) This leads to repair
synt hesi sfollawed by ligatmn of the appropriateucleotideby XRCC1DNA

ligase Il (LIG3)(Krokan and Bjoras, 2013; lyama and Wilson, 2014)

Long-patch BER (Figure X) is characterised bthe excision of up to thirteen nucleotigdes

often involving clustered oxidative base lesio(isrokan and Bjoras, 2013; lyama and
Wilson, 2014; Whitakeret al, 2017) The proteins involvedn long-patch BERare
expressed during -phaseand are involved in DNA replicatiofzhou et al, 2017) For
monofunctional DNA glycosylaseafter DNA backbonenc i si on by AFPE1, i f
not removed by o | b, then the repair i(Maynardendl,i nued
2008)by DNA polymerasegi or U ( Proliferating dél) nuclear antigen (PCNA),
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with replication factor C (RFC(Krokan and Bjoras, 2013; lyama and Wilson, 20T4)e
DNA flap is then excised bffap endonuclease 1 (FEN1), allowing the ligation ofrtaely
synthesisedDNA strandby DNA ligase | (LIG1)(Krokan and Bjoras, 2013)

15.1. DNA Glycosylases

DNA glycosylases are the proteins responsible for starting BER by excisingdahecally
modified DNA base(Bosshardet al, 2012; Krokan and Bjoras, 2013; lyama and Wilson,
2014) As displayed in Table 3, there arezlevenDNA glycosylasesn mammalian cells
and each one is involved targetinga specificset of DNA kase modification§Bossharcdet

al., 2012; Jacobs and Schar, 2012; Krokan and Bjoras, 2013)

Depending on the DNA base in question, the DNA glycosylases are further identified by
their function. For example, -Bethytpurine glycosylase (MPG), also known

as alkyladenine DNA glycosylase (AAG) in humans, is the only monofunctional DNA
glycosylase tht specifically targets and excises alkylated bases, includinegtByladenine,
3-methylguanine, -methylguanine sawell ashypoxanthinend 1,M-ethenoadenin@lacobs

and Schar, 2012; Whitaket al, 2017) However, the majority of the DNA glycosylases

target uracHrelated lesions or oxidative lesions.
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Table 1.3: General summary of the structural motif superfamilies, name, class and

common lesions targeted by mammalian DNA glycosylases.

Structural Motif Monofunctional or | Common DNA
. DNA Glycosylase Name ) . )
Superfamily Bifunctional Base Lesion
_ _ 3-methyladenine;
3-methyl-purine 3-methylpurine glycosylase . )
Monofunctional 7-methylguanine;
glycosylase (MPG) (MPG) _
hypoxanthine
_ . Uracil and
Uracil-N glycosylase (UNG)  Monofunctional o
derivatives
Alpha-beta fold Singlestrandspecific _
_ ) _ _ _ Uracil and
Motif (Uracil DNA monofunctional uracil DNA Monofunctional o
derivatives
Glycosylase [UDG] glycosylase 1 (SMUG1)
Superfamily) _ Thymine
Thymine DNA glycosylase . .
Monofunctional =~ mismatches; Urac
(TDG) -
and derivatives
Endonuclease ViiLike 1 _ ) Tg; FapyG;
Bifunctional
_ _ (NEIL1) FapyA; 8oxoG
Helix 2-turn Helix :
Endonuclease VliLike 2 _ _ Tg; FapyG;
(H2tH) (NEIL Bifunctional
_ (NEIL2) FapyA; 8oxoG
superfamily) : : :
Endonuclease VliLike 3 Monofunctional/Bif ~ FapyA; FapyG;
(NEIL3) unctional Sp; Gh
o ) Thymine
Methyl-binding domain _ _
Monofunctional =~ mismatches; Urac
glycosylase 4 (MBDA4) o
and derivatives
_ o _ 8-OxoG DNA glycosylase 1 . ) 8-0x0G; FapyA;
Helix-hairpin -helix Bifunctional
(OGG1) FapyG
(HhH) | _
MutY homolog DNA . Adenine opposite
Monofunctional
glycosylase (MUTYH) 8-0x0G
Endonuclease Hlike 1 _ _
Bifunctional Tg; FapyG

(NTHL1)

Adapted fromWhitakeret al. (2017)
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Four monofunctionaDNA glycosylasespecialig in excising uracil andracil derivatives,
however three of then aredifferentiated by theiprotein structural motif, anohdividually
are further differentiated by thelesion excision specificity. Wacil-DNA glycosylase
(UNG), single-strandspecific monofunctional uracil DNA glycosylase 1 (SMUG1) and
thymine DNA glycosylase (TDGare DNA glycosylasesn the uracil DNAglycosylase
superfamily containng the alphabeta fold motif (Bosshardet al, 2012) UNG targets
uracil, preferablyopposite to adenineand deaminated residues o¥tosine oppositeto
guaninealloxan,5-hydroxyuracil and isodialuric acidacobs and Schéar, 2012; Krokan and
Bjoras, 2013) SMUG1 also targets uracind uracil derivativesin place of UNGin a
supportive rolebutspecifically targetsuracil and 5-hydroxymethyluraciivhen opposite to
guanineand alsoin singlestranded DNA(Kavli et al, 2002; Evanst al, 2010) TDG
specifically targetshymine based mismatchevith guaninghat are close to CpG islands
more than SMUG1 withuracil and 5hydroxymethyluracil and the oxidised 5
carboxylcytosinebefore correctingo cytosinein doublestranded DNA(Tini et al, 2002;
He et al, 2011) The methykbinding domain glycosylase 4 (MBD4H similar to TDG in
targetingmispairedbass and SMUG1 in targeting-hydroxymethyluracilin CpGisland
mismatchesin doublestranded DNA however MBD4 can target in @roader range
including thymine and uracil when mispaired with guanineut does not haveignificant

activity againsb-hydroxymethyluraci(Hendrichet al, 1999; Jacobs and Schér, 2012)

FourbifunctionalDNA glycosylases specialise in excisiogidative lesionshowever three

of the four are differentiated by their protein structural motd d t hei r -bBndf unct i
b ,-elimination and individually are further differentiated by thdision excision
specificity. 8-oxoG DNA glycosylase (OGG1) is a bifunctiortdhH type, b-elimination

DNA glycosylase that specifically targetso80G opposite cytosindHowever, it also has

activity against thexidised purindesions 2,6-diamina-4-hydroxy-5-formamidopyrimidine
(FapyG)when oposite cytosine, 7;8ihydro-8-oxoadenine (&x0A) when not opposite

thymine, and 4 &liamino-5-formamidopyrimidine (FapyAjBosshareet al, 2012; Wallace,

2013; Nakabeppu, 2014yhe monofunctional MutY homolog DNA glycosylase (MUTYH)

is the only DNA glycoglase that specifically targets a natural base opposite a chemically
modified lesion, in this case adenine paired tox8G which may occurmpost DNA

replication (Wallace, 2013) MUTYH initiates BERwi t h pol ymer ase @& whe
polymerases bypassdoG and the opposite paired adenine is not corrected to cytosine
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(Bossharcet al, 2012) After the correct cytosine is pairgdGGZlcaninitiate BER to excise
8-0x0G (Nakabeppu, 2014)

Endonuclease Hlike 1 (NTHL1) is aother HhH family member that carries oot
elimination a DNA glycosylase that spdaally targets ring fragmented purinesd
oxidised pyrimidines in doubistranded DNA, such asfg, FapyA, FapyG, 5
hydroxycytosine and-fydroxyuracil(Jacobs and Schar, 2012; Wallace, 20T8g DNA
glycosylasegndonuclease VHlike (NEIL)-1 (NEIL1), NEIL2 andNEIL3 arebifunctional
b ,-elimination DNA glycosylases in the NEIL superfamily, containing tHelix 2-turn
helix (H2tH) motif (Albelazi et al, 2019) Similar to NTHL1and OGG1the NEIL DNA
glycosylasespecifically targetnultiple oxidativebaselesions in both single and double
stranded DNA(Jacobs and Sén, 2012) However, cell cycle expression and substrate
speificities differ fothe NEILDNA glycosylasesand these arastussedurther in Sections
1511.7 15.13. An exampleis NEIL1 and NEIL3that have high activity on th&urther
oxidation products of -®xo0G, spiroiminodihydantoin (Sp) anduanidinohydantoin (Gh)
(Martin et al, 2017; Albelazet al, 2019)

1511.NEIL1

NEIL1 is thesecond largesif the NEILDNA glycosylasesthe human variant havir@90
amino acid, andhasan Fpg/Neisuperfamily domaiphelix 2-turn helix (H2tH) domain and

a NEIL1 DNA binding domain (as can be seen from Figure8)1.The NEIL1 DNA
glycosylase has beaeportedto initiate shodpatch BER througlb ,-elimination when
targeting oxidised DNA bases ahds been found to loell cycleregulatedwith the highest
expression being during-@haseand after oxidative stresgHegdeet al, 2013) The
expression steadily increases with age as aag@threshold takes effect, reaching its peak
before dropping again at an older g8essharcet al, 2012) Albelaziet al (2019) further
characteried the biochemical role of NEIL1 as the primary DNA glycosylase to excise
oxidative bases in doubkiranded DNA before DNA replication forknwinding and
maintaining DNA replication fork stabilityvhen comparedtNEIL3 in singlestranded and
doublestranded DNA.The disorders directly associated with NEIL1 are metabolic
syndrome, based on NEIL1 knockout and heterozygoutsited mouse models displaying
a reduction in DNA stability and glycosylase activityartanianet al, 2006 Roy et al,
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2007) An increase in canceevelopmentvith sgnificantly elevated somatic mutationgs
noted most cases WiIlEIL1 underexpressiotietectedShinmuraet al, 2016) This implies
the phenotypical consequences olxdeficient InNEIL1 expression to be susceptible to
DNA instability, especiallyto oxidative stressput there arecurrently no phenotypic

consequencelatedto cells with NEIL1 overexpression

hNEIL1

Amino acid
sequence position: o 100 200 300

Fpg’Nd IIII

Figure 1.8: Conserved domains of the DNA glycosylase NEIL1.
Albelaziet al.(2019)

400 476
T |

NEIL1 has beeoundto target oxidatively damaged bases such as Tg, FapyG, FapyA, and
8-0x0G and S0HU in single and doublestranded DNA (Bossharet al.,2012). However,

the DNA glycosylase has been found to prefer targeting certain oxidative lesions over others,
such as Sp and Gh in doudgganded DNA and quadruplex DNA structures than with 8
0x0G, and Tg and-®HU in doublestranded DNA and when close to the DNA replication
fork (Zhouet al, 2013; Albelaziet al, 2019) NEIL1 also showed evidence of unhooking
ICLs, a DNAlesion usually repaired by thé\Fpathway. The first evidence was confirmed

in threestranded DNA structures with psoralemuced ICLs unhooked by NEIL{Couvé

et al, 2009) which implied DNA repair fronSSBs instead oDSBs. The evidence was
further suppored whenNEIL1 aided in excisinglCLs induced by psoralens three and
four-stranded DNAcompared to NEIL3and ICLs induced byMMC in FANCA and
FANCC deficient FA cell (MacéAimé et al, 2010; Martinet al, 2017) This swggested

that NEIL1 could beused as gotential alternative treatmefdr ICL repair from FA
phenotypical cells anghenotypicallysimilar cancersHowever ICLs induced by other

genotoxic agents required furtr@nfirmation.
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15.1.2.NEIL2

NEIL2 is the smallest of the NEIDNA glycosylases, with a protein amino acid length of
332aain human cellsandhas arFpg/Nei superfamily domaiandan H2tH domain(as can
be seen from Figure 9. Compared to the otheMEIL glycosylases only NEIL2 has no
DNA binding domains orinc-finger domains at the -@rminus.Unlike the other NEIL
DNA glycosylass, NEIL2has been found to lm®nstitutivelyexpressedndependentf the
cell cycle(Neurauteret al, 2012) and regardless @ge(Bossharcet al, 2012) Similar to
NEIL1, NEIL2 removesxidatively damaged bases such as Tg, FapyG, Fapyd#g-oxo-

G, 50HU, 5-OHC, 5,6dihydrothymine and 5;@8ihydrouracil (Bosshardet al, 2012)
However NEIL2 would seem to prefer targeting cytosin@sed oxidative lesionsind in
singlestranded,doublestranded and bubbktructured DNA(Jacobs and Schar, 2012;
Krokan and Bjoras, 20123)

hNEIL2

Amino acid
sequence position: o

Fpg/Nei superfamily

Figure 1.9: Conserved domains of the DNAglycosylase NEIL2.
Albelaziet al.(2019)

15.1.3.NEIL3

NEIL3 is thelargestof the NEIL DNA glycosylases, witt605 amino aci@ in the human
variantand has aFpg/Neisuperfamilydomain, an H&24 domain aRanBP- zinc-finger (zf-
RanBP) domainandtwo zinc finger GRF (zf-GRF) domains(as can be seen from Figure
1.10). Of all the NEIL DNA glycosylasesonly NEIL3 has three zinfinger domains,
including tandem GRF domains at thdegminus. According to Wallacet al. (2017), the
zf-GRF domain on the AP endonuclease 2 (APE2) is essential in activatifigDiRe
following oxidative stress, bacse the DNAbinding regions coincide with the GRF region

and zinc coordination. When compared to the NEIL3 amino acid sequence, the only common
feature with APEZ2 is the zinc coordination, however the seco@RHE inNEIL3 contains

a lysine instead of angne (Wallaceet al, 2017) Unlike NEIL1 and 2,he roleof the DNA
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glycosylase has beerecently definedto generally initiate shoripatch BER through
bifunctional @-elimination) when targeting oxidised DNA basdsut alsocould initiate
long-patch BER through monofunctionaDNA glycosylase activitywhen protecting
telomeres fronoxidative damagewhile alsomaintainingDNA replication fork stability
(Zhouet al, 2017; Albelazet al, 2019) NEIL3 has been found to beell-cycleregulated,

the highest expression being during then8G2 phasé€Neurauteret al, 2012) and highly
expressed in the thymus, testes amdhour tissues particularly metastatictumours
(Shinmuraet al, 2016; Klatenhoffet al, 2017) It is also suggested that TRAIP is the
regulator for NEIL3 under the same initial conditions as in the FA pathway when an ICL is
present, however priorities are given to NEIL3 over the FA pathway based on the short and

long ubiqutin chain lengths respective(yWu et al, 2019)

hNEIL3

Amino acid

sequence position: o 805

200 300 400 S00
T T T —— ) T - .
Zf-
RanB

H2TH

Figure 1.10: Conserved domains of the DNA glycosylase NEIL3.
Albelaziet al, 2019

A lack of NEIL3 has been found to increase the riskwtoimmure disorderswith increased
lymphocytecell death and autoantibodi@€lassaacet al, 2016) Increasecchromosomal
damage and loss of telometess also been implicated with a lack of NEI{Zhou et al,
2017) and exhibit similarities to prematurecell senescenceand reduced ability of
neurogenesigRegnellet al, 2012; Reis and Hermanson, 2D%henassociated to NEIL3
deficiency and an increase in cancer developnagthiandfrom chemotherapy resistanice
cases displayingsignificantly elevated somatic mutatiorssd NEIL3 overexpression
(Shinmuraet al, 2016; Tranet al, 2020) Although in mouse tripleknockouts ofDNA
glycosylasedNEIL1, -2 and-3, accumulated spontaneous mutations were not increased
canceswerenot detectedRasethet al, 2017) This implies the phenotypical consequences
of cells deficient in NEIB expression to be susceptible to DNA instability, especially to
oxidative stressindicating that NEIL3 acts as cettaintenance protein, but al$EIL3
overexprasion indicatesthe DNA glycosylase as aaid to cancer Therefore,NEIL3

requires strict control of expressiom cells
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Normally the DNA glycosylase would target oxidatively damaged bases such as FapyA,
FapyG, Sp and Gim singlestranded DNABossharcet al, 2012; Klattenhofkt al, 2017)
However recenty through Albelazet al. (2019) NEIL3 had shown a sing preference for
excising5-OHU and Tg in singlestrandedDNA andin the single DNA strand after the
DNA replication fork When compared to NEILNEIL3 is categorised as tipgimaryDNA
glycosylase to excise oxidative lesioimssingle and doublestranded DNA at the DNA
replication fork thoughit is possiblethat it may havea backuprole when NEIL1 fails to
excise an oxidative lesiom doublestranded DNAprior to the DNA replication fork
(Albelaziet al, 2019) Martin et al. (2017)had alsdound thatNEIL3 had targeed Sp and

Gh and not aswas thoughtto also targeB-oxoG in three and fourstrandedDNA, in a
more monofunctional mannefhe same studglso foundpsoralernducedICLs to be
preferably unhooked by NEIL8ver NEIL1, which was thoughto be the priority of the FA
pathwaybut wasfirst noticed bySemlowet al. (2016) being independenaf the FA ID
complex Similar to theaccumulated evidenad NEIL1 unhooking psoralemduced ICLs
(Couvéet al., 2009; MaceAimé et al, 2010; Martinet al, 2017) this implied DNA repair
from SSBs instead 0DSBs from NEIL3. This also suggested that NEIL3 could be used as
a potential alternative treatment for ICL repair from FA phenotypical and pheraitypic
similar cancers. ldwever, ICLs induced by other genotoxic agetd through human cell

culturesrequired further confirmatian

1.6. Hypothesis

NEIL3 knockoutmouse embryonic fibroblas{MEF) have beershown to le sensitisd to
cisplatin(Rolsethet al, 2013) and the overexpression NEIL1 increased resiahce to the

ICL agentMMC (MacéAimé et al, 2010) Furthermore, it has recently been shown that
hNEIL1 andhNEIL3 canexcise psoralen inducd@Ls in three and fourstranded DNA
structures(Martin et al, 2017) Fanconianaemiacells are exquisitely sensitive t€L
inducing agentsand theFANCgenes have been shown to be involved in ICL rgjhahta

and Ebens, 200Z2Jherefore, this project set out to determine if the overexpression of NEIL1
or NEIL3 in FA cells would increase thie resistance tdCL inducing agergt and siRNA
knockdown of NEIL3 increase the sensitivity of FA cells to crosslinking ageamthef

indicating a role for these DNA glycosylaseis the repair of ICLs in mammalian cells.
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Indeed, during the duration of this projectetial. (2020) reported that NEIL3 knockout in

FA generated cancer cells were sensitive to psoralen inducedLiCéssal, 2020)

Project Start

v

Generate Plasmids for Transfection:

Insert amplification, restriction digest,
cloning and sequence confirmation of
pcDNA3.1-hNEIL3-FLAG.

Insert amplification, restriction digest,
cloning and sequence confirmation of
pcDNA3.1-hNEIL3%.-FLAG.

b

Recombinant Protein Expression:

FA/non-FA cells transfected with
plasmids expressing:

- hNEILI-FLAG

- INEIL3*-FLAG

- INEIL3P®.FLAG

A

v

FA/non-FA Cell Line Analvsis:

Cell growth analysis.
Cell growth after
Treatment.

Gene/protein expression Studies.

genotoxin

Gene-Specific Knockdown:

FA/non-FA cells transfected
with siRNA targeting:

- NEIL3

- TRIM26
Confirmation of gene specific
knockdown

« Confirmation of recombinant protein
expression

A 4
Survival of siRNA
Transfected FA/non-FA Cells
after Genotoxin Treatment

Survival of Plasmid
Transfected FA/non-FA Cells
after Genotoxin Treatment

Answer
Hypothesis

Figure 1.11: Overall flowchart of the thesis project.

The aims and objectives of this project wagi) obtainbackground information onell
growth analysis, cell growth inhibitioafter ICL- and oxidativeinducing agent treatment
and gene and protein expressiontlb@FA and norFA phenotypical dés (ii) generate an
expression vector for FLA®Ggged NEIL3 fullength (hNEIL3Y) and truncated
(hNEIL3'%) for recombinant expression in FA and AeA phenotypical cells(iii)
compared to the expression vector with FL-éggged hNEIL1, determine the role of highly
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expressed NEIL1 and NEIL3 in F&nd norFA phenotypical cells when treated with ICL
and oxidtive-inducing genotoxic agents, and)(determire the role of NEIL1 ad NEIL3
in FA and norFA phenotypical cellsvith NEIL3 and NEIL1ubiquitin-associated TRIM26
knockdown when treated with ICLand oxidtive-inducing genotoxic agent#\n overall
flow chart displaying how the aims and objectives were to be achieved cdoséwed in
Figure 1.11
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Chapter 2Viaterials andMethods

2.1 Materials

2.1.1.Celllines

The human lymphocyte cell lines, H®3 (GM13072, HSG72 (GM13022, HSG72-
Corrected HSG536 (GM13020 and HSC536-Corrected and the SV40 immortalised
human fibroblasts PD20GM16633)and FANCD2-3.15 (GM16634, referred to as 3.15)
were kind gifts of Filippo Rosselli at the Institut Gustave Roussy, Paris, France.
Subsequently, new stocks of PD20 and 3.15 were obtained feoMi@M Human Genetic

Cell Repository at the Coriell Institute for Medical Research, Camden, New Jersey, USA.
The FA status of all theseell lines is specified in Table 2.and reformatted from
information displayed by the Coreill Institute databaBke @ncer cell lines HeLa and
U20S (WT and~ANCD2deficien) were kind gifts of Wojciech Niedzwiedz at The Institute

of Cancer Research, London, UK. The cancer cell lines withFldCD?2 deficiency
phenotype are referred to as HdDa and U208D2, respectivelyand were generated using
the CRISPR/Cas9 method describe&ainwabet al. (2015).
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Table 2.1: Fanconianaemiacell line information .

Cell Line Mutation(s) and Additional Information Phenotype
FA cell line, homozygous dletion of exons 18 to 28 (
HSC.72 FANCA resulting in FANCA deficiency and increas FANCA
chromosomal breakagend ICL sensitivity(Joenjeet al,  Deficient
2000)
Transfecedwith an episomal mammalian expression plas|
HSC-72 . _ FANCA
pCEP4 or pMEP4 with FLA@agged FANCA inser
Corrected o Corrected
(Waisfiszet al, 1999)
FA cell ling, T to C transition at nucleotide 1916 in exon
HSC.536 of FANCC resulting in substitution of proline for leucine, FANCC
codon 554 FANCC deficiency increased chromosomrr Deficient
breakage and ICL sensitivity (Coriell Institute)
Transfecédwith an episomal mammalian expression plas|
HSC-536 _ _ o FANCC
pMEP4 with FLAGtagged FANCC inserfWaisfisz et al,
Corrected Corrected
1999)
FA cell line with compoundFANCD2 heterozygsity: one
allele hasA to G transition at nucleotide 376, resulting
glycine substitution for serine at codon 126, and abno
PD20 splicing and insertion of 13 bp from intron five into mMRN FANCD2
Second allele ha$s to A transition at nucleotide 3707 Deficient
resulting in histidine substitutioroff arginine at codon 123¢
FANCD2 deficiency increased chromosome breakage
ICL sensitivity(Timmerset al, 2001)
PD20 with nicrocellmediated transfeof chromosome 3p
o FANCD2
3.15 regular FANCD2 expressio(limmerset al, 2001) Also
_ Corrected
regarded as cdihe FANCD2-3.15(Castilloet al, 2011)
HelLa @ancer cel with 62 nucleotide deletion in exon 4
FANCD2
HelLa-D2 FANCD2by CRISPR/Cas®Based on the methodology fra Deficient
eficien
Schwabet al.(2015) used to generate U2CR cells
U20S cancer cellswith 62 nucleotide deletion in exon 4
FANCD2
U20SD2 FANCD2by CRISPR/Cas9. Based on the methodology f -
eficien
Schwabet al. (2015) and stated aSANCD2",
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2.1.2.Cell Culture Reagents

All cells described in Table 2.1 and their wild type counterparts (HeLa and U200 3/&v&)
cultured at 37°C, 5% C£n a humidified atmosphere using complete culture medium as
specified in Table 2,2vith the reagents specified in Table.ZS8ock solutions of genotoxic

agentswere prepared according to the specifications listed in Table 2.4

Table 2.2: Cell lines and culture media.

) _ Freezing
Cell Line Cell Type Culture Medium _
Medium
HSC-93
HSC-72
HSC-72 RPMI 1640 with 12% (v/v) Culture Medium
Human lymphoblast _ _
Corrected _ FBS, 1% (v/v) Lglutamine  with 5% (v/v)
suspension cells
HSC-536 and 1% (v/v)pen/strep DMSO
HSC-536
Corrected
PD20 _ MEM with 12% (v/v) FBS, Culture Medium
Human fibroblast; _ _
1% (v/v) L-glutamine and  with 10% (v/v)
adherent cells
3.15 1% (v/v) pen/strep DMSO
U20S o RPMI 1640 with 10% (v/v)
Human epithelial; )
FBS, 1% (v/v) Lglutamine
adherent cells .
U20SD2 and 1% (v/v) pen/strep = Culture Medium
: with 5% (v/v)
Human cervical, _
HelLa . _ DMEM with 10% (v/v) DMSO
immortalised cancet _
) FBS, 1% (v/v) Lglutamine
cell line;
HelLa-D2 and 1% (v/v) pen/strep
adherent cells
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Table 2.3: Cell culture reagents.

Reagent

Specifications

Dimethyl Sulfoxide (DMSO)

98-100% ¢10213810, Fisher Chemical)

Dulbecco's Modified Eagle
Medium (DMEM)

High glucose, sodium pyruvate, and phenol red
(#21969035, Gibco)

Foetal Bovine Serum (FBS)
G418 Solution

L -glutamine

Heatinactivated #10500064, Gibco)
50 mg/ml solution#10092772, Gibco or
#04727878001, Roche
200 mM ¢25030024, Gibco)

Minimal Essential Medium

Contains Earl ebdts Bal and

Roswell Park Memorial
Institute 1640 (RPMI 1640)

medium

(MEM) (#12-125, Lonza)
Opti-MEM Reduced serum mediu31985062, Gibco)
Penicillin/Streptomycin 10,000 Units/ml Penicillin, 10,000 pg/ml
(Pen/Strep) Streptomycin#15140122, Gibco)

Contains phenol redt{2-167, Lonza)

TrypLE Express Enzyme

1x working solution containing EDTA (1 mM) and
phenol red#12605028, Gibco)

Table 2.4: Details of the genotoxic agents.

Batch Mass Required to
Molecular _
_ Stock Obtain 1 mM
Weight . .
Weight Stock in a Solvent
Mitomycin -C _
_ 1 mg in 3 ml of
(MMC, Fisher 334.33 10 mg
_ dH20
BioReagents)
Genotoxic Cisplatin 0.9 mg in 3 ml of
_ ' 304.55 50 mg '
Agent (Enzo Life Sciences) 0.9%saline
tert-Butyl .
. 70% of 0.93| 0.7 plin 5 ml of
Hydroperoxide 90.12
_ _ g/ml dH20
(TBHP, Sigma-Aldrich)
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2.1.3.Microbiology and MoleculaBiology Reagents

Stock solutions of microbiand molecular biologyeagentsvere prepared as specified in

Tables 2.5and 26. Antibody solutions were prepared with blocking buffer, as specified in

Table 2.12, with the antibodies listed imble 2.7 at their specified dilution ratid’he

prepared pmary antibody solutionkstedin Table 2.7may bestocked andeused for up to

ten reactions. Theecondary antibody solutiamas prepared fresh at the time of fmeone

reaction.

Table 2.5: Microbio logy Reagents

Reagent Specifications
. 100 mg/ml of ampicillin ediumsalt (BP176Q Fisher
Ampicillin _ _
BioReagentsin dH20
Kanamycin 50 mg/ml of kanamycin BP90§ Fisher BioReagen}sn dH20

Lysogeny Broth

(LB)

Luria low salt {3397, SigmaAldrich)

0.1% (wi/v) of éectrophoresigradePonceau $J60744 Alfa
Aesal)) in 5% (v/v) acetic acid

Ponceau SSolution

Table 2.6: LB medium and LB-agar.

Component LB Medium LB-Agar
LB 1.55¢ 1.55¢

Agar (Millipore) - 15¢g
dH20 100 mi 100 ml

Prepared LBagar was suitable for four agar plates, approximately 25 ml per Petri dish.
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Table 2.7: Primary and secondary antibodies used for probing proteinsb-Actin,
FANCD2, FLAG-tag, GAPDH, NEIL1, NEIL3, and TRIM26.

) o . Expected
. Antibody Dilution Protein of
Antibody _ Molecular
Use Ratio I nterest _
Weight (kDa)
Anti-b-Actin, Mouse Primary, .
1:3000 b-Actin 42
(sc¢47778,Santa Cruz) | Monoclonal
Anti-FANCD2, Mouse Primary,
1:1000 FANCD2 164
(sc¢20022,Santa Cruz) | Monoclonal
Anti-FLAG, Mouse _ _
_ Primary, Protein of
(F1804,Sigma- 1:1000 FLAG-tag
_ Monoclonal Interest + 1
Aldrich)
Anti-GAPDH, Mouse )
_ Primary,
(CB1001,Sigma- 1:10000 GAPDH 36
_ Monoclonal
Aldrich)
Anti-NEIL1, Mouse )
Primary,
(s¢271164 Santa 1:1000 NEIL1 43
Monoclonal
Cruz)
Anti-NEIL3, Mouse )
Primary, 68 (FL)
(s¢393703,Santa 1:1000 NEIL3
Monoclonal 56 (1506)
Cruz)
Anti-TRIM 26,Mouse )
Primary,
(s¢393832,Santa 1:1000 TRIM26 62
Monoclonal
Cruz)
Anti-Mouse,Goat Secondary, Primary
(A5278,Sigma- Policlonal, 1:3000 antibodies N/A
Aldrich) HRP grown in mouse

2.14. Buffers

Stock solutions of 1x PB&d 1x TBE were prepared as specified in TableTh8prepared

lysis buffer as detailed in Table 2.8nd3x SDSPAGE loading bufferas detailed in Table

2.11, may be prepared fresh on day of use or stor&da€ until requiredThediluted 1x
36



stocksolutions offrom thelOxbuffersdetailed in Table 2.18re storedt 4°C The 1xSDS
PAGE running buffeand1x WB transfer buffestocks may be filteredfter useand reused

for up to ten reactionisefore frestllx bufferstocks were prepared.

Table 2.8: List of pre-prepared buffers.
Buffer

Specifications

Phosphate Buffered 10x solution BP3994, Fisher Bidreagentsor 1x tablet pei00
Saline(PBS) ml solution ¢12821680Fisher BioReagenysliluted with dHO
Tris Base,Boric
Acid and EDTA
(TBE)

10x solution(#20-6000-100, Severn Biotech Ltddiluted with
dH20

Table 2.9: Lysis buffer for protein extraction.

Component Final Concentration

Tris-HCI pH 7.5 50 mM
NaCl 150 mM

SDS 0.1% (w/v)

Sodium Deoxycholate 0.5% (w/v)
NP40 1% (wiv)

Halt Protease Inhibitor Cocktalil
(100x) ¢87786 Thermo Scientific) 1

Table 2.10: 10x SDSPAGE running buffer and 10x western blot WB) transfer buffer.

10x SDSPAGE 10x WB
Component ]
Running Buffer Transfer Buffer
Tris Base 309 309
Glycine 144 g 144 g
SDS 10g -
dH20 UptollL UptollL

Diluted dock solutions of LEDSPAGE running buffem dH20 and 1x WB transfer buffer
in dH20 with a final concentration of 20% (v/@)ethanal
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Table 2.11: 3x SDSPAGE loading buffer.

Component Final Concentration
Tris-HCI pH 6.8 240 mM
SDS 6% (W/v)
Glycerol 30% (v/v)
2-mercaptoethanol 16% (v/v)
Bromophenol blue 0.006%(w/v)

Table 2.12: Western blot blocking buffer and wash buffer.

Component Blocking Buffer Washing Buffer
Non-fat milk powder 5% (w/v) -
PBS 1x 1x
Tween-20 0.1%(v/v) 0.1%(v/v)

2.15. Plasmids

The plasmids pcDNA3:-DNEIL1-FLAG and pETDUETZWNEIL3 were from Elder
Laboratorystocks.The pcDNA3.1lvectorexpressekighly stableand transientecombinant
protein aided bythe human cytomegalovirugromotor,in mammaliarcells, can be selected
through neomycin resistance and saolened through ampicillin  resistance
(pcDNA™3.1(+£) manual, Invitrogen) The pcDNA3.1-hNEIL1-FLAG plasmid was
maintained as a NEIL1 expressing plasmid tnedestrictiondoubledigested vector for the
ligation of theamplifiedNEIL3 coding sequenceagenerated frorpETDUET2hNEIL3 and
the subsequemcDNA3.-hNEIL3F--FLAG plasmid throughout Section 2. Pheplasmids
PcDNA3.I-hNEIL3™-FLAG and pcDNA3.I-hNEIL3Y™.FLAG the were described as
0 n e pla8mid throughoutSection 3.4 were purchased through the plassuigcloning
services GeneArt (Thermo Fisher Scientifithe freshly purchased pcDNA3.1 plasmid
(V7952Q Invitrogen) was used for the plasmid transfection comr&ections 2.3.7. and
2.3.8 The pCRBIlunt II-TOPO plasmid was alsioom lab stocks as part of tizeroBlunt
PCR Cloning Kit with One Shot TOPO10 chemically competentoli cells (K2800J10
Invitrogen) The pCR-Blunt [I-TOPO plasmidwas used for cloning blurended NEIL3
coding sequences amplified fropETDUET2hNEIL3 and subsequenpcDNAS3.I-
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hNEIL3™--FLAG before restriction doubldigested with sticky ends to the restriction
digested pcDNAS.1 vector

2.1.6. Nucleotide Sequences

Theprimersequences faheamplificationof thedifferentNEIL3 sequences for generating

NEIL3 expressing plasmidare specified in Table 2.13, and tpemer sequences for
amplification ofp-Actin, ERCC1 FANCA FANCD2 GAPDH, NEIL1, NEIL2, andNEIL3

are pecified in Table 2.124Thes i RNAG6s for GAPDH, N HowhaBe and T
detailed in Table 2.15

Table 2.13 List of PCR primers for amplification of hNEIL3 843 hNEIL3 %% and
hNEIL3 ! inserts.

PCR
Primer Primer Sequence ( 5aq| product
size (bp)
Xbal -
hNEIL3 - 5-TCTAGAGCCACCATGGTGGAAGGACCAGGCTGTASS « N/A
FLAG Fwd
EcoRI-

HNEIL3 42 S-GAATTCCGGTCACTTGTCATCGTCGTCCTTGTAGT 801
CTTTTTGACAGTGAGGACAGAAATATGTCATTC-3 «
FLAG Rev

EcoRI-
5-G6AATTCCGGTCACTTGTCATCGTCGTCCTTGTA
hNEIL 3150 1554
GTCAGGATTTAAGGTACGAGGGCCATCTGT3 a
FLAG Rev

EcoRlI-
5-GAATTCCGGTCACTTGTCATCGTCGTCCTTGTA
hNEIL3 FL- 1863
GTCGCATCCAGGAATAATTTTTATTCCTGGG3 o
FLAG Rev

39



Table 2.14: Primers for amplification of b-Actin, ERCC1 FANCA, FANCD2, GAPDH,
NEIL1, NEIL2, andNEIL3, and their expected PCR product size

PCR
Geneof . )
Primer Pri mer Sequence]| Product
Interest .
Size bp)
b-ACTIN Fwd 5-TCTGGCACCACACCTTCTAGS3 a
b-Actin 166
b-ACTIN Rev 5-AGCACAGCCTGGATAGCAAGS3 «
ERCC1 Fwd 5 -€AAAACGGACAGTCAGACCCT-3 a
ERCC1 146
ERCC1 Rev 5-ACAAGAAGGGCTCGTGCAGS a
FANCA Fwd S5-6CTCAAGGGTCAGGGCAAS a
FANCA 91
FANCA Rev 5-6AAGCTCTTTTTCGGGCACGS a
FANCD2 Fwd S-6GCTTTCTGGCTGGGCAATES a
FANCD2 181
FANCD2 Rev | 5-AATGCAACCATCAGTGCCAGAG3 «
GAPDH Fwd 5-6GTGGTCTCCTCTGACTTCAACAS ¢
GAPDH 127
GAPDH Rev S-6TTGCTGTAGCCAAATTCGTTGT3 ¢
NEIL1 Fwd 5 -AGAAGATAAGGACCAAGCTGC-3 «
NEIL1 212
NEIL1 Rev S-6ATCCCCCTGGAACCAGATGS a
NEIL2 Fwd 5-6CCTTAGAAGCTCTAGGCCAS a
NEIL2 145
NEIL2 Rev 5-6CACTCAGGACTGAACCGAGS3 «
NEIL3 Fwd 5-€GCCTCTGCATTGTCCGAGT a
NEIL3 147
NEIL3 Rev 5-AGGAACGCTTGCCATGGTTG3 a
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Table 2.15: siRNA for targeted knockdown.

siRNA with Catalogue _
_ Target siRNASequence (5aq
Number (Qiagen)
All Stars Negative -
) Non-Specific
Control siRNA N/A
(NS)
(#1027280)
Hs_ GAPDH_3
_ GAPDH 5-AAGGUCGGAGUCAACGGAUUU3 a
(Si03571113)
Hs_NEIL3 1
_ NEIL3 5-€AGAUGGCCCUCGUACCUUAAS3 a
(Si00121205)
Hs_TRIM 26_4
_ TRIM26 5-ACCGGAGAAUUCUCAGAUAAA-3 «
(Si00052129)

All siRNA were purchased predesigned from the FlexiTube siRNA (Qiagen) service.

2.2. Plasmid SukCloning Methods

2.2.1. Agarose Gel Electrophoresis

Agarose (Fisher Chemical) was weighed according to the percentage specified in later
protocols and mixed witkeither 50 ml or 100 ml 00.5x TBE buffer in a 250 mDuran

bottle. For a small casting tray (loading up to eight samples), 50 ml of buffer guaceck

and for a large casting tray (loading up ® samples), 100 ml of buffavas usedThe
agarosemixture was heated in a microwave oven at a mediigh settinguntil theagarose

had dissolvedThen, 0.01% (v/v) of SYBR Safe gel stain concentratee(ino Scientific)

was addedand the agarose solutiavasleft to cool down to around 50°C before it was
poured into a casting tray with a wédrming comb. Once set, the agarose gel and casting
tray were transferred to an electrophoresis apparatus dthwells at the cathode end,
submerged under 0.5x TBE buffer and the comb remdwagkther with a DNA ladded 00

bp DNA laddef{NEB] or GeneRuler 50 bp DNA laddgrhermo Scientifi¢for up to 1.5 kb

DNA product; Hyperladder 1 kiBjoline] or 1 kb DNA ladder NEB] for up to 10 kb DNA
product), amples were loaded with a pipette and electrophoresis carried out as specified in
section2.2.2.,2.2.5.,2.2.6.,2.3.3. and.2.4
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2.2.2. Polymerase Chain Reaction (PCR)

For the amplification of different NEIL3 coding sequenaesing the primers listed in Table
2.13, one of two proofreading DNA polymerases obtained from New England Biolabs
(NEB) was used, either Phusion DNA polymerase or Q5 DNA polymetasxeaction

mixtures and reaction conditions for each are given in Tablésad 2.7.

Table 2.16: Phusion and Q5PCR reaction mixture.

Component Phusic?n Reaction| Q5 I-:\’eaction
Mixture Mixture
5x HF Phusion Buffer 4 ul -
5x Q5 Reaction Buffer - 5ul
10 mM dNTPs 0.4 0.5
10 pM Forward Primer 1.0 pl 1.25 pl
10 pM Reverse Primer 1.0 pl 1.25 ul
Template DNA <250 ng <1upg
Phusion DNA Polymerase 0.2 ul -
Q5 High-Fidelity DNA Polymerase - 0.25 ul
NucleaseFree Water Up to 20 pl Up to S ul

The PCR reaction mixtures were prepared in 0.2 ml PCR tubes as detdileioler2.16.
The samples, along with a negative control containing no DNA template, were kept in ice

until ready for transfer to a thermocycler. PCR conditions are given in Z4afle
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Table 2.17: Thermocycling conditions for Phusion or Q5PCR.

Step Temperature Time
Hot Lid 105°C -
Initial Denaturation 98°C 30s
98°C 10s
30 Cycles *5071 72°C 30s
72°C 30 s/kb
Final Extension 72°C 10min (Phusion)
2 min(Q5)
Hold 471 10°C b

Theannealing temperature (*) depended on the melting temperature of the primeirs used
Table 2.13 Annealing temperature falEIL3%4*-FLAG (Phusion)and NEIL3°CFLAG
(Q5), 72°C; NEIL3--FLAG (Phusion) 76°C with touchdown {1°C per cycle).

To check that the PCR reactions had been successful, an aliquot of the PCR reaction mixture
was subjected to agarose gel electrophoresis. A 1% (w/v) agarose gel was prepared as
described in Section 2.2.1. Fiwgcrolitresof eachPCR reactionvascombinedwith 1 m of

6x gel loading dye (NEB) and then were loadedothe agarose gel. Electrophoresis was
carried out at 100V forl h 20 min, after which the gelwas transferred to a UV
transilluminator in a gel imager (G:BOX, Syngera)d the image recordddr further

analysis.

2.2.3. ZeroBlunt Cloning

A ZeroBluntPCR Cloning Kit with One Shot TAPL0 chemicallycompetentE. coli cells
(Invitrogen)was used focloningthe PCR produstgenerated in Section22. following

t he manuf act ur eThed CR i pnoducts werequantified using a
spectrophotometer (NanoDrop 2000, Thermo Scientigédre the ligation reaction.
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Table 2.18: Ligation reaction mixture.

Component Reaction Mixture
PCR Product >5ng
1.2 M NaCl 1ul
pCR-Blunt I I-Topo 1 pl
NucleaseFree Water Upto 6 pl

The ligation reactionwas prepared in a 0.5 miicrocentrifuge tube, as detailed Table

2.18. The ligation mixture was mixed by pipetting and then incubated at room temperature
(approx. 22.5°C) for 1 h, then immediately transferred to ice. muaoolitres of ligation

mixture was then transferred tatawed, 20 al i quot of &éOne Shot ¢
E. coliband incubated on ice for at least 5 min. The mixture was thersheeked in a water

bath at 42°C for 30 s without shakiagd immediately transferred into ice for a minimum

of 2mnSubsequent | vy, -ter@pdraturecS.0.Co (super optnmal broth with
catabolite repressioninvitroger) medium was added and the tube containing the
transformecE. coli cells was incubated horizontalfgr 1 h in a shaking incubator at 37°C

and 200 rm.

Al i quots of 10 ¢l or 70 ¢l of the transfor
warmed LBa g ar pl ate containing 50 ¢g/ ml kanamy
37°C. At least five colonies were picked and transferred to separate 30 ml urtivieesa

containing 6 ml of LB medi um aB.dolisetetherg/ ml Kk

incubated for at least 16 h in a shaking incubator at 37°C and 250 rpm to allow cell growth.

2.2.4. Plasmid PurificationMini-Prep

An lIsolate Il Plasmid Mini Kit(Bioline) was used to purify plasmids following the
manufact ur er 0 sdescribedinm buief here.oBefere pronegding, BbOf the
E. coliliquid culture was transferrea ta 2 ml cryotube containing 150 pl 60% (v/v)
glycerol, then frozen at80°C. For each clone, a total of 5 ml &. coli culture was
transferred (three separate aliquaitapprox. 1.7 ml eaghnto a 2 ml microcentrifugeube
and centrifuged a11,000X g for 30 s. The supernatant wdscaded each time, and
following the last aliquo250M of resuspension buffer (P1) wadded and theduterial cell

pell et was resuspended by vort RwasgddedSub s e
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and the mixturevas mixed by inverting the tube 8mes. The resulting lysateasthen
incubated at room temperature for 5 min. Three hundred microlitreutfalisation buffer
(P3) was then added and mixed thoroughly ibyerting the tube 8 timedollowed by
centrifugation at 11,008 g for 5 min.

The clarified supernatantagtransferred into the spicolumnwithin a collection tubeind

centrifuged at 11,00& g for 1 min. The flowt hr ough was di scarded a
50°C preheated wash buff@W1)was added, followed by centrifugation at 11,004 for

1 min. This step was repeat ed,-teniperdtdireovashd by
buffer (PW2). The spincolumnwasthen dried by centrifugation at 11,080g for 2 min,

followed by the replacement of the collection tube with a 1.5 ml microcentrifuge tube.
Finally, 30 ¢l of 7 0 (R)Gvaspadded directly eodto tleel silidcai o n
membrane in the spin column and incubated at room temperature for 1 min, then centrifuged

at 11,00X gfor 1 min. AspectrophotometeN@noDrop 2000Thermo Scientifizwas then

used to quantify the DNA in the elution buffer containing the purified plasmids.

2.2.5. RestrictionDouble Digest

Table 2.19: Restriction double-digest reactionmixture.

Component Reaction Mixture
Template DNA Approx. 500 ng
10x Cutsmart Buffer (NEB) 2.5 pl

Restriction Enzyme 1(Xbal or EcoRI-HF, NEB) 0.5 pl or 5 units
Restriction Enzyme 2(Xbal or EcoRI-HF, NEB) 0.5 pl or 5 units

NucleaseFree Water Up to 25 pl

Restriction enzymes 1 and de dependent orthe orientationof the PCR product with
restriction siteso theorientation of theestriction sites in the plasmid.

The reaction mixture was prepared in a 0.2 ml PCR tube, as detailed in T@plecuhated

at 37°Cfor 1 h, then placed in icE&or sequential doubldigestion, the reaction mixture was
prepared without restriction eyrne 2, which was added after an initial incubation period.
Thus, following incubation at 3T for 1 h and 65°C for 20 min to denature restriction
enzyme 1, 0.51 of restriction enzyme 2 was addiedhe sampland incubationvascarried

out for a furthed h at37°C. To check that the reaction had workBgil of reaction mixture
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was combined withl pl of 6x gel loading dye (NEB), and subjected to agarose gel
electrophoresighrough a 1% (w/v) agarose gel at 100V for 1 h 20 min. Following
electrophoresighe gel wadransferred to a UMransilluminator for gel imaging (G:BOX,

Syngene) and the results recorded for further analysis.

2.2.6. Purificationof DNA Fragments

An ISOLATE Il PCR and Gel Ki{Bioline) was used to purify DNA fragments obtained

from PCR and restriction endonucl ease dige:
PCR and restriction endonuclease digests were performed as desc8betions 2.2.2and

2.2.5.at double the volumes $ta andfor restriction doublaligestsup to 5¢ g f DNA

template to achieve a sufficient quantity of DNA. Agarose gel electrophoresis was carried

out using a 2% (w/v) agarose gahd electrophoresisascarried out at 120V for 2 h.

To extract DNA froman agarose gel, the desired DNA fragment was first excised with a
sterilised scalpel over a Ukght sourceand the excess agarosasremoved before the gel

was weighed and transferred into a 2 ml mi
binding bufer (CW) was added per 100 mg afarose gel and the samplasincubated at

50°C for 57 10 min, with vortexing approximately every 3 min until the gel slice was
completely dissolvedf the DNA sample wasitectly derived from a PCR reaction, then

two parts of binding buffer (CB) weradded per one part tiesample (when less than 30

el, the sampl e was ad] ufeedveadr béefaehand). ¢ | by add

The samples were then transferred into spin columitiisn collection tubesind centrifuged

at 11,000X g for 30 s, after which the fow hr ough was di scarded. N
buffer (CW) was added to the spin colusend centrifugation repeated at 11,000 for 30

s, discarding the flovthrough aftewards. This step was repeated, and then the spin columns

were dried by centrifugation at 11,08@ for 1 min. The spin columns were then transferred

to 1.5 ml microcentrifuge tubes, incubated at 70°C fors2min, followed by the addition

of 2 0 #oh bufief (C)@lifectly onto the silica membrane in the spin column and
incubated at room temperature for 1 min. Finally, the samples were centrifuged atX{.1,000

g for 1 min andthe DNA quantified using apectrophotometeN@noDrop 2000Thermo

Scientific).
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2.2.7. T4 DNA Ligation

Ligation was performed using T4 DNA.igase (NEB)following the manuf act ur er

instruction and cloning wagerformed withNovaBlueE. colicells(Novagen.

Table 2.20: T4 ligation reaction mixture.

Component Reaction Mixture
10x T4 DNA Ligase Buffer 2 ul
Plasmid Product (5 Kb) 50 ng
PCR Product (2 Kb) 60 ng
T4 DNA Ligase 1l
NucleaseFree Water Up to 20 pl

The molar ratio foplasmid:PCRproductwasset at 1:3.

The ligation reaction was preparad indicated in Table 20 in a 0.2 ml PCR tuband
incubated at room temperature for 1 h followed by incubation at 65°C for 10 min, then
immediately transferred to icBubsequently, 12 ¢ | of the |igation mi
to 20 ¢l of c¢ &mgaieetlsenra0.5 Ml snicracBnitriiegtube and incubated

on ice for at least 5 min. The transformation mixture was thensheaked in a water bath

at 42°C for 30 s without shaking and then placed in ice for a minimum of 5 min.
Subsequent | y-temperture3.0.@ Mmediuno (hwitery) was added, and the
tube placed horizontally for 1 h in a shaking incubator at 37°C and 250 rpm. Following this,
aliquots of either 2@l or 80 ul were spread on prewarmed {8jar plates containing 100

mg/ml of ampicillin, then incubated overnight at@7

At least four colonies were picked and transferred to separate 30 ml universal tubes
containing 6 ml of LB medium a &.dolikedeGhere g/ ml
incubated in a shaking incubaftior at least 16 h at 37°C and 250 rgtasmidswere then
obtained by plasmid purification, as detailed in Sec8@¥., and correctly recombined
plasmids confirmed through restrictiendonuclease doubtégestionas detailed in Section

2.2.5.
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2.2.8. SangeDNA Sequencing

_ = T——="— = =
o _>—_E§ —

pcDNA3.1 (+/-)
5428/5427 bp

Figure 2.1: Vector map of pcDNA3.1 with restriction digest sites in forward (+) or
reverse ¢).
Derivedandmodified from the pcDNAM3.1(+£) manual (Invitrogen).

A third-party service conducted the Sanger Sequencing quiot&ource BioScience
Limited, UK, with the samples prepared as per instructions proviigd. sequencing was
conducted using the primers provided by the tpiadty service targeting thbBuman
cytomegalovirus (CMV) promotesite (targeting kmv, Figure 2.1) for forwarding
sequencing anthebovine growth hormone (bGH) polyadenylatgite (targeting BGH pA,
Figure 2.1) for reverse sequenciiitne sequence data was receivedhiromatogranABIF

file format and FASTA sequence file format. Sequence data was then compared to a
reference sequence and visualised through the bioinformatics software Unipro UGENE
version39.0 (Okonechnikowet al, 2012)

2.3. Cell CultureMethods

All work was carried outin a laminafflow hood and all equipment and materials were
sterilised with 5% (v/v) Chemgene and 7Q%yv) ethanol before and during each protocol.
Materials and conditionfer celllines are specified iBection 2.1.2Before any experiment,
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all cell cultures were prepared R418 h after sulzulturing and when the cell cultures were

within the exponential growth phase.

As required, the cell culture medium was changed when adherent cells were at 1868%¢han
confluency.At 48 1 72 h intervals the medium was discarded aedchanged for an
appropriate volume of prewarmed medi(Bml for a T25 flask; 15 ml for a T75 flaskjor
splitting adherent cells to continue cell gropttftemedium was discardedells washed with
PBS andthen an appropriate volume of prewarnlegpLE Expres€nzyme(Gibco) was
added to eacthiask (1.5 ml for a T25; 3 ml for a Ty3-lasks were transferred to an incubator
(37°C /5% CQ) for 27 3 min, after which the flasks were removed and tapped todtslo
the cells A volume of cellculture medium of at least twice the volume of TrypLE Express
was added to deactivaenzymatic dissociationThe cell suspension was diluted 1:5 in
medium and transferred to new T25 (5 ml) or T75 (15 ml) §asHore beindgransferred to

a humidified incubatoat 37°C and 5% C£

For suspension cellxonfluency was determined through cell countiag detailed in
Section 23.1. The cells were transferred intosterile 15 ml or 50 ml centrifuge tube and
centrifuged at 1,80 rpm for 5 min. After centrifugation, the supernatant was discaateld
the cell pellet was resuspended in the appropriate volume of medium (10 ml foflask25
50 ml for a T75lask). The cells were transferred to a humidified incubat®@7°C and 5%
COz.

2.3.1. Cell Counting

For the determination of the number of cel
removed or 5 ¢l mi xed with 5 olutonovhs them y p an
transferred to a Neubauer haemocytometer on top of the grid (as shown inZ=2yaed

covered with a coverslip (unless using a disposable haemocytd@etdip, NanoEntek)]

Under a microscope at 130x magnification, the cells wedsstinguished by their viability

due to the differential trypan blue staining. Bltained cells indicated the cells were nhon

viable, and clear/unstained cells indicated the cells were viable. The cell concentration was
determined by counting the viablells within the sectioned grids as shown in Figure 2.2

and then calculated using the formula(s) displayed in Figure 2.3.
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Figure 2.2: Neubauer haemocytometer grid with grid sectionsighlighted in red for
cell counting.
Derivedand modified from & hip InstructiongNanoEntek

(Total number of viable cells in

) highlighted grid sections) o
Cell concentration = 1 x dilution factor x 10*

(total number of grid sections)

Total number of viable cells

Cell viability = Total number of cells x 100
(viable + nonviable)
Figure 2.3: Mathematical formulas for calculating the cell concentration (cells/ml) and

percentagecell viability.

2.3.2. FreezéThawProtocolfor Cell Lines

For freezing cellines, the concentration of cells in a given volume was determined, as

described in Section21., and cells diluted or concentrated as required to dihiadesired

target of 2 x 10 cells per ml of freezing medium (Table 2.2). The susjmrcells were

transferred to a 1.5 2 ml cryotube and incubated at room temperatare2 min before

adding and mixing the DMSO. The cells were immediately transferred to an isopropanol
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chamber, therto a -80°C freezer forslow controlledfreezing overnight before being
transferred to liquiehitrogen storage. For seeding stocks, thés geimained in the80°C

freezer until needed.

For thawing cells, a vial of frozen cells was transferred to a 37°C water batfi fnin.

The thawed cell stock was gently mixed by pipetting before being transferred to a 2 ml
centrifuge tube and cerfiiged at 2,000 rpm for 3 min. The supernatant was discarded, and
the cell pellet was resuspended in 1 ml of cell culture medium before transfer to a T25 vented
cell-culture flask containing appropriate cell culture medium (5 ml for adherent cells; 10 mi
for suspension cells). Finally, the cells were transferred to a humidified incubator at 37°C
and 5% CQ. The cells were analysed the next day and, if appropriatesstubbed after 24

h of the initial incubation.

2.3.3. MycoplasmaContaminatiorDetection and Treatment

To detectmycoplasmacontamination in cell cultures, a Look®GuMycoplasma PCR
Detection Kit with JumpStaiftagDNA Polymerase (SigmAldrich) or a Mycoplasma PCR
Detection Kit (ABM) was usedrhe cells were grown uihtipproximately 70% confluent or
higher and 24 72 hours after subulturing.

For the mycoplasmadetection kit from Sigma&ldrich, cell sasmples were prepared by
transferring 100 pl of cell culture medium (or fresh culture medium as a control) to 0.5 ml
microcentrifuge tubesfollowed by incubation at 95°C for 5 min before pulse

centrifugation for approximately 5 s.

Table 2.21: PCR reaction mixtures for mycoplasmadetection (SigmaAldrich kit).

Positive Control | Negative Control | Test Sample
Component _
(Pink Tube) (Clear Tube) (Clear Tube)
DNA Polymerase/ Buffer
_ 25l 23 ul 23 ul
Master Mix
Test Sample Supernatant - - 2 ul
NucleaseFree Water - 2 ul -

Coloured tubes were prepared and assigned as per instructions in the protocol booklet.
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For each reactionheé DNA Polymerase/Buffer master mix of @btotal was prepared with
24.5ul of rehydration buffer mixed with 0.5 pl of JumpStaidq DNA polymeraseThe
reactions were prepared as shown in Tal2¢.2ZThe samplewere then incubated at room
temperature for 5 min, then kept in fresh ice until ready for transfer to a thermocycler. The

PCR conditions are given in Table@2.

Table 2.22: Thermocycling conditions for mycoplasmadetection (SigmaAldrich kit) .

Step Temperature Time
Heated Lid 105°C -
Initial Denaturation 94°C 2min
94°C 30s
40 Cycles 55°C 30s
72°C 40 s
Hold 47 8°C b

For the mycoplasma detection kit from ABKamplesvere prepared by transferring 0.5 ml
of cell culture medium (or fresh culture medium as a control).foml microcentrifuge
tubes, centrifuged at 2,000 rpm for 3 min to pellet any cells. Followed byedrang 450

ul of supernatant to anoth&rs ml microcentrifuge tube, the supernatant westrifuged at
15,000X g or higher for 10 min. Four hundredicrolitres of supernatant was then discarded,
with the residual 50 pl supernatant used to resuspencdh-aisible pelletand as the test
sampleThe PCR reactions were prepared as shown in Ta28ea@dwere then kept in ice

until ready for transfer to a thermocycler. The PCR conditions are given in Tadle 2.2

Table 2.23. PCR reaction mixtures for mycoplasmadetection ABM Kkit).

Positive Negative Test
Component
Control Control Sample
2x PCR Taq Master Mix 12.5ul 12.5 pl 12.5 pl
MycoplasmaPCR Primer Mix 1l 1l 1l
MycoplasmaPositive Control 1l - -
Test Sample - - 2.5 ul
NucleaseFree Water 10.5 pl 11.5 pl 9 pl
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Table 2.24: Thermocycling conditions for mycoplasmadetection ABM Kkit).

Step Temperature Time
Heated Lid 105°C -
Initial Denaturation 95°C 5 min
95°C 30s
40 Cycles 55°C 30s
72°C 1 min
Final Extension 72°C 10 min
Hold 4°C b

The PCR reaction mixtureBom either mycoplasmadetection kitwere subsequently
subjected to agarose gdéctrophoresis, with a 1.2% (w/v) agarose gel prepared as described
in Section 2.1. Tenmicrolitresof the PCR reactiowere loaded into the agarose gel, and
electrophoresis was carried out at 100V for 30 min. The agarose gel was transferred to a UV

transilluminator in a gel imager (G:BOX, Syngenaid results were recorded for further

analysis.
If mycoplasm& ont ami nati on was detected, the Pl asn
used, following the manufactur etebmediumnst r u

containing 25ug/ml of Plasmocin was prepared. Using the standard protocol ef sub
culturing, cells were grown in this o6treat:
the allotted time, cells were transferredhe standard culture mediumithout Plasmocin

and incubation continued for 2448 hours before samples were collectasl described

above. If mycoplasma contamination was still detected, the Plasmocin treatagnt
continued for a further week. Following this, if mycoplasma wélsistiected, the cells were

discarded.

2.3.4. MTT/MTS Assay

To measure cell proliferation argtowth inhibition the MTT/MTS assay was used as a
measure of cellular metabolic activity. The MTT assay was used for adherent cells in flat
bottomed 96well plates, and the MTT solution was prepaas@ mg/ml of thiazolyl blue

tetrazolium bromide (Acros Organics) in 1x PBS solutibhe MTS assay was used for
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suspension cells in4ghaped bottomed 96ell plates, and the CellTiter 9&AQueous One

Solution ReaganPromega) was used as the MTS solution.

After a 96well plate of treated cells had completed the allotted incubation time the
MTT/MTS solutions were added adl wells containing cell culture mediurfor adherent
cells, 25ul of MTT solution per 100 pl of cell culture medium was added, and for suspension
cells,20 ul of MTS solution per 100 pl ofell culturemedium was added. The plates were
incubated in the dark at 37°C with 5% €@ a humidified environment for B 4 h. For

MTT assay only, dllowing this, the MTT solution was carefully aspirated from the wells,
and 100 pl of DMSO was addeSubsequently, the 9%ell plates were agitated on a rocker

at 930 rpm for 30 s to ensure complete solubilisation of the purple famuaystals before

the plate was placed in a plagader spectrophotometer (Multiskan Ascent, Thermo
Scientific). The absorbanceeadingwas takerfor MTT assayat 570 nm or an absorbance
filter between 80 nm and &0 nm(CellTiter® 96 Nonradioactive Ck Proliferation Assay
manualfor MTT, Promega)andat490 nm or an absorbance filter between 450 nm and 540
nm,for MTS assay CellTiter® 96 AQueousOne Solution Cell Proliferation Assay manta

MTS, Promega)A reference wavelengifit 690 nm or and absorbance filter between 630
nm and 750 nmis also taken to eliminate background readings contribistednspecific

absorbance readings, debris particulates and fingerprints

2.3.5. Determination ofCell Growth Rate

Four 96well plates were labelled with the time period of the assay conducted (24 h, 48 h,
72 h and 96 h) and by the cells to be addedricatewells. The cell culture(s) were first
guantified, as described in Sexti 23.1., and then diluted to an appropriate cell
concentration thatould be aliquoted as the initial stodks an example of aliquoting x

10 4x 10%, and 8x 10 cells in triplicateshie number of cells required is 4.2 X tells per

cell line, or, for four platesa total of 1.68 x 19cells per cell line; therefore, at least 2 ¥ 10

cells per cell line were needed.

Once the preparations were completed, 200 [dixdPBS, 100 pl of complete medium and
100 pl of diluted cellcultures were aliquoted to their assigned wellse 1x PBS was
aliquoted to the outemostwells of the 96well plateto forma condensation barrier in the

incubator and the complete medium as a MTT/MTS assay absorbance reading control
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between completmedium with and without cell3he 96well plates were then incubated
at 37°C with 5% C®@in a humidified environment, and the time of the incubation period
was noted. At 24 h, the appropriate plate was removed from the incabdttine standard
MTT/MTS assay described in SectiorB2.. was followedThe assay stepasrepeated for
the remaining 48 72 and 96h platesat their appropriate times and the data vee®rded

for furtheranalyss.

2.3.6. The Effect of GenotoxicAgents orCell Growth

Liquid stocks of each genotoxic agent were prepared using the parameters described in Table
2.4. Preparations were carried out within a fuhwed, and with as little light as possible,

due to the light sensitivity of some of the chemicals. For-tengn sbrage, stock solutions
werestoredaBOAC, unl ess stated other wi sA%Wwalom t he
plate was labelled by the components to be added per well. Based on-lreesajrowth

curve results, the cell culture(s) were first giiffed, as described in Sectior8ZL., and then

diluted to the appropriate cell concentratidime dilutions were then taken into account
when aliquoting 100 ul of the quantified cell cultures péglicate technical repeatser
treatment concentratiaeaction Once the preparations were completed, 200 [1xBBS

for the condensation barriee00 pl of complete mediurfor MTT/MTS assay control
between mediums with and without celis,ld 100 pl of diluted cell cultures were aliquoted

to their assignedells. When done, the 9&ell plate(s) was then incubated at 37°C and 5%

COzin a humidified atmosphere for the appropriate incubation period.

Up to twenty-three hours after the allotted timedaplicate96-well plate was labelled by
the components to be addedrroring the celiculture plate This duplicate plate was in
preparation for initial serial dilution of the genotoxgent stocks before aliquoting to the
plate of cells at a final dilution. As @axample, if the aim of a final genotoxic agent dilution
was 5 pM as Dilution 1 for the plate of cgl@6-well plate, row A) then 10 uM was prepared
in the respectable duplicate plate wéléfore aliquoting. Within the duplicate plate, 150 pl
of completemedium was transferred tbe dilutionassigned wellg96-well plate, rows B

H) apart fronthe Dilution 1 wells (row A)With the prepared genotoxagent stocks diluted
at an appropriate concentration in complete medium, 300 pl was transferred tsighedhs

Dilution 1 wells. Initial serial dilution was commenced by transferring 150 ul from row A
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to row B, mixed by pipetting, then repeated from row B onwards till row G, concluding the

initial serial dilutions.

After the allotted time, 100 ul from theudlicate plate was transferred to the assigned
contents of the plate of cells respectfully. The plate of cells was then incubated for the time
period dependent on the results interpreted from the growth curve, at 37°C with 5% CO
humidified environment. Athe end of the desired incubated time periasuglly 72 h),
MTT/MTS assay was followed, as described in Secti@m2Data was recorded for further
analysisand optimisation to the ideal conditions of cell quantity, incubation time and
genotoxieagent dution rangebefore the experiment was done in triplicedeentific repeats

for accurate resultdf the results were considered not ideal or are incorrect based on the
determined cell growth resulthen the protocol can be repedvith 5 x 1& cellsper well,
diluted genotoxic agent(s) aliquoted on the same day as cell seeding, and @ ho
incubation after treatment. This is based on the stamlacg@durdor cancer cellrom The

Institute of Cancer Research, London, UK.

2.3.7. PlasmidTransfedbn

TheLipofectamin® LTX & PLUS™ reagen{Invitrogen) was used for plasmid transfection
to sensitive cells, following the manufactu
A 12-well plate was labelled by the componentdéadded per welincluding acontrol
well of nontransfectectellsand emptyvector transfected celltn preparation for plasmid
transfection1 ug of designated plasmid was diluted2®0 pl of serumfree medium (Opti
MEM, Gibco) within the designateavells of the 12-well plate.Following this, 2.5 pl of
Lipofectamine LTX was added to the plasmid sampled mixedby rocking followed by
incubation at room temperature i1 20 min.During theincubation of thdipofectamine
plasmidcomplexes,the assigned cell cultisdo the plateverequantified as described in
Section 23.1., and then diluted to the appropriate cell concentration as initial .stdwek
guantification of the cell culture would have been adegtmhave bee@00ul of 707 80%
confluent cellsper well of al2-well plate. Usually37 4 x 1 cells seeding per well, and
therefore no more thadx 1 cells per cell line was neededithin the157 20 minmark,
the quantified cell culture was qlioted dropwise to the designatedells in the 12-well
plate followed bymixing by rocking The 12-well plate was then incubated at 37°C with
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5% CQ humidified environmentor 24 h, notating the incubation periotihe plasmid
transfected cells were then checked before continuing further for the intended experimental

protocol and transferred to angell platefor continued cell growtf necessary.

For an experiment requiring more tharx 10° transfectectells, he protocolwasadjusted
to a 6well plate with 2.5 times the volume and concentration of the compodesitsibed
previously After a further 24 h or more incubation, overexpression of desired protein was

determinedy protein expression and detectiondascribedhroughoutSection 25.

2.3.8. Antibiotic-Selection

Based on theell lineused and the plasmid to be transfected, the aim was to determine the
optimal antibiotieselection concentration relative to the time to reradenontransfected
cells as norviable within 727 96 h. The antibioticselectionrequired depended on the
antibotic-selectionresistance gene in thieesiredplasmid for transfectiord 12-well plate
was labelled by the componemtssignedincluding a control well of now@ntibiotic treated
cells The cellcultureswere quantifiedas described in Section32L., and then diluted to
the appropriate concentration that could be aliquoted as initialssibiol quantification of
the cels would have to havladbeen adequate enoufgr seeding, and after 24rbached
approximately 80% confluency. Usuallyseedingf 1.57 2 x 1@ cellsin 1 ml per well,
and therefor@o more thar2.4x 1 cells per cell line was needethequantified cells were
thenaliquoted to their assigned wells, and thendl plate was then incubated at 37°C with

5% CQ humidified environment for 24,motating the incubation period

After 24 h, serialdiluted antibiotieselection stocks were prepared in 1 miefi-culture
mediumwithout antibiotics per assigned weBubsequentlythe cell-culture medium was
removedfrom the cells followed by PBS wash, before the prepared antibediection
stocks were aliquoted to the designated wells. The plateattamed folincubation(37°C,

5% CQ, humidified environmentfor a further72i 96 h.The treated cells were obsed

after every 24 h incubation interval until 90100% treated cells were rendered as-non
viable. The treated cells were then captured by a microscope tablet camera (YW5699,
Android) or cell imaging system (Evos FL Auto 2, Invitrogéar)analysis to dermine the

optimal amount of antibiotiselection per relative tim&he antibiotic-selectionprocedure
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could be continued or repeated in-avéll plate, and for plasmittansfected cells, it was
repeated based on the determiaetibiotic-selectionresultalongsidenontransfectedells

as control.

2.3.9. Short Interfering RNA (siRNA) Transfection

The Lipofectamin® RNAIMAX reagent (Invitrogen) was used for siRNA transfection,
foll owing the manufacturero6s instructions f
A 6-well plate was labelled by the components to be added peragdibted in Tabl@.15,
including a control well of neiRNA transfection. In preparation for telRNA transfection,

a 60pmol of designatesiRNA was diluted in 500 pl of serwfnree medium(Opti-MEM,
Gibco)within the designated well of thev@ell plate.Following this 7.5 pl of Lipofectamine
RNAIMAX was added to the RNA samples and mixed by rocking, followed by incubation
at room temperature for 1520 min. During the incubation of thipofectaminesiRNA
compleyes cellswerefirst quantified as described in Sectior32L., and then diluted to the
appropriate cell concentration that could be aliquoted as initial stock.cd@lleewere
guantifiedwith anapproximate 30% cell confluepin 1.5 mimediumper well of a éwell
plate. Usually2.51 3 x 1 cells per well, and therefore no more tlzatotal of2 x 1 cells
per cell line was needqaer 6well plate Within the 151 20 min mark, the quantified cell
culture was aliquoted drepise to the designatedells in the 6well plate, followed by
mixing by rocking. The plate was then incubated at 37°C with 5%:2 @@Qmidified
environmenfor 24 h, notating the incubation period.

After 24 h,thesiRNA-transfected cedlwere then checkeander microscope farhanges in
cell vitality beforepreparingfor the intended experimental protocalhe knockdownof
genetic or protein expressiomas determinedafter a further 24 h incubation by gene
expressiondescribedthroughoutSection 24., and protein expressiorand detectionas
describedhroughoutSection2.5.

2.4. Determination ofGeneExpressiorby Reverse Transcription PCR (FPICR)

RT-PCR was usedtdetermine anaonfirm theexpressiorof the gens of interest using
the primers listed in Table 24 in the experimeral cellslisted in Table 2.2Genes intude
b-Actin ERCC1 FANCA FANCD2 GAPDH, NEIL1, NEIL2, andNEIL3.
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2.4.1. RNA Extraction

Thelsolate Il RNA Mini kit (Bioline) was used for RNA extraction from the different cell

lines,f ol  owi ng the manufactur er O0Astockofsli 5xuct i on
10° cells per cell line was aliquoted, pelleted, the supernatant discarded as much as possible
and washed with prewarmed PBBEhe cell pellet was then snfiozen in dryice or taken

directly for RNA extraction.

The pelleted cells were resuspended i-n 350
mercaptoethanol and vortexed vigorously. The filter spin column (violet) was placed in a 2

ml collection tube, and thegdate was transferred into the filter column and centrifuged at
11,000Xgf or 1 min. Discarding the filter colum
filtered lysate solution and mixed eight times by pipetting. With a prepared mini column

(blue) in a2 ml collection tube, the sample lysate was transferred into the mini column and
centrifuged for 30 s at 11,000 g. The mini column was transferred to another 2 ml
collection tube and 350 el of membrane desa
andcentrifuged for 1 min at 11,000 g, discarding the flowthrough afterwards. With the
prepared DNase | reaction mixture (for each
buffer for DNase | (RDN) mixed gently by flicking and briefly centrifuged)e96 was adde
directly onto the silica membrane in the mini column, and then incubated at room
temperature for 15 min. The silica membr ane
1 (RW1) into the mini column and then centrifuged for 30 s at 1IX0f)After transferring

the column into a new 2 ml collection tube, thewashep was repeated agai
wash buffer 2 (RW2), the flomhrough was discarded, and then the wash step was repeated
again with 250 ¢l f or Aftertransferringithetcdluenn iotean t r i f
nucleasdree sterile 1.5 ml collection tub6,0 ¢ | ofrfee Wit avaseadded into the

mini column and centrifuged for 1 min at 11,00@. This step was repeated with the same

eluate sample to increase RN#Id and concentration. Quantification of the extracted RNA

was determined by spectrophotometer (NanoDrop 2000, Thermo Scientific) and, if
necessary, analysed by agarose gel electrophoresis (1% agarose gel, run at 100V for 1 h)

described in Section21.for RNA purification.
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2.4.2. Reverse Transcription and FPICR

The QuantiNova Reverse Transcriptidit (Qiagen)and the OneTa& Quick-Load 2X

Master Mix with Standard Buffer (NEByereused forreverse transcriptioandRT-PCRof

the extracted RNAresgectively, folowi ng t he manuf acfoutheeRTds i ns
PCR, primers used were f&@RCC1 NEIL1, NEIL2, NEIL3, FANCA FANCD2 for the

positive controlGAPDHor b-Actin (seeTable2.14 for primer sequencemnd expected PCR

product sizes

Table 2.25: Genomic DNA removal reactionmixture.

Component Reaction Mixture
gDNA Removal Mix 2 ¢l
Template RNA Up to 5
RNaseFree Water Up to 15

As indicated in Table 2%, the reaction mixtures were prepared in a 0.2 ml PCR tube on ice

and mixed by pipetting. The reaction samples were incubated at 45°C for 5 min, then placed

on ice. Aliquots of RT enzyme ( 1daadnjixedand RT
by pipetting in the reaction mixtures and incubated at 25°C for 3 min. Incubation continued

for 20 min at 45°C, followed by 5 min at 85°C. The RT samples were then placed in ice and

cDNA quantified using a NanoDrop 2000 spectrophotometer (Thh&arentific).

Table 2.26: RT-PCR reaction mixture.

Component Reaction Mixture
cDNA Template 1,500 ng
10 pM Forward Primer 0.5 ul
10 uM Reverse Primer 0.5 ul
2x OneT aq Master Mix (NEB) 12.5 pl
NucleaseFree Water Up to 25 ul

RT-PCR reactions werprepared in a 0.2 ml PCR tubfe]lowing the RFPCR reaction
mixturedisplayed in Tabl@.26. The number of test samples, including a positive control of

GAPDH or b-Actin expressiorand negative control without primers f8BAPDH or b-Actin
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expressionwere kepton ice until ready for thermocycling conditionas showrin Table
2.21.

Table 2.27: PCR conditions for RT-PCR.

Step Temperature Time
Hot Lid 105°C -
Initial Denaturation 94°C 1 min
94°C 15s
35 Cycles *Up to 72°C 15s
68°C 15s
Final Extension 68°C 5 min
Hold 471 10°C b

The annealing temperature (*) depended on the melting temperature of the psi@eis
Table 214. Annealing temperaturéor NEIL1 and TRIM26 52°C; NEIL2 and GAPDH,
54°C; b-Actin, FANCAandERCC1 55°C; FANCDZ2 56°C; NEIL3, 57°C.

To check that th&T-PCR reactions had been successful and for gene expression analysis,
aliquots of the RTIPCR reaction mixtures were subjected to agarose gel electrophoresis. A
2% (w/v) agarose gel was prepared as described in Sec@dn Rifteenmicrolitresof the
RT-PCR reaction mixtures were loaded into the agarose gel, and electrophoresis was carried
out at 120V for 1 h. The agarose gel was transferred to-g&angilluminator in a gel imager
(G:BOX, Syngene), and results were recorded for further analy3isantitdive
presentationanalysis was conducted through Image Stiillate version 5.2.5 (LICOR)

from the signal intensity emitted from the recorded images

2.5. Protein Expressioand Detection

Western blotting was used to detect proteins of interest &sguieby the experimental cells
(Table 2.2) under different conditions. Proteins includedctin, FANCD2, GAPDH,

NEIL1, NEIL1-FLAG, NEIL3, NEIL3-FLAG, NEIL3'% NEIL3™%%FLAG, and
TRIM26.
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2.5.1. Protein Extraction and Quantification

Stocks of ateast 1x10 cells per cell culture were counted (see Secti@rl 2, aliquoted,
and pelleted in 1.5 ml microcentrifuge tubes and washed with cold (4°C)&RBlSellets
were used immediately for protein extraction wilisis buffer as prepared using the
parameters described in Tal@2®. The cell pellet was resuspended thoroughly with 1100
of cold (4°C) lysis buffer per 1x2@ells, followed by 30 min incubation in ice. Lysed cells
were vortexed for 3x 15 sec after 10L5 min during incubationLysedcells were then
centrifuged at 16,00 g for 15 min, at 4°C. Without disturbing the pelleted debris, the

supernatant was transferred to a 0.5 ml microcentrifuge tube before sto/@@Cat

Once obtained, the soluble protein fraction was quantified using the Bradford assay
(Bradford, 1976; He, 2011)Samples were prepared and mixed by pipetting in 1.5 ml
cuvettes containing 2 ul of extracted protein, 200 ul of Bradford reagenrR&ip and 800

ul of distilled water, followed by incubation in the dark at room temperature for 5 min. A
blank was also nrepared, with the same conditions as the samples, but without extracted
protein. Once prepared, samples were read in a spectrophotometer at 595 nm against the

blank. Results were collected and compared to a BSA standard calculation in pg/ul.

2.5.2. Sodium Dodecyl Sulfatd’olyacrylamide Gel ElectrophoresBSPAGE)

Two SDSPAGE gels were prepared and cast in assembled casting plates wtll 10
combs, according to the components listed in Tabl8. Z&ce completed, the gels were
assembled in anC5-PAGE running tank, with the appropriate amouniefSDSPAGE
running buffer (Table 2.0).
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Table 2.28 Components required for producinga 4% stacking gel and 2% separating
gel for three 1.0 mmor two 1.5 mmSDSPAGE Mini -gek.

Component 4% Stacking Gel | 12% Resolving Gel
0.5 M Tris-HCI pH 6.8 1.89 ml -

1.5 M Tris-HCI pH 8.8 - 3.75 ml

10% (w/v) SDS 75 pl 150 pl

30% (w/v) Acrylamide/Bis (37.5:1) 990 ul 6.0 ml
dH20 4.5 ml 5.03 ml

10% (w/v) APS 37.5 pl 75 pl

TEMED 7.5 pl 7.5 pl

Gels were assembled a$ 3.5 ml of resolving gel with 1 2.5 ml stacking gel.

After initial preparations were completed, the protein test samples were prepared in 0.2 mi
PCR tubes in duplicatentaining 30 ug of protein template and 0.5 parts of prepared 3x
SDSPAGE loading buffer (Table 21), followed by mixing pipetting. The test samples
were then denatured by incubation at XD@r 10 min,before the test samples and small
aliquots of pragin ladder (Pageruler or PageRuler Plus, Thermo Scientific) were loaded into
the SDSPAGE gels and had undergone gel electrophoresis. The gels were left to run at
100V until the loaded samples had finished running through the stacking gel, then at 130V
for 1 h and 30 min.

To be sure that SDBAGE was successful, an SIPAGE gel was transferred out of the
casting plates and on to a small tray for staining. The gel was carefully washed three times,
5 min each, with 50 100 ml of distilled water while rockg) followed by staining with 20

ml of Imperial Protein Stain (ThermoFisher) for 20 min while rocking. If proteins were not
visible, staining was continued for a furthef 2 h or overnight until stained protein was
visible. The gel was dstained in 50 100 ml of distilled water for 1 h before the gel was
transferred for gel imaging (G:BOX, Syngene), where results were then recorded for further
analysis.The duplicate SD¥AGE gel was preserved until determined from the staining

results before continuinip western blot (Section23.).
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2.5.3. Western Blating

A western blot buffer tank and its required equipment were assembled with the appropriate
amount of 1XWB transfer buffer prepared as described in Tabl&® Two appropriately
sized filter papersand foam pads were submergedlix WB transfer buffer, andra
appropriately sized polyvinylidene difluoride (PVDF)membrane was activated by
submerging in methandfollowing SDSPAGE, the unstained duplicate gel was transferred
to thewestern blot gel holder cassette. Without introducingbabbles, the gel holder
cassette was assembled in the order of cathode side, foam pad, filter papEPAGPE el,
activated PVDF membrane, filter paper, foam pad, and anode side. The assendglitd cas
was then transferred to a western blot buffer tank, and the transfer was coraiut@€d
milliamps (MA) for 1 h and 30 mim a cold room 4°C). To ensure the denatured proteins
were transferred successfully, the membrane was stained with Poreaatid prepared

as detailed in Table 2.50r 1 min, washed twice with distilled water, and observed for

protein evidence.

The membrane was then transferred to a small closed tray, with the transferred protein side
facing upward. The membrane was agitasteadily (10 rpm) on a rocker with 10 ml of
blocking buffer, as prepared in detail Tmble 212, at room temperature for 1 h. While
maintaining the membrame the tray, the blocking buffer was disposed of and replaced with
10 ml of a primaryantibodymix (blocking buffer with a primary antibody described in Table
2.7), followed by incubation with steady rocking 4tC overnight.After collecting the
primary-antibody mix, he membrane was washed by rocking rapidly (15 rpm) at room
temperature, threenties for 7 min each, with 10 ml of wash buff8able 212). The
antibody incubation step was repeated with a freshly prepared secamtiégdy mix,
prepared as described previously with Tablg @t room temperature for 1 h while rocking
steadily (10 rm). The secondarantibody mix was discarded, followed by repeating the
washing step as described before, and then preserved in wash buffer in tHeE@pleh(il

ready for chemiluminescence.

Under as little light as possible, the membrane was then dsieduch as possible before
transferring to a blackened or covered clesag, and an appropriate amount of prepared
SuperSignal West Femto (Thermo Fisher Scientific) was pipetted over the membrane. The

membrane was incubated for 1 min and tihensferrd for blot imaging (G:BOX, Syngene),
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where results were then recorded for further analyusntitativepresentationahnalysis
was conducted through Image Stu#fioLite version 5.2.5 (LUACOR) from the signal

intensity emitted from the recorde@dages.
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Chapter Results

The aims and objectives of the project involved generating mammalian expression plasmids
based onpcDNA3.1 with the FLAG-tagged hNEIL8- and hNEIL3%% inserts The
hNEIL3'%% coding sequence was chosen as it contains the putative nuclear localization
sequence but lacks the coding sequence for the two GRF zinc fingers atietimairiis of
NEIL3. Therefore, any role of these domains in the repair of ICLs could be observed and
would expand the hypothesis to see if the expressed truAd&i® protein would enter

the nucleus. The generated plasmids, together with pcDNASEIL1-FLAG for NEIL1
expression, would then be transfected=hANGC-deficient andFANC-complemented cell
linesused in theMacéAimé et al.(2010)studies and in FAyenerated and Wild Type (WT)
cancer cell lines used in tlehwabet al. (2015) studiesto determine the role of NEIL1 and
NEIL3 overexpressiom ICL resistanceFurthermore, the cell lines would be transfected
with siRNA for NEIL3 and TRIM26 knockdown for their IGInduced resistance. TRIM26

had been shown to ubigiinate both NEIL1 and NEIL3 for proteasomal degradation
cancer cells(Edmondset al, 2017; Martin, 2018) but was never tested in FA cells.
Transfection reagents and methods would be conducted using Lipofectamine LTX and
RNAIMAX for the plasmids and siRA, respectively. The resistance to the Hdiducing
agents MMC and cisplatin and an oxidising ageert;butyl hydroperoxidd TBHP), as an
additional control would be determined by a survival assay'snimatimal inhibitory
concentration (I6v) result Oxidative-induced ICLs were mostly studied through cancer
cells (Chenet al, 2014; Martin, 2018)but were rarely studied through FA primary cells,
and FA cell survival from TBHP treatment had never been done before.

3.1. Initial Cell Culture Experiments

The ains and objectives of this work was to confirm or reconfirm an initial background
confirmation of the FA phenotypical celines before the intended experiments with
differential expressins of NEIL1 or NEIL3. Thereforethe FA phenotypicatonsequences
of the cel lines when treated with IGinducing agents MMC and cisplatand at what
concentratiorand incubatiorrangeto work with, determiningany noteworthy differences

in sensitivity to the oxidativénducing agent TBHPand determining the expression of

NEIL1 and NEIL3 Based on the literature review it was rpecifiedif there was a
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difference in sensitivity to TBHP and how expressed NEIL3 was in FA cells compared to
nonFA cells As displayed in Figure 3.1, the aims and objectives of Section8&r#

planredaccording to the approach to the wdigplayedn the flow chart.

Project Start

FA/non-FA Cell Line Analysis

Repeat Objectiveor | Treat Cells or
1 Consider Altemative | Dispose Cell Stock
A 4 Y 3
Gene/protein expression studies: Cell Growth Analysis:
- Gene expression of NEIL1 and | - Concentration of cells per
NEIL3 96-well
= Cell growth incubation
Cell Growth after Genotoxin Treatment:
+ Genotoxic agent concentration range per Y
N 96-well ) ‘ - Inconsistent or - Test‘forA
» Cell growth incubation Unusual results Contamination
+ Confirmation of ICL sensitivity to FA ]
phenotype
Csy Valued Repeatability
Repeat with Display ICL Issue

Adjustment Sensitivity

ifference’

Continue
Project

Figure 3.1: Flowchart on the approach tocell line analysis work.

Expanded subsection of the overall flowchart displaye8dation 1.6Figure 1.11)Red
highlights, issues encountered; green highligtesults achieved.

The initial plan was to use tHgmphoblastsuspensiorcell lines HSG93 (WT) asthe
unalteredFANCA altercation factoand the FANCA relatedell lines HSG72 (FANCA
deficient) and HS&2-Corrected as the focu$Vhile initial experimentsconfirmed the
expectedsensitivity of the HSG72 cells to ICL inducing agents, thessultswere not
reproducible When investigating potentiaauss, it wasdiscoveredthat the ceHculture

stocks were contaminated witlycoplasmaasshown inFigure 32.
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Size Size c
2 3 y 5 2 3 y
A (bp) 1 2 : 4 : 6 B (bp) 1 2 3 4 5 6

i) 600
500
300
200
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500
100

Figure 3.2: Mycoplasma detection from cultured cells before (A) and after (B)
Plasmocin (InvivoGen) treatment.

(A) ABM detection kit; B) SigmaAldrich detection kit.Lane 1, DNA ladder; lane 2,
positive control; lane 3, negative control; laneAd, B[i]) HSG93, A[ii +iii]) HSG536,
(BJii]) PD20; lar 5, A[i], B[i]) HSG72, A[ii +iii]) HSG536 Corrected gJii]) 3.15; lane
6, (A[i], B[i]) HSG72 Corrected.

As displayed in Figure 3A(i), thecell lines HSG93 (WT), HSG72 (FANCA deficient)

and HSCG72-Correctedlanes 4i 6) wererevealedo have beeheavily contaminated with
mycoplasmawvhen compared to the positive control (lane &3 an alternaive to other
lymphoblastcell lines, HSG536 (FANCC deficient) and HSE636-Correctedalso tested
positivefor mycoplasmaontaminabn (Figure 32A[ii], lanes 4 and 5, respectivelBased

on theseinitial results it was assumed that all FAell line stocks were contaminated
However upon further analysjsit was discovered there was a potential to rescue the
contaminated cellwith the Plasmocir(InvivoGen) treatment, and therefore continue with
the project. FAcell lines of FANCA (HSG72 andHSG72-Correctedcells), FANCD2
(PD20 and 3.18ells), and FANCC (HS&36 andHSG536-Correcteccells) as well aghe

WT cellsHSG-93,were treatd before continuing. Not all treatments were successful at first,
such agshe FANCD?2 corrected cell8 (15 in lane 5 ofFigure 32B(ii), which required either
further treatment or treatment of another-celiture stockDescribed liroughoutSection

3.1, the experiments for the Plasmodireated cells wereepeated forFA phenotypic
confirmation anaxpression confirmation before continuing towatdsaims and objectives
for the researchHowever, poor cell culture growtas well as othenoticeablefactors
described throughoubBection 3.1had becomeevidentamongst thetreatedcells. From
Section R onwards the experiments were repeateith fresher cell stocks and alternative

FA-phenoypical cell lines tocontinue with the projectTheresults fromSection 3.Xfrom a
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WT or corrected celline (HSC93, HSE72-Corrected and HSC536orrected) compared to

a FA cell line (HSE72and HSC536) could be used as a confirmation or expectatitime
newcell lineresultan Section 3.2As displayed in Figure 3.8pme results were salvageable

for the cell growth analysis (Section 3.1.1.), cell growth analysis after genotoxin treatment
(Section 3.1.2.) and cell culture geeepression studies (Sewt 3.1.3.), bubecause the cell

lines tested and attempted were contaminated with mycoplasmea after Plasmocin

treatmenthe project could not continue and replacement cell lines had to be considered.

3.1.1. Cell GrowthAnalysis

Based on the suggestions fréitippo Rosselli at the Institut Gustave Roussy, Paris, France
who gifted the FA celland the methodology in Mag&meé et al. (2010, the cells were
tested at X 10* cells per well in a 96vell plate. However, iprovedmore appropriateto

test with 5x 10%, 1x 10* and 2x 10* cells. Ascanbe seen irFigure 33, the cell lines sem

to have entered or were about to enteplateau phasat 96h for 1x 10* cells(Figure 33B)

and around the 7R (Figure 33A i C), thoughpossibly a little earlier fotWT cells HSG

93), for 2x 10* cells (Figure 33C). It was alscobservedhatthe HSG93 cells started at a
higher absorbance readitigan the FANCA deficient HSG-72) and corrected (HSE72
Corrected cells thoughboth started on almost the same absorbance reéalirajl cell
guantities With those in mingit had to be determineahethertheresultsfor HSG93 were
diverging prior to th4-hourmarkor perhaps there was another quantity of cells to conside
between 5x 10° and 1x 10* cells and the absorbance readings had to be reconfirmed
Therefore, before concluding which was the correct cell quantity to use for fetaotoxic
agenttesting, it wasappropriate to repe#ie MTS assaysgain for 5x 10°, 7.5x 1% and 1

x 10¢ cells
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Figure 3.3: Growth of HSC-93 (green), HSC-72 (red) and HSC-72-Corrected (blue),
determined using MTS assay.

(A)5x 10 cells (B) 1 x 1¢ cells, and(C) 2 x 10 cellsper well D) Doubling timesof HSG
93, HSG72 and HSE72-Correctedcells from cell seeding$A-C) between 24 h and 96 h
Meandata was collected from triplicatechnicalrepeats.
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As displayedin Figure 3.4 the cell lines seem to have entered or were about to enter the
plateau phasat 72h for 5 x 1§ and 7.5 x 1®cells Figure 3. and B respectively), and
around 96 h for 1 x ¥ells Figure 3.€), though possibly earlier for HST2-Correctdl,

for 1 x 10 cells. TheHSG93 cells(WT) werestill observedat a higher absorbance reading
than HSCG72 and HSE72-Corrected cellshowever, this was confirmed to be a common
phenotype for theNT cell line HSG93. The FA (HSG72) and corrected (HSZ2-
Corrected) cell lines were observed to grow slower when seeded less thaf cells
(Figure 3.4) compared to more thanx 10 cells (Figure 3.3), and both cell lines were
observed to grow slower than the WT cells (H$Z}. This could be due to the indival

cells being too far apart, which was predictable and therefore proliferation would improve if
increased cell numbers were seeded, or there were other factors not considered affecting the
cells, such as the FA and Fodrrected cells from the same aaligin compared to the WT
cells from a different cell origin, or the FANCA altercation factor affecting the stability of
the cells. Interestingly, HS83 (WT) displays higher cell proliferation in FigureS and

3.4 than HSCG72-Corrected, which was dedoed in Table 2.1 as the FANCdeficient cell

line HSG72 with plasmid transfected FANCA expression, and both cell lines were more
proliferate than HS&2. Based on the comparison of all the results from Figur@su3d

34, it could be concluded and camfied that all threeell lines HSG93, HSG72, and HSE
72-Correctedcould be used at a quantity of 1 x*I@lls per well in a 98vell plate, and
could be incubated at the same time for no more than 72 h.
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Figure 3.4: MTS assg to determine the growth characteristics of HSC-93 (green),
HSC-72 (red) and HSG72-Corrected (blue) cells.

(A) 5 x 1C cells, B) 7.5 x 1G cells, and C) 1 x 1¢ cells per well.D) Doubling times of
HSG93, HSG72 and HSE72-Corrected cells from cell seedings-C) between 24 h and
96 h Meandata was collected from triplicatechnicalrepeats.
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3.1.2. Cell Growth after Genotoxin Treatment

Basedon theresults from the growth curyéhe protocol wasadjusted for 1 x 10cells per

well in a 96well plate, incubated for 24 h before adding the genotoxic agents, followed by
incubation for 72 hoursTests werattempted to beepeated at leasivo times before data
analysis.However, issues were becoming noticeable, possibly related to the cells being
treated fronmycoplasmaand eventually not proliferating, or possilthe cell lines entering

senescence.

The maximum concentration was 8 M f o r ankbl I@i€platin Figure 35A and B,
respecti vel y)TBHPqRgdre 35G) or the d&ll lines HSG93 (WT), HSC
72 (FANCA deficient) and HS@2-Corrected It was expected to se®nFA and FA
corrected cells, in this cast5G-93 and HSE72-Correctd, to display resistance to the ICL
agents MMC and cisplaticompared td~A cells such a$1iSG72. Figure 35 shows the
FANCA deficient cells (HS€72) with the least resistance to the Kgiducing agents MMC
(ICs0 0 . @%) and cisplatin(ICso 13 20 M), and the WT cells (HSE3) displayedan
increased resistance to MM@Cso 0.24O M) and cisplatin (16 >2.50 N). Furthermore,
the FANCA corrected cells (HSC@2-Corrected) display an increased resistance to MMC
(ICs0 0 . @B®and0.30 O N). Surprisingly, theHSG-72-Corrected cellglisplayed more
resistancdo MMC than HSG93 (Figure 35A), though statistically HS®@3 and HSE72-
Corrected may have the same resistance based on the standard defrigionasstD, 0.24

+ 0.02 pMand0.30+ 0.12 uM, respectively) This could be due tthe cells transfected
episomal mammalian expression plasm&dthecorrection described in Figure 2.1n the
HSC72-Correctectellsconstany expressigFANCA, compared to theSG93cells being

a wild-type cell line without an FA pathway altercation, and therefore increasing the
resistance against ICL agenihe difference in resistance with the oxidative ageBitiP

in Figure 35C was unexpecteavith anICsoof 1 5@ Mfor HSG-72 (FANCA deficient)and
217 O Mfor HSG-72-Corrected though statistically it may be an anomaly based on one
scientific replicatgICso 154+ 180 pMand217+ 75 puM respectively) However, this could
be due to the oxidised nucleotides potentially being susceptible to foentlogenoukCLs,
examples of which wem@entionedn Section 1.2.1. Despite this differenogesistanceot
being as substantial #se differences in resistance agailC or cisplatin, itcould be a
significant background reduto consider or an anomaly to bear imndh Experimental

repeats were required to confirm.
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Figure 3.5: Growth inhibition of HSC-93 (WT, green), HSGC72 (FANCA deficient, red)
and HSC-72-Corrected (blue) following treatment with A) mitomycin C (MMC), B)
cisplatin, and C) TBHP.

D) ICsovalues forgrowth inhibitionfollowing treatmentl x 1 cells per 96well, incubated
for 72 h.Meandatawascollectedfrom triplicatetechnicalrepeatdrom two (A) andone(B
T C) scientificrepeas.
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3.1.3. Gene Expression Studies

There were pevious attemptthrough western blah determining the expression of NEIL1
and NEIL3 in the FANCA deficient and corrected chtles (HSG72 and HSE72-
Correctedrespectively as well adefore and after a genotoxic agent treatment to determine
the potential variety of protein expression at different concentrations and incubation time
periods (Appendix Figure 1) However, NEIL1 and NHL3 expression could not be
determined at the timehereforethe alternative irexpression determination through RT
PCR.As shown in Figure ®A, the WT HSG93, lanes 5 7), FANCDA deficient HSCG

72, lanes 8i 10) andFANCA corrected KISG72 Correctedlanes 11i 13) cells were
compared with a cancearell line U20S (lanes 2 4), which was previously tested by
colleagues and locally known to expr@#sIL3. All four cell lines displayedexpression of
NEIL3 (lanes 4, 7, 10 and 13), though only U20S and H93displayvisible expression of
NEIL1 (lanes 3 and 6, respectivelyhs observed from Figure @B, compared to their
respectiveGAPDH expressionthe cellsdisplayNEIL3 expressiorata 10.8ratio in U20S
cells,a 1:3 ratio in HSE93 and HSC72 cells, and a 1:5 ratio in HSZ2-Corrected cells
Furthermore, there is greater expressioNBfL3 in the cancer cells (U20S) compared to
the lymphoblast cell lines at an almost 1:3 ratio (HECand HSE72) and a 1:4 ratio (HSC

72 Corrected). However, ¢he are no major differences NEIL3 expression between the
FANCA deficient cells (HS€72) and the FANCA corrected (HSI2 Corrected) or WT
(HSG-93) cells. As for theNEIL1 expression observed in FigureésB, compared to their
respectiveSAPDHexpressionthe HSCG93 cells had the highest expression (approximately
1:10 ratio), followed by U20S with (approximately 1:50 ratio). HoweM&iL 1 expression
was scarcely detectable for HS2 and HSE72-Corrected. Based ohdseresults it was
more appropriate fothe cell lines HSG72 and HSE72-Correctedto be transfected with
PcDNA3.1-hNEIL1-FLAG rather than withocDNAS3.J-hNEIL3™-FLAG or pcDNA3.1
hNEIL3'*.FLAG, but also appropriate for NEIL3 knaabéwn
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Figure 3.6: Expressian of GAPDH, NEIL1 and NEIL3 from cell lines U20S (WT, grey),
HSC-93 (WT, green, HSC-72 (FANCA deficient, red) and HSCG-72-Corrected (blue)
by RT-PCR.

(A) Gel electrophoresis image with U20S (lané2, HSG93 (lares 51 7), HSG72 (lanes
81 10) and HSE72-Corrected(lanes 11i 13). Lane 1, DNA ladder; lanes 2, 5, 8, 11,
GAPDH lanes 3, 6, 9, 12NEILL; lanes 4, 7, 10, 13NEIL3. Expected amplicon length
GAPDH, 127 bp; NEIL1, 212 bpNEIL3, 147 bp. (B) Quantified signal intensity from
amplicons insection Arelative toGAPDH expressionbased on one scientific replicate

3.2. Cell Cultureof the FANCD2relatedCell lines

Due to the issues surrounding the initial cell culture experiments descriSection 3.1of
theexperimentedrA cell lines detected for mycoplasmantaminationtreated to save the
cell lines to continue with the projeagsults unable to be repeated for accuracy due to
continued factors related to mycoplasma dfesstmentind the assumption of the rest of the
gifted FA cell lines being contaminated as wik project was repeateth new and fresh

cell lines with anotheFANC deficiency The aims ad objectives for this work were the

same as attempted for Sect®d, which was taconfirm or reconfirm an initial background
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confirmation of the FA phenotypical cell lines before the intended experiments with
differential expressions of NEIL1 or NEIL&s detailed in Sections 2.1.1. and 2.1.2. and
Tables 2.1 and 2.2he FANCD2 deficientcell lines PDB, HeLaD2 and U20&D2 were
phenotypicallyFA, and their counterpart cell lin&s15(PD20corrected) HeLaandU20S

(WT) were norFA with similar FANCD2 correctionAll cells were fibroblast cell lines, but
significant dfferences were that the PD20 and 3.15 cells were FA cells, and HelLa; HelLa
D2, U20S and U20®2 were cancer cellglthough the objectives were not achieved for
the FANCArelated cell linefHSG 72 and HSE72-Corrected in Section 3.1the results

had at éast indicated what was to be expeded to bear in mindor other cell lines of
similar FA and norFA phenotypesAll FANCDZ2-relatedcell linesPD20.3.15, U20SD2

and HelLa/D2 showed no evidence of mycoplasma when tested before experimentsgion.
displayed in Figure 3.7, the aims and objectives of Section 3.2 were repeated from Section
3.1 (Figure 3.1), but with the testing of the new cell cultures for contamination as the first
condition before continuing with the approach to the work displayeceifiatv chart.The

new results for the cell growth analysis (Section 3.2.1.), cell growth analysis after genotoxin
treatment (Section 3.2.2.), and cell culture gerpression studies (Section 3.3.3.) allowed

the project to continue to the next stagéhef project.
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Figure 3.7: Refined flowchart on the approach to cell line analysis work.

Expanded subsection of the overall flowchart displayed in Section 1.6 (Figure 1.11). Green
highlights, results achiede

3.2.1. Cell GrowthAnalysis

Due to the time being limited, the cell growth curve results analysed and displayed in Section
3.2.1. were based on ogeientificrepeat that was considered acceptable, as the priority of
the project was shifted to the acacy and reproducibility of the results from genotoxic
studies before and after transfection of plasmids expressing NEIL1 or NEIL3 and the NEIL3
and TRIM26 knockownstudiesBased on theell survivalmethodologyfrom Wanget al.
(2010)and thecollectiveexperience from colbgues the cell growth of the FA cells PD20
(FANCD2 deficient) and 3.15FANCD2 correctejiweretested at 2 x )4 x 1¢ and 8x

1C® cells per well in a 98vell plate, with 4x 1C° cells being thepredicted experimental
concentrationAs can be seen iRigure 38, the cell lines seem to have enteredpiateau

phaseat the 48i 72 h for 8 x 10* cells Figure 38A) andwereentering theplateau phase
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from 72 hfor 4 x 10° cells (Figure 38B), but not for2 x 1C cells Figure 38C). In Figure
3.8A the growth difference was noticeatde24 hbetween the FANCD2 corrected (3.15)
over FANCD?2 deficient (PD20) cell lineBossiblydue tothe high number of cellseeded
(8 x 1€ cells) proliferating ancdbecoming confluentvertheremaining space in theells or
possibly due to pipetting errdBince thegeneral practice for MTT ass&yr thesurvival of
cells from genotoxic agentsiswally required 72 h incubatiomfter treatmentit was
considered ideal to use between£2x 1 cells. Howevercomparé to 4 x 16and 8 x 18
cells Figure 38B and A respectively)it wasobservedhat for 2 x 18 cells Figure 38C)
the difference in growth rate between the cell lines was not noticeable until -theud8
mark, does not expargteatlyand remains parallel after 72 h. It was albservedhat at 4
x 10 cells,the FANCD?2 deficient cellsRD20Q were declining slighty at 96 h, possibly
indicating the cell line was entering the death stiperefore, it wasonsidered ideal to use
3 x 10 cells per 96well for up to 96h incubation for the cetirowthstudies.

The cell survival methodology frochwabet al. (2015)did not mention how many cells

per well or for how long incubation for the cancer cell lines U20S (WT) and t2DS
(FANCD2 deficient), nor orwhether there were similarities for the HeLa (WT) and HelLa
D2 (FANCDZ2 deficient) cell lines. However, based on the collective experience from
colleagues on U20S and together with the cell growth data of the FA cells PD20 (FANCD2
deficient) and 3.15 (FANCDZ2orrected) described previously, the cancer cell lines were
tested at 2 x ) 4 x 1¢ and 8x 10 cells per well in a 96vell plate, with 4x 10° cells
theoretically being th@redicted experimental concentrati@imilar to the FA results in
Figure 38, U20SandU20SD2 cells growth rates werdvergent from each other, with the

FA generated phenotype (U2IR) at a lower absorbance reading and growing at a slower
rate, as was expected. However, the cell lines at a higher cell concentratnady
converged at a later period. As displayefFigure 39B, at4 x 1C° cells the U202 cells
growth rate remained divergent from the U20S cells growth rate until 96 h. Similarly, at 8
x 1 cells (Figure PA), the same cell lines were similarlwdrgent untiljust before 72 h,

but then from 72 96 h the U202 cells growth rate had converged and overlapped the
U20S cells growth ratéurthermorethe U20Scell linesshowed no indication of entering
theplateau phaskut possibly were about tor it if incubated longer tha#6 h for 8 x 10

cells (Figure 39A) and4 x 1C° cells (Figure 3B). Although unexpected, there was at least
some promise for & 10° cells (Figure 2C), which was then considered to be the ideal cell

concentration for frther cell growth studies
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Figure 3.8: Growth of PD20 (FAND?2 deficient, red) and 3.15 (PD20 corrected, blue)
determined using the MTT assay.

(A) 8 x 1C cells, B) 4 x 1G cells and C) 2 x 1 cells per wellD) Doubling timesof PD20
and3.15 cells from cell seeding&{C) between 24 h and 96 Meandatawascollected
from triplicatetechnicalrepeats.
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The HeLa(WT) andHeLaD2 (FANCD2 deficien) growth rate results ifigure 310 were
similar to the U20S (WT) and U2G32 (FANCD2 deficien) results displayedHigure 39)

and described previousliyurthermore, similar to the FA results in Figuregahd 39, HeLa
andHelLaD2 cells growth rates werdivergent from each other, with the FA generated
phenotype (HelL#?2) at a lower absorbance reading and growing at a slower rate, as was
expected. As olesved similarly from the U209)2 results Figure 39), other than possibly

for HeLa at & 10 cellsif incubated longer than 96(Figure 310A), there was no indication

of a plateau phase with either cell concentratioRigure 310. However, the podsility of

the HeLa and Hel-®2 cells growth rate converging seemed highly probable forl8*

cells (Figure 310A) and 4x 10* cells (Figure 310B) after 72 h, and their difference in
growth rate was not as diverse as would be expected compared to prgroadh curve
results of other cell linegigure 310C displayed the only results that seemed more suitable
for cell growth studies, and therefore similar to U20S and URQSseemed ideal to uge

x 10° cells per 96well for up to 96 hrsBased on thealibling times displayed in Figures
3.81 3.10 of the nonFA and FA phenotypicatell cultures3.15/PD20, U20SD2 and
HelLatD2 doublingapproximatelyevery20 min to 40 min, the cell lines majsohave been
suitable at less than 2 x3¢ells seeding and a longer incubation time period for MTT assays
Although clonogenic assaymay also have been a suitable method for determining cell
survival after genotoxin treatmeas fewer cells are required for seedirigwever due to
thep r o j lended tinte the priority was maintainexh focusing to complete the aims and
objectives with what was alrea@yxperiencedandeven thougltlonogenic assay was not

considered at the timée incubation time required would have been weeks instead of days

3.2.2. Cell Growthafter Genotoxin Treatment

BecauseSchwab et al. (2015) only basedthe FA phenotype on the difference of
susceptibility to cisplatin instead of MMC as the primary ICL agentJ20S and U20S
D2, and therefore, in theory, the same for HeLa and H2,athen cisplatin was used to
confirm the FA phenotypeHowever, the FA phergpe confirmation still had to be
determined with MMC as the primary ICL ageBased on the results from the growth curve,
the protocol was adjusted 8ix 10° cellsper 96well for the FA cell lines PD20FANCD2
deficient)and 3.15FANCD correctell incubated for 24 h before genotoxic ageeatment

83



and followed by 72 h incubation.Adjustments were also made for the cancer cell lines
U20StD2 and HelLaD2 (WT/ FANCD2 deficient respectively)at 2x 10° cells per 96
well. However, theMITT assayresultsfor the cancer cell linegdisplayed evidence that was
considered incorrect compared to standard FA background research asSeetias 3.12.

for visual comparison. Thachievedresults displayed eithansignificant differencesn
genotoxicagent resignce expecteddifferencesin ICL-induced resistancerhen affected

by cisplatin but not by MMCICL-induced resistande the oppositeexpected orientation
for FA and WT/corrected resistancer noncalculablelCso valuesin genotoxieagent
resistance between théT andFAND?2 deficientcancer cell lines. Attempts were made at
various cell concentrations and incubation times, but the prot@sddjusted based on the
standard procedure from The Institute of Cancer Resdawaldon, UK, due to the lack of
time and resource¥he standard proceduveas seeding 5 x 2@ells in 96well, treated on
the same day as seeding, and incubated for 1B8énto the incubation time being too long
and withlimited time remainingadjustnents to the protocol were attempted to be closer to
the standard protocol used in the Elder Laboratoryaster resultand analysisn case of
potential issuesHowever theprotocol wasonly adjustedto 1 x 10° cells for U20S and
U20SD2, basecbna corfirmation of cell growth analysis (Appendix Figug and 5 x 18
cells for HeLa and Hel-®2 per 96-well plate,and thegenotoxic agentaereadded at the
same day as seedirfgllowed by incubation fo86 h (U20S/D2) or 168 h (HeLaD?2). The

following results were based on the adjusted protocols.
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Figure 3.11: Growth inhibition of PD20 (FANCD2 deficient, red) and 3.15 (PD20
Corrected, blue) following treatment with A) mitomycin C (MMC), B) cisplatin, and
C) TBHP.

D) ICsovalues forgrowth inhibitionfollowing treatment3 x 1 cells per 98well, incubated
for 72 h.Meandatawas collected fromtriplicatetechnicalandscientificrepeats
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Figure 3.11 shows the effect of MMC, cisplatin and TBféP both PD20 (FANCD2
deficient)and 3.15 (FANCD2 corrected) cellSimilar to the results described in Section
3.1.2. when comparingANC expressecatellsto FANC deficient cells, the difference in
resistance to the ICL and oxidative inducing agents could also be observed in the FANCD2
deficient (PD20) and FANCD?2 corrected (3.15) cells in the expected orientation. As
observedn Figure 3.11, compared tthe 1Go of the PD20 cells, the 3.15 celihiow a
significantly increased resistanceMMC by a factor of 7.2 (I&0 . @ #[PD20] t00.43

O N), cisplatinby a factor of 3 (160 . D M[PD20] to 2.240 N}, but not forTBHP by a

factor of 1.7 (IGso 2 9 M[PD20] to 490 N). Compared to the MTS assay results observed
from Figure 3.5 on HS@3 (WT), HSG72 (FANCA deficient) and HSCQ2 Corrected, the

MTT assay results of FANCD2 deficient (PD20) and corrected (3.15) cells in Figure 3.11
displayeda larger difference in cell growth and genotoxic agent resistance, betveedm 3
and Os M(control) for MMC (Figure 3L1A), between 2 Mand approximately 0.4 Mfor
cisplatin (Figure 31B), and between 76 Mand approximately 19 Mof TBHP (Figure
3.11C). This indicates how sensitive the FA cells PD20 are to ICL and oxidative inducing
agents, from MMC to cisplatin, to TBHP. Compared to the MMC (A) and cisplatin (B)
results, Figure 3.11C displays a notable plateau fromge¢hetoxintreatedcells betweer®

e Mand 18.7% MIBHP. This indicates that the PD20 (FANCD?2 deficient) and 3.15 (PD20
corrected) cells were sensitive to TBHP from 1&7Mand the cells were approaching or
had reached high confluency after 72 h incubation, similarly correspondingctlteowth
analysis from Figure 3.8B after 72 h to 96 h. Furthermore, it could mean the protocol could
be adjusted by treating cells at the same day as seeding and possibly shorten the incubation

time.
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A comparison of Figures 3.11 and 3.12 suggests that compared to the FA cell lines, the
U20Sand U208D2 cell lines are more susceptible to ICL and oxidative inducing agents
than PD20 (FANCD?2 deficient) dr3.15 (FANCD2 corrected) cells. As observedrigure
3.12,compared to the I of U20SD2 (FANCD2 deficient) cells, the U20S (WT) cells
showsignificantlyincreased resistance MMC by a factor of 2.9I1Cs0 3 1M [U20S-D2]

to 103nM), cisplatinby a factor of 3.91Cs00 . © BM[U20S-D2] to 1.570 N) but not for

TBHP by a factor of 1.4ICs03 . @ M[U20SD2] to 4.560 N}, as was expected for an FA
phenotypeHowever, compared to the results shown in Figure 3.11, though the UZDS/

cel growth difference was still significant, based on thel@lues it was not displayed as
substantially different to each other as the PD20/3.15 difference in cell growth (Figure 3.11)
for MMC (7.2 factor difference)cisplatin (3 factor difference) orTBHP (1.7 factor
difference) From Figure 3.12, the differences in cell growth after genotoxin treatment
between U20S (WT) and U20BANCD?2 deficient) could be observed as almost parallel,
from 500 nM to approximately 1268M of MMC (Figure 312A) and from 12.5% Mto
approximately 1.& Mof cisplatin (Figure 3.12B)Furthermore, compared to thesbof

TBHP treated FA cells PD20 (FANCD2 deficient) and 3.15 (PD20 corrected) in Figure
3.11D, the IGostatistics of TBHP treated cancer cells U2@8) and U20SD2 (FANCD2
deficient) may suggest either an experimental error or no real difference. Similar to the
observations of Figure 3.11C, an arched plateau was noticed in Figure 3.12C the genotoxin
treated U20S and U20GB2 cells between © Mand appoximately 16 MTBHP. Other than
indicating the WT (U20S) and FANCD?2 deficient (U2D) cells were sensitive to TBHP
from approximately 1l M the cells had reached high confluency after 96 h incubation,
similarly corresponding to the cell growth analys@m Figure 3.9A and B after 96 h but

not for 1 x 18 cells (Appendix Figure 2B). This could mean the protocol could be adjusted

by treating the U2049D2 cells at 5 x 19seeding or possibly shorten the incubation time.
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These data are in agreement witle U20S/D2 results describeth Figure 3.2, where
susceptibility to the genotoxic agents suggests that compared to the FA cell lines, the cancer
cell lines U209WT) and U208D2 (FANCD?2 deficien), as well as the HelLd)2 cells,

are more susceptible to the ICL and oxidative inducing agents than preiaugyinal cell
lines. Interestingly, the HeLd)2 cells are morsensitivehan U20SD2 cellsto MMC and
cisplatin but equallyesponsiveo TBHP. This would signify that, compared to U2eI%,

the HeLa/D2 cells are more susceptible to Kiducing agats than the oxidativanducing
agent. As observed iFigure 3.8, compared to the 16 of HeLaD2 (FANCD?2 deficien)

cells, the HeLa (WT) cells showsggnificantlyincreased resistance MMC by a factor of
2.1(ICs04 . nB1 [HeLaD2] to 9.1nM) andcisplatinby a factor of 2 (ICs0 7 M [HelLa

D2] to 176 nM), as it was again expected for an FA phenotypg barelya difference in
resistanceto TBHP (ICso 2 . ®MM[HeLa-D2] to 2.44 O N Though HelLaD2 showed
statisticallyequalsensitivityto TBHP, it was not uncommon for similar results to appear
from previous cell lineattempted when treated with TBHRppendix Figure3). It may be

due to experimentadrror oris more likely that theancer cell lines U209)2 andHelLat

D2 (WT/FANCD?2 deficient)are not as susceptible to oxidative damael therefore no
real difference,as the FA cell linePD20/3.15(FANCD2 deficient/correctedjvith a
noticeable differenceSimilar to the observations of FigurelBC, an arched plateau was
naticed in Figure 3.2C the genotoxi treated U20S and U202 cells between & Mand
approximately I MTBHP. Other than indicating the WT (U20S) and FANCD2 deficient
(U20SD2) cells were sensitive to TBHP from approximately M the cells had reached
high confluency after 96 h incubation and were still growing from, similarly corresponding
to the cell grokh analysis from Figure @A and B after 96 h but not for 1 x 3@ells
(Appendix Figure2B). This could mean the protocol could be adjusted by treating the cells
at 5 x 18 seeding or possibly shorten the incubation ti@@mpared to the PD20/3.15 results
and U20S/D2 results displayed in Figuresl3.and 312, respectively, though the Hel-a/

D2 cellgrowth difference was stilhotable it was not as greatly significant or greater than
PD20/3.15, nor similar to U20%2 as it might have been expected.

3.2.3. Gene and Protein Expression Studies

Due to thedifficulty of detecting NEIL1 andmainly NEIL3 by western blot methogds
examples of which can be seenAppendixFigures 1 and 4 gRT-PCR was attempted.
Although the data was initially encouraging, regroibility was poor and not improved by
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modification of methods and use of new reagéexample displayed in Appendix Figure

5). Western blotting was again attempted using alternative methodobyie® standard
protocol (Section 2.5) butere again ungcessful. Time constraints meant that-RCR

was adopted with PCR amplicons quantified by their captured images through Image Studio

Lite (LI-COR), and therefore based on swentificreplicant

Compared to the results observedSiection 3.13., it could be expected that the RCR
expressiorresults for the PD20 (FANCD2 deficient) and 3.15 (FANCD2 corrected) cells
would be similar to the HSZ2 (FANCDA deficient) and HS@2 Corrected cells (lase8

T 13, Figure 36). As it could be seen frorRigure 3.8A, boththe 3.15 cellgi) and PD20

(ii) cells displayednoticeable expression dIEIL2 andNEIL3 (lanes5 and6, respectively,

but not visibly forNEIL1 (lane4). Comp ar ed t o t B@APRBHeXptessisnnr es p e c
Figure 3.8B, NEIL2 andNEIL3 wereexpresseat an approximate ratio of 1:14 and 1:2 in

the FANCD2 corrected cells (3.15), respectively, and at an approximate ratio of 1:10 and
1:1 in the FANCD?2 deficient cells (PD2@etween the PD2and 3.15 cell lines there is no
significant difference ilNEIL1 andNEIL2, though based on the literature review theses cell
lines werenot profiled beforefor NEIL1 and NEIL2 expressionbut have for NEIL1
undeexpression in the PD20 celldowever,it hasbeenknown forunderexpresseNEIL1

to upregulateNEIL3 expressior(Li et al, 2020) andas displayed in Figure 31t may e

the case fothe FA cell lines PD20 (FANCD2 defent) and 3.15 (PD20 correcteahserved

to havea significantly increased expressionMEIL3 in relation toNEIL1. Interestingly,
compared to theexpressionof NEIL3 in the 3.15 cells, asignificant difference of
approximatelyl:2 ratio of expressiorof NEIL3 could be observed in the PD20 cells, which
was similarly seen irrigure 36 with NEIL3 expressionn favour of HSC72 (FANCA
deficient) over HSE72 Corrected, but not as substanfidlis may signify that in response

to the FA phenotype, the PD20 cells may be expressing NEIL3 as the substitute to the cells
FANCD2 deficiency.
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Figure 3.14: Expression of GAPDH, NEIL1, NEIL2, NEIL3, FANCA, FANCD2,
ERCC], and b-Actin from cell lines A(i)) 3.15 (PD20 corrected)and A(ii) PD20

(FANCD?2 deficient), by RT-PCR.

(A) Separate gel etirophoresis image&ane 1, DNA ladder; lane 2, negative control; lane
3,GAPDH lane 4NEILZ; lane 5NEIL2; lane 6 NEIL3; lane 7FANCA lane 8 FANCD2
lane 9,ERCC1 lane 10p-Actin. Expected amplicon lengtiGAPDH, 127 bp; NEIL1, 212
bp; NEIL2, 145 bpNEIL3, 147bp; FANCA, 91 bp; FANCDZ2, 181 bp; ERCC1, 146 lbp;
Actin, 166 bp (B) Quantified signal intensity from amplicons sectionA relative to the

c e |GABDHexpression, based on one scientiéplicate

Expressions foFANCA FANCD2 ERCC1landb-Actin were alsmbservedor background
confirmation and fopotentialuses irrelation tothe project. It was not expected for there to
be a difference irexpression oFANCA compared td~FANCDZ2 but it was interesting to
know thatFANCAwas moreexpressedhan FANCD2 by an approximateratio of 1:3 in
FANCD2 deficient cells®D20 and 12 in FANCD2 corrected cells3(15 Figure 3.4B).

As described in Table 24dnd through the literature revidar the FA cell lines PD20 and
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3.15 theFANCD2mutations could only be detectedthvspecific primers, andxpression
could be quantified and comparexhly by protein expressionthrough western blot.
Furthermore, the 3.15 cell line was described as PD20 cells correcteanwgiibcell
mediated transfenf chromosome 3pallowing regulaexpression oFANCD2 Therefore,

it was not expected for there to be a significant difference in expressammgh RTPCR
expressiorsince theFANCD2 primers used (Table 24) were not mutatioispecific and
compared to their respecti@APDH expressionboth PD20 and 3.15 haam approximate
1:5 FANCD2expressiormratio (Figure 3.4B). FANCD2 expression was later determined
for FA phenotype validation through western bIBRCC1lexpressiorwas considered a
possible relation to NEIL3 protein expression whitiL3 not being visualised on a western
blot was beingnvestigaéd However, it was later considered insignificant concerning the
project, although interestinglthe PD20 cells had aNEIL3:ERCC1 expressionratio of
almost 1:1, but 1:2 ithe 3.15cells (Figure 3.8B). b-Actin expressiomwas only considered
an alternative foexpressiorcontrol for GAPDH, and therefore, nothing significant was

researched further.

Similar to the PD20/3.15 cell extracts for ffCR amplification irFigure 3.4, as it could

be seen fronkigure 3.5A, boththe U20S (WT, [i]) and U20®2 (FANCD2 deficient

[ii]) cells displayedexpression ofNEIL2 and NEIL3 (Figure 3.BA[i], lanes4 and 5,
respectivelyfigure 3.BA[ii], lanes5 and6, respectively, but not visibly forNEIL1 (Figure
3.15A[i], lane 3; Figure 3.BA[ii], lane 4). Interestingly, NEIL2 expressionwas more
noticeable in the U209)2 cells than in PD20/3.15 cellBigure 3.8) or in the HeLaD2

cells Figure 3.5) . Compared t o GARRHexpredsibnd Bigure8BBpect i v ¢
NEIL2 andNEIL3 wereexpresseat an approximate ratio of 1:5 and 1:3, respectively, in
both the U20S (WT) and U202 (FANCD2deficien) cells but no significant differences
when compared to each other. Notably, there was a differede®NICAexpressiorby an
approximate 1:3 rationi favour of the U20S cells, which was observed in the opposite
orientation when comparing the FANCD2 corrected cells (3.15) to the FANCD2 deficient
cells (PD20,Figure 3.3). Although there was no substantial difference in expression of
FANCA compared toFANCD2 for the FANCD?2 deficient cells (J20SD2), FANCD2
expressionvas unexpectedly presglane 7 Figure 3.BA[ii] ). Compared to their respective
GAPDHexpressiorn Figure 3.5B, FANCD2wasexpresseat an approximate 1:3 ratio in
U20S cells and an apgximate 1:5ratio in U20SD2 cells, but the WT (U20S) cells

FANCD2amplification appeared to be twofold higher than A& CD2 deficient(U20S
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D2) cellsFANCDZ2amplification. Protein expression was later determined fegEAerated

phenotype validation.
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Figure 3.15. Expressionof GAPDH, NEIL1, NEIL2, NEIL3, FANCD2 and FANCA
from cell-lines A(i) U20S (WT) and A(ii) U20S D2 (FANCD?2 deficient), by RT-PCR.

(A) Gel electrophoresis imaggectionedn two parts A(i) Lane 1, DNA ladder; lane 2,
GAPDH:; lane 3, NEIL1; lane 4, NEIL2; lane 5, NEIL3; lane 6, FANCD2; lane 7, FANCA;
lane8, negative controlA(ii) Lane 1, DNA ladder; lane 2, negative control; lane 3, GAPDH,;
lane 4, NEIL1; lane 5, NEIL2; lane 6, NEIL3; laneFANCDZ2; lane8, FANCA. Expected
amplicon length GAPDH, 127 bp; NEIL1, 212 bp; NEIL2, 145 bpEIL3, 147 bp;
FANCDZ2, 181 bp; FANCA, 91 bigB) Quantified signal intensity from ampliconssaction

Ar el at i v e GARDHexbression, ddséd®rs ongestific replicate

Similar to the U20SD?2 results irFigure 3.5, as observenh Figure 3.8A, boththe HeLa
(WT, [i]) and HeLaD2 (FANCDZ2 deficient [ii]) displayedexpressioafor NEIL1T NEIL3

(lanesAi 6, respectively, with NEIL3 significantlyexpressedompared to the barely visible
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NEIL1 and NEIL2 (lanes 4 and, respectively by an approximate 1:10 ratio or greater
(Figure 3.8B). Compar ed t o t h &APDId éxprassonnr Fgerep BBt | v e
NEIL1andNEIL2 were barelyexpresseat an approximate 1:100 ratio in both the HeLa and
HeLaD2, butNEIL3 was expressedit an approximate ratio of 1:5 and 1:8 in HelLa and
HeLaD2 respectively. Compared to the WT cells (HeLa), BANCD2 deficient cells
(HeLaD2) had a twofold higheexpressiorin NEIL3, which was the opposite of the RT
PCR results observed from the FANCD2 deficient/corrected cell line (PD20/3.15,
respectively) extracts ifigure 3.4, and neither observed from the U2€E%? cell (WT/
FANCD2 deficient respectively) extracts ligure 3.5. Furthermore, similar to the results
observed of the 3.15 and PD20 cell extra€igyre 3.4), the HeLa and Hel-B2 cells
displayed a threefold and fivefold, respectively, increase in expredskAxNCAcompared

to FANCD2 Similar to the U2092 cells RFPCR results Kigure 3.5), FANCD2
expressiorwas also unexpectedly, though faintly, present in the Ha2.aells RFPCR
results(Figure 3.BA[ii], lane 7). As observed ifrigure 3.8B, compared ttheir respective
GAPDHexpressionFANCD2wasexpresse@t an approximate 1:5 ratio in HeLa cells, and
an approximate 1:10Gtio in HeLaD2 cells, but the WT (HeLa) cellEBANCD2expression
appeared to be approximately five times higher thair #CD2 deficient (HeLaD2) cells
FANCD2expressionSimilarly to the U20SD2 cells RFPCR resultsKigure 3.5), protein
expression from HeLdD2 cell extracts were also later determined for-geherated

phenotype validation.
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Figure 3.16. Expression of GAPDH, NEIL1, NEIL2, NEIL3, FANCD2 and FANCA
from cell-lines A(i) HeLa (WT) and A(ii) HeLa-D2 (FANCD?2 deficient), by RT-PCR.

(A) Gel electrophoresis imagectioned in two partdane 1, DNA ladder; lanes Begative
control; lane 3GAPDH, lane4, NEIL1; lane5, NEIL2; lane 6,NEIL3; lane 7,FANCD2
lane 8,FANCA Expected amplicon lengttcAPDH, 127 bp; NEIL1, 212 bp; NEIL2, 145
bp; NEIL3, 147bp; FANCD2, 181 bp; FANCA, 91 bgB) Quantified signal intensity from
amplicons insection Ar el at i v e QGABDHEexXpressiangebladeda one scientific
replicate

Following RT-PCR, protein expression from the cell extracts of FA and WT/corrected cells
were analysed after western blot, as displaydeignre 3.%7. As it could be seen iRigure
3.17A(i), the FANCD2 deficient (PD20) cell extract displayed no proteipression of
FANCD2, as was expected of a FANCIbdated FA cell line, whereas the FANCD2
corrected (3.15) cell extract displayed FANCD2 protein expression, as was also expected.
Similarly,in Figure 3.7A(ii), the WT cancer cells U20S (lane 2) and HeLa€ld) extracts

were also observed expressing FANCD2 protein, as was expected, though their FA
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generated cell counterparts U202 (lane 3) and Hel-®2 (lane 5) extracts were barely
expressing FANCD2 protein, which was unexpected. From th® ®R results akerved
previously, the unexpected U2a® (Figure 3.BA[ii]) and HeLaD2 (Figure 3.BAii])
FANCD2 expressiorresults suggested potential FANCD2 expression, which contradicted
the generated~ANCD2" phenotype of the celldescribed in Table 2.4nd Schwabet al.
(2015). However, based on the observed protein expression reshitume 3.7A(ii), and
compared to the MTT assay results after @Misplatin and TBHP treatment cell survival
(Figures 312 and 313), the FAgenerated cancer cells U2& and HelLaD2 were
considered as FANCD?2 deficieat depletectells.

%'Q(\' 'QW
Q Q) Q) > >
» “ Y Y
Qo NN
Si i Size 3
A <$§> 1 2 3 0 & 2 i 5
i) 17 ii) 170 *
130 = 130 - v
95 % .
Q¥ N
S o S v & F
| N S | S NN
(Eg:) 2 3 4 5 (}S;II;:) 2 3 4 5
B i) o ii) o5
72 . s 2 *
55 .. “ ﬁ»- :. : 55 = : . SEP— .
C i) s i) *
34 "y W?". . * :
26 ‘
D i) ii)
43 — — — -
34 34

Figure 3.17: Western blots of PD20 (FANCD2 Deficient), 3.15 (PD20 corrected), HeLa
(WT), HeLa-D2 (FANCD?2 deficient), U20S (WT) and U20SD2 (FANCD?2 deficient)
cell extracts.(A) FANCD2, (B) NEIL3, (C) NEIL1, and (D) b-Actin.

A(i) Lane 1, protein ladder; lane 2, PD20; lane 3, 3A(b) Lane 1, protein ladder; lane 2,
U20S; lane 3, U20®2; lane 4, HelLa; lane 5, Hetd2. (B[i], C[i], D[i]) Lane 1, protein
ladder; lane 2, PD20; lane 3, 3.15; lane 4, HBRa lane 5, HeLa(B[ii], C[ii], DJ[ii]) Lane
1, protein ladder; lane 2, PD20; lane 3, 3.15; lane 4, U20S; lane 5,-D20CBxpected
molecular weightFANCD2, 164 kDaNEIL3, 68 kDg NEIL1, 43 kDa; b-Actin, 42 kDa
(*) Non-specific bindingRed arrow, NEIB expressin detected
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As displayedin Figure 3.7B, the FANCD2 deficient cells PD2Qane 2) displayed
expression of NEIL3orotein, whereas the FANCD2 correct ceI45 (lane 3)did not.
Furthermore, the cancer celteLaD2 and Helalgnes 4 and 5, respectively]), and
U20S and U209P2 (lanes 4 and 5, respectively] ) in Figure 3.7B also did not display
NEIL3 protein expressiarNEIL1 protein expression wasot observed in any of the cell
extracts, as displayed igure 3.7C, and as expected Figure 3.7D, b-Actin protein
expression was observed from all cell extracts and with no suggestion of sample loading
differences.Compared to th&T-PCR results (Bures 3.14 1 3.16), only the FANCD2
deficient cellsPD20 showed the higheMEIL3 expression(Figure 3.8A[ii]) , which
corresponded with the NEIL&oteinexpression in the western btesults only visible from
PD20 cell extract (lane Eigure 3.7B). Furthermore all cell lines showed barely visible
NEIL1 expressionn the RFPCRresults whichalsocorresponded with theEIL1 protein
expression observed in the western blot reskitgife 3.7C), suggesting thBIEIL1 protein
expressiorwas too low to be detected

Based onlte combinedbackgroundesults it wasmore appropriate foall six FANCD2-
relatedcell lines to be transfected with pcDNASHNEIL1-FLAG for NEIL1 recombinant
expressionand all apart fromthe FANCD?2 deficient cedl PD20 to be transfected with
pcDNA3.1-hNEIL3™--FLAG andpcDNAS.1-hNEIL3™eFLAG. Theresultsalso suggested
it was appropriatefor the sixcell linesto be transfected foNEIL3 siRNA for NEIL3
knockdown However, due to the incubation time period ofé/Rknockdowngenerally
lastingbetweenl20h and 168 h depending on the cell type and siRNA concentratnah,
the limited resourcethe siRNA transfectionvasreservedor FANCD2 deficient/corrected
cellsPD20/3.15andpossibly the WT and FANCD2 deficient cancer celBOS/D2.

3.3. Generating pcDNA3-hNEIL3™--FLAG and pcDNA3.IhNEIL3S.FLAG

The aim and objective was to generdte plasmids pcDNA3:-hNEIL3F--FLAG and
PCDNA3.I-hNEIL3'%%-FLAG from pcDNAS3.:hNEIL1-FLAG for the empty vector and
PETDUET2hNEIL3 for NEIL3 referencebefore transfection of the desired plasmids to the
experimentectell lines later in the projectThe plan intended to use PCR to amplify the
Xbal-hNEIL3™--FLAG-EcoRI (hNEIL3™-FLAG) and XbathNEIL3'**¢FLAG-EcoRI
(hNEIL3*.-FLAG) inserts, digest the Xbal and EcoRI digest sites from the inserts and the
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pcDNA3.1 empty vector for open sticlends, and then ligate the inserts to the empty vector
followed by cloning and confirmation. Due to the BIN3F--FLAG and hNEIL3%¢FLAG
amplicons not having at leasti 13 nucleotides adjacent to the desired restriediggstion
sites, instead of redesigning tpesdesignedgrimers in Table 4.3 (Section 21.6), the
additional cloning step aZeroBlunt cloning (Section 2.3.) was used for the additional

nucleotides necessary for insert preparation as well as further amplification of the desired

inserts.
Project Start
Generate Plasmids for
Transfection
Preparation of pcDNA3.1-hNEIL3"L FLAG/ Isolation an(‘i Purification
D(‘DNA3.1-I]NEIL31506>FIAG Plasmid: of the DCDNA3.1 Vector
» PCR amplification of hNEIL3F- « " Restriction digest.
FLA/WNEIL3'*%-FLAG insert. « Vector isolation and
« Insert purification. purification.
Repeat with No ! Confirmation of pcDNA3.1- NEIT 3L
Adjustments Amplified Insert? FLAG/ pcDNA3.1-NEIL3!5S.FLAG
plasmid:
« Ligation and cloning of insert with
pcDNA3.1.
+ Restriction digest for confirmation
Cloning and Purification of the hNEITL3FL- + Sanger sequencing for sequence
FLAG/hNEIL3'S%_FLAG Insert: confirmation
» Ligation and cloning of insert with pCR-
Repeat Insert Blunt [I-TOPO.
Amplification + Restriction digest for insert confirmation.
4 + Sequential restriction digest for insert
preparation.
+ Insert isolation and purification.
[y No Repeat with
Different Cloned [—
No Plasmids
Continued Issues Repeat with Different |
Cloned Inserts ) Yes
Continue
Project

Figure 3.18: Flowchart on the approach b plasmid generation work.

Expanded subsection of the overall flowchart displayed in Section 1.6 (Figure 1.11). Green
highlights, results achieved.

Displayed in Figure 3.1®&ere the aims and objectives of Section 3.3 planned according to

the approach tche work displayed in the flow chaithe results for th@NEIL3™-FLAG

and hNEIL3°%.FLAG insert amplificatior(Sections 3.3.1. and 3.3.5.), cloning, purification

and isolation of the amplified inserts (Sections 3.3.2. and 3.3.5.), isolation and panficat
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of the pcDNA3.1 vector (Section 3.3.3.), and cloning followed by confirmation of
pcDNA3.1-hNEIL3™--FLAG and pcDNA3.1hNEIL3'"%%FLAG plasmids (Sections 3.3.4.

and 3.3.5.) allowed the project to continue to the next stage of the project.

3.3.1. Prepartion of pcDNA3.1-hNEIL3--FLAG Plasmid

Initially, the protocol intended was PCR with Phusion DNA polymerase. Due to the nature
of the primers used, the melting temperatures of the primers were equivalent to or greater
than the extension temperature of 72°C (which would convetie3PCR into &tep PCR).

As displayedn Figure 3.8, results were achieved for the positive control of the hNER3

FLAG fragment of891bp-long hNEIL3 Eigure 3.8, lane 4). However, the goal was to
amplify the hNEIL3'-FLAG insert (lane 3 oFigure 3.D).
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Figure 3.19. Amplification of hNEIL3 F--FLAG and hNEIL3 83FLAG from
PETDUET2-hNEIL3.

Lane 1, DNA ladder; lane 2, negative control; lane 3, hNEiLBane 4, hNEIL3*
Expected amplicon lengthNEIL3--FLAG, 1864 tp; hNEIL3®43FLAG, 891 bpTwo-step
PCR with Phusion DNA polymerase (f2annealing temperature).

The experiment was repeated multiple times, independently and together, under different
conditions.Following the PCR protocol (Section 2.2.2.) the range of conditions attempted
included using the Phusion DNA polymerase under thest@p thermocycling calition

with annealing/extension step at 1.24 min, denaturing at 95°C and annealing/extension at
1.30 min, double volume of reaction mixture with 200ng template DNA (plasmid), annealing
at 67°C, repeated with Q5 DNA polymerase with or without a GC enh@N&f) or 5%
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DMSO, repeated with OneTag DNA polymerase (NEB), and gradient PCR to determine the
optimal annealing temperature between 67°C and 81°C and 80 s extensiamstégsted
with aTagpolymerase from MyTaq (Bioline), it did not produce themodked insert.

Size
(bp)

2000
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Figure 3.20: Amplification of hNEIL3 F--FLAG from pETDUET2 -hNEIL3.

Lane 1, DNA ladder; lane 2, Phusion; lane 3, Phusion with M@dhM); lane 4, Phusion
with DMSO (3%).Expected amplicon lerlgp hNEIL3F--FLAG, 1864 bp.Phusion DNA
polymerase and Touchdown (TBannealing temperatur&°C per cycle

A colleagueof the Elder Laboratorattempted to amplifhNEIL3™--FLAG using Phusion
PCR with 4 mM MgCl and a thermocycling Touchdown PCR prognaen(a cycling
programme in which the annealing temperature gradually reduces after each cycle), and this
was successful. The resulting P@Rs repeatedavith Phusion DNA polymerase arid
shown inFigure 320, with aTouchdown programmef 76°C annealing temperatueith a
reduction of 1°C per cycle. Additionally, the effect of the addition of Mg@CIDMSO is
also shown irFigure 320 (lanes 3 and 4, respectively). However, as displaydeigare
3.20, the critical optimisation step required wiage Touchdown programme, regardless of
the addition of MgGl or DMSO to the reaction mixtur@as previous attempts with altered
conditions mentioned resulted in no observable band similar to what was obsdfigerden
3.19lane 3
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3.3.2. Cloning and Prification of the hNEIL3"-FLAG Insert

After successfully isolating and purifying th&dlEIL3™-FLAG amplicon, it was then ligated

into thepCR-Blunt 1I-TOPOplasmid to enable cloning into the destination vector (Section
2.2.3.). After subsequent cloningud extraction, th@ CR-Blunt [I-TOPOhNEIL3™-FLAG
plasmidwas tested for the presence and orientation of the insert by restriction endonuclease
digest Figure 321). The results indicated that the insert was present in the colonies picked,
based on th&coRl restriction digestHigure 321A) and in the reverse orientation based on

the Xbal restriction digest{gure 321B), when compared to the vectors restrictdigest

sites displayed ifrigure 321C. The combined plasmid + insert displayedrigure 321B

was larger than the expected approximate size of 540pdsgibly due to well formation

from bent comb teeth or loading error, but it was more important to discern the insert
orientation by restriction digesind the correct sizes for the p&Runt II-TOPO plasmid

(3500 bp) anthNEIL3™--FLAG insert (1863 bp) were confirméual Figure 321A. Using the

primer specifications in Table 2.13, the amplified NE-BLAG insert was to have the
restriction digeesnd sandce KdbdaeRd thaforet fitriesed 5 NN]
orientation sequence XbBAIEIL3F--FLAG-EcoRlI. If the XbalNEIL3--FLAG-EcoRl
sequence was inserted in the blunt product end op@tBlunt [I-TOPO plasmid map
(Figure 321C) in the forward orientatiorg Xbal restriction digest wouleesult two digest
products similarly displayed iRigure 321A, but with 49 bp added from the plasmid to the

I n s e-end of BIBNNPCR Product to encircled Xbal sitd=igure 321C). If in reverse
orientation (EcCoRFLAG-NEIL3F-Xbal) the insert and plasmid would appear as a
linearised plasmid, similarly tbigure 321B, but with anapproximate size of 5400 bp and

a digested band of-end of Blunb RORReduet With XiBaDsitebtgp ( 3 N
encircled Xbal site ifrigure 321C).
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M13 Reverse priming site Ll
201 CACACAGGAA ACAGCTATGA CtA'I'GAﬂAC GCCAAGCTAT TTAGGTGACG CGTTAGAATA
GTGTGTCCTT TGTCGATACT GGTACTAATG CGGTTCGATA AATCCACTGC GCAATCTTAT
L L onr | Secl Buwt|  Spel
CTCAAGCTAT GCATCAAGG’ TGGTACCGAG CICGGATC(‘A CTAGTAACGG CCGCCAGTGT
GAGTTCGATA CGTAGTTCGA ACCATGGCTC GAGCCTAGGT GATCATTGCC GGCGGTCACA

& =3 Pt Boonv
e CATIanGA Corcrar
ot 01 (e D) A | T7 promotedpriming she
TCCATCACAC TGGCGGCCGC TCGAGCATGC ATCTAGAGGG CCCAATTCGE CCTATAGTGA
AGGTAGTGTG ACCGCCGGCG AGCTCGTACG TAGATCTCCC GGGTTAAGCH GGATATCACT
'M13 Forward (-20) priming she

GTCGTATTAC AATTCACTGG CCGTCGTTTT ACAACGTCGT GACTGGGAAA ACCCTGGCGT 470
CAGCAT. TTAAGTIGACC GGCAGCAAAA TGITGCAGCA CTGACCCTTT TGGGACCGCA

pCR™-Blunt

3.5 kb

Figure 3.21: Analysis of hNEIL3FL -FLAG insert in pCR-Blunt Il -TOPO-hNEIL3FL -
FLAG, using EcoRlI or Xbal.

(A) Lane 1, DNA ladder; lane 2, clone 1 with EcoRI; lane 3, clone 2 with EcBRLanhe

1, DNA ladder; lane 2, clone 2 with XbaExpected restrictiowligested band length:
linearisedpCR-Blunt II-TOPOhNEIL3FL-FLAG from Xbal,approximagly 5400 bp pCR-

Blunt 1I-TOPO plasmidand hNEIL3™--FLAG insert from EcoRlapproximagly 3500 bp

ard 1900 bp, respectivelyC) Derived and modifie@CR-Blunt II-TOPOplasmid map with
restriction digest sites EcoRI and Xbal encircled (red) from Zero Blunt PCR cloning kit
protocol guide (Invitrogen).

It was also possible that through an incomplete restriction daligdst ofpCR-Blunt II-
TOPOONEIL3--FLAG with Xbal and EcoR| the stickyended digestedNEIL3™--FLAG
insert would have 4 bp to 57 bp additional base painsell as double ended Xbal or EcoRl
sites, increasing the insert up to 1920 bp long, if not restriction ddidésted completely.

103



Therefore, a sequéal restriction doubl@ligestwas usedo ensure complete digestion by

each enzyme and to prepare a sufficient quantity of the insert DNA
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Figure 3.22 Sequential digestion ofpCR-Blunt Il -TOPO-hNEIL3"--FLAG using
restriction enzymes EcoRI and Xbal.

(A) Lane 1, DNA ladder; lane 2, clone 2 with sequential digestion and purification (Xbal
followed by EcoRI). B) Lane 1, DNA ladder; lane 2 and 3, clone 1 and 2, respectively, with
sequential doubleigestion (Xbal followed by EcoRIEXxpected restrictiowligested band
length: pCRBIunt II-TOPO plasmidapproximately 3500 bfiNEIL3™--FLAG insert, 1863

bp.

Initially, the experiment was carried out with restriction enzyme Xbal, followed by
purification, and the restriction digest was repeated with E¢tiRflollowed by purification.
However, substantial quantities were lost after each purification, and the findl resu
appearedionger than expectedFigure 322A, lane 2 approximately 200 bp). The
experiment was attempted again using a sequential ddigdet method without the
necessity of mid purification, and this time it was successful, as can be $egure8.22B,

lanes 2 and 3. When compared to the initial atterRgufe 322A), the final products
appeared to beloser to thecorrect size (approximately 1,900 bp for tieEIL3™-FLAG

insert andapproximately 3,500 bp for the p&&unt plasmid) and with mimal loss prior

to purification. The inserts were then purified after gel excision and were then ready for

ligation into the destination vector, pcDNA3.1.
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3.3.3. Isolation and Purification of the pcDNA3VEctor

The procedure for the preparation of gegbNA3.1 plasmid was less compléds expected,

the undigested plasmid in lane=yure 3.3 displayed multiple bands above the 6000 bp
ladder mark, indicating circular and nicked circular plasmids, and linearised plasmids after
single restriction digest Xbal (lane 3) and EcoRI (lane 4) with no secondary band less than
the 600 bp ladder marlAs can be seen iRigure 3.3, lane 5, a simple restriction double
digest was all that was required to excise the hNEHLAG insert (approximately 1,400

bp) from the pcDNA3.1 plasmid (approximately 6,000 bp). The plasmid was then purified

after gel excision.

Size
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Figure 3.23: Digestion of pcDNA3.2hNEIL1 -FLAG using Xbal and EcoRl.

Lane 1, DNA ladder; lane 2, undigested plasmid; lane 3, Xbal digest; lane 4, EcoRI digest;
lane 5, Xbal and EcoRI doubtigest.Expectd restrictiondigested band length: undigested
pcDNA3.1-hNEIL1-FLAG, 6800 bp singledigested pcDNA3.1-hNEIL1-FLAG,
approximately 6800 bpdoubledigestedpcDNAS.1 plasmid, approximagly 5400 bp
doubledigestechNEIL1-FLAG insert, approximately 1400 bp.

3.3.4. Confirmation of pcDNA3-NEIL3F--FLAG plasmid

With the purified hNEIL8'--FLAG insert and pcDNA3.1 plasmid prepared, the following
step was ligation followed by an analysis of the clones through ddigsstion. As can be

seen inFigure 3.2, in lanes 2 to 6, five transformed colonies were selected for analysis and

105



four of theclones produced a band of the expected size (lanéy.3The plasmid in lane 2

of Figure 3.2 unexpectedlycontainedan insert similar to thénNEIL1-FLAG insert
(approximately 1,400 bndsimilar to therestriction doubleligestin Figure 3.3, lane 5

This may be due to an undigested plasmid not visible from the excised agarose gel for DNA
fragment purification (Section 2.2.6.) was part of the DNA ligation and cloning mixture, and
of the transformed. coli, some colonies contained theDNA3.1-hNEIL1-FLAG plasmid
instead of thgpcDNA3.I-hNEIL3™ -FLAG plasmid.

Size
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Figure 3.24: Confirmation of hNEIL3 F--FLAG insert in pcDNA3.1-hNEIL3 F--FLAG,
using Xbal and EcoRI.

Lane 1, DNA ladder; lane 26, clones 1i 5, respectivelyExpected restrictionligested
band lengthpcDNA3.1plasmid,approximagly 5400 bp hNEIL3F--FLAG insert, 1863 bp.

106



A hNEIL3"-FLAG Forward Sanger-Sequence Result (From CMV_fwd_primer)
461159601 peDNA31 NEIL3EL CMVE pCDNA3

AATGGGCGGTAGGCGTGTACGGTGGGAGGTC TATATAAGCAGAGCTCTCTGGC TAACTAGAGAACCCACTGCTTACTGGC TTATCGAAAT I
AGACCCAAGCTGGCTAGCGTTTAAACGGGCCCTETABAGCCACCATGGTGGAAGGACCAGGCTGTACTC TGAATGGAGAGAAGATTCG
AGCGCGGGTGCTCCCGGGCCAGGCGGTGACCGGCGTGCGGGGAAGCGCTCTGCGGAGTCTGCAGGGCCGCGCCTTGCGGCTCGCAGCCTCCACGGTT
GTGGTCTCCCCGCAGGCTGCTGCACTGAATAATGATTCCAGCCAGAATGTCTTGAGCCTGTTTAATGGATATGTTTACAGTGGCGTGGAAACTTTGGGGA
AGGAGCTCTTTATGTACTTTGGACCAAAAGCTTTACGGATTCATTTCGGAATGAAAGGC TTCATCATGAT TAATCCACTTGAGTATAAATATAAAAATGGA
GCTTCTCCTGTTTTGGAAGTGCAGCTCACCAAAGATTTGATTTGTTTCTTTGACTCATCAGTAGAACTCAGAAACTCAATGGAAAGCCAACAGAGAATA
AGAATGATGAAAGAATTAGATGTATGTTCACCTGAATTTAGTTTCTTGAGAGCAGAAAGTGAAGTTAAAAAACAGAAAGGCCGGATGCTAGGTGATGTG
CTAATGGATCAGAACGTATTGCCTGGAGTAGGGAACATCATCAAAAATGAAGCTCTCTTTGACAGTGGTCTCCACCCAGCTGTTAAAGTTTGTCAATTAA
CAGATGAACAGATCCATCACCTCATGAAAATGATACGTGATTTCAGCATTCTCTTTTACAGGTGCCGTAAAGCAGGACTTGCTCTCTC TAAACACTATAAG
GTTTACAAGCGTCCCAATTGTGGTCAGTGCCACTGCAGAATAACTGTGTGCCGCTTTGGGGACAATAACAGAATGACATATTTCTGTCCTCACTGTCAAA
AAGAAAATCCTCAACATGTTGACATATGCAAGCTACCGACTAGAAATACTATAATCAGTTGGACATC TAGCAGGGTGGATCATGTTATGGACTCCGTGGC
TCGGAAGTCGGAAGAGCACTGGACCTGTGTGGTGTGTACTTTAATCAATAAGCCCTCTTCTAAGGCATGTGATGC TTGCTTGACCTCAAGGCCTATTGAT
TCAGTGCTCAAGAGTGAAGAAAATTCTACTGTCTTTAGCCACTTAATGAAGTACCCGTGTAATACTTTTGGAAAACCTCATACAGAAGTCAAGATCAACA
GGAAAACTGCATTTGGAACTACAACTCTTGTCTTGACTGATTT TAGCAATAAATCCAGTACTT TGGAAAGAAAAACAAAGCAAAACC

B hNEIL3"L-FLAG Reverse Sanger-Sequence Result (From bGH rev_primer)
>461159601_pcDNA3]1_NEIL3FL_bGHR

TTTACAGGTGCCGTAAAGCAGGACTTGCTCTCTCTAAACACTATAAGGTTTACAAGCGTCCCAATTGTGGTCAGTGCCACTGCAGAATAACTGTGTGCC
GCTTTGGGGACAATAACAGAATGACATATTTCTGTCCTCACTGTCAAAAAGAAAATCCTCAACATGTTGACATATGCAAGCTACCGACTAGAAATACTAT
AATCAGTTGGACATCTAGCAGGGTGGATCATGTTATGGACTCCGTGGCTCGGAAGTCGGAAGAGCACTGGACCTGTGTGGTGTGTACTTTAATCAATAA
GCCCTCTTCTAAGGCATGTGATGCTTGCTTGACCTCAAGGCCTATTGATTCAGTGCTCAAGAGTGAAGAAAATTCTACTGTCTITAGCCACTTAATGAAG
TACCCGTGTAATACTTTTGGAAAACCTCATACAGAAGTCAAGATCAACAGGAAAACTGCATTTGGAACTACAACTCTTGTCTTGACTGATTTTAGCAATA
AATCCAGTACTTTGGAAAGAAAAACAAAGCAAAACCAGATACTAGATGAGGAGTTTCAAAACTCTCCTCCTGCTAGTGTGTGTTTGAATGATATACAGC
ACCCCTCCAAGAAGACAACAAACGATATAACTCAACCATCCAGCAAAGTAAACATATCACCTACAATCAGTTCAGAATCTAAATTATTTAGTCCAGCACA
TAAAAAACCGAAAACAGCCCAATACTCATCACCAGAGCTTAAAAGCTGCAACCCTGGATATTCTAACAGTGAACTTCAAATTAATATGACAGATGGCCC
TCGTACCTTAAATCCTGACAGCCCTCGCTGCAGTAAACACAACCGCCTCTGCATTCTCCGAGTTGTGAGGAAGGATGGGGAAAACAAGGGCAGGCAGT
TTTATGCCTGTCCTCTACCTAGAGAAGCACAATGTGGATTTTTTGAATGGGCAGATTTGTCCTTCCCATTCTGCAACCATGGCAAGCGTTCCACCATGAA
AACAGTATTGAAGATTGGACCTAACAATGGAAAGAATTTTTTTGTGTGTCCTCTIGGGAAGGAAAAACAATGCAATTTTTTCCAGTGGGCAGAAAATGG
GCCAGGAATAAAAATTATTCCTGGATGCGACTACAAGGACGACGATGACAAGIGACCGGAATTCCACCACACTGGACTAGTGGATCCGAGCTC

C BNEIL3"L.FLAG Overlapping Sanger-Sequence Result

AATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTC TGGCTAACTAGAGAACCCACTGCTTACTGGC TTATCGAAAT NN

AGACCCAAGCTGGCTAGCGTTTAAACGGGCCCTETAGAGCCACCATGGTGGAAGGACCAGGCTGTACTCTGAATGGAGAGAAGATTCG
AGCGCGGGTGCTCCCGGGCCAGGCGGTGACCGGCGTGCGGGGAAGCGCTCTGCGGAGTCTGCAGGGCCGCGCCTTGCGGCTCGCAGCCTCCACGGTT
GTGGTCTCCCCGCAGGCTGCTGCACTGAATAATGATTCCAGCCAGAATGTC TTGAGCC TGTTTAATGGATATGTTTACAGTGGCGTGGAAACTTTGGGGA
AGGAGCTCTTTATGTACTTTGGACCAAAAGCTTTACGGATTCATT TCGGAATGAAAGGC TTCATCATGATTAATCCACT TGAGTATAAATATAAAAATGGA
GCTTCTCCTGTTTTGGAAGTGCAGCTCACCAAAGATTTGATTTGTTTC TTTGACTCATCAGTAGAACTCAGAAACTCAATGGAAAGCCAACAGAGAATA
AGAATGATGAAAGAATTAGATGTATGTTCACCTGAATTTAGTTTCTTGAGAGCAGAAAGTGAAGT TAAAAAACAGAAAGGCCGGATGCTAGGTGATGTG
CTAATGGATCAGAACGTATTGCCTGGAGTAGGGAACATCATCAAAAATGAAGCTCTCTTTGACAGTGGTCTCCACCCAGCTGTTAAAGTTTGTCAATTAA
CAGATGAACAGATCCATCACCTCATGAAAATGATACGTGATTTCAGCATTCTCTTTTACAGGTGCCGTAAAGCAGGACTTGCTCTCTCTAAACACTATAA
GGTTTACAAGCGTCCCAATTGTGGTCAGTGCCACTGCAGAATAAC TGTGTGCCGCTTTGGGGACAATAACAGAATGACATATTTCTGTCCTCACTGTCA
AAAAGAAAATCCTCAACATGTTGACATATGCAAGCTACCGACTAGAAATACTATAATCAGTTGGACATCTAGCAGGGTGGATCATGTTATGGACTCCGTG
GCTCGGAAGTCGGAAGAGCACTGGACCTGTGTGGTGTGTACTT TAATCAATAAGCCCTC TTCTAAGGCATGTGATGC TTGC TTGACCTCAAGGCC TATT
GATTCAGTGCTCAAGAGTGAAGAAAATTCTACTGTCTTTAGCCACTTAATGAAGTACCCGTGTAATACTTTTGGAAAACCTCATACAGAAGTCAAGATCA
ACAGGAAAACTGCATTTGGAACTACAACTCTTGTCTTGACTGATTTTAGCAATAAATCCAGTACTTTGGAAAGAAAAACAAAGCAAAACCAGATACTAG
ATGAGGAGTTTCAAAACTCTCCTCCTGCTAGTGTGTGTTTGAATGATATACAGCACCCCTCCAAGAAGACAACAAACGATATAACTCAACCATCCAGCA
AAGTAAACATATCACCTACAATCAGTTCAGAATC TAAATTATTTAGTCCAGCACATAAAAAACCGAAAACAGCCCAATACTCATCACCAGAGCTTAAAAG
CTGCAACCCTGGATATTCTAACAGTGAACTTCAAATTAATATGACAGATGGCCCTCGTACCTTAAATCCTGACAGCCCTCGCTGCAGTAAACACAACCGC
CTCTGCATTCTCCGAGTTGTGAGGAAGGATGGGGAAAACAAGGGCAGGCAGTTTTATGCCTGTCCTCTACCTAGAGAAGCACAATGTGGATTTTTTGAA
TGGGCAGATTTGTCCTTCCCATTCTGCAACCATGGCAAGCGTTCCACCATGAAAACAGTATTGAAGATTGGACCTAACAATGGAAAGAATTTTTTTGTGT
GTCCTCTTGGGAAGGAAAAACAATGCAATTTTTTCCAGTGGGCAGAAAATGGGCCAGGAATAAAAATTATTCC TGGATGCGACTACAAGGACGACGAT
GACAAGTGACCGGAATTCCACCACACTGGACTAGTGGATCCGAGCTC

Figure 3.25. Confirmation of pcDNA3.1-hNEIL3F--FLAG through Sanger
sequencing.

(A) Sequencing result with CMV forward primeB)(sequencingesultwith bGH reverse
primer; (C) overlap ofsectionsA and B for the final sequenced result. Red highlight, T7
promotor sequence; green highlight, Xbaktriction digest site; grey highlight, Kozak
consensus fragment; blue highlight, FLA&y; yellow highlight, EcoRlI restriction digest
site; red letters, sequence overlap.

The extractedplasmids from clonesresultedin lanes 3i 6 (Figure 3.2) were senfor
Sangersequencing for final confirmation. All four cloned plasmids displayed results similar
to each other, as shownkigure 3.5%. No mutations were noticed within the insert, between
the Xbal and EcoRI digest sites #igure 3.3 (highlighted in geen and yellow,

respectively) and the insert was in the correct orientatidrencompared tahe pcDNA3.1
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vector mapigure 2.1)Based on these interpreted results pit2NA3.1-hNEIL3T--FLAG

plasmid was prepared for the cell culture transfection exgets.

3.3.5. Isolation, Cloning and Purification of the hNE¥%-FLAG Insert

Size
(bp)

2000

1500

Figure 3.26: Amplification of the hNEIL3 °°©FLAG insert from pcDNA3.1-hNEIL3 -
FLAG.

Lane 1, DNA ladder; lane 2, Q5 DNpolymerase; lane 3, Phusion DNA Polymerase
Annealing temperature at 72 (Q5) or 82C (Phusion) Expected amplified band length for
hNEIL3'™%.FLAG insert, 1554 bp.

Due to the previous experiments with the challenges and optimisations considered for
preparing and completing the pcDNA3HNEIL3F--FLAG plasmid, the experiments were
repeated to amplify the hNEIEFEFLAG insert, using pcDNA3-hNEIL3™-FLAG as the
template. The amplification was first considered if necessary to optimise the PCR protocol
with the Touchdown programme step. Fortunately,desplayedin Figure 326, the
optimisation was not necessary for either the Q5 PCR protocol (lane 2) or the Phusion PCR
protocol (lane 3) due to the presence of the expected size for the HRERIZAG inset

(1,554 bp). This was possibly due to a smaller sized PCR product being produced, similar to
how during the initial amplification of hNEIL'8-FLAG, only the 843bgong hNEIL3
product had resulted (Figure 8,1ane 4). Both amplified hNEIL3°:-FLAG inset products

were purified after gel excision, followed by ligation to g&R-Blunt II-TOPOplasmid for

cloning.
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Figure 3.27: Analysis of hNEIL3¥.FLAG insert from pCR-Blunt Il -TOPO-
hNEIL3 1S°¢FLAG, with Xbal (A) followed by EcoRlI (B).

Lane 1, DNA ladder; lanesi25, Phusiorbased clonesil4 respectively; lanesic10, Q5

based clones 1 5 respectively Expected restrictiomigested band lengthinearised pCR
Blunt II-TOPO-hNEIL3™ . FLAG, approxmately 5054bppCR-Blunt II-TOPO plasmid,
approximately 3500 bgINEIL3'%¢-FLAG insert, approximately 1554 bp.

After successful cloning and extraction, f€R-Blunt II-TOPOhNEIL3Y.FLAG insert
(Xbal-hNEIL3%-FLAG-EcoRI insert) was tested for insgresence and orientation by
sequential restriction doubtiigest. As the resultsan be seen througlkigure 3.Z, the
hNEIL3™C.FLAG insertof 1554bp long was present in all colonies, apart from Phusion
based transformed colonies 1 and 3 (lanes 2 and 4, respectively), based on the sequential
EcoRI restriction digesHigure 3.ZB) after thenitial Xbal restriction digest{igure 3.ZA)

from thepCR-Blunt II-TOPOplasmid (approximately 3,500 bp). Based on the lack of insert
present for the Phusidmased transformed colonies 1 and 3 (lanes 2 and 4, respectively), the
results may be due to sdijatedpCR-Blunt II-TOPOplasmids due to the plasmid having
blunt ends. The hNEILB°©FLAG insers appearin the forward orientation (Xbal-
hNEIL3'*¢FLAG-EcoR)) for lanes 3, 7 and 8 iRkigure 3.Z, but in reverse orientation
(ECORFFLAG-hNEIL3'%%:-Xbal) for lanes 5, 6, 9 and 10, based on the Xbal restriction
digest Figure 3.ZA) when compared to thpCR-Blunt 1I-TOPO plasmid map Kigure
3.21C). Therefore, the forwardriented inserts would be sequentially digested with EcoRl
then Xbal, and theeverseoriented inserts would be sequentially digested with Xbal then

EcoR. The sequentially digested hNER82FLAG inserts were purified after gel excision.
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3.3.6. Confirmation of pcDNA3-hNEIL3'™FLAG plasmid

With the purified hNEIL3°.FLAG insert and pcDNA3.1 plasmid prepared, the
experiments continued for the T4 DNA ligation, followed by initial confirmation through
doubledigestion. As can be seenhigure 3.8, three transformed colonies were selected
for initial confirmation. Thee were intended to be more colonies tested, however very few
colonies survived from thantibioticselection None survived for the Phusidrased
hNEIL3™C.FLAG inserts derived fronfrigure 3.7 (lanes 3 and 5), leaving only the Q5
based hNEIL®.FLAG inserts Figure 3.7, lanes @ 10) to continue testingf the three
transformed colonies picked and displayed in Figur@,3o2ly two of the transformed
colonies displayed results of a plasmid containing an indegtextracted plasmid from lane

2 in Figure 3.8 may have been a rogue stgalasmid, though it was uncertain how it was
possible as the pcDNA3.1 plasmid (approximately 6,000 bp) could neligstd with
distinct stickyends.The extracted plasmidérom lanes 3 and 4n Figure 3.8 showed
promising confirmation of the completed plasmid pcDNABNEIL3'*%%FLAG, based on
the presence of the pcDNA3.1 plasmid ahd hNEIL3'*%¢FLAG insertpresent at the
expected siz€l554 bp).

Size
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Figure 3.28: Confirmation of the hNEIL35°¢FLAG insert in pcDNA3.1-hNEIL3 %%
FLAG, using Xbal and EcoRI.

Lane 1, DNA ladder; lanesi24, clones I 3. Expected restrictiowligested band length:
pcDNA3.1plasmid,approximagly 5400 bp hNEIL3'S°¢FLAG insert, 1554 bp.
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A DNEIL3“*-FLAG Forward Sanger-Sequence Result (From CMV_fiwd_primer)
>461139601 pcDNA31 NEIL3T CMVF_pCDNA3

ATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGC TAACTAGAGAACCCACTGCTTACTGGC TTATCGAAAT [N

AGACCCAAGCTGGCTAGCGTTTAAACGGGCCCICTAGAGCCACCATGGTGGAAGGACCAGGCTGTACTCTGAATGGA
GAGAAGATTCGAGCGCGGGTGCTCCCGGGCCAGGCGGTGACCGGCGTGCGGGGAAGCGCTCTGCGGAGTCTGCAGGGCCGCGCCTTGCGGC
TCGCAGCCTCCACGGTTGTGGTCTCCCCGCAGGCTGCTGCACTGAATAATGATTCCAGCCAGAATGTCTTGAGCCTGTTTAATGGATATGTTTA
CAGTGGCGTGGAAACTTTGGGGAAGGAGCTCTTTATGTACTTTGGACCAAAAGCTTTACGGATTCATTTCGGAATGAAAGGCTTCATCATGAT
TAATCCACTTGAGTATAAATATAAAAATGGAGCTTCTCCTGTTTTGGAAGTGCAGCTCACCAAAGATTTGATTTGTTTCTTTGACTCATCAGTAG
AACTCAGAAACTCAATGGAAAGCCAACAGAGAATAAGAATGATGAAAGAATTAGATGTATGTTCACCTGAATTTAGTTTCTTGAGAGCAGAA
AGTGAAGTTAAAAAACAGAAAGGCCGGATGCTAGGTGATGTGCTAATGGATCAGAACGTATTGCCTGGAGTAGGGAACATCATCAAAAATGA
AGCTCTCTTTGACAGTGGTCTCCACCCAGCTGTTAAAGTTTGTCAATTAACAGATGAACAGATCCATCACCTCATGAAAATGATACGTGATTTC
AGCATTCTCTTTTACAGGTGCCGTAAAGCAGGACTTGCTCTCTCTAAACACTATAAGGTTTACAAGCGTCCCAATTGTGGTCAGTGCCACTGCA
GAATAACTGTGTGCCGCTTTGGGGACAATAACAGAATGACATATTTCTGTCCTCACTGTCAAAAAGAAAATCCTCAACATGTTGACATATGCAA
GCTACCGACTAGAAATACTATAATCAGTTGGACATCTAGCAGGGTGGATCATGTTATGGACTCCGTGGCTCGGAAGTCGGAAGAGCACTGGAC
CTGTGTGGTGTGTACTTTAATCAATAAGCCCTCTTCTAAGGCATGTGATGCTTGCTTGACCTCAAGGCCTATTGATTCAGTGCTCAAGAGTGAA
GAAAATTCTACTGTCTTTAGCCACTTAATGAAGTACCCG

B  INEIL3"%-FLAG Reverse Sanger-Sequence Result (From bGH_rev_primer)
>461159601_pcDNA31_NEIL3T_bGHR

TCCTGTTTTGGAAGTGCAGCTCACCAAAGATTTGATTTGTTTCTT TGACTCATCAGTAGAACTCAGAAACTCAATGGAAAGCCAACAGAGAA
TAAGAATGATGAAAGAATTAGATGTATGTTCACCTGAATTTAGTTTCTTGAGAGCAGAAAGTGAAGTTAAAAAACAGAAAGGCCGGATGCTA
GGTGATGTGCTAATGGATCAGAACGTATTGCCTGGAGTAGGGAACATCATCAAAAATGAAGCTCTCTTTGACAGTGGTCTCCACCCAGCTGTT
AAAGTTTGTCAATTAACAGATGAACAGATCCATCACCTCATGAAAATGATACGTGATTTCAGCATTCTCTTTTACAGGTGCCGTAAAGCAGGA
CTTGCTCTCTCTAAACACTATAAGGTTTACAAGCGTCCCAATTGTGGTCAGTGCCACTGCAGAATAACTGTGTGCCGCTTTGGGGACAATAAC
AGAATGACATATTTCTGTCCTCACTGTCAAAAAGAAAATCCTCAACATGTTGACATATGCAAGCTACCGACTAGAAATACTATAATCAGTTGGA
CATCTAGCAGGGTGGATCATGTTATGGACTCCGTGGCTCGGAAGTCGGAAGAGCACTGGACCTGTGTGGTGTGTACTTTAATCAATAAGCCCT
CTTCTAAGGCATGTGATGCTTGCTTGACCTCAAGGCCTATTGATTCAGTGCTCAAGAGTGAAGAAAATTCTACTGTCTTTAGCCACTTAATGAA
GTACCCGTGTAATACTTTTGGAAAACCTCATACAGAAGTCAAGATCAACAGGAAAACTGCATTTGGAACTACAACTCTTGTCTTGACTGATTT
TAGCAATAAATCCAGTACTTTGGAAAGAAAAACAAAGCAAAACCAGATACTAGATGAGGAGTTTCAAAACTCTCCTCCTGCTAGTGTGTGTT
TGAATGATATACAGCACCCCTCCAAGAAGACAACAAACGATATAACTCAACCATCCAGCAAAGTAAACATATCACCTACAATCAGTTCAGAAT
CTAAATTATTTAGTCCAGCACATAAAAAACCGAAAACAGCCCAATACTCATCACCAGAGCTTAAAAGCTGCAACCCTGGATATTCTAACAGTG
AACTTCAAATTAATATGACAGATGGCCCTCGTACCTTAAATCCTGACTACAAGGACGACGATGACAAGTGACCGGAATTCCACCACACTGGAC
TAGTGGATCCGAGCT

C hNEIL3"*%-FLAG Overlapping Sanger-Sequence Result

ATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTATC GA:\:\T-

AGACCCAAGCTGGCTAGCGTTTAAACGGGCCCTCTAGAGCCACCATGGTGGAAGGACCAGGCTGTACTCTGAATGGA
GAGAAGATTCGAGCGCGGGTGCTCCCGGGCCAGGCGGTGACCGGCGTGCGGGGAAGCGCTCTGCGGAGTCTGCAGGGCCGCGCCTTGCGGC
TCGCAGCCTCCACGGTTGTGGTCTCCCCGCAGGCTGCTGCACTGAATAATGATTCCAGCCAGAATGTCTTGAGCCTGTTTAATGGATATGTTTA
CAGTGGCGTGGAAACTTTGGGGAAGGAGCTCTTTATGTACTTTGGACCAAAAGCTTTACGGATTCATTTCGGAATGAAAGGCTTCATCATGAT
TAATCCACTTGAGTATAAATATAAAAATGGAGCTTCTCCTGTTTTGGAAGTGCAGCTCACCAAAGATTTGATTTGTTTCTTTGACTCATCAGTAG
AACTCAGAAACTCAATGGAAAGCCAACAGAGAATAAGAATGATGAAAGAATTAGATGTATGTTCACCTGAATTTAGTTTCTTGAGAGCAGAA
AGTGAAGTTAAAAAACAGAAAGGCCGGATGCTAGGTGATGTGCTAATGGATCAGAACGTATTGCCTGGAGTAGGGAACATCATCAAAAATGA
AGCTCTCTTTGACAGTGGTCTCCACCCAGCTGTTAAAGTTTGTCAATTAACAGATGAACAGATCCATCACCTCATGAAAATGATACGTGATTTC
AGCATTCTCTTTTACAGGTGCCGTAAAGCAGGACTTGCTCTCTCTAAACACTATAAGGTTTACAAGCGTCCCAATTGTGGTCAGTGCCACTGCA
GAATAACTGTGTGCCGCTTTGGGGACAATAACAGAATGACATATTTCTGTCCTCACTGTCAAAAAGAAAATCCTCAACATGTTGACATATGCAA
GCTACCGACTAGAAATACTATAATCAGTTGGACATCTAGCAGGGTGGATCATGTTATGGACTCCGTGGCTCGGAAGTCGGAAGAGCACTGGAC
CTGTGTGGTGTGTACTTTAATCAATAAGCCCTCTTCTAAGGCATGTGATGCTTGCTTGACCTCAAGGCCTATTGATTCAGTGCTCAAGAGTGAA
GAAAATTCTACTGTCTTTAGCCACTTAATGAAGTACCCGTGTAATACTTT TGGAAAACCTCATACAGAAGTCAAGATCAACAGGAAAACTGCA
TTTGGAACTACAACTCTTGTCTTGACTGATTTTAGCAATAAATCCAGTACTTTGGAAAGAAAAACAAAGCAAAACCAGATACTAGATGAGGAG
TTTCAAAACTCTCCTCCTGCTAGTGTGTGTTTGAATGATATACAGCACCCCTCCAAGAAGACAACAAACGATATAACTCAACCATCCAGCAAA
GTAAACATATCACCTACAATCAGTTCAGAATCTAAATTATTTAGTCCAGCACATAAAAAACCGAAAACAGCCCAATACTCATCACCAGAGCTTA
AAAGCTGCAACCCTGGATATTCTAACAGTGAACTTCAAATTAATATGACAGATGGCCCTCGTACCTTAAATCCTGACTACAAGGACGACGATGA
CAAGTGACCGGAATTCCACCACACTGGACTAGTGGATCCGAGCT

Figure 3.29: Confirmation of pcDNA3.1-hNEIL3%FLAG through Sanger-
sequencing.

(A) Sequencing result with CMV forward primeB)(sequencingesultwith bGH reverse
primer; (C) overlap ofsectionsA and B for the final sequenced result. Red highlight, T7
promotor sequence; green highlight, Xbal restriction digest site; grey highlight, Kozak
consensus fragment; blue highlight, FLA&); yellow highlight, EcoRI restriction digest
site; red letters, sequence overlap.

The plasmid clones 2 and 3 froagure 3.8 (lanes 3 and 4 respectivelwere sent for
Sangersequencing for final confirmation, and similar results are display&iyure 3.2.
Both cloned plasmids displayed simitasults, with no mutations noticed within the insert

between the Xbal and EcoRI digest sites (green and yellow highlights, respeé&tigelg,
111



3.29), and compared tthe pcDNA3.1 vector mag=(gure 2.} the insert was in the correct
orientation.Based orthese interpreted results, theDNA3.1-hNEIL3**%FLAG plasmid
and the previously confirmed pcDNASNNEIL3FL-FLAG plasmid were prepared for the

cell culture transfection experiments.

3.4.Survival of FANCD2Related Cells wheEkxpresghg RecombinanPraeins

Based on the results concluded fr@®ction 3.Zovering the cell culture background, the
FANCD2 deficient and corrected/Waell lines were prepared for the main experiments
involving transfecting the prepared plasmids frSection 3.3The aims and objectives for
this work was to transfect theonFA phenotypical and FA phenotypical cell lines
PD203.15 U20StD2 andHelLatD2, respectivelywith the preparedocDNA3.1-hNEIL1-
FLAG, pcDNA3.LhNEIL3™-FLAG or pcDNA3.I-hNEIL3Y%.FLAG plasmid confirm
expression of recombinant NEIL1 and NEIL3, and determine the role of NEIL1 and NEIL3
expression under genotoxireatment To maintain experimental reproducibility for each
experiment involving a plasmid transfected cell line, the scientific replmfatee main
experimenwas based on the scientific replicate of the cell line transfected with the desired
plasmid Any additioral attempts, repeats or additional scientific replicateshe main
experimentwere baed on a separate scientific replicate of plasmaidsfected cell lines,
unless stated otherwisé&his researchteemped transfecting theverexpressing plasmids

to the FANCArelated cell lines HS@2 (FANCA deficient) and HSQ2-Correctedand
confirming the recombinant protein expression was done pri@piating the project with

the new and fresher FANCD2 related cell lines PD20/3.15 (FANCD2 deficient and
correctedrespectively), U208D2 (WT/FANCD2 deficient) and HeLdd2(WT/FANCD?2
deficient) However, issueswvolving NEIL1 or NEIL3 protein expression in western blot
hadfailed to confirmproteinexpressionand recombinant protein expression was detected
only for the FANCA correction byhe FLAG-tagantibod/ in HSG72-Corrected example

in Appendix Figure &

The projectcontinuedwith the FANCD2corrected/WT and deficierell lines3.15/PD20
U20S/D2 and HelLaD?2, respectively, and thieansfection attempts were repeated with
more modified protocolsFurthermore the confirmation of recombinant proteingnd

subsequent growth inhibition experimentgth the prepared plasmidpcDNAS.1-
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hNEIL3™--FLAG andpcDNA3.1-hNEIL3'%FLAG from Section 3.3 were repeatedth

new plasmids after taag with the prepared plasmids transfected inRB20and 3.1%ells
(resultspresented in Figus8.31 and 3.3). Thenewplasmid were purchased through the
subcloning services GeneArt (Thermo Fisher Scientib@roduce the sampcDNAS3.1-
hNEIL3™--FLAG and pcDNA3.1-hNEIL3™FLAG plasmids as they were intentionally
prepared in Section 3.8ith the only difference being the restriction enzyme sites in the
positive (+) sequence order orientation (Figure 2Zdther thanthe results presented and
described fronfrigures 331 and3.34, theresults related tthe new plasmids wep@esented

and describethroughouthe rest ofSection 3.4

Project Start
A 4 A 4
Generate Plasmids for FA/mon-FA Cell Line
Transfection Analysis

k.
Recombinant Protein Expression:
= FA/non-FA cells transfected with
plasmids expressing:
hNEIL1-FLAG P

Repeat Plasmid
Transfection with [

> LNEIL3"-FLAG N auste :
INEIL3 5%-FLAG Antibiotic Selection
« Confirmation of recombinant
protein expression
Continued
Repeat with Western Blot Issues Traniséectgaills a;ld
i Confirmation? Bt WENESUE
AL TEIIES Observe difference
Survival of Plasmid
»|  Transfected FA/non-FA Cells [«
after Genotoxin Treatment
Results
Repeat for Result | Yes Dis lIaC)DE: a;::lte; 11CL No Repeat for Unchanged
Reproducibility play BXp Confirmation
Resistance?
Repeated
X3 Results Unchanged
TR after Adjustments
Hypothesis

Figure 3.30: Flowchart on the approach to plasmid transfection and cell survivability
work.

Expanded subsection of the overall flowchart displayed in Section 1.6 (Figure 1.11). Red
highlights, issues encountered; green hightighesults achieved.
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As dsplayed in Figure 3.3@he aims and objectives of Section 3.4 are planned according to
the approach to the work displayed in the flow cHarring the remainder of the time and
resources available, the results for the plasmaidsfected cellsvere displayed in Section
3.4.1. for recombinanprotein expression confirmation, Section 3.4.2. for the survival of
plasmid transfected cells after genotoxin treatment, and the repeats after antibiotic selection
(Sections 3.4.3. and 34). The unexpected results allowed the project to interpret the results

to answer the hypothesis.

3.4.1.Evidence oRecombinanProtein Expression

The FANCD2 deficient cells PD20 were tHeest cell line transfead with the prepared
plasmids fromSecton 3.3 As it could be seen iRigure 331A(i) and in relationto Figure
3.31C, NEIL3 protein expression wa®bservedin the nontransfected and transfected
controls (lanes R 4), as was expecteachencompared to the backgroungstern blotesults
(Figure 3.18), as well as the transfected cells (lanés7). Compared to their respective
Actin protein expression (Figure®C), anoticeable increasa NEIL3 proteinexpression
could be observed frothe nontransfecteccontrol (lane 2o the transfeedn-reagenonly
control(Lipofectamine LTX,lane 3)andthe emptyvector fcDNA3.]) transfected control
(lane 4).This may be due to quantifiedignal intensityerroront he PD2O0ONHL8Nnt r ol s
expression(lane 2) based on the image obtairf{€thure 331A[i]), or a reaction to the
Lipofectamine LTX reagenwith or without a vector (lanes 3 and 4) when compardtdo
control Furthermorecompared to nottransfected and transfected contrdl§IL3 protein
expressionvasobservedo be substantially expressed in the plastradisfected cells, from
thepcDNA3.1-hNEIL1-FLAG (lane 5) to thegcDNAS3.I-hNEIL3S.FLAG (lane 7), tahe
PcDNAS3.I-hNEIL3F--FLAG transfected PD2@ells (lane 6, Figure 331A[i]) with the
highest protein expression (Figureé3BC). Though it was expected for NEIL3 protein
expression to increase from plasnmidnsfected cells with thé&NEIL3™--FLAG and
hNEIL3.FLAG inserts, it was not expected for thecDNA3.L-hNEIL1-FLAG
transfected cells as well. As observed in FigurglA(ii), endogenouNEIL1 protein
expression was not observed in any ofrtbetransfect and transfected PD20 controls (lanes
21 4), as was expected when compared to the background western blotFegutts 3. B),
but unexpectedlyeither was the recombinant proteinserved irthe pcDNA3.1-hNEIL1-
FLAG transfected®D20cells (lane 5)Furthermoreas it can be seen in Figure3BA(iii),
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no visible band of &LAG-tagged NEIL1 (lane SWEIL3 (lane 6)or NEIL3%% (lane 7)
was observed from the plasrtidinsfected FANCD2 deficient (PD20) cells.addition to
the truncated NEIL3 protein (NEIE®9 not being observed at the theoretical molecular
weight (55 kDa) compared to the fld#ingth NEIL3 proteirmolecular weight (68 kDa) in
lane 7 of Figure 31A(i), the western blot results of the plasratidnsfected PD20 extracts
would suggest the substantially expressed NEIL3 proteins observed wearecoarbinant.

The transfection experiment and western blatfirmation was repeated for the FANCD2
deficient cell line (PD20), with the prepared and subsequentlype®MNA3.1-hNEIL3-

FLAG and pcDNA3.I-hNEIL3'CFLAG plasmids. However, confirmation for the
recombinant proteins NEIL1 and NEIL3, through protgpecific or FLAGtag antibodies,

were no observed for the PD20 cell line. This was unexpected as, althoD{A3.1-
hNEIL1-FLAG was used as a NEIL1 expressing plasmid it was also used as a control for
FLAG-tag expression, which was unintentionally confirmed with the Fitagged FANCA
correction in HSE72-Corrected cells during previous transfection attempts (Appendix
Figure 6). Ascan be seen in Figure3aB(i) for the FANCD2 corrected (3.15) cell extracts,

no endogenous NEIL3 protein expression was observed in thdrarsiected and
transfected controls (lane$ 3), as was expected when compared to the background western
blot results (Figure 38). However, recombinant NEIL3 protein expression was also not
observed in the transfected cells (lanes @), especially for thegcDNA3.1-hNEIL3-

FLAG (lane 5) andpcDNA3.1-hNEIL3"¢FLAG (lane 6) transfected cell extracts.
Similarly observed in Figure 31B(ii), NEIL1 protein expression was not observed in the
nontransfected and transfected controls, as was expected. However, of all the plasmid
transfected 3.15 cells, only theDNA3.1-hNEIL1-FLAG transfected 3.15 cell extract (lane

4) in Figure 331B(ii) displayed NEIL1 expression, and based on the FitAgjed observed
results (Figure 31BJiii]), the only expressed protein is the recombinant hNEALIAG.
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Figure 3.31: Western blots of PD20 (FANCD2 Deficient, i T iv]) and 3.15 (PD20
corrected, B[i T iv]) cell extracts following transfection with different plasmids.(A, B)
i) NEIL3, ii) NEIL1, iii) FLAG -tag, andiv) b-Actin.

(A) Lane 1, protein ladder; lane 2, control; lane 3, control (Lipofectamine LTX only); lane
4, empty vector; lane 5, pcDNA3HNEIL1-FLAG,; lane 6, pcDNA3.1nNEIL3™-FLAG;

lane 7, pcDNA3.IhNEIL3'%%FLAG. (B) Lane 1, protein ladder; lane 2, control; lane 3,
empty vector; lane 4, pcDNA3HNEIL1-FLAG; lane 5, pcDNA3.1hNEIL3--FLAG; lane

6, pcDNAS3.EhNEIL3YS6FLAG. Expectedmolecular weight: NEIL368 kDa;hNEIL3:-
FLAG, 69 kDa;hNEIL3.FLAG, 56 kDa; NEIL1, 43 kDa;hNEIL1-FLAG, 44 kDa;b-
Actin, 42 kDa (*) Non-specific binding. (C) Quantified signal intensity from
chemiluminescencen section A()r e | at i v e btAdin éxpressiopbaded an ®ne
technical and scientific replicate

Interestingly, the observed NEIL1 protein appeared at a higher kDa value than expected

(Table 2.7), by approximately 8 kDa, which could suggest this visible NEIL1 is ubiquitinated
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(Edmondset al, 2017) Compared to the western blot resutsserved of thelasmid
transfected PD20 cell extracts in Figure813, the observed results suggest both the
FANCD?2 deficient (PD20) and corrected (3.15) cells were plagraitsfected successfully.
However, only thepcDNA3.1-hNEIL1-FLAG transfected 3.15 cell extractsgiayed
successful recombinant protein expression, which suggested a potential issue with the
prepared plasmidpcDNA3.1-hNEIL3™-FLAG and pcDNA3.1-hNEIL3'".FLAG from
Section 3.3. The transfection and confirmation experiments with the FANCD2 corrdtted ce
line (3.15) were repeated with the ngeDNA3.1-hNEIL3™--FLAG and pcDNA3.1-
hNEIL3.FLAG plasmids, as described previously in Section 3.4. However, the results
remained unchanged and the NEIL3 expressafirmation through western blotting was
beghning to become an issue again in determining the repeatability and reliability of NEIL3

expression throughout the remainder of the project.
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Figure 3.32 Western blots of plasmidtransfected HeLa (WT) and U20S (WT) cell
extracts for FLAG-tag.

Lane 1, protein ladder; lane 2, HeLa with pcDNABNEIL3--FLAG; lane 3, HelLa with
PcDNA3.I-hNEIL3%%-FLAG; lane 4, U20S with pcDNA3:-hNEIL3F--FLAG; lane 5,
U20S with pcDNA3.IhNEIL3'®FLAG. Expectedmolecular weight: hNEIL3-FLAG,

69 kDa; hNEIL3*°.FLAG, 56 kDa.Red arrow and encircled, hNEI}*8%FLAG detected.

In saving time and resources, only the WT cancer cells HeLa and U20S were initially
transfected with the newcDNA3.1-hNEIL3™-FLAG and pcDNAS3.1-hNEIL3Y.FLAG
plasmids and immunoblotted with asfiLAG antibody before comparing and confirming
with their FA phenotype counterparts. As displayed in Figu2.3an expressed protein
could be barely observed from tipeDNA3.1-hNEIL3'"%:FLAG transfected HeLa cell
extract (lane 3) and was evidently visible from tpeDNA3.I-hNEIL3.FLAG
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transfected U20S cetixtract (lane 5). Based on the approximate 55 kDa molecular protein
weight and only observed in tpeDNA3.1-hNEIL3'5¢FLAG transfected cell extracts, the
results would suggest a successful transfection of the new plasmid, especially for the U20S
cells, and the cells were expressing the recombinant hNEPEELAG protein, which only

the antiFLAG-tagged antibody explicitly recognised. Other noticeable protein bands were
observed from the other transfected HeLa and U20S cell extracts (lanes 2 and 4,
respetively), at around 70 kDa. However, the bands are only barely noticeable, and the
bands appearing across the membrane at around 60 kDa and 70 kDa mayspecifan
binding.

As it could be seen in Figure33, the WT/FANCD2 deficient cells HelL-#2 and (2OS/

D2 (sections Ai D, respectively) displayed no NEIL3 protein expression in the- non
transfected and transfected controls (lanés42, as was expected and observed from the
western blot background results (Figure73.Similar to the plasmikansfeted FANCD2
corrected (3.15) cell extract results from Figur&l3only thepcDNA3.1-hNEIL1-FLAG
transfected cancer cell extracts from HeD& and U20SD2 (lane 5, Figure 33A 1 DIii],
respectively) displayed expression for NEIL1 proteind at éhigher kDa than expected

This suggests the molecular weight for NEIL1 would be expectedly expressed at the
molecular weight of approximately 52 kDa (with FLA&g, 53 kDa) instead of what was
previously expected (43 kDa, Table 2 FFyirthermore, based dhe antibody specificity for

the FLAGtagged protein in Figure 3BA T DIiii], the results displayed were equivalent to
the same expressed NEIL1 protein, suggesting the FtafGed protein being the expressed
hNEIL1-FLAG recombinant protein, as was prewstyobserved and expected based on the
pPcDNA3.1-hNEIL1-FLAG transfected FANCDzorrected cell extract results (Figure
3.318Jii 1 iii]). Although it was previously confirmed in Figure32.that NEIL3®.-FLAG
protein expression was confirmed for the WT @ancells U20S and possibly Hela, in
Figure 333A (HelLa) and C (U20S), the same results were not as noticeable (lane 7, Figure
3.33A]Jiii] and CJiii]). Furthermore, there was no evidence of NEIL3 or FLA«gged
NEIL3 protein expression frorany pcDNA3.1-hNEIL3F--FLAG transfected (lane 6) or
PcDNA3.I-hNEIL3™M%FLAG transfected (lane 7) FANCD?2 deficient cancer cells HelLa
D2 and U208D?2 cells (Figure 33BJii 1 iii] and DIii T iii], respectively). The combined
results may suggest the WT cancer cells U20S stigneferable transfectieconfirmation
results due to the cell line being well known for ease of transfection. Surprisingly, however,

only the recombinant protein hNEIEB.FLAG was noticeably expressed from the
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pcDNAS.I-hNEIL3"6FLAG transfected U20Sall extract (lane 7) when compared to the
recombinant protein hNEIL-ELAG expressed from thepcDNA3.1-hNEIL1-FLAG

transfected U20S cell extract (lane 5, Figurd3aliii]), and not expressed from the
equivalent U202 cell extract (lane 7, Figure38D[iii]).
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Figure 3.33: Western blots of plasmidtransfected HeLa (WT, Ali 7 iv]), HeLa-D2
(FANCD2 deficient, B[i T iv]), U20S (WT,C[i i iv]) and U20SD2 (FANCD2 deficient,
D[i 7 iv]) cell extracts. (AT D) i) NEIL3, ii) NEIL1, iii) FLAG -tag, andiv) b-Actin.

(AT D) Lane 1, protein ladder; lane 2, control; lane@trol Lipofectamine LTXonly);
lane 4, empty vector; lane 5, pcDNASINEIL1-FLAG; lane 6, pcDNA3.JhNEIL3F--

FLAG; lane 7 pcDNA3.1-hNEIL3*%FLAG. Expectednolecular weight: NEIL3, 68 kDa;

hNEIL3™-FLAG, 69 kDa; hNEIL3%°¢FLAG, 56 kDa;NEIL1, 43 kDa;hNEIL1-FLAG, 44

kDa; b-Actin, 42 kDa (*) Non-specific binding.
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Based on theaccumulatedplasmidtransfection confirmation esults, thepcDNA3.1-
hNEIL1-FLAG transfected cells displayed consistently success$iMEIL1-FLAG
expressionto all cell lines of FANCD2 deficiency and correction/Wapart from PD20
(FANCD?2 deficient cell line) The results were consistent primarily in thgression of the
recombinant protein hNEILELAG, based on the aANEIL1 specific and atFLAG tag
specific immunoblotting results from the FANCD2 corrected cells 3.15, and the
WT/FANCD2 deficientcancercells U20S/D2 and HelLaD2. However, onfirmation of

the recombinanproteins INEIL3F--FLAG and hNEIL3'*¢FLAG from the pcDNA3.1-
hNEIL3™-FLAG and pcDNA3.1-hNEIL3™FLAG transfected cell extractserenot as
consistent. Out of the six cell lines transfected, only the WT cancer cells U2p®ssibly
HeLa displayed evidence of hNEI®8%FLAG recombinant protein, based on the FLAG
tagged immunoblotting results only. This may suggest the transfection of plasmids with
NEIL3 inserts, full length or truncated, were not as simple as transfabtnglasmid.
Transfection and expression confirmation attempts were repdatigxhly the recombinant
hNEIL1-FLAG protein resultsvere confirmed and thewestern blot was becoming less

reliable as timgassedor the NEIL3 protein confirmatian

3.4.2.Suvival of Plasmid Transfeceéd Cells

Based on the accumulated results of the plasmid transfected cell lines degeribedsly

in Section 3.4.1and due to the lack of time and resources, specific transfections with which
cell line groups had to be pritsed. The FANCD2 deficient cells PD20 and FANCD2
corrected cells 3.15 wererioritised for siRNA transfectionSection 3.5) and the
WT/FANCD?2 deficientcancercellsU20S/D2 and HeLaD2 were prioritised for plasmid
transfectionBeforethe prioritisaion, plasmid transfection to tHeD20 and 3.1%5ellswere
attemptedased on thmmitial results describeflom Figure 331, with the prepared plasmids
from Section 3.3To save time and resources, the plastratisfected PD20 cells were
initially testedfor cell survival after genotoxin treatmeiiefore subsequently reattempting
and comparing with the plasmtcansfected 3.15 cells with the n@eDNA3.1-hNEIL3-
FLAG andpcDNA3.1-hNEIL3'%FLAG plasmids.
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Figure 3.34: Growth inhibition of plasmid transfectedA) PD20 (FANCD2 deficient)
following mitomycin C (MMC) treatment based oninitial western blot confirmation.

B) 1Cso values forgrowth inhibitionfollowing treatmentCells were tansfected with empty
vector, pcDNA3.1hNEIL1-FLAG, pcDNA3.LhNEIL3F:-FLAG or pcDNAS3.1-

hNEIL3'"2FLAG. 3 x 1C cells per well, incubated for 72 kleandatawascollected from
triplicatetechnicalrepeas.

As displayed m Figure 334, the emptyvector transfected PD20 cells (FANCD2 deficient)
was observed to be highly susceptible to MM@&sed on th&Csodisplayed in Figure 34B
being themost sensitiveompared to the plasmitdansfect PD20 cells and closely equivalent
to the 1Go observed in nottransfected PD20 cells and within observed MMC diluted ranges
in Figure 311D. Therefore, PD20 was highly susceptible to MMC, as was expected.
Furthermore, copared to the 165 of the emptyvector transfected cellsthe FANCD2
deficient cells (PD20) showedsgnificantly ncreased resistance to MM@enexpressing
hNEIL3%FLAG by a factor of 2.1ICs00 .2 ® M+ Empty Vector] t00.250 N), and also
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when expresinghNEIL3F--FLAG by a factor of J1Cs0 0.360 N). However, based on the
observed NEIL3 protein expression results from PD20 cell extracts described in Section
3.4.1., the plasmittansfected cells were considered expressing increasecombinant
NEIL3 protein. Furthermore, compared to theol&f emptyvector control, thepcDNA3. 1-
hNEIL1-FLAG transfected PD20 cells resullisplayeda barely notable resistance to MMC
which based on the literature reviemas expected toesult in asignificantincrease in ICL
resistanceBased on this initial attempt and the FANCD2 corrected (3.15) cells recombinant
protein confirmation results described in Section 3.4.1., gewth after genotoxin
treatmentvas reattempted using only theDNA3.1-hNEIL1-FLAG andnew pcDNA3.1-
hNEIL3--FLAG plasmids.

In Figures 3.871 3.36 it was observed that the PD20 (FANCD?2 deficient cells) erapttor
transfected controls were more susceptible to MMC (Figus) argl cisplatin (Figure 363

than the 3.15 (FNCD2 corrected cells) emptyector transfected controls, as was expected
and previously observed kigure 311. Thedifferencedn resistance between the PD20 and
3.15 cell controls werbearely notable when treated by the oxidative agent TBHgure
3.37). However, similar results were observed fromdhacercells HeLa (WT) and Hel-a

D2 (FANCD2 deficient) when treated by the same oxidative ag@miie 3.BC), and from
previous attempts observedppendix Figure P which suggested the difiences in
resistance to oxidative damage was not always consistent. As it could be seen from Figures
3.36 1 3.37, compared to the emptyector transfected cellsthe FANCD2 deficient cells
(PD20) showed no increased resistance to MMC (Figurg) i8platn (Figure 3.8) or
TBHP (Figure 3.3) whenexpressindhNEIL1-FLAG or hNEIL3™-FLAG. Similarly, it was

also observed for the FANCD2 corrected cells (3.15) for MMC and cisplatin when plasmid
transfected, but for TBHP the difference in resistance was nolalflgure 3.3, compared

to the 1Go of the vectortransfected cellsthe 3.15 cells showed a notabiycreased
resistance to TBHRvhen expressinhNEIL1-FLAG (ICs01 9 OM[ + Empt yto vect o
24.80 N) andanincreasedut expectedesistancavhenexpressingiNEIL3F--FLAG by a
factor of 1.8(ICs01 9 OM + Empt y 3y Od)t Based on the accumulatbtlTT
assay results dfieplasmid transfected FANCDB@Qeficient (PD20) and corrected (3.15) cells
survival after genotoxi treatment the PD20 cells with NEIL3 expressisrdisplayed a
significant increase in resistance to MMC but were not repeatablehargil5 cellsvith

NEIL3 expressioronly displayed a significant increase in resistance to TBHP
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Figure 3.35. Growth inhibition comparison of plasmid transfected A) 3.15 (PD20
Corrected, blue) and PD20 (FANCD2 deficient, red), following treatment with

mitomycin C (MMC)

B) 1Cso values forgrowth inhibitionfollowing treatmentCellswere tansfectedvith empty
vector, pcDNA3.1hNEIL1-FLAG or pcDNA3.1-hNEIL3™-FLAG. 3 x 1 cells per well,
incubated for 72 Meandatawascollected frontriplicatetechnicalrepeats.
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Figure 3.36. Growth inhibition comparison of plasmid transfected A) 3.15 (PD20
Corrected, blue) and PD20 (FANCD2 deficient, red), following treatment with
cisplatin.

B) ICso0 values forgrowth inhibitionfollowing treatmentCells were tansfectedvith empty

vector, pcDNA3.1hNEIL1-FLAG or pcDNA3.1-hNEIL3™-FLAG. 3 x 1C cells per well,
incubated for 72 hMeandatawascollected from triplicatéechnicalrepeats.
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Figure 3.37: Growth inhibition of plasmid transfected(A) 3.15 (PD20 Corrected, blue)
and (B) PD20 (FANCD?2 deficient, red), and their comparison (C), following treatment

with TBHP.

D) ICso values forgrowth inhibitionfollowing treatmentCells were fansfectedvith empty
vector, pcDNAS3.IhNEIL1-FLAG, or pcDNA3.1-hNEIL3F--FLAG. 3 x 1C cells per well,
incubated for 72 hMeandatawascollected from triplicatéechnicalrepeats.
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For the genotoxi treatmensurvival studies after plasmid transfectitwe tancercell lines
HeLa (WT) and HelLd&2 (FANCD2 deficient)were only transfected wittpcDNA3.1-
hNEIL1-FLAG, based on the expressigmsults confirming the recombinant protein
hNEIL1-FLAG after transfectiomonfirmation Eigure 333). In Figure 3.8 it was observed

that the emptyector transfected HelLa (WT) cells were more resistant to MMC (A),
cisplatin (B) and TBHP (C) than the emptgctor transfected HekB2 (FANCD2
deficient) cells, as was expected arréviously observed imntransfected cellsF{gure
3.14). However, similarly to the MTT assay results displayed previously for FANCD?2
deficient and corrected cells PD20 and 3.15, respecticelppared to the emptyector
transfected cells in Figure 83he FANCD?2 deficient cells (HekB2) showed no increased
resistance to MMC (A), cisplatin (B) or TBHP (@yhen expressinghNEIL1-FLAG.
Furthermore, it was also observed for the WT cells (HeLa) for MMC and cisplatin when
expressindiNEIL1-FLAG, but for TBHPthe difference in resistance was notable. In Figure
3.38C, compared to the Kgof the vectoitransfected cellshe HelLa cells showed a notably
increased resistance to TBMPenexpressiniNEIL1-FLAG (ICs509 . © Mand>120 N

but difficult to determine its significance beyond the concentration range of the genotoxic
agentCompared taheFA cells PD20/3.13 resultdisplayed in Figure3.367 3.37, NEIL1
overexpressiomstill contradiced with the notion of decreasing siepibility against ICL:
inducing agents MMC and cisplatimhough not substantially, the resdtsl supported the

notion of increasing resistance against an oxidata@aging agent.
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Figure 3.38: Growth inhibition of plasmid transfected HeLa (WT, blue) and HeLaD2
(FANCD2 deficient, red), following treatment with mitomycin C (MMC, A), cisplatin
(B), and TBHP (C).

D) ICso values forgrowth inhibitionfollowing treatmentCells were tansfected with empty
vectoror p)cDNA3.1-hNEIL1-FLAG. 5 x 1@ cells per well, incubated for 168 Meandata
wascollected from triplicatéechnicalandscientific repeats.
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In Figures 3.9 1 341, thecancercells U20S (WT) and U2082 (FANCD2 deficient)

were only transfected withcDNA3.1-hNEIL1-FLAG andpcDNAS.1-hNEIL3YS.FLAG,

based on the transfection results confirming overexpression of their recombinant proteins
(Figures 3.32 and 333). Similar to the PD20/3.15 MTT assay results from FigureS 8.3

3.37, as displayed, the empWector transfected U20S (WT) cells were more resistant to
MMC (Figure 3.3) and cisplatin (Figure 80) than the emptyector transfected U20B2
(FANCD2 defigent) cells, as was expected and previously observeBigare 3.B.
However, thadifferencesn resistance between the U20S and UZXScell controls were
barely notable in an unexpectedly reverse orientation when treated by the oxidative agent
TBHP (Figure 341). Though similar to the observed results displayed in the HBRa/
growth inhibition after TBHP treatmelffigure 3.4C, Section 3.22.), it may be possible

that the indifference in TBHP resistance is the real differenceraextarnal factor was not
consideredAs observed in Figures 33 3.41, compared to the emptyector transfected
cells,the FANCD?2 deficient cells (U20B2) showed no notable difference in resistance to
MMC (Figure 3.3), but notably decreased resistamnteisplatin (Figure 3l0) and TBHP
(Figure 341), whenexpressindiNEIL1-FLAG. Furthermore, it was also notably observed
that the U209D2 cells increased resistance to cisplatin and TBHP, when expressing
hNEIL3YS.FLAG (Figures 340 and 341, respectivel). Compared to the emptyector
transfected WT cancer cells (U20S), no notable difference in resistance was observed to
MMC (Figure 3.3), decreased resistance to cisplatin and TBHP when expréssifig 1-

FLAG (Figures 3.40 and 341, respectively) but ircreased resistance to TBHP when
expressindhNEIL3%CFLAG (ICso 1 . ©B3Mand 2.25 O N). Statistically, no significant
difference was observed when expres$iNgIL1-FLAG or hNEIL3'SFLAG.
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Figure 3.39: Growth inhibition of plasmid transfectedA) U20S (WT, blue) and U20S

D2 (FANCD2 deficient, red), following treatment with mitomycin C.

B) ICso0 values forgrowth inhibitionfollowing treatmentCells were tansfectedvith empty
vector, pcDNA3.1hNEIL1-FLAG or pcDNA3.I-hNEIL3'"CFLAG. 1 x 16 cells per well,
incubated for 96 hMean datawas collected fromtriplicate technicalrepeats within two

scientificrepeats
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Figure 3.40: Growth inhibition of plasmid transfectedA) U20S (WT, blue) and U20S

D2 (FANCD2 deficient, red), following treatment with cisplatin.

B) ICso0 values forgrowth inhibitionfollowing treatmentCells were tansfectedvith empty
vector, pcDNA3.IhNEIL1-FLAG or pcDNA3.L-hNEIL3'"%%FLAG. 1 x 1G cells per well,
incubated for 96 hMean datawas collected fromtriplicate technicalrepeats within two

scientificrepeats
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Figure 3.41: Growth inhibition of plasmid transfected (A) U20S (WT, blue) and (B)
U20SD2 (FANCD?2 deficient, red), and their comparison (C), following treatment
with TBHP.

D) ICso values forgrowth inhibitionfollowing treatmentCells were tansfectedvith empty
vector, pcDNA3.1hNEIL1-FLAG or pcDNA3.I-hNEIL3™%CFLAG. 1 x 1@ cells per well,
incubated for 96 hMean datawas collected fromtriplicate technicalrepeats within two
scientificrepeats
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In comparson ofthe FA FANCD2 deficient and corrected cells (PD20/3.15, FiglB&6 i
3.38) and the cancer WT/FANCD?2 deficient cells HeD# (Figure 3.8) and U20SD2
(Figures 3.91 341) MTT assay results, NEIL1 overexpressidisplayed no significant
difference inincreasing restance against IGinducing agents MMC and cisplatinor to

the oxidative inducing agent TBHP. Basmtthe literature revie this was unexpecteds

the accpeted knowledgwas a highly expressedNA glycosylaseNEIL1 would repair
oxidativeinducedesiors inDNA, andmore recenliterature reviewadstaedNEIL1 also
repaired MMC induced ICLs. However, NEIL3 overexpression had been observed to
decrease susceptibility to oxidative damage ioauagents which was expectedand the
NEIL3 full length (NEIL3"") and truncated (NEIL!3%) expressed PD20 cells were observed
to significantly decrease suceptibility to MMfice Based on these results, the project was
considered to be repeated for gl@smidtransfection and confirmation steps after antibiotic

selection, followed by cell growth after genotoxin treatment

3.4.3. Evidence of Recombinant ProtEixpressiorafter Antibiotic-selection

Due to the results discussed in Section 3.4.2. displaywegpected resulthat questioned
the methodologyndpossibly the result repeatability from thietature rgiew, and due to
the lack of time and resources to investigatdeurthe conditions discussed further for
legitimacy, the project was repeated with the additional antibioticfetejpe selection of
the plasmid transfected celtsersure the results achieved weeproducible and significant
if the error in methodolggcould be determine@®ased on the results frotime FA-generated
cancercellsU20S(WT) and U208D2 (FANCD?2 deficient) the same cell lines were the
first to be repeateddue tothe pcDNA3.1 vector contaimg a neomycin resistance gene (as
seen in Figure.1), theantibiotic-selectionsolutionusedwasthe geneticinsolution G418.
Based ormprevious attemstwith the WT/FANCD2 deficientancercellsHelLa and HelLa
D2 (respectively Appendix Figure Y, andlocal protocolrecommendatianfor using G418
solution(Gibco) as well as based on the lategampleat the timg(Clémentet al, 2016)
U20S and U20$®2 were subjected to the plasmid transfection protocol followed by the
antibiotic-selectionprotocol(Section 2.3.8.).

Following transfection of the U208)2 cells, the plasmid transfected cells were antibiotic

selected wittD.4 mg/miG418for one week. Within 96 h the ndransfected control cells
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were observedo be no longer viable, while the transfected ceilsinly wereviable, and
therefore, wereonsiderednly plasmidtransfected cellsAfter a further 8 h of recovery
with standarcculture mediuncontainingpen/strep antibiotickor competitivdy inhibiting
the G418, theexperimentcontinued withthe survival of thecells while treated with
genotoxic agents. ThEITT assayresults displayed in Figures 3.4 3.47 prompted the
confirmation of transfected cells aftantibiotic selectionas well as reconfirmation of
recombinant proteing-ollowing discus®ns in the labthe experiments were repeated with
the additional cell line HEK293T (kindly gifted fro@amillo SargiacomoUniversity of
Salford as an antibiotititration control and well known for its ease of transfectibne WT
human embryonic kidiyecells HEK293T) were cultured under the same conditions and
reagents atheHelLa(WT) cells but without the need for suspending the cells with TrypLE
EXxpress.

Theantibiotic titrationwas first attempted and prioritised fiie FANCD2deficientcancer
cellsU20S D2, alongside HEK293TWT), and dueo the lack of resourcea G418 solution
(Roche) was gifted and was used &ti00.8mg/ml. It wasobservedunder microscopevery

24 h for 96h andwas concluded th&.8 mg/ml was more suitable foROSD2 at 72 h but
was not noticeable until 96, andHEK293T required more than 0.8 mg/atl 96 h This
may have suggestdtiat theRocheG418 stock solution was possibly more diluted than
expectedbut also that the FANCDA@efident cancercells were rore sensitive than the WT
cells (HEK293T) However, lased on these resyltise experiment was repeated tioe other
cancercellsHeLa(WT) and HeLaD2 (FANCD2 deficient) for their intended cell survival
experimentsfterantibioticselectionat higher @18 concentrations
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Figure 3.42 Antibiotic titration of HEK293T (WT), HeLa (WT) and HelLa-D2
(FANCD2 deficient) with antibiotic selector G418.

Seventytwo-hour incubation with G418 (Roche). Resuéptured through Evos FL Auto 2
cell imaging system (Invitrogen).

The HEK293T (WT) cells' antibiotic titration was reatemped at a higher G418
concentration range from 3.2 mg/ml, ahédHeLatD2 (WT/FANCD2 deficient) cells were
attemptedat a concentrain rangefrom 1.6 mg/ml. Asdisplayedin Figure 342, all three

cell lines were highly confluent in the namtibiotic selected controls, as was expected, and
were progressively less vialdsthe G418 concentratiomcreasedDue to the phenotypical
clumping nature othe HEK293T cellsand how delicate the ceNgereto pipetting it was
difficult to discern the viable from the nonviable celsenwhen attempdto wash away
the nonviablecells without suspending the viable celldowever,based on thesobserved
results, 3.2 mg/ml G418 for 7296 h seeme@dppropriatefor antibiotic selectionof the

HEK293T cells As for theWT and FANCD2 deficientancercells HeLa and HelLaD?2
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(respectively) similar to the U2092 antibiotic titrationresults described previously, the
HelLatD?2 cellsalsoseemedppropriate for antibiotic selecti@t0.8 mg/ml G418 for 72

96 h. However, in Figure &, it was notable thait 0.4 mg/miG418there were more viable
HeLa cells than there were HeD® cels, and at @ mg/ml the difference wasiore
significant This suggestethatthe FA-generated cancer celOSD2 and HeLaD2 were
moresensitiveto antibiotic selection than their WT counterpaiitserefore the HeLa and
HelLaD?2 cellsas a whole seemeatdore appropriatéor antibiotic selectionrwhen using 1.6
mg/ml G418 for 72 h incubation.

Based on thantibiotic titrationresultsobserved in Figure 82, the three cell lineEK293T
(WT), HeLa (WT) and HelL#&2 (FANCD2 deficient)were then subjected tplasmid
transfection followed by antibiotic selectiofheHelLa and HelL&D2 cellswere prioritised
for cell growthafterbeingtreated with genotoxic agents, and to not lose an opporttimty,
HelLatD2 cells were transfected withthe pcDNA3.1-hNEIL1-FLAG, pcDNA3.1-
hNEIL3™-FLAG and pcDNA3.1-hNEIL3™FLAG plasmids regardless ofecombinant
proteinconfirmation resultsAs displayed inFigure 343A, all transfectedHelLatD2 cells
were observedafter 72 h of antibiotic selection at 1.6 mg/@418 The nontransfected
cancercells wereprimarily nonviable and the transfecteckells wereprimarily viable after
antibiotic selectionas was expectedf the viable transfected cells observed in Fegur
3.43A, the cells displayed increasedrowth from the pcDNA3.L-hNEIL3™-FLAG
transfectedells, to the cells transfected withcDNA3.1-hNEIL3"¢FLAG, almost equally
with pcDNA3.1-hNEIL1-FLAG transfected cells, to the empigctortransfectectells as
mainly viable This was similarly noticedbetween the empty vector aqmtDNA3.1-
hNEIL1-FLAG transfected HelLa/HelB2 cells during an attempt at establishing an
antibiotic selection kiHcurve (Appendix Figure 7).This suggesd that the pcDNAS3.1-
hNEIL3™-FLAG plasmid was more difficult to transfect; possibly thehNEIL3™--FLAG
protein was difficult to express or possibly calisgressor cytotoxicity to the cells
Interestingly, the HelLa/D2 cels transfected with the truncated version NEIL3
(hNEIL3 .FLAG) were observed to have héelver complications than the fuingth
NEIL3 (hNEIL3™--FLAG) tran