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ABSTRACT 

 

 

The p53 tumor suppressor protein, known as the guardian of the genome, is a 

transcription factor that regulates many biological activities such as cell survival, 

apoptosis, autophagy, senescence, cell cycle, metastasis, invasion, DNA repair and 

cell metabolism. p53 is found to be mutant in more that 50% of cancer cases. 

Glioblastoma is one of the most difficult type of cancer to treat due to not only the 

location of the tumor but also its heterogeneous structure and 85% of the 

glioblastoma tumors have deregulated p53 pathway. However, the specific effects of 

mutant p53 proteins have not been comprehensively investigated in glioblastoma, 

yet. In order to study mutant p53 proteins in glioblastoma, a cell line model that lacks 

p53 expression is needed. Therefore, in this study, the aim is to create a p53 

knockout glioblastoma cell line via targeting the TP53 gene locus by CRISPR/Cas9 

with a novel approach. Two different regions in the TP53 gene locus were targeted 

with CRISPR/Cas9 simultaneously and the region in between was deleted. The 

single cell colonies derived from the gene edited cell pool were screened to find the 

p53-/- cell clone. In this newly created U87-MG p53-/- cell line, biallelic deletion in 

the TP53 gene locus was confirmed by performing Sanger Sequencing and the loss 

of p53 protein expression was confirmed by performing western blot. In addition, it 

was shown that there were no off-target effects in this cell line. For further 

characterization, proliferation, migration and colony formation abilities of U87-MG 

p53-/- cells were investigated. 

 

 

Keywords: Cancer, Glioblastoma, U87-MG Cell Line, p53, CRISPR/Cas9 
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ÖZET 

 

 

İNSAN GLİOBLASTOMA HÜCRE MODELİNDE TP53 GEN BÖLGESİNDE 

GENOM MÜHENDİSLİĞİ YAPILMASI 

 

 

“Genomun Koruyucusu” olarak bilinen, tümör baskılayıcı p53 proteini, hücre 

sağ kalımı, apoptoz, otofaji, senesans, hücre döngüsü, metastaz, invazyon, DNA 

tamiri ve hücre metabolizması gibi birçok biyolojik faaliyeti regüle eden bir 

transkripsiyon faktördür. İnsan kanser vakalarının %50’sinden daha fazlasında p53 

mutant olarak bulunmaktadır. Glioblastoma sadece tümörün lokasyonu nedeniyle 

değil aynı zamanda heterojen yapısı nedeniyle tedavi edilmesi en zor kanser 

türlerinden biridir ve glioblastoma tümörlerinin %85’inde deregüle olmuş p53 yolağı 

bulunmaktadır.	 Ancak, mutant p53 proteinlerinin spesifik etkileri glioblastomada 

henüz kapsamlı olarak araştırılmamıştır. Mutant p53 proteinlerinin glioblastomadaki 

etkilerinin çalışılabilmesi için p53 protein ifadesinin olmadığı bir glioblastoma hücre 

hattı modeline ihtiyaç, duyulmaktadır. Bu nedenle bu çalışmanın amacı, TP53 gen 

lokusunu CRISPR/Cas9 sistemi ile özgün bir yaklaşımla hedefleyerek p53 nakavt 

glioblastoma hücre hattı oluşturmaktır. TP53 gen lokusundaki iki farklı bölge 

CRISPR/Cas9 ile eş zamanlı olarak hedeflendi ve aradaki bölge silindi. Gen 

düzenlemesi yapılan hücre havuzundan elde edilen tek hücre kolonileri taranarak 

p53-/- hücre klonu bulundu. Bu yeni yaratılan U87-MG p53-/- hücre hattında, TP53 

gen lokusundaki bialelik silinme Sanger dizileme ile teyit edildi ve p53 proteinin 

ifade edilmediği western blot ile gösterildi. Bu hücre hattında hedef dışı etkilerin 

olmadığı da gösterildi. Bunlara ek olarak, daha ileri karakterizasyon için U87-MG 

p53-/- hücrelerinin, çoğalma, migrasyon ve koloni oluşturma becerileri incelendi. 

 

 

Anahtar Sözcükler: Kanser, Glioblastoma, U87-MG Hücre Hattı, p53, 

CRISPR/Cas9 



 

3 

 

1. AIM OF THE STUDY 

 

 

  p53 tumor suppressor protein is found to be mutant in 50% of cancer cases 

(1). While some of these mutations cause the p53 protein to lose its function, some of 

these mutations cause the p53 protein to gain new oncogenic functions (2). p53 

protein is a tetrameric protein and in case of co-expression of WT and mutant p53 

proteins in the cell, heterotetramer of WT and mutant p53, inhibit tumor suppression 

function of p53 and the complex is incapable of DNA binding. In addition, some 

hotspot mutations of p53 protein might cause gain of new oncogenic functions when 

WT p53 is not present (3). The specific effects of mutant p53 proteins have not been 

comprehensively investigated in glioblastoma, yet. In order to study the roles of 

mutant p53 proteins in glioblastoma, a cell line model that lacks p53 expression is 

needed. The aim of this thesis is to create U87-MG p53-/- cell line model for further 

hotspot mutant p53 studies in glioblastoma. The novelty of this thesis is the creation 

of U87-MG p53-/- cell line with a pair of gRNA/Cas9 targeting two different regions 

in the TP53 gene locus in order not to express any isoforms of p53 protein. Mostly, 

in knockout studies, lentiviral delivery methods are preferred due to having high 

efficiency (4,5,6). However, as a result of lentiviral delivery, gRNA/Cas9 are stably 

expressed due to genomic incorporation into the host cell. Therefore, in this thesis, 

transient transfection of gRNA/Cas9 was selected as the delivery method, in order 

not to limit the potentiality to study the roles of mutant p53 proteins in this newly 

created cell line. Since WT and mutant p53 have only one nucleotide difference in 

the DNA sequence, in case of stable expression of gRNA/Cas9, there would be the 

risk of modification of the mutant p53 proteins in case of their overexpression in this 

cell line. In this thesis, U87-MG p53-/- cell line is created as a result of biallelic 

deletion in the TP53 gene locus of U87-MG cells and is characterized from the 

perspectives of cell proliferation, migration and colony formation abilities. 

Therefore, this p53-/- genotype and phenotype bearing cell line can be used safely to 

overexpress mutant p53 proteins for further studies. 
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2. INTRODUCTION 

 

2.1. Cancer 

 

 

Cancer, followed by cardiovascular disease, is the second most serious major 

group of diseases threatening human health (7). Mutations, copy number increases, 

chromosomal rearrangements and changes in epigenetic regulation may drive cancer. 

Lifestyle, environmental conditions, exposure to chemicals and behavioural factors 

have an indirect effect on the progression of cancer. Proto-oncogenes and tumor 

suppressor genes are two groups of genes associated with cancer.  Mutations and/or 

gene expression changes in proto-oncogenes and tumor suppressors lead to the 

acquisition of the hallmarks of cancer (8,9,10).   

 

 

 

Proto-oncogenes encode proteins that regulate cell growth, proliferation, 

apoptosis, metabolism and genomic stability. Proto-oncogenes are converted into 

oncogenes as a result of different changes in the genome which drive cancer 

development. These changes are deletions or point mutations in the coding sequence, 

gene amplifications and chromosomal rearrangements. RAS, MYC, ABL and EGFR 

are the well-known proto-oncogenes (11,12,13,14,15,16). The point mutations such 

as base pair substitutions that occur in the reading frame of the RAS proto-oncogene 

family cause the conversion of the RAS family to become oncogenes. Upon 

conversion to oncogenes, RAS-related proteins lead to cancer development through 

an increase in invasion and metastasis and a decrease in apoptosis. HRAS, KRAS and 

NRAS proto-oncogenes belong to the RAS proto-oncogene family. Point mutations in 

HRAS gene, KRAS gene and NRAS gene are most commonly seen in head&neck 

cancers, pancreas cancers and melanoma (skin cancers), respectively 

(15,16,17,18,19,20). HRAS oncoprotein has an amino-acid substitution at residue 12. 

KRAS oncoprotein has an amino-acid substitution at residue 13. NRAS oncoprotein 
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has an amino-acid substitution at residue 61 (15,16,21). Another proto-oncogene that 

is well studied is MYC. Gene amplification of the MYC proto-oncogene causes MYC 

to become an oncogene. Excessive levels of the MYC protein lead to cancer by 

causing with uncontrolled cell proliferation, inhibition of the apoptosis, uncontrolled 

cell cycle and altered metabolism. MYC gene amplification is most commonly seen 

in Burkitt Lymphoma (15,16,22,23). The BCR-ABL oncogene arises from 

Philadelphia chromosome (Ph) translocation. In Philadelphia chromosome (Ph) 

translocation, BCR gene fuses with the ABL gene. BCR-ABL oncoprotein induces 

cell proliferation and haematopoietic malignancies. lt is known that ABL tyrosine 

kinase activity is elevated in the BCR-ABL oncoprotein. This increase is a major 

reason for the transformation of haematopoietic cells. Formation of the BCR-ABL 

oncogene is most common in chronic myeloid leukaemia (CML) (15,16,24,25). The 

EGFR (epidermal growth factor receptor) proto-oncogene is a member of the 

receptor tyrosine kinase family. In normal circumstances, EGFR releases a signal 

into the cell when it interacts with EGF (epidermal growth factor) ligand. EGFR is 

mutated, truncated or overexpressed in some cancers such as lung cancer and brain 

cancer (26). Ligand independent firing takes place due to overexpression and 

truncations. EGFR sends growth-stimulating signals into the cells so that cell 

proliferation is enhanced. In some cancers, ligands are also overexpressed. Ligand 

overexpression increases EGFR dimerization, activation, and tyrosine kinase-

mediated signaling so that cell proliferation is enhanced (15,16,27,28). 

 

 

 

Tumor suppressor proteins are essential due to the fact that they regulate many 

cellular functions. The loss or inactivation of functional tumor suppressor genes 

drive the mechanism of cancer development. The pRB protein which is encoded by 

the RB1 gene is the first identified tumor suppressor protein and therefore it is one of 

the most intensively studied tumor suppressor protein (11,12,13,14,15,16). pRb 

protein is considered as the master regulator of restriction gate in cell cycle by being 

the inhibitor of E2F which is a master transcription factor controlling the expression 

of cell cycle related proteins such as Cyclin E, A, Cdt1. The active, hypo-
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phosphorylated form of the pRb protein binds and inhibits the transcription factor 

E2F.  Inhibition of the E2F leads to the downregulation of the necessary DNA 

replication factors to inhibit the G1 to S transition. E2F induces the G1/S transition 

when the pRb protein is inactive in its hyperphosphorylated form. Defects in the pRb 

cause the childhood cancer, bladder cancer and osteogenic sarcoma (15,16,29,30,31). 

TP53 gene is another well studied and characterized tumor suppressor gene. TP53 

gene is found to be mutant in 50% of cancer cases (1). p53 tumor suppressor protein 

is a transcription factor which has roles in regulation of cell for cell cycle, apoptosis, 

senescence, autophagy, cell metabolism and DNA repair. p53 mutations are 

categorized into two: loss-of-function (LOFs) and gain-of-function mutations 

(GOFs). LOFs prevent p53 from transactivating its canonical target genes. Gain of 

function mutations cause p53 to not only lose its tumor suppressor functions but also 

gain new oncogenic functions (15,16). Another example of well-known and well-

studied tumor suppressor genes are BRCA1 and BRCA2 genes. BRCA1 and BRCA2 

proteins play roles in DNA repair after double-stranded breaks and assisting in 

maintenance of genomic integrity. The most common types of mutations are small 

insertion/deletion mutations that cause frameshifts, non-synonymous truncations and 

splice site disruptions that result in non-functional BRCA proteins (15,16,32,33). 

BRCA1 and BRCA2 are mostly mutated in breast and ovarian cancers (15,16,32,34). 

 

 

2.2.Glioblastoma 

 

Gliomas, the general term for brain tumors in adults, are classified according to 

the origin of the cells, the degree of histological malignancy and the mitotic activity 

(35,36,37). Gliomas are classified into grades I, II, III and IV by World Health 

Organization (WHO). Grades I and II are considered as low grade due to the 

proliferative potential of the tumors. Grades III and IV are considered as high grade 

because of the aggressiveness and proliferation rate of the tumors (36). 
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Glioblastoma Multiforme (GBM) which occurs in the central nervous system 

(CNS) is the most common type of IV grade glioma (37). GBM tumors which arise 

from oligodendrocytes and astrocytes are most commonly located in the 

supratentorial brain but rarely located in the cerebellum, the brainstem and the spinal 

cord (36). Compared to other cancers such as colorectal, lung, prostate and breast, 

GBM is rare, constituting only 3% of all cancers (38). Among other human brain 

tumor types, GBM tumors are heterogenous, vascularized, highly invasive and the 

most malignant type of tumors (39). Despite the recent developments in GBM 

treatments such as surgery, chemotherapy and radiotherapy, it has poor prognosis 

(40). The survival of the glioblastoma patients is increased to about 12-15 months 

with treatment but, without treatment the survival of the glioblastoma patients is only 

3 months (41). It has been shown that patients over the age of 40, are more likely to 

develop glioblastoma (38). Glioblastoma is more common in men than in women 

(42). 

 

GBMs are classified into two groups: primary and secondary glioblastomas. 

These two types of glioblastomas arise from different genetic pathways and have 

different epigenetic profiles. Primary and secondary glioblastomas affect patients of 

different genders and ages. Deletion of CDKN2A, amplification of EGFR, loss-of-

function mutation of PTEN are associated with the formation of primary 

glioblastomas. Low-grade, diffuse astrocytomas (WHO grade II) or anaplastic 

astrocytomas (WHO grade III) develop secondary glioblastomas. Secondary 

glioblastoma is mainly manifested by p53 signaling pathway mutations (43,44).  

 

Alterations in the EGFR-PTEN-Akt-mTOR signaling cascade can cause the 

development of primary glioblastoma. Overexpression of EGFR enhances cell 

proliferation and triggers activation of the (PI3K)/Akt pathway which activates 

mTOR. mTOR activation results in inhibition of apoptosis, increased cell survival 

and cell proliferation.  PTEN is modulated by kinase or kinase domain containing 

proteins. There are several intracellular proteins that target PTEN to inhibit or 
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activate its cellular functions. The main mechanism by which PTEN functions are 

inhibited or activated is through phosphorylation of specific residues in the C-

terminal region. Mutant version of the PTEN induces cell migration and invasion in 

primary glioblastoma. The p16INK4a/pRb signaling pathway is an important pathway 

in both primary and secondary glioblastomas (43,44). RB1 gene encodes pRb protein 

which inhibits G1 to S phase transition in cell cycle (45). E2F transactivates the 

expression of many cell cycle related genes when it is active. Therefore, E2F 

increases proliferation by inducing the G1 to S transition (46). The cyclin-dependent 

kinase 4 (CDK4) cyclin D complex is regulator of the transition through the G1 

phase of the cell cycle (47). p16INK4a is CDK inhibitor to regulate cell cycle. 

Increased expression of p16INK4a inhibits proliferation and is dominant to a variety of 

mitogenic and oncogenic signals (48). p16INK4a binds and inhibits the CDK4/cyclin 

D1 complex (49). In the absence of mitogens, CDK4/cyclin D1 complex is unable to 

phosphorylate pRb. Hypophosphorylated pRb interacts with the transcription factor 

E2F. The interaction with hypophosphorylated pRb blocks E2F activity to inhibit 

transcription of cell cycle related genes that are required for the transition from G1 to 

S phase (50). In the presence of mitogens, elevated cyclin D levels in response to 

mitogenic stimuli form active CDK4/cyclin D1 complexes. After the activation of 

CDK4/cyclin D1 complex, pRb is hyperphosphorylated. Hyperphosphorylated pRb 

dissociates from E2F-DP binding sites. E2F transactivates genes involved in the cell 

cycle for the transition from G1 to S (51,52). 

 

 RB1 gene promoter methylation is significantly higher in secondary 

glioblastomas than primary glioblastomas. Methylation of the RB1 gene promoter 

leads to pRb protein inactivation (43,44). The CDKN2A gene alterations are more 

common in primary glioblastomas than in secondary glioblastomas (53). The 

CDKN2A gene is often deleted in GBM, contributing to unchecked pRb 

phosphorylation and rapid cell division (54). O6-Methylguanine-DNA 

methyltransferase (MGMT) is DNA repair enzyme that plays role in maintaining 

genomic stability. The frequency of promoter methylation of MGMT is different in 
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primary and secondary glioblastomas. Methylation of the gene promoter leads to loss 

of MGMT expression. MGMT removes guanine-alkyl groups from the O6 position of 

guanine in DNA and repairs O6-alkylguanine DNA adducts. Repair of O6-

alkylguanine DNA adducts decreases the cytotoxicity of chemotherapeutic drugs, 

leading to the development of drug resistance. TMZ is a chemotherapy drug that is 

used in the treatment of GBM. However, the development of resistance to TMZ 

limits effective treatment. More than 50% of GBM patients treated with TMZ drugs 

do not respond to treatment because they develop resistance to TMZ. The epigenetic 

status of MGMT is one of the markers used to identify TMZ resistance in GBM. 

GBM patients with unmethylated MGMT promoter are commonly developing TMZ 

resistance (43,44,55). According to The Cancer Genome Atlas (TCGA) GBM project 

results, the p53 pathway (including MDM2 (Mouse Double Minute Protein 2), TP53, 

CDKN2A) was deregulated in 85% percent of the GBM tumors. Mutations in the p53 

signaling pathway are more common in secondary glioblastomas than in primary 

glioblastomas. The most common alterations in glioblastomas are loss of CDKN2A 

expression with homozygous deletion and promoter methylation of the CDKN2A. 

Promoter methylation of CDKN2A is frequently seen in secondary than primary 

glioblastomas.  The p14/p19ARF protein, which interacts with MDM2 to increase the 

level of p53 protein. Point mutations, deletions and/or truncations of the TP53 gene 

are seen in secondary glioblastomas (43,44,56). In some types of WHO grade II and 

IV gliomas, IDH1 and IDH2 mutations are common (57,58,59). IDHs (Isocitrate 

Dehydrogenase) catalyze the oxidative decarboxylation of isocitrate to α-

ketoglutarate (α- KG). IDH1 or IDH2 mutations cause the conversion of alpha-

ketoglutarate (α- KG) to 2-hydroxyglutarate (2-HG), which functions as an 

oncometabolite. 2-HG is a key driver of gliomagenesis. 2-HG acts as competitive 

inhibitor of α-KG so that α-KG-dependent histone and DNA demethylation is 

blocked (60,61,62). One of the classification markers between primary and 

secondary glioblastoma is IDH1 mutations. IDH1 mutations are common in 

secondary glioblastomas but rare in primary glioblastomas. The mutations of IDH1 

shows heterogeneity between patients with glioblastoma (43,44). 
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2.3. p53 as the “Guardian of the Genome” 

 

 

p53 also known as the “Guardian of the Genome” is a stress responsive tumor 

suppressor transcription factor (63). The p53 protein has crucial roles in cell cycle, 

apoptosis, senescence, autophagy, cell metabolism and DNA repair (1). Under 

normal circumstances, p53 protein levels are kept under control by p53-binding 

proteins, which directly and/or indirectly cause p53 to be polyubiquitinated and 

degraded. MDM2 plays the most crucial role in controlling p53 protein levels. 

MDM2 which is an E3 ubiquitin ligase is one of the master negative regulators by 

causing polyubiquitination of p53 and targeting the protein for proteasomal 

degradation (64,65). The level of p53 is also controlled by several regulators and 

mechanisms other than MDM2. MDMX, also known as MDM4, is another partner 

that interacts with p53. MDMX and MDM2 have close homology due to their 

evolutionarily conserved RING domains. MDMX does not polyubiquitinate and 

degrade p53 as MDM2 does. MDMX heterodimerizes with MDM2. After 

heterodimerization, the RING domain of MDMX triggers the ubiquitin ligase activity 

of MDM2. Therefore, the prolonged interaction of MDMX with the E2 ubiquitin-

conjugating domain of MDM2 is critical to activate MDM2 to polyubiquitinate p53 

for proteasomal degradation and therefore maintain p53 levels low. (65,66). 

 

 

 

Under stress conditions such as DNA damage, oncogenic signaling activation, 

nutrient deficiency and oxidative stress, p53 is stabilized with post-translational 

modifications such as methylation, acetylation, phosphorylation, sumoylation and 

neddylation (67,68). Activation of p53 is initiated by phosphorylation. The N-

terminus of the p53 protein is phosphorylated by Chk1/Chk2 kinases from residues 

S15 and S20 upon ATM/ATR activation (65,69,70). The phosphorylation of p53 

inhibits its interaction with MDM2, thereby blocking the ubiquitination of p53 

(71,72). This causes p53 to accumulate. Accumulation of p53 and subsequent 

interaction with sequence-specific DNA activates or represses the expression of 
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target genes (65,70). p53 is also acetylated from lysine residues (K370, K371, K372, 

K381, K382) by the CBP (CREB binding protein)/p300 complex (73,74). The 

ubiquitination of the p53 is blocked by the acetylation of the lysine residues. p53 

degradation is inhibited and p53 accumulates. SET7/9 is metyl-transferase that 

transfers methyl group to K372 residue of p53 for its activation (75). SET8 is also 

metyl-transferase that transfers methyl group to K382 residue of p53 to inhibit p53 

transcriptional activity (76). Oncogenic stress such as oncogene activation and/or 

tumor suppressor gene inactivation regulates p53 stabilization in addition to post-

translational modifications. Ras, E2F-1, MYC, β-catenin and nucleophosmin 

oncoproteins lead accumulation of p53 in the nucleus. The p14/p19 ARF tumor 

suppressor proteins are involved in p53 activation with inhibition of MDM2 activity 

in the presence of the oncogenic stress. Ras, nucleophosmin and MYC oncoproteins 

increase the p14/p19 ARF proteins levels by inhibiting the degradation of the ARF 

protein. p14/p19 ARF interact with MDM2 and inhibit MDM2-mediated 

ubiquitination of p53. As a result, the level of the p53 protein increases. Oncogenic 

stress regulates IGF-1/AKT pathway. This pathway plays role in the regulation of 

cell survival and cell proliferation. IGF-1/AKT pathway is negative regulator of p53 

protein. AKT mediated phosphorylation of MDM2 induces p53 protein degradation. 

A number of factors are positively or negatively control the activity of AKT and its 

regulation of MDM2. AKT and MDM2 activity is inhibited by PTEN and 14-3-3σ to 

enhance p53 function. Overexpression of Her-2/neu in human cancers activates the 

AKT pathway. Activation of AKT induces phosphorylation of the MDM2 and 

inhibits p53 function. PRL-1 and PRL-3 enhance AKT activity. This leads to the 

phosphorylation of MDM2 (77). 

 

 

 

p53-mediated transcription is initiated by p53 binding to its recognition site 

on DNA. p53 forms a homotetramer consisting of four p53 domains. The consensus 

sequence of p53 on DNA is RRRCWWGYYY. R indicates for purines, Y indicates 

pyrimidines. W indicates A or T. Two p53 dimers interact with two half-sites of the 

DNA so that p53 is tetramerized for its activation and function. Functionally, p53 is a 
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transcription factor that forms a homotetramer to activate target genes, responsible 

for cell cycle, apoptosis, senescence, autophagy, cell metabolism and DNA repair 

(78,79,80,81).  

 

 

 

p53 is located in the central region of the signaling network. Under stress 

circumstances, p53 protein is stabilized.  For stabilization of p53, various 

transcriptional output such as cell cycle arrest, senescence, apoptosis and cell 

metabolism are regulated depending on the epigenetic landscape, binding partners, 

post-translational modifications and strength of p53 response element. Activation of 

p53 in response to stress conditions directs cell cycle inhibition (82). SFN, CDKN1A 

and GADD45A genes are induced by p53 activation. 14-3-3σ, p21 and GADD45A 

proteins are encoded from SFN, CDKN1A and GADD45A genes, respectively. 14-3-

3σ, p21 and GADD45A proteins have roles in cell cycle arrest with inhibition of cell 

cycle (83,84). p53 activation in response to stress circumstances directs also 

senescence. p53 increase the expression of SERPINE1, and PML genes and the 

proteins encoded by these genes (PAI-1 and TRIM) induce senescence (84,85). p53 

activation in response to prolonged stress circumstances directs apoptosis. p53 

increases the expression of the BBC3, APAF1 and PMAIP1 genes and the proteins 

encoded by these genes (PUMA, AFAF1 and NOXA) induce apoptosis (84,86). p53 

activation in response to stress circumstances directs also regulation of autophagy. 

p53 upregulates ATG7 and DRAM2 genes and proteins encoded by these genes 

(ATG7, DRAM2) regulate autophagy (84). p53 activation in response to stress 

circumstances also affects regulation of the cell metabolism. p53 upregulates TIGAR 

and PRKAA1 genes and the proteins encoded by these genes (TIGAR, AMPK) 

regulate cell metabolism (84,87). p53 activation in response to stress circumstances 

has effect on regulation of the DNA repair mechanism. PTF1 and POLK genes 

which encode p48 and DNA polymerase kappa protein regulate DNA repair 

mechanisms (84). 
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p53 protein is encoded by the TP53 gene on chromosome 17p13.1 (88,1). 

TP53 has 3 promoters, 11 exons and 10 introns as shown in Figure 2.1 (89,90). There 

are 12 isoforms of the p53 protein (88,89). Three distinct promoters and alternative 

splicing pattern of the exon 9 give rise to isoforms of p53. By using the P1 promoter, 

the full length of the p53 protein is transcribed and is referred to as the full length 

p53 (FLp53) transcript. The Δ40p53 isoform is transcribed from codon 40 using 

promoter P1'. The Δ133p53 and Δ160p53 isoforms are transcribed from codon 133 

and 160, respectively, using promoter P2. All exons, including exons 10 and 11, are 

conserved in the α isoform. Alternative splicing of exon 9 produces exon 9β or exon 

9γ. These transcripts form p53 β and γ isoforms after translation (90,91).  

 

 
Figure 2.1 TP53 gene structure. The rectangles illustrate the exons. The region in 
between rectangles illustrates the introns.  P1, P1’ and P2 which are indicated with 
blue arrows illustrate promoters of the TP53 gene. This figure is adapted from Vieler 
M.  et al. (88). 
 

 

 

p53 protein has many domains, as shown in Figure 2.2. Two trans-activation 

domains (TAD I and TAD II) are encoded in exons 2-4, proline-rich domain (PR) in 

exon 4, DNA binding domain (DBD) in exons 4-8, nuclear localization sequence 

(NLS) in exon 9, tetramerization (oligomerization) domain (TET) in exons 9-10 and 

basic domain (BD) in exons 10-11 (92,93). Each domain has distinct functions. The 

TAD I and II domains, located at the N-terminus of the p53 protein, play a role in the 

tumor suppressor function of the p53 protein and the transcriptional activation of p53 

target genes (94).  PR have a role in linking DBD and TAD. PR contains a PXXP 

motif to generate SH3 domain binding sites. PXXP motif is important role for p53. 

In order to presence of PXXP motif, p53 responds to DNA-damaging agents to cause 

cell death (95,96). The central core region of p53 contains DBD. DBD is crucial role 

for p53 as a sequence-specific transcription factor. DBD recognizes and binds to the 
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specific DNA sequences in the gene locus of p53 target genes to regulate their 

transcription (89). NLS plays role in localization p53 to the nucleus (97). p53 

monomers are dimerized then dimers of the p53 are tetramerized with TET to form 

the correct p53 quaternary structure to recognize and bind DNA. Tetramerized p53 is 

stabilized through hydrophobic forces BD is located at the C-terminus of the p53 

protein. BD regulates the overall functions of the p53 protein both positively and 

negatively through post-translational modifications (98). 

 

 
Figure 2.2 Domains of the p53 protein. TAD I and TAD II are represented with red 
and orange boxes, respectively. PR is represented with yellow box. DBD is 
represented with green box. NLS is represented with light blue box. TET is 
represented with purple box. BD is represented with brown box. This figure is 
adapted from Beckerman R. et. al. (99). 
 

 

 

2.4.Mutant p53 and Cancer  

 

 

p53 is found to be mutant in 50 % of human cancers such as bladder, breast, 

colon, prostate, liver, bladder and skin (1). Several mechanisms alter the p53 protein 

and related pathways. The majority of TP53 mutations is missense mutations. 

Frameshift deletions and insertions, silent mutations, nonsense mutations and other 

infrequent changes are other important alterations (100). The p53 residues which are 

frequently found to be mutant in cancers are R175, G245, R248, R249, R273 and 

R282 and these residues are corresponding to the DBD domain of p53 (101,102). p53 

mutations are categorized into two: LOFs and GOFs (102).  In the LOF situation, 

mutation of one allele of TP53 results in impaired function of the p53 protein (103). 

In addition to the acquisition of a TP53 mutation in one allele, the majority of tumors 

also lose the second allele through a deletion or a copy neutral loss of heterozygosity 

(LOH) (102). Mutant p53 is capable of tetramerization, however this tetramer is 

TAD I II PR DBD NLS TET BD
1 40 63 100 305 326 364 393
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unable to bind DNA and transactivate its canonical target genes (104). In addition to 

the LOF situation, the expression of a mutant p53 protein interferes with the activity 

of a wild-type p53 tumor suppressor protein in dominant negative (DN) effects (102). 

Mutant/wild-type heterotetramer form of the p53 interacts with DNA with weaker 

affinity. Weak interaction with DNA leads to defective binding of mutant p53 to the 

transcriptional cofactor that is important for p53 activity (105). TP53 mutations are 

mostly resulted by LOH during cancer progression. Therefore, heterozygous state of 

the TP53 is transient. LOH is generally involved in tumor suppressors. In the case of 

a heterozygous locus (WT allele and mutant allele presence), the WT allele is either 

deleted or mutated (102). In GOF situation, mutant p53 is capable of tetramerization, 

this tetramer is able to bind DNA and transactivate its non-canonical target genes to 

drive tumor development. In addition, mutant p53 binds DNA indirectly through 

interaction partners and complexes to transactivate non-canonical target genes 

(82,92,106,107).  

 

 

Wild-type p53 and mutant p53 have not only common but also different 

interacting partners. MRE11 is one of the interacting partners of mutant p53 (p53-

R248W and p53-R273H) (108,109,110). PML (Promyelocytic Leukaemia) is an 

interacting partner of both the wild-type p53 and the mutant p53. PML interacts with 

mutant p53 to induce proliferation and inhibit apoptosis. PML interacts with wild-

type p53 to induce apoptosis (108,109,111). For both wild-type and mutant p53, the 

other interacting partner is PIN1 (Prolyl Isomerised). PIN1 interacts with mutant p53 

to promote migration and invasion of breast cancer. PIN1 interacts with wild-type 

p53 to cause cell cycle arrest via cyclin dependent kinase inhibitor p21 

(108,109,110,112). The mutant p53 protein also interacts with other members of its 

family, such as p63 and p73. The TAD, DBD and TET domains of p53, p63 and p73 

are homologous. p63 and p73 interact with mutant p53 to form heterotetramer but do 

not bind to wild-type p53. Mutant p53 blocks transcriptional activation of both p63 

and p73. Mutant p53–p63 and mutant p53–p73 heterotetramers promote invasion, 

metastasis and chemoresistance (110,113,114) 
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2.5.Genome Editing  

 

 

Genome engineering has started a new era in human genome research. Genome 

engineering has been evolved since 1970s to diagnose disease, to treat disease and to 

study the human genome (115). In genome engineering, the genome is manipulated 

at the DNA level. Genomic modification at the desired region begins with the 

generation of a double-stranded break (DSB), which is mechanism for triggering the 

DNA repair machinery. After formation of the DSB, the DNA is repaired via either 

Homology Directed Repair (HDR) or Non-Homologous End Joining (NHEJ) (116). 

In HDR mechanism, homologous donor DNA is used as a template to repair DNA 

damage. HDR is precise repair mechanism. Broken ends of DNA are directly 

rejoined. This creates a heterogeneous pool with insertions and deletions of the 

bases. NHEJ is a more error-prone mechanism (116,117). Endonucleases such as I-

SceI were first used to edit the mouse genome by DSBs strategy. Then the scientists 

also used meganucleases, which recognize long sequences of DNA. However, 

genome editing with meganucleases has a major drawback. Each meganuclease has a 

unique sequence to recognize the target site, so the probability of finding 

meganucleases that target the corresponding region is very low (116). 

 

 

One of the technologies used to edit the genome is Zinc Finger Nucleases 

(ZFNs). Zinc-finger DNA-binding domain and FokI type II restriction endonuclease 

are found in ZFNs. The zinc finger DNA binding domain is able to bind DNA with 

the recognition of the specific sequence. ZFNs are specified in terms of the amino 

acid sequence of each finger and the number of fingers that interact with the nuclease 

domain. The FokI endonuclease recognizes and cleaves specific sequences of DNA. 

FokI works via homodimerization so that ZFNs are designed as two proximal close 

target sites to activate FokI to create DSB in the target sequence (116,118). 
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One of the techniques being developed for genome editing is transcription 

activator-like effector nucleases (TALENs). DBD (transcriptional activating effector) 

and the restriction endonuclease FokI are found in TALENs. Nuclease and DNA 

binding domains are linked by a 12-25 bp spacer sequence called linker. FokI 

endonuclease homodimerization is needed for its activation. Therefore, two TALENs 

targeting the opposite strand recognize their target regions and a double-strand break 

is generated by FokI endonucleases. Genome editing with ZFNs and TALENs has 

played a crucial role in the development of recombinant DNA technology, but there 

are also some disadvantages such as off-target effects, complexity and cost. As a 

result, scientists have been working to find a simple, efficient, affordable and reliable 

method of genome editing until they investigated CRISPR/Cas9 genome editing 

technology (116,118). 

 

 

 

2.6.CRISPR/Cas9 System and lts Applications  

 

 

CRISPR and Cas are forming an adaptive immune defense system to counteract 

bacteriophage infection (119,120,121,122). After discovery of CRISPR/Cas in 

bacteria, the CRISPR/Cas9 system was generated as a tool for genome editing. The 

CRISPR system has two components; one of the components is the Cas9 

endonuclease and the other component is the guide RNA (gRNA). In order to apply 

easily, scientist developed gRNA. gRNA was chimeric RNA containing tracrRNA 

and crRNA components. crRNA plays a role in target recognition. tracrRNA is a 

linker in between crRNA and Cas9. CRISPR/Cas9 system is used to recognize 20 nt 

or 24 nt target sequences matching engineered gRNA (123). Cas9 undergoes 

conformational change upon gRNA interaction which causes Cas9 activation (124). 

Protospacer Adjacent Motif (PAM) sequence on target DNA strands is crucial to 

mark proper target site. PAM sequence is essential for the endonuclease activity of 

the Cas9. 5'-NGG-3' sequence is the most commonly used PAM sequence. G 

indicates guanine nucleotide. N indicates A, T, G or C (125). Cas9 protein has 6 



 

18 

 

domains. These are Rec I, Rec II, Arginine-rich bridge, PAM interacting, HNH and 

Ruv C domains. The Rec I and REC II domains have role in the interaction with 

gRNA. The role of the arginine-rich bridge is critical for gNRA:DNA recognition. 

The PAM interaction domain recognizes the PAM sequence and binds to the target 

DNA. From 3-4 base pairs upstream of the PAM sequence, Cas9 generates a DSB 

with its Ruv C and HNH domains (126).  After induced DSB by nucleases is repaired 

with two DNA repair systems, HDR and NHEJ. HDR mechanism, which uses a 

homologous donor DNA template, is used to introduce specific sequence into target 

region or to introduce mutations into target region in the genome. NHEJ is more 

prone to error when IN-DEL is generated during the repair process. IN-DEL causes 

frameshift mutation or formation of early stop codon. This is very useful for gene 

knockout experiments using the CRISPR/Cas9 system (127).  

 

 

CRISPR/Cas9 system is also used to regulate gene expression. Dead Cas9 

(dCas9), which contains inactive RuvC and HNH nuclease domains, is used for gene 

expression regulation. For epigenetic reprogramming, dCas9 is used to activate or 

inhibit transcription of the target part of the genome (119,127,128). dCas9 has the 

ability to bind target site with complementary gRNA to target sequence. 

Transcriptional repressor protein such as Krüppel Associated Box (KRAB) is fused 

to dCas9. The dCas9-KRAB fusion has the ability to bind to the target DNA 

sequence so that inhibition of binding of DNA binding proteins such as transcription 

factors or DNA polymerase II to the target region causes transcriptional repression. 

Epigenetic reprogramming of dCas9-KRAB fusion decreases chromatin accessibility 

and increases H3 lysine 9 trimethylation (H3K9me3) at target gene promoter sites 

(119,128,129). Fusion of DNMT3A and MQ1, which induces promoter cytosine 

methylation, with dCas9 plays a role in transcriptional silencing (130,131). Another 

strategy for epigenetic reprogramming is the activation of the expression of genes. 

dCas9 is fused to a variety of transcriptional activators, such as Rta (VPR), P65 and 

VP64. Rta is transactivator of the Epstein-Barr virus. P65 is derived from the 

transcriptional activation domain of the mammalian transcription factor NF-κB. 

VP64 is an activator that is derived from the transactivation domain of the herpes 
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simplex virus. For transcriptional activators, there are many CRISPR activation 

systems such as SAM, SunTag and VPR. gRNA scaffold is modified with MS2 

hairpin aptamers in some of the CRISPR activation system. Activators interact and 

localize to the target locus to activate gene expression with the gRNA-MS2 scaffold 

(119,128,132,133). The fusion of p300, which is a component of histone acetylation, 

with dCas9 induces the expression of genes. Fusion of TET1, which induces 

promoter cytosine demethylation, with dCas9 is involved in activating genes 

(134,135).  

 

The CRISPR/Cas9 system is also used for studying base editing. The base 

editing system is composed of two components:  gRNA and Cas9 nickase (nCas9) 

fused to a deaminase. gRNA directs base editors to a specific locus. Base editors    

change one base to another within a small editing window near the PAM. Cytidine 

(C) is converted to uridine (U) by cytosine base editors (CBEs). Base excision repair 

converts uridine to thymidine (T). On the other hand, A-T base pair is converted to 

G-C base pair by adenine base editors (ABEs). Therefore, scientists use ABEs and 

CBEs base editors to convert “C” to “T”, “A” to “G”, “T” to “C” and “G” to “A”. 

Base editing technology may use to treat genetic diseases associated with single 

nucleotide changes such as point mutations or single nucleotide polymorphisms 

(SNPs) (128,136). 

  

Another application of the CRISPR/Cas9 system is prime editing. The reverse 

transcriptase enzyme is fused to nCas9. gRNA is replaced by prime editing gRNA 

(pegRNA) which contains desired edits on RT template with primer binding site 

(PBS). Desired deletions, insertions and possible base-to-base conversions are 

introduced by transcriptase enzyme using pegRNA. pegRNA recognizes target 

region and directs the nCas9 to the target sequence. nCas9 generates 3’ flap in the 

non-target strand. Primer binding site (PBS) of the pegRNA interacts with the 3' flap. 

The desired modification is incorporated into the DNA by reverse transcription. In 
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prime editing technology, the desired DNA sequence is placed into the target region 

without the use of donor DNA template (128,136,137).   

 

 Gene editing tools based on RNA-targeting nuclease has been popular for 

editing RNA rather than permanently editing the DNA. lt is possible to perform RNA 

editing by using CRISPR/Cas system. RNA-based CRISPR/Cas editing system uses 

the Cas13 and CRISPR RNA (crRNA), which targets RNA. Cas13 enzymes contains 

two higher eukaryotes and prokaryotes nucleotide-binding (HEPN) domains. Cas13 

enzyme cleaves target RNA by recognizing protospacer flanking sites (PFSs). There 

are three Cas13 proteins; Cas13a, Cas13b, and Cas13c. Cas13a enzyme is adapted to 

use for nucleic acid detection, RNA knockdown and transcript tracking in plants and 

mammals. For Cas13a, the biochemical (PFS) is not required to interference of the 

RNA (138,139,140). Mutations on the HEPN domains lead to a catalytically inactive 

Cas13, but the ability of the Cas13 to bind to the target RNA is preserved. There are 

two types of CRISPR/Cas based RNA base editors: REPAIR and RESCUE. 

Catalytically inactive dCas13 is fused with adenosine deaminase ADAR2 to form 

REPAIR (RNA editing for programmable A to I replacement), which converts 

adenosine to inosine in targeted ssRNA. Inosine is read as guanine (G) during 

translation and splicing. Therefore, this conversion is crucial for the correction of G-

A mutations. In RESCUE, catalytically inactive dCas13 is fused with ADAR2dd 

cytidine deaminase to form RESCUE (RNA editing for specific C to U exchange) 

(138,139,141,142). RNA base editors are also used for targeting the sites of post-

translational modifications such as methylation, acetylation, phosphorylation and 

glycosylation. In RNA methylation (TRM) system, dCas13 is fused with 

methyltransferase such as METTL3 and/or METTL14 for site-specific methylation 

of transcripts and alteration of alternative splicing patterns. The dCas13-ALKBH5 

fusion protein plays a role in the demethylation of RNA from a specific target site. 

dCas13-based RNA imaging is a useful method that can be developed for cancer 

research to identify the subcellular localization of RNAs in order to understand RNA 

function. dCas13-based RNA imaging strategy allows live-cell imaging of RNAs. 

dCas13 RNA imaging does not cause any genetic alterations. In RNA tracking 
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methods, dCas9 can be fused with crRNA to detect target RNA and fluorescent tag 

such as GFP or mCherry for imaging (138,139,143). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

22 

 

3. MATERIALS AND METHODS 
 

3.1. Materials  

 

3.1.1. Chemicals 

 

All the chemicals used in this thesis are listed in Appendix A. 

 

 

3.1.2. Growth Media  

 

Luria Broth (LB) 

20 g LB powder was dissolved in 1L ddH2O. Solution was autoclaved at 

121°C for 15 min and stored at room temperature (RT).  

 

LB Agar  

20 g LB powder and 15 g agar powder were dissolved in 1L ddH2O. Solution 

was autoclaved at 121°C for 15 min. After cooling down to RT, for Ampicillin 

containing LB Agar plates were divided into bacterial culture petri dishes and agar 

plates were stored at + 4 °C.  

 

87% Bacterial Glycerol Stock  

885 μL of overnight cultured bacterial suspension was mixed with 115 μL of 

sterile 87% glycerol and glycerol stock was kept in -80 °C. 
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Complete High Glucose Commercial Dulbecco’s Modified Eagle Medium 

(cDMEM) 

 

Gibco High Glucose DMEM was mixed with 10 % FBS, Gibco and 1% 

Penicillin-Streptomycin, Gibco (Pen-Strep). cDMEM was preserved at 4°C.  

 

 

Freezing Medium for Mammalian Cells 

 

10% DMSO in FBS was prepared and filter sterilized. FM was aliquoted and 

stored at – 20 °C. 

 

 

 

3.1.3. Buffers and Solutions 

 

 

1X PBS  

 

1X PBS was prepared from 2 tablet in 100 mL ddH2O. 

 

 

Ampicillin Stock Solution (100 mg/ mL) 

1 g ampicillin salt was dissolved in 10 mL ddH2O, then solution was filter 

sterilized and stored at – 20 °C. 
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CaCl2 Working Solution  

86 mL 87% glycerol, 15 mL 2 M CaCl2 and 10 mL 0.5 M PIPES (pH 7.00) 

were dissolved in ddH2O and final volume was adjusted up to 500 mL. Prepared 

solution was filter sterilized and stored at 4 °C. 

 

Alkaline Lysis Solution I  

Final concentrations of 50 mM glucose, 25 mM Tris-Cl (pH 8.00) and 10 mM 

EDTA (pH 8.00) were mixed in 100 mL ddH2O.  Solution was filter sterilized. 

 

Alkaline Lysis Solution II  

Final concentrations of 0.2 N NaOH and 1% (w/v) SDS were mixed and final 

volume was adjusted up to 10 mL with ddH2O. Solution was stored at RT and freshly 

used.  

 

Alkaline Lysis Solution III  

60 mL 5 M potassium acetate and 11.5 mL glacial acetic acid were mixed. 

Final volume was adjusted up to 100 mL with ddH2O and solution was stored at +4 

°C.  

 

Tail Lysis Buffer  

5 mL 1 M Tris-HCl (pH 8.00), 10 mL 5 M NaCl, 10 mL 0.5 M EDTA (pH 

8.00) and 25 mL 10% SDS were mixed in ddH2O and final volume was adjusted to 

500 mL. Solution was kept at RT.  
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50X TAE Buffer  

242 g tris base, 57.1 mL glacial acetic acid and 100 mL of 0.5 M EDTA (pH 

8.00) were mixed. Final volume was adjusted with ddH2O. 

 

Agarose Gel Electrophesis 

For 1% w/v agarose gel preparation, 1 g of agarose was dissolved in 100 mL 

1X TAE buffer by heating in microwave. 0.002 % ethidium bromide was added to 

the solution. 

 

SDS Separating Gel (13%) 

 

3 mL ddH2O, 2.5 mL Tris 1.5 M,pH:8.8, 100 μL 10% SDS,  4.34 mL 

Acrylamide: Bisacrylamide (30%) ,100 μL 10% APS and 10 μL TEMED  were 

mixed. 

 

 

SDS Stacking Gel (4%) 

 

2.70 mL ddH2O, 1.25 mL Tris 0.5 M,pH:6.8 , 50 μL 10% SDS, 1 mL 

Acrylamide: Bisacrylamide (30%), 15 μL 10% APS and 7.5 μL TEMED were 

mixed. 

 

 

3X Laemmli Buffer  

 

For preparation of 3X Laemmli Buffer, 8.75 mL Tris 0.5 M at pH:6.8, 8.62 

mL 87% glycerol, 3.75 mL 20% SDS, 3.75 mL β-mercaptoethanol, 0.13 mL ddH2O 

and 7.5 mg bromophenol blue was mixed and aliquoted. For long term storage, the 

aliquots were stored at -20 °C.  
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10X Tris-Glycine Buffer  

40 g tris base and 144 g glycine were dissolved in ddH2O and then pH was 

adjusted to 8.3 with 37% HCl. Buffer volume was completed to 1L. 

 

 

 

1X Running Buffer  

 

100 mL 10X Tris-Glycine buffer and 5 mL 20% SDS solution were mixed 

and adjusted to 1L with ddH2O. 

 

 

 

1X Transfer Buffer  

 

100 mL 10x Tris-Glycine buffer, 200 mL methanol and 1.8 mL 20 %SDS 

were mixed and adjusted to 1L with ddH2O. 

 

 

1X PBS-T  

A final concentration of 0.05% Tween-20 was prepared in 1X PBS. 

 

 

Red Solution  

 

0.05 % PBS- T ,15 g 5% BSA, 0.06 gram 0.02 % NaN3 and 20 mg phenol red 

were mixed up. Red solution was stored at 4°C. 
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3.1.4. Commercial Kits  

 

For midiprep plasmid DNA isolation, QIAGEN PureLink® HiPure Plasmid 

Midi Kit, QIAGEN, Germany was used. For PCR purification, PureLink™ PCR 

Purification Kit, Invitrogen, #K310001 was used. 

 

 

 

3.1.5. Enzymes  

 

The brand of restriction enzymes and their reaction buffers used in this thesis is 

New England Biolabs (NEB).  The brand of  polymerase enzyme and their reaction 

buffer used in this thesis is Meridian Bioscience Bioline. 

 

 

 

3.1.6. Plasmids Maps 

 

Plasmids used in this thesis are listed in Table 3.1. 
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Table 3.1 Plasmids used in this thesis 

 
        Plasmid 

Name  

Use Resistance Marker Source 

pcDNA-GFP  Transfection 

Control  

Ampicillin for E.coli Gift 

from 

Prof. Dr. 

M. Batu 

Erman 

pSp-Cas9(BB)-

2A-Puro (PX459) 

V2.0    

CRISPR/Cas9 

Cloning  

Ampicillin for E.coli 

Puromycin for 

Mammalian Cells 

Addgene 

plasmid  

# 62988 

(92) 

 

 

 

3.1.7. Oligonucleotides and Primers  

 

 

 Oligonuclotides and primers used in this thesis are listed in Table 3.2, Table 

3.3 and Table 3.4. 
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Table 3.2 Oligonucleotides used in this thesis. The sequences of top and bottom 
oligonucleotides for each gRNA candidate and non-targeting control gRNAs are 
shown in the following table. The DNA sequences indicated with red color in the top 
and bottom oligonucleotides are required for cloning. 

 

 

Table 3.3 Upstream target region and downstream target region primers used in this 

thesis 
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Table 3.4 Off-target primers used in this thesis 

 

 

 

3.1.8. DNA and Protein Molecular Weight Markers 

 

 

 DNA and protein molecular weight markers used in this thesis are listed in 

Appendix B. 

 

 

 

3.1.9. Softwares and Programs 

 

 

Softwares and programs used in this thesis are listed in Table 3.5. 
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Table 3.5 Softwares used in this thesis   
 

Program Name Use 

CLC Main Workbench (Qiagen) Alignments 

Image J Analyze scratch assay 

Image Lab Software (BioRad) Analyze and view agarose 

gel and membrane images 

 

Zeiss ZEN Microscopy Software 

Analyze and view 

fluorescence microscope 

image 

GraphPad Bioinformatic and 

statistics analysis 

   

 

 

3.1.10. Equipments  

 

 All the equipments used in this thesis are listed in Appendix C. 
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3.2. Methods 

 

3.2.1. gRNA Design 

 

 

 In order to create TP53 knockout U87-MG cell line, two target regions were 

determined as upstream and downstream target regions in the TP53 gene locus 

(Figure 3.1) Considering these target regions, four gRNA candidates (gRNA A, B, C 

and D) were designed by using CRISPOR tefor tool (http://crispor.tefor.net/) (144). 

gRNA A and B were designed to target the upstream target region whereas gRNA C 

and D were designed to target the downstream target region as shown in Figure 3.1. 

In addition, two non-targeting gRNAs (gRNA NT-C1 and NT-C2), which do not 

target anywhere in the genome, were planned to use as negative controls of the 

further experiments. The gRNA target sequences, PAM sequences, strand 

information, restriction site to be expected to be destroyed and the target exon in the 

TP53 gene locus were shown in Table 3.6. After determination of individual 

efficiencies of the gRNA candidates, the best pair was planned to be selected for 

further deletion of the DNA sequence in between the upstream and downstream 

target regions. As a result of this deletion in the TP53 gene locus, p53 protein 

expression was not expected to be seen. 
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Figure 3.1 Schematic representation of the upstream and downstream target regions 
in the TP53 gene locus. The rectangles illustrate the exons, the regions in between 
the rectangles illustrate the introns and the dashed line at the end illustrates the rest of 
the genomic locus. The purple arrows represent the promoters.  

 

 

 

Table 3.6 gRNA candidates and non-targeting control gRNAs used in this thesis. 
This table shows gRNA candidates and non-targeting control gRNAs target 
sequences, target regions, their PAM sequences, their strand positions, their 
restriction sites expected to be destroyed and their target exons in the TP53 gene 
locus.  
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3.2.2. Construction of CRISPR/Cas9 Plasmids 

 

For construction of CRISPR/Cas9 plasmids, the protocol of Ran et. al. 2013 

was  followed (145). 

 

 

3.2.2.1.Oligo Annealing 

 

 

Top and bottom oligonucleotides of gRNA candidates (A, B, C and D) and 

non-targeting controls (NT-C1 and NT-C2) were annealed individually. The 

annealing reaction components and conditions are shown in Table 3.7 and Table 3.8, 

respectively. 

   

Table 3.7 Oligo annealing reaction components 
 

Components Amounts 

Top Oligo (100 μM) 1 μL 

Bottom Oligo (100 μM) 1 μL 

T4 DNA Ligase Buffer (10X) 1 μL 

T4 PNK (10 U/μL) 1 μL 

ddH2O 6 μL 

Total 10 μL 

 

Table 3.8 Oligo annealing reaction conditions 

Temperature Time 
37 °C 30 min 
95 °C 5 min 

95 °C to 25 °C Ramp down 
(-5°C/min) 

4 °C ∞ 
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3.2.2.2. Diagnostic Digestion of pSp-Cas9(BB)-2A-Puro (PX459) V2.0 Plasmid  

 

 

 pSp-Cas9(BB)-2A-Puro (PX459) V2.0 plasmid was purchased from Addgene 

as E.coli bacterial stab. The bacteria were streaked on LB agar plates. Then, bacteria 

were incubated for 16 h at 37 °C. One single colony was picked and grown inside of 

3 mL LB containing Ampicillin for 16 h at 37 °C for midiprep plasmid isolation. 

Plasmid was isolated with PureLink® HiPure Midiprep Plasmid DNA Purification 

Kit using manufacturer’s protocol. Isolated plasmid DNA was with PstI, EcoRI, 

EcoRV, NotI, BgII and SacI restriction enzymes and the protocol is shown in Table 

3.9. Digestion reaction conditions are shown in Table 3.10.  

 

Table 3.9 Diagnostic digestion reaction components 

 
Components Amounts 

pSp-Cas9(BB)-2A-Puro (PX459) 

V2.0 plasmid (0.5 μg/ μL) 

1 μL 

Compatible Buffer (10X) 2 μL 

Restriction Enzymes (10 U/mL) 0.5 μL 

ddH2O 16.5 μL 

Total 20 μL 

 

 

Table 3.10 Diagnostic digestion reaction conditions 

Temperature Time 
37 °C 2 h 
4 °C ∞ 
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3.2.2.3.Ligation of Annealed Oligonucleotides into pSp-Cas9(BB)-2A-Puro 

(PX459) V2.0 Plasmid  

 

 

Annealed oligonucleotides were cloned into pSp-Cas9(BB)-2A-Puro (PX459) 

V2.0 plasmid by using BbsI restriction sites. The reaction components are shown in 

Table 3.11 and the reaction conditions are shown in Table 3.12 

Table 3.11 Ligation reaction components 

Components Amounts 

pSp-Cas9(BB)-2A-Puro (PX459) V2.0 (100 ng/μL) 1 μL 

Annealed oligos (1:200 diluted) 2 μL 

    ATP (10 mM) 2 μL 

BbsI HF (20 U/μL) 1 μL 

r-CutSmart Buffer (10X) 2 μL 

T4 DNA Ligase (400 U/μL) 0.5 μL 

ddH2O 11.5 μL 

Total 20 μL 

 

 

Table 3.12 Ligation reaction conditions 

Temperature Time 
37°C 5 min 
21°C 5 min 
4 °C ∞ 

 

 

 

 

10X Cycles 
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3.2.2.4.Exonuclease V Treatment  

 

 

After ligation of the CRISPR constructs, samples were treated with 

Exonuclease V. The treatment components and conditions are shown in Table 3.13 

and 3.14, respectively. 

Table 3.13 Exonuclase V treatment components  

Components Amounts 

Ligation Reaction 11 μL 

ATP (10 mM) 1.5 μL 

NEB Buffer 4 (10X) 1.5 μL 

Exonuclease V (RecBCD) (10U/μL) 1 μL 

Total 15 μL 

 

 

Table 3.14 Exonuclase V treatment conditions  

Temperature Time 
37°C 30 min 
4 °C ∞ 

 

 

 

 To avoid excess degradation, after 30 min of Exonuclease V treatment, the 

activity of the enzyme was inhibited. The components and the conditions of 

Exonuclase V enzyme inhibition reaction are shown in Table 3.15 and Table 3.16, 

respectively. 

 

 

 



 

38 

 

Table 3.15 Exonuclase V reaction inhibition components  

Components Amounts 

ExoV Treated Sample 15 μL 

EDTA (110 mM) 2 μL 

ddH2O 3 μL 

Total 20 μL 

 

 

Table 3.16 Exonuclase V reaction inhibition conditions  

Temperature Time 
70°C 30 min 
4 °C ∞ 

 

 

3.2.2.5.Preparation of Chemically Competent DH5α Bacterial Cells 

 

 

 Competent cell stock was streaked on LB Agar plates and incubated for 16 h 

at 37 °C. Next day, a single colony was picked and incubated in 50 mL LB at 220 

rpm for 16 h at 37 °C. After 16 h, 4 mL of the overnight grown bacterial culture was 

diluted in 400 mL LB a 2- L flask. Bacterial culture was incubated at 220 rpm for 

1.5-2 h at 37 °C until OD590 (Optical Density at 590 nm) was 0.375. Culture was 

transferred into 50 mL microcentrifuge tubes and leaved on ice for 8-10 min. Then, 

the culture was centrifuged at 1600 g for 10 min at 4°C. Supernatants were 

discarded. Pellets were resuspended in 10 mL ice-cold CaCl2 and centrifuged at 1100 

g for 5 min at 4°C. Supernatants were discarded and pellets were resuspended in 10 

mL ice-cold CaCl2. Resuspended cells were incubated on ice for 30 min. Cells were 

centrifuged at 1100 g for 5 min at 4°C. Supernatants were discarded and pellets were 
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resuspended in 2 mL ice-cold CaCl2 solution. All the resuspensions (in total 16 mL) 

were pooled in a 50 mL microcentrifuge tube. Then, competent cells were aliquoted 

as 200 μL in of 1.5 mL pre-chilled microcentrifuge tubes and snap frozen in liquid 

nitrogen. Cells were stored at -80°C.  

 

 

 

3.2.2.6.Transformation of the CRISPR Plasmid Constructs into E. coli DH5α 

Competent Cells 

 

 

 Chemically competent E.coli DH5α cells were  thawed on ice for 

transformation of ligated CRISPR plasmid constructs that were explained in section 

3.2.2.3 and 3.2.2.4. 10 μL of the reaction was mixed with competent cells and 

incubated on ice for 30 min. Then, cells were heat-shocked for 90 s at 42°C and then 

incubated on ice for 1 min. 800 μL LB was added and incubated at 37 °C for 45 min. 

Then, cells were centrifuged at 13.000 rpm for 1 min at RT. 900 μL of the 

supernatants were discarded and pellets were resuspended with 100 μL leftover LB. 

Then, 100 μL cell suspension was spread onto pre-warmed LB agar with 100 μg/mL 

Ampicillin. Plates were incubated at 37 °C for 16 h.  
 

 

 

3.2.2.7.Miniprep DNA Isolation with Alkaline Lysis Protocol 

 

 After transformation, for each cloning ten single bacterial colonies were 

picked and inoculated in 3mL LB at 220 rpm for 16 h at 37 °C. The overnight grown 

bacterial cultures were centrifuged at 13.000 rpm for 5 min at 4 °C. Supernatants 

were discarded.  The pellets were resuspended in 100 μL pre-chilled Alkaline Lysis 

Solution I. Then, 200 μL freshly prepared Alkaline Lysis Solution II was added and 
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the mixture was inverted 4-6 times. Samples were incubated for 5 min at RT. 150 μL 

freshly prepared Alkaline Lysis Solution III was added and the mixture was inverted 

4-6 times. Samples were incubated for 5 min on ice then centrifuged at max speed 

for 5 min at 4°C. After centrifugation, the 450 μL supernatants were transferred to 

clean tubes and 900 μL absolute EtOH was added. After inverting 4-6 times, the 

samples were centrifuged at 13.000 rpm for 5 min at 4°C. 1mL 70% EtOH was 

added and the pellets were washed via inverting the tube 4-6 times. Samples were 

then centrifuged at 13.000 rpm for 5 min at 4°C. After discarding the supernatants, 

pellets were air dried. Then, DNA was dissolved in 50 μL TE with 20 μg/mL 

RNaseA. For long-term storage, the DNA samples were stored at -20 °C. 

 

3.2.2.8.Confirmation of CRISPR Cloning with PCR  

 

 

In order to confirm the presence of the inserts (annealed oligonucleotides for 

each gRNA candidates and the non-targeting gRNAs) in the cloned plasmids, the 

screening of the cloned CRISPR plasmids was performed by performing PCR. For 

PCR amplification, hU6fwd-[(5’GAGGGCCTATTTCCCATGATT-3’)] primer was 

used as forward primer, and as reverse primer, bottom oligonucleotides specific to 

each different gRNA candidate and non-targeting control gRNAs were used. Other 

contents of the PCR reactions are shown in Table 3.17. The optimized PCR reaction 

conditions for these screens are shown in Table 3.18. 
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Table 3.17 PCR components for confirmation of CRISPR cloning 

Components Amounts 

MyTaq Buffer (5X) 5 μL 

Template DNA (1 ng/ μL) 1 μL 

hU6 Forward Primer (5 μM) 1 μL 

Reverse Primer (5 μM) 1 μL 

MyTaq Polymerase (5U/μL) 0.125 μL 

ddH2O 16.875 μL 

Total 25 μL 

 

 

Table 3.18 PCR conditions for confirmation of CRISPR cloning 

 Temperature Time 
Initial Denaturation 95 °C 1 min 

Denaturation 95 °C 15 s 
Annealing 55 °C 15 s 
Extension 72 °C 6 s 

Hold 4 °C ∞ 
 

 

 

The PCR products were run in 1% agarose gel stained with EtBr and 

visualized under UV light using BioRad ChemiDoc MP Imaging System. 

 

 

 

 

 

 

30X Cycles 
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3.2.2.9.Sanger Sequencing of the Cloned CRISPR Plasmids 

 

In order to confirm the sequences of the cloned CRISPR plasmids, isolated 

plasmid DNAs were sequenced with hU6 forward primer in MEDSANTEK 

(http://www .medsantek.com.tr/). Analysis of Sanger sequencing was performed with 

CLC Main Workbench by comparison of sequencing results with hypothetical 

sequences of the cloned CRISPR plasmids 

 

3.2.2.10. Midiprep Plasmid DNA Isolation for Cloned CRISPR Plasmids 

 

 In order to obtain pure and concentrated DNA, midiprep plasmid DNA 

isolations were performed with PureLink® HiPure Midiprep Plasmid DNA 

Purification Kit (#K210005) according to the manufacturers’ protocol. Concentration 

and purity of midiprep plasmid DNAs were determined with NanoDrop OneC 

Microvolume UV-Vis Spectrophotometer. 

 

3.2.3. Mammalian Cell Culture 

 

3.2.3.1. U87-MG Cell Line Thawing, Maintenance and Cryopreservation 

 

 U87-MG cell line was purchased from ATCC. The first vial was thawed in 10 

mL cDMEM. The cells were seeded in a T75 cell culture flask and incubated at 37°C 

and 5% CO2. For maintenance of these cells, when the confluency reached to 60-

70%, the cells were subcultured at a ratio of 1:3 or 1:5. For subculturing, the medium 

was aspirated and after washing with 1X DPBS for 2 times, the cells were incubated 

with Trypsin-EDTA (0.05%) at 37 °C for 5 min and collected in cDMEM. Cells are 
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centrifuged at 100 g for 10 min. After centrifugation, supernatant was discarded. 

Cells were resuspended in cDMEM. Cells were subcultured at a ratio of 1:3 or 1:5 to 

T75 flask.    

 

When the cells needed to be cryopreserved to maintain stocks for further 

experiments, this protocol was applied. When the cells had a confluency of 60-70% 

confluency, medium was aspirated. After washing 2 times with 1X DPBS, the cells 

were incubated with Trypsin-EDTA (0.05%) at 37 °C for 5 min and collected in 

cDMEM. After centrifugation at 100 g for 10 min, the supernatant was aspirated. 

The cell pellet was resuspended in freezing medium in cryopreservation tubes and 

placed in Mr. Frosty Freezing Container at -80 °C. After 24h, the cells were 

transferred to liquid nitrogen for further storage.  

 

3.2.3.2.Puromycin Concentration Determination  

 

 

 1x105 U87-MG cells were seeded to each well of 6-well plate. After 24h, the 

growth medium of the cells was replaced with complete DMEM containing 0.1 

μg/mL, 0.25 μg/mL, 0.5 μg/mL, 1 μg/mL, 2 μg/mL, 3 μg/mL, 4 μg/mL and 5 μg/mL 

puromycin. Every three days, medium of the cells was changed with freshly prepared 

Puromycin containing medium. 1 weeks later, cells were collected, stained with 

Trypan Blue and the live cells were counted with hemocytometer. Cell viability was 

calculated with [Cell viability % = (Live cell number of treated sample/Live cell 

number of untreated control) x 100] formula. 
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3.2.4. Small-Scale Transfections  

 

3.2.4.1. Microscopy and Flow Cytometry Analyses of Small-Scale Transfection 

Optimization 

 

 

For small-scale transfection optimizations, three different pcDNAGFP: 

Lipofectamine 3000 ratios (1:1.5,1:3,1:5) were tested. 3x105 cells/well were seeded 

in a well of 6-well plate. Next day, 2.5 μg pcDNA-GFP plasmid, different amounts 

of Lipofectamine 3000 (3.75 μL, 7.5 μL and 12.5 μL) and 5uL transfection enhancer 

were mixed in Opti-MEM. Mixtures were incubated for 20 min at RT. After 

incubation, mixtures were added onto cells drop by drop. Then, cells were incubated 

at 37°C and 5% CO2. 16 h after transfection, the medium of the transfected cells 

were replaced with fresh cDMEM. 48 h after transfection, GFP positive cells were 

visualized under FITC channel of ZEISS Axio Vert.A1 inverted fluorescent 

microscope. For flow cytometry analysis, the following protocol was applied. The 

medium was aspirated and after washing with 1X DPBS for 2 times, the cells were 

incubated with Trypsin-EDTA (0.05%) at 37 °C for 5 min and collected in cDMEM. 

Cells were centrifuged at 100 g for 10 min. After centrifugation, supernatant was 

discarded. Cell pellets are washed in 500 μL 1X DPBS and centrifuged at 100 g for 

10 min. Supernatants were aspirated. The cell pellets were resuspended in 500 μL 1X 

DPBS and samples were acquired by BD FACSVerse™ to quantify the cell viability 

with FSC vs SSC dot plots and GFP positive cell percentage with FITC histograms. 

 

 

 

3.2.4.2. Small-Scale Transfections of CRISPR Plasmids  

 

 

After determination of the optimum ratio of DNA:Lipofectamine 3000 for 

small-scale transfection, U87-MG cells were transfected individually with the cloned 
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CRISPR plasmids targeting the upstream or downstream regions (CRISPR A, B, C 

and D) and non-targeting CRISPR plasmids (CRISPR NT-C1 and NT-C2). In these 

transfections, DNA:Lipofectamine 3000 ratio was used as 1:3. 3x105 cells/well were 

seeded one day before the experiment. For each CRISPR transfection, 2.5μg DNA, 

7.5μL Lipofectamine 3000 and 5μL transfection enhancer were mixed and incubated 

at RT for 20 min. Then, each mixture was added drop by drop to medium of the 

seeded cells. 48h after transfection, 0.5 μg/mL Puromycin treatment was started. In 

every 3-4 days, 0.5 μg/mL Puromycin containing cDMEM was replaced with freshly 

prepared Puromycin cDMEM. After puromycin enrichment for 1 week, 2.5 x105 

cells were collected for gDNA isolation. 

 

 

  

3.2.4.3. Genomic DNA (gDNA) Isolation  

 

After transfection and puromycin enrichment steps that are explained in 

section 3.2.4, from 2.5x105 cells genomic DNA isolation was performed with Tail 

Lysis protocol. According to this protocol, lysis buffer was prepared with 10 μL 

Proteinase K (20 mg/mL) and 500 μL tail lysis buffer (prepared as described in 

3.1.3). Cell pellets were resuspended with lysis buffer and incubated at 55°C for 90 

min. After incubation, 250 μL 5 M NaCl was added to samples and inverted 20 

times. Samples were incubated on ice for 10 min and centrifuged at 3.000 rpm for 60 

min at 4 °C. After centrifugation, supernatants were transferred into new tubes. 650 

μL isopropanol was added and inverted until it becomes homogenous. Samples were 

incubated at RT for 15 min and centrifuged at 13.000 rpm for 10 min. Supernatants 

were discarded. Pellets were washed with 1 mL absolute EtOH and centrifuged at 

max speed for 10 min. Supernatants were discarded. After discarding the 

supernatants, pellets were air dried. Then, DNA was dissolved in 200 μL TE with 20 

μg/mL RNaseA. DNA samples were stored at 4°C. 
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3.2.4.4. PCR Amplification of the CRISPR Target Regions 

 

 

 After gDNA isolation, the specific target regions of CRISPR A, B, C and D 

were PCR amplified with specific primers shown in Table 3.3. PCR components and 

conditions for amplification of the target regions are shown in Table 3.19 and Table 

3.20. 

 

Table 3.19 PCR components for amplification of the target regions 

 

Components Amounts 

MyTaq Buffer (5X) 5 μL 

Template DNA 1 μL 

Forward Primer (5 μM) 1 μL 

Reverse Primer (5 μM) 1 μL 

MyTaq Polymerase (5U/μL) 0.125 μL 

ddH2O 16.875 μL 

Total 25 μL 

 

 

Table 3.20 PCR conditions for amplification of the target regions 

 
 Temperature Time 

Initial Denaturation 95 °C 3 min 
Denaturation 95 °C 15 s 

Annealing Variable 15 s 
Extension 72 °C 40 s 

Hold 4 °C ∞ 
 

 

40X 

Cycles 
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The annealing temperatures were determined as 60 °C, 52°C and 50°C for 

amplification of upstream target region A, upstream target region B and downstream 

target region, respectively.  In order to see the specificity of the PCR products, the 

samples were run in 1% agarose gel stained with EtBr and visualized under UV light 

using BioRad ChemiDoc MP Imaging System. 

 

 

 

3.2.4.5.Restriction Fragment Length Polymorphism (RFLP) Assay  

 

 

 After PCR amplification of the specific target regions, individual editing 

performances of CRISPR candidates were determined by RFLP assay as described in 

Table 3.21. RFLP assay conditions were shown in Table 3.22. 

 

 

As a result of CRISPR A activity, HinfI restriction site was expected to be 

destroyed in upstream target region A (figure 4.18, left panel). As a result of CRISPR 

B activity, NciI restriction site was expected to be destroyed in upstream target 

region B (figure 4.20, left panel). In downstream target region, Aor51HI (AfeI) 

restriction site was expected to be destroyed upon CRISPR C activity (figure 4.22, 

left panel). There are two Hinf I restriction sites in the downstream target region and 

only one of those sites was expected to be destroyed as a result of CRISPR D activity 

(figure 4.23, left panel). Therefore, in the RFLP assays, the PCR product of upstream 

target region A was digested with HinfI enzyme to show CRISPR A activity, the 

PCR product of upstream target region B was digested with NciI enzyme to show 

CRISPR B activity, the PCR product of downstream target region was digested with 

Aor51HI (AfeI) enzyme to show CRISPR C activity and the PCR product of 

downstream target region was digested with HinfI enzyme was used to show 

CRISPR D activity. 
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Table 3.21 Digestion components of RFLP assay 

 

Components Amounts 

CutSmart Buffer (10X) 1.5 μL 

PCR product 50 ng  

Restriction Enzymes 0.5 μL 

ddH2O up to 15 μL 

Total 15 μL 

  

 

Table 3.22 Digestion conditions of RFLP assay 

 

Temperature Time 

37 °C 2 h 

4 °C ∞ 

 

 

The digestion products were run in 2% agarose gel stained with EtBr and 

visualized under UV light using BioRad ChemiDoc MP Imaging System. 

 

 

 

3.2.4.6.T7 Endonuclease I (T7EI) Assay  

 

 

After the PCR amplification of upstream target region, A, upstream target 

region B and downstream target region, which was explained in section 3.2.4.4, T7EI 

assay was performed to analyze induvial editing performances of CRISPR A, B, C 

and D. T7EI reaction components and conditions are shown in Table 3.23 and Table 

3.24, respectively. 
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Table 3.23 Components and conditions of denaturation and re-annealing steps of 

T7EI assay 

 

Denaturation and re-annealing components 

Components Amounts 

NEB Buffer 2 1 μL 

PCR product 50 ng 

ddH2O up to 9.5 μL 

Denaturation and re-annealing conditions 

95 °C 5 min 
95- 85 °C -2 oC/sec 
85-25 °C - 0.1 oC/sec 

           4°C ∞ 

 

 

Table 3.24 Components and conditions of T7EI digestion 

T7EI digestion components 

Components Amounts 

Denatured and re-annealed PCR 
product mix (shown in table 3.23) 

9.5 μL 

T7 Endonuclease I  0.5 μL 

T7EI digestion conditions 

37 °C 15 min 
                  4°C ∞ 

 

The products of T7EI assay were run in 2% agarose gel stained with EtBr and 

visualized under UV light using BioRad ChemiDoc MP Imaging System. 
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3.2.5. Large- Scale Transfections 

 

3.2.5.1.Microscopy and Flow Cytometry Analyses of Large-Scale Transfection 

Optimization 

 

 

 For large-scale transfection optimizations, two different pcDNAGFP: 

Lipofectamine 3000 ratios (1:1.5,1:3) were tested. 3x106 cells/well were seeded in 

100-mm cell culture dishes. Next day, 15 μg pcDNA-GFP plasmid, different 

amounts of Lipofectamine 3000 (22.5 μL, 45 μL) and 30 uL transfection enhancer 

were mixed in Opti-MEM. Mixtures were incubated for 20 min at RT. After 

incubation, mixtures were added onto cells drop by drop. Then, cells were incubated 

at 37°C and 5% CO2. 16 h later after transfection, the medium of the transfected cells 

were replaced with fresh cDMEM. 48 h after transfection, GFP positive cells were 

visualized under FITC channel of ZEISS Axio Vert.A1 inverted fluorescent 

microscope. For flow cytometry analysis, the following protocol was applied. The 

medium was aspirated and after washing with 1X DPBS for 2 times, the cells were 

incubated with Trypsin-EDTA (0.05%) at 37 °C for 5 min and collected in cDMEM. 

Cells were centrifuged at 100 g for 10 min. After centrifugation, supernatant was 

discarded. Cell pellets were washed in 500 μL 1X DPBS and centrifuged at 100 g for 

10 min. Supernatants were aspirated. The cell pellets were resuspended in 500 μL 1X 

DPBS   and samples were acquired by BD FACSVerse™ to quantify the cell 

viability with FSC vs SSC dot plots and GFP positive cell percentage with FITC 

histograms. 
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3.2.5.2. Large-Scale Transfection of CRISPR Plasmids 

 

 

After determination of the optimum DNA:Lipofectamine 3000  ratio for 

large-scale transfection, U87-MG cells were co-transfected with the cloned CRISPR 

plasmids targeting the upstream or downstream regions (CRISPR A, B, C and D). 

As, negative controls of the gene editing, non-targeting controls (CRISPR NT-C1 + 

CRISPR NT-C2) were also co-transfected to U87-MG cells. For the transfections of 

CRISPR pairs, 3x106 cells/well were seeded to 100-mm cell culture dishes. The next 

day, 15 μg DNA, 45 μL Lipofectamine 3000 and 30 μL transfection enhancer were 

mixed in Opti- MEM and incubated at RT for 20 min. After the incubation, the 

mixture was added to the cells drop by drop. 16 h after the transfections, the medium 

of the cells were replaced by fresh cDMEM. 48h after the transfections, 0.5 μg/mL 

puromycin treatment was started. In every 3-4 days, 0.5 μg/mL puromycin 

containing cDMEM was refreshed. After 1 week of puromycin enrichment, from 2.5 

x105 cells, genomic DNA isolation was performed as explained in section 3.2.4.3 and 

rest of the cells were cryopreserved for further experiments. 

 

 

 

3.2.5.3. Genotyping of U87-MG Cell Pools Co-Transfected with CRISPR Pairs 

 

 

 CRISPR candidates targeting upstream target region (CRISPR A, CRISPR B) 

and downstream target region (CRISPR C, CRISPR D) were co-transfected. By 

using the gDNAs that were isolated from CRISPR pair co-transfected cell pools 

which was explained in section 3.2.4.3, the region between the upstream and 

downstream target regions were PCR amplified with Upstream_Target_ Region_A_ 

Fwd and Downstream_Target_Region_Rev primers. The PCR components and 

conditions are shown in Table 3.25 and Table 3.26, respectively. 
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Table 3.25 PCR components for genotyping 

Components Amounts 

MyTaq Buffer (5X) 5 μL 

Template DNA 1 μL 

Forward Primer (5 μM)      1 μL 

Reverse Primer (5 μM) 1 μL 

MyTaq Polymerase (5U/μL) 0.125 μL 

ddH2O 16.875 μL 

Total 25 μL 

 

 

Table 3.26 PCR conditions for genotyping 

 

 Temperature Time 
Initial Denaturation 95 °C 3 min 

Denaturation 95 °C 15 s 
Annealing 57 °C 15 s 
Extension 72 °C 40 s 

Hold 4 °C ∞ 
 

 

 

The PCR products were run in 1% agarose gel stained with EtBr and 

visualized under UV light using BioRad ChemiDoc MP Imaging System. 

 

 

 

 

 

40X Cycles 
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3.2.5.4.Single Cell Cloning of CRISPR A + CRISPR C Co-Transfected Cell 

Pool 

 

Single cell cloning was performed from the CRISPR A + CRISPR C co-

transfected cell pool. In 96-well plates, starting with 1000 cell/well concentration, 

serial dilutions were done until 1 cell/well concentration. The 96-well plates were 

incubated at 37oC and 5% CO2.In every 3-4 days, the growth medium was replaced 

with fresh cDMEM. Only one colony growing wells were further expanded to 24-

well plate, 6-well plate and 100mm cell culture plates. For each single cell clone, 

gDNA was isolated as explained in section 3.2.4.3 and cryopreserved for further 

experiments. 

 
 

3.2.5.5.Genotyping of the Single Cell Colonies Derived from CRISPR A + 

CRISPR C Co-transfected U87-MG Cell Pool 

 

 

By using the gDNAs that were isolated from single cell colonies that were 

derived from CRISPR A + CRISPR C pair co-transfected cell pool, the region 

between the upstream and downstream target regions were PCR amplified with 

Upstream_ Target_Region_A_Fwd and Downstream_Target_Region_Rev primers. 

The PCR components and conditions are shown in Table 3.25 and Table 3.26, 

respectively. The PCR products were run in 1% agarose gel stained with EtBr and 

visualized under UV light using BioRad ChemiDoc MP Imaging System. 
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3.2.6. Sanger Sequencing of the Single Cell Colonies Showing p53-/- Profile  

 

 

In order to confirm the specific deletion in the TP53 gene locus, for the single 

cell clones showing p53-/- profile (colony 2, 16 and 17), the region between the 

upstream and downstream target regions were PCR amplified with Upstream_ 

Target_Region_A_Fwd and Downstream_Target_Region_Rev primers. After 

performing PCR purification with PureLink™ PCR Purification Kit according to 

manufacturer’s protocol, the samples were sequenced by Sanger Sequencing in 

Medsantek Company. Sequencing results were analyzed by using CLC Main 

Workbench. 

 

3.2.7.  Control of Off-Target Effect in Single Cell Colonies Showing p53-/- 

Profile 

 

In order to detect if there was an off-target effect due to CRISPR A or 

CRISPR C in the single cell colonies showing p53-/- profile (colony 2, 16, 17), T7EI 

assay was performed. For this purpose, by using the gDNAs of single colonies 

showing p53-/- profile (colony 2, 16, 17), to amplify CRISPR A Off_Target Site (the 

most possible off-target site for CRISPR A), PCR was carried out with 

CRISPR_A_Off_Target_fwd and CRISPR_A_Off_Target_rev primers  and to 

amplify CRISPR C Off_Target Site (the most possible off-target site for CRISPR C) 

PCR was carried out with CRISPR_C_Off_Target_fwd and CRISPR_C_Off_ 

Target_rev primers. The Off-Target PCR components and conditions are show in 

Table 3.27 and Table 3.28, respectively. 
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Table 3.27 Off-target PCR components 

Components Amounts 

MyTaq Buffer (5X) 5 μL 

Template DNA  1 μL 

Forward Primer (5 μM) 1 μL 

Reverse Primer (5 μM) 1 μL 

MyTaq Polymerase (5U/μL) 0.125 μL 

ddH2O 16.875 μL 

Total 25 μL 

 
  

 

 

Table 3.28 Off-target PCR conditions 

 

 Temperature  Time 
Initial Denaturation 95 °C  3 min 
Denaturation 95 °C  15 s 
Annealing 58°C  15 s 
Extension 72 °C 40 s 
Hold 4 °C  ∞  

 
 

 

By using PCR products of CRISPR A Off-Target and CRISPR C Off-Target, 

T7EI assay was carried out as described in section 3.2.4.6. The off-target PCR 

products were run in 2% agarose gel stained with EtBr and visualized under UV light 

using BioRad ChemiDoc MP Imaging System. 

 

 

 

 

 

40X Cycles 
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3.2.8. Western Blot  

 

 

 In order to control p53 protein expression, whole cell proteins were extracted 

from WT, CRISPR NT-C1+ CRISPR NT-C2 co-transfected cells, CRISPR A + 

CRISPR C co-transfected cells and single cell colonies showing the p53-/- profile 

colony 2, colony 16 and colony 17. Cells were collected after trypsinization and 

centrifuged at 1.000 rpm for 5 min at 4 °C. Supernatants were discarded. Cells were 

washed with 10 mL ice cold 1X DPBS. Cells were centrifuged at 1.000 rpm for 5 

min at 4 °C. Supernatants were discarded. Pellets were resuspended with 1 mL ice 

cold 1X DPBS. Cells were centrifuged at 1.000 rpm for 5 min at 4 °C. Then, 

supernatants were discarded. Cells were resuspended with 250 μL cell lysis buffer + 

protease inhibitor and centrifuged at max speed for 15 min at 4°C. After 

centrifugation, lysates were collected into new tube and stored at -80 °C. Then, 

protein concentrations were quantified with Bradford assay (Serva #3922201) 

according to manufacturer’s protocol.  

  

The lysates were incubated in 1X Laemmli Buffer at 95oC for 10 min and 

then centrifuged at 14.000 rpm for 5 min at 4oC. From the supernatant, 50 μg protein 

samples were run in SDS gels composed of 4% stacking and 13% separating parts. 

The compositions of these parts were explained in section 3.1.3. The gels were run in 

1X running buffer at 80 V for 2-2.5 h. After running, proteins were transferred to 

0.45 μm PVDF membranes in 1X transfer buffer at 250 mA for 120 min at 4°C. 

Then, the membranes were blocked in 5% non-fat milk in PBS at RT for 1h with 

continuous shake. After blocking, membranes were washed 3 times with 15 mL 

PBS-T for 10 min. Primary antibodies (either anti-p53 antibody or anti-β-actin 

antibody) were diluted with a ratio of 1:1000 in red solution and the membranes were 

incubated with the primary antibody dilutions at 4oC for 16 h with continuous shake. 

After primary antibody incubation, membranes were washed 3 times with 15 mL 

PBS-T for 10 min. Secondary antibodies (either anti-mouse HRP antibody or anti-
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rabbit HRP antibody) were diluted with a ratio of 1:10000 in 5% non-fat milk in PBS 

at RT for 1 h with continuous shake. After secondary antibody incubation, 

membranes were washed 3 times with 15 mL PBS-T for 10 min. Membranes were 

then incubated with chemiluminescent substrate at RT for 5 min and then visualized 

by using BioRad ChemiDoc MP Imaging System. 

 

3.2.9. Trypan Blue Exclusion Assay  

 

 In order to assess the proliferation difference of U87-MG cells and U87-MG 

p53-/- cells, trypan blue exclusion assay was performed. Cells were kept at 37 °C with 

5% CO2. U87-MG cells and U87-MG p53-/- cells were seeded as 2.5 x 104 cell/well 

in 24-well plate and incubated at 37 °C with 5% CO2. 24h, 48h, 72h, 96h and 120 h 

after seeding, the cells were trypsinized and collected. The cells were then stained 

with trypan blue and the live cells were counted.   This experiment was performed 

with three replicates and repeated three times. The statistical analysis of the results 

was done with two-way ANOVA in GraphPad Prism. 

 

3.2.10. Wound Healing Assay (Scratch Assay)  

 

 

In order to compare the migration abilities of U87-MG cells and U87-MG 

p53-/- cells, wound healing assay was performed. U87-MG cells and U87-MG p53-/- 

cells were seeded as 8.5 x 104 cells/well in 24-well plates in cDMEM with 10%FBS. 

Cells were incubated at 37 °C with 5% CO2. 24h after the seeding, for each well the 

wound area was created by scratching the middle of the wells with 200 μL tip. After 

the scratch, the medium was replaced with cDMEM containing 1%FBS. For the 

control groups, the medium was replaced with 10%FBS. In order to track the wound 



 

58 

 

closure, images of the wound area were taken with ZEISS Axio Vert.A1 inverted 

microscope at 0, 24, 48 and 72 h time points This experiment was performed with 

three replicates and repeated three times. The wound areas were quantified with MRI 

Wound Healing Tool- Image J macros. The percentage of the wound closure was 

calculated by this formula:  Wound Closure % = (1-(WAt / WA0)) X 100. The 

statistical analysis of the results was performed with two-way ANOVA in GraphPad 

Prism. 
 

 

  

3.2.11. Colony Formation Assay  

 

In order to compare the colony formation abilities of U87-MG cells and U87-

MG p53-/- cells, colony formation assay was performed. U87-MG cells and U87-MG 

p53-/- cells were seeded as 2 x 103 cells/well in 6-well plates in cDMEM. The cells 

were incubated at 37 °C with 5% CO2 and every 3-4 days the growth medium was 

replaced with fresh cDMEM. After 20 days of incubation, the cells were washed 2 

times with 1X DPBS and fixed with methanol for 20 min. After fixation, cells were 

washed 2 times with 1X DPBS and stained with 0.5% crystal violet solution at RT 

for 10 min. After the staining, the excess dye was removed and the wells were 

washed two times with dH2O. Then, the plates were air-dried for 30 min. After 

taking the images of the well-plates, crystal violet was solubilized with 10 % acetic 

acid and the absorbance was measured at 590 nm by Thermo VarioSkan. This 

experiment was performed with three replicates and repeated three times. The 

statistical analysis of the results was performed with two sample student t-test in 

GraphPad Prism. 
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4. RESULTS 

4.1.Cloning gRNA Candidates into pSp-Cas9(BB)-2A-Puro (PX459) V2.0 

Plasmid  

 

4.1.1. Diagnostic Digestion of the pSp-Cas9(BB)-2A-Puro (PX459) V2.0 

Plasmid  

 

 

For gRNA cloning, pSp-Cas9(BB)-2A-Puro (PX459) V2.0 plasmid (Addgene 

plasmid # 62988) was planned to use. Before cloning experiments, diagnostic 

digestions of the plasmid with different restrictions enzymes were performed. 

According to the plasmid map that is shown in Figure 4.1A. PstI, EcoRI, EcoRV, 

NotI, BglI, and SacI restriction sites were selected for further digestion reactions. 

The expected bands as the results of PstI, EcoRI, EcoRV, NotI, BglI, SacI single 

digestions and EcoRV+NotI double digestion were shown in Figure 4.1B and the 

results of these restriction digestion reactions were shown in Figure 4.1C. As it can 

be observed from Figure 4.1C, all the band sizes of the restriction enzyme digestion 

products were correct and matching with the expected band sizes.  
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Figure 4.1 Diagnostic digestion of pSp-Cas9(BB)-2A-Puro (PX459) V2.0 plasmid 
with different restriction enzymes. (A) The map of pSp-Cas9(BB)-2A-Puro (PX459) 
V2.0 plasmid. (B) Expected band sizes after indicated restriction enzyme digestions. 
(C) The results of the restriction enzyme digestions. The restriction enzyme digestion 
products were loaded to 1% agarose gel and run at 120 V for 2 h. Sizes of some 
marker bands are indicated with arrows. Uncut plasmid lane shows the undigested 
pSp-Cas9(BB)-2A-Puro (PX459) V2 plasmid.  
 

A.

Restriction Enzyme Expected Bands

PstI 3016bp, 1743bp, 1547bp, 1422bp, 1212bp, 
204bp, 30bp

EcoRI 8505bp, 669bp

EcoRV 9174bp (Linearization of the Plasmid)

NotI 9174bp (Linearization of the Plasmid)

EcoRV+NotI double
digestion 5964bp, 3210bp

BglI 2901bp, 1956bp, 1625bp, 1480bp, 603bp, 
303bp, 131bp, 104bp, 71bp

SacI 6576bp, 2598bp
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4.1.2. Oligonucleotide Annealing and Cloning into pSp-Cas9(BB)-2A-Puro 
(PX459) V2.0 Plasmid 

 
 

 

In order to create U87-MG p53-/- cell line, two target regions were 

determined as upstream and downstream target regions in the TP53 gene locus as 

shown in Figure 3.1. Considering these target regions, four gRNA candidates (gRNA 

A, B, C and D) were designed. gRNA A and B were designed to target the upstream 

target region whereas gRNA C and D were designed to target the downstream target 

region as shown in Figure 3.1. In addition, two non-targeting gRNAs (gRNA NT-C1 

and NT-C2), which do not target anywhere in the genome, were planned to use as 

negative controls. 

 

 

For each gRNA (A, B, C, D, NT-C1 and NT-C2), the top strand 

oligonucleotide (gRNA target sequence) and the bottom strand oligonucleotide 

(reverse complement of gRNA target sequence) were annealed individually. As 

shown in Figure 4.2, compared to individual top and bottom oligonucleotide lanes, in 

annealed oligo lanes, there are bright bands which indicate the successful annealing 

process.  
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Figure 4.2 The results of top and bottom oligonucleotide annealing of each gRNA 
candidates and non-targeting gRNAs. Oligonucleotide annealing results for (A) 
gRNA A and B (B) gRNA C and D (C) gRNA NT-C1 and NT-C2. The products of 
each annealing reaction were loaded into 2% agarose gel and run at 90 V for 30 min. 
For each annealing reaction, top and bottom single stranded oligonucleotides were 
also loaded as controls of the reactions. Sizes of some marker bands are indicated 
with red arrows.  

 

 

 

The annealed oligonucleotides of each gRNA candidate and each non-

targeting control were cloned into pSp-Cas9(BB)-2A-Puro (PX459) V2.0 plasmid by 

using BbsI restriction enzyme and T4 DNA ligase. After ligation reactions, the 

cloned plasmids were transformed into chemically competent E.coli DH5α strain and 

spread on LB agar medium containing Ampicillin for positive selection. After 

growth for 16 h at 37°C, the bacterial colonies were observed. For each CRISPR 

cloning, 10 colonies were selected for further growth in LB containing Ampicillin for 

plasmid DNA isolation. After 16 h of growth in LB containing Ampicillin, the 

miniprep plasmid DNAs were isolated. In order to screen the cloned plasmids, PCR 

reactions were carried out. In these PCR reactions, hU6fwd primer was used as 
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forward primer, and as reverse primer, bottom oligonucleotides specific to each 

different gRNA candidate and non-targeting control gRNAs were used. For each 

PCR reaction, there was also the PCR negative control in which there was no 

template DNA. In Figure 4.3, the PCR products of CRISPR A cloning, in Figure 4.4, 

the PCR products of CRISPR B cloning, in figure 4.5, the PCR products of CRISPR 

C cloning, in Figure 4.6, the PCR products of CRISPR D cloning, in Figure 4.7, the 

PCR products of CRISPR NT-C1 cloning, and in Figure 4.8, the PCR products of 

CRISPR NT-C2 cloning are shown. The expected PCR product size for the correctly 

cloned CRISPR plasmids is 274 bp and as seen from the Figures from 4.3 to 4.8 for 

A, C, D, NT-C1 and NT-C2 10 out of 10 bacterial clones and for B 9 out of 10 

bacterial clones had successfully cloned plasmids.CRISPR A cloning, CRISPR B 

cloning, CRISPR C cloning, CRISPR D cloning, CRISPR NT-C1 cloning and 

CRISPR NT-C2 cloning are shown in Figure 4.3, Figure 4.4, Figure 4.5, Figure 4.6, 

Figure 4.7 and Figure 4.8 respectively. 

 
 

Figure 4.3 PCR screening of CRISPR cloning for candidate A. The cloned plasmids 
that were isolated from 10 different bacterial colonies were PCR amplified with hU6 
fwd as forward primer and bottom oligonucleotide for gRNA A as reverse primer. 
The products of each PCR reaction were loaded into 1% agarose gel and run at 100 
V for 60 min. The expected size of the PCR product is 274 bp. The negative control 
of the PCR reaction does not include template DNA. Sizes of some marker bands are 
indicated with red arrows.  
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Figure 4.4 PCR screening of CRISPR cloning for candidate B. The cloned plasmids 
that were isolated from 10 different bacterial colonies were PCR amplified with hU6 
fwd as forward primer and bottom oligonucleotide for gRNA B as reverse primer. 
The products of each PCR reaction were loaded into 1% agarose gel and run at 100 
V for 60 min. The expected size of the PCR product is 274 bp. The negative control 
of the PCR reaction does not include template DNA. Sizes of some marker bands are 
indicated with red arrows.  

 
 

Figure 4.5 PCR screening of CRISPR cloning for candidate C. The cloned plasmids 
that were isolated from 10 different bacterial colonies were PCR amplified with hU6 
fwd as forward primer and bottom oligonucleotide for gRNA C as reverse primer. 
The products of each PCR reaction were loaded into 1% agarose gel and run at 100 
V for 60 min. The expected size of the PCR product is 274 bp. The negative control 
of the PCR reaction does not include template DNA. Sizes of some marker bands are 
indicated with red arrows.  
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Figure 4.6 PCR screening of CRISPR cloning for candidate D. The cloned plasmids 
that were isolated from 10 different bacterial colonies were PCR amplified with hU6 
fwd as forward primer and bottom oligonucleotide for gRNA D as reverse primer. 
The products of each PCR reaction were loaded into 1% agarose gel and run at 100 
V for 60 min. The expected size of the PCR product is 274 bp. The negative control 
of the PCR reaction does not include template DNA. Sizes of some marker bands are 
indicated with red arrows.  

 
 

Figure 4.7 PCR screening of CRISPR cloning for NT-C1. The cloned plasmids that 
were isolated from 10 different bacterial colonies were PCR amplified with hU6 fwd 
as forward primer and bottom oligonucleotide for gRNA NT-C1 as reverse primer. 
The products of each PCR reaction were loaded into 1% agarose gel and run at 100 
V for 60 min. The expected size of the PCR product is 274 bp. The negative control 
of the PCR reaction does not include template DNA. Sizes of some marker bands are 
indicated with red arrows.  
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Figure 4.8 PCR screening of CRISPR cloning for NT-C2. The cloned plasmids that 
were isolated from 10 different bacterial colonies were PCR amplified with hU6 fwd 
as forward primer and bottom oligonucleotide for gRNA NT-C2 as reverse primer. 
The products of each PCR reaction were loaded into 1% agarose gel and run at 100 
V for 60 min. The expected size of the PCR product is 274 bp. The negative control 
of the PCR reaction does not include template DNA. Sizes of some marker bands are 
indicated with red arrows.  
 
 
 
 

4.1.3. Confirmation of the Cloned CRISPR Plasmids with Sanger Sequencing 

 

 

The plasmid DNAs that were isolated from three different bacterial colonies 

were sequenced for further confirmation. For each cloning, out of three clones, at 

least one clone has 100% correct DNA sequence. The comparison of the expected 

sequence after cloning and the 100% matching sequencing results are shown in 

Figure 4.9 for candidate A, in Figure 4.10 for candidate B, in Figure 4.11 for 

candidate C, in Figure 4.12 for candidate D, in Figure 4.13 for non-targeting control 

NT-C1, and in Figure 4.14 for non-targeting control NT-C2.  
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From now on, candidate A colony 3 is denoted as CRISPR A, candidate B 

colony 5 is denoted as CRISPR B, candidate C colony 9 is denoted as CRISPR C, 

candidate D colony 4 is denoted as CRISPR D, non-targeting control NT-C1 colony 

8 is denoted as CRISPR NT-C1, and non-targeting control NT-C2 colony 8 is 

denoted as CRISPR NT-C2. 

 

 
 

Figure 4.9 Sanger sequencing result of candidate A colony 3. The expected sequence 
after CRISPR cloning and sequencing result of candidate A colony 3 were compared 
by using CLC Main Workbench Software. The sequence of gRNA A is highlighted 
as blue. CRISPR candidate A colony 3, has 100% match with the theoretical 
expected sequence. 
 

 

 
 

Figure 4.10 Sanger sequencing result of candidate B colony 5. The expected 
sequence after CRISPR cloning and sequencing result of candidate B colony 5 were 
compared by using CLC Main Workbench Software. The sequence of gRNA B is 
highlighted as blue. CRISPR candidate B colony 5, has 100% match with the 
theoretical expected sequence. 
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Figure 4.11 Sanger sequencing result of candidate C colony 9. The expected 
sequence after CRISPR cloning and sequencing result of candidate C colony 9 were 
compared by using CLC Main Workbench Software. The sequence of gRNA C is 
highlighted as blue. CRISPR candidate C colony 9, has 100% match with the 
theoretical expected sequence. 
 

 

 
 

Figure 4.12 Sanger sequencing result of candidate D colony 4. The expected 
sequence after CRISPR cloning and sequencing result of candidate D colony 4 were 
compared by using CLC Main Workbench Software. The sequence of gRNA D is 
highlighted as blue. CRISPR candidate D colony 4, has 100% match with the 
theoretical expected sequence. 
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Figure 4.13 Sanger sequencing result of NT-C1 colony 8. The expected sequence 
after CRISPR cloning and sequencing result of NT-C1 colony 8 were compared by 
using CLC Main Workbench Software. The sequence of gRNA NT-C1 is highlighted 
as blue. CRISPR NT-C1 colony 8, has 100% match with the theoretical expected 
sequence. 
 

 

 
 

Figure 4.14 Sanger sequencing result of NT-C2 colony 8. The expected sequence 
after CRISPR cloning and sequencing result of NT-C2 colony 8 were compared by 
using CLC Main Workbench Software. The sequence of gRNA NT-C2 is highlighted 
as blue. CRISPR NT-C2 colony 8, has 100% match with the theoretical expected 
sequence. 
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4.2.Determination of Puromycin Concentration for Enrichment of the 

Transfected Population 

 

 

After the delivery of the cloned CRISPR plasmids, in order to enrich the 

transfected cells in the total cell population, the transfected cells were planned to 

treat with Puromycin for a limited time period. Therefore, in order to determine the 

optimum concentration for this enrichment, U87-MG cells were treated with 

different concentrations of Puromycin (0.1 μg/mL, 0.25 μg/mL, 0.5 μg/mL, 1 μg/mL, 

2 μg/mL, 3 μg/mL, 4 μg/mL and 5 μg/mL) for one week. After one-week treatment, 

the cell viability % was determined by trypan blue exclusion assay. As seen from 

Figure 4.15, the cell viability was decreased to 55.50% for 0.1 μg/mL concentration, 

4.06% for 0.25 μg/mL concentration and 0.18% for 0.5 μg/mL concentration. For 1 

μg/mL concentration and all the above concentrations, the cell viability % was 0. In 

this study, the aim was not the stable selection of the transfected cells. On the other 

hand, the aim was only the enrichment of the transfected cells. Therefore, for the 

enrichment of the transfected cells in the cell population, the optimum concentration 

of Puromycin was determined as 0.5 μg/mL.  
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Figure 4.15 Cell Viability % vs Puromycin concentration graph. U87-MG cells were 
treated with 0.1 μg/mL, 0.25 μg/mL, 0.5 μg/mL, 1 μg/mL, 2 μg/mL, 3 μg/mL, 4 
μg/mL and 5 μg/mL Puromycin for one week. After one week, for each 
concentration, cell viability % was determined by trypan blue exclusion assay. 
 
 
 
 
4.3.Small-Scale Transfection Optimization 

 

 

In order to visualize the individual editing performances, the individual 

CRISPR candidates were transfected into 3x105 cells in 6-wells. In this thesis, this 

scale of transfection is named as small-scale transfections. Prior to the CRISPR 

candidate transfections, to find the optimum conditions for small-scale transfections, 

different DNA: Lipofectamine 3000 ratios were tried and the results of these 

optimization experiments are explained in section 4.3.1 and 4.3.2. 
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4.3.1. Microscopy Results of Small-Scale Transfection Optimization 

 

 

The CRISPR plasmids of the candidates and the non-targeting CRISPR 

plasmids were planned to be transiently transfected to U87-MG cells with 

Lipofectamine 3000 in 6-well plates. In order to, find the optimum transfection 

conditions for small-scale transfections, different DNA:Lipofectamine 3000 ratios 

were tested. For small scale transfections (2.5 μg DNA into 3x105 cells/well in 6-well 

plates), three different pcDNAGFP:Lipofectamine 3000 ratios (1:1.5,1:3,1:5) were 

used. 48 h after transfection, the GFP expressing cells were visualized in FITC 

channel of ZEISS Axio Vert.A1 inverted microscope with 10X magnification. As 

seen in Figure 4.16, as the pcDNAGFP:Lipofectamine 3000 increased, the number of 

GFP expressing cells also increased. However, their morphologies were also 

changing. Especially, in 1:5 ratio, the morphology was resembling apoptotic cell 

morphology. By considering not only GFP positive cell percentage, but also the 

cellular health, among the three different conditions, 1:3 was determined as the 

optimum pcDNAGFP:Lipofectamine 3000 ratio. 

 

Figure 4.16 Microscopy images of GFP expressing cells that are transfected with 
different pcDNAGFP:Lipofectamine 3000 ratios for small-scale transfection 
experiments. U87-MG cells were transfected with 1:1.5, 1:3 and 1:5 ratios of 
pcDNAGFP:Lipofectamine 3000 to optimize small-scale transfections (2.5 μg DNA 
into 3x105 cells/well in 6-well plates). After 48 h, the transfected cells were 
visualized in FITC channel of ZEISS Axio Vert.A1 inverted microscope with 10X 
magnification. The green cells are the GFP expressing cells. The 100 μm scale bars 
are shown at the right end corners of each image. 
 

Ratio of DNA : Lipofectamine 3000

1: 1.5 1: 3 1: 5 
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4.3.2. Flow Cytometry Results of Small- Scale Transfection Optimization 

 

 

The transfected cells that were visualized under fluorescent microscope 

(explained in section 4.3.1) were also further analyzed with flow cytometer to 

quantify the transfection efficiency. In Figure 4.17, left panels show the Forward 

Scatter (FSC) vs Side Scatter (SSC) dot plots of the cell populations. FCS indicates 

the size of the cells whereas SSC indicates the granularity of the cells. After gating to 

the live cell population (P1 gate), FITC histograms of live cell populations were 

plotted. On the right panel of Figure 4.17, FITC histograms of the live cell 

populations are shown. The FITC positive cell gate (P2) which is determined 

according to untransfected (GFP negative) cells, indicates the GFP positive cell 

percent in the live cell population. As seen in Figure 4.17, when 

pcDNAGFP:Lipofectamine 3000 ratio was 1:1.5, the transfection efficiency was 

22.39%, when pcDNAGFP:Lipofectamine 3000 ratio was 1:3, the transfection 

efficiency was 60.37%, when pcDNAGFP:Lipofectamine 3000 ratio was 1:5, the 

transfection efficiency was 72.84%. Although, the efficiency of transfection was 

increasing with the increasing ratio of pcDNAGFP:Lipofectamine 3000, the live cell 

population in P1 gate was resembling apoptotic cell morphology. Therefore, in 

consistent with microscopy results, flow cytometry results also indicated that 1:3 

ratio was determined as the optimum ratio if both transfection efficiency and cell 

viability were together considered.  
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Figure 4.17 Flow cytometry results of cells that are transfected with different 
pcDNAGFP:Lipofectamine 3000 ratios for small - scale transfection experiments. 
U87-MG cells were transfected with 1:1.5, 1:3 and 1:5 ratios of pcDNAGFP 
:Lipofectamine 3000 to optimize small-scale transfections (2.5 μg DNA into 3x105 

cells/well in 6-well plates). After 48 h, (A) untransfected cells (B) transfected cells 
with 1:1.5 ratio of pcDNAGFP:Lipofectamine 3000 (C) transfected cells with 1:3 
ratio of pcDNAGFP:Lipofectamine 3000 (D) transfected cells with 1:5 ratio of 
pcDNAGFP:Lipofectamine 3000, were analyzed with flow cytometry.  FSC vs SSC 
dot plots are on the left panel and FITC histograms are on the right panel. FSC 
represents cell size and SSC represents cell granularity. P1 gate in FSC vs SSC dot 
plots indicate live cell population.  P2 gate in FITC histograms indicate GFP positive 
cell population. Untransfected cell population was the negative control for the GFP 
expression.  
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4.4.Comparison of Individual Gene Editing Performances of CRISPR 

Candidates by RFLP and T7EI Assays 

 

In order to see the individual gene editing performances of CRISPR 

candidates, the cloned and confirmed CRISPR candidate plasmids (A, B, C and D) 

and non-targeting CRISPR control plasmids (NT-C1 and NT-C2) were individually 

transfected to U87-MG cells with the optimized DNA: Lipofectamine 3000 ratio 

(1:3). After 48 h, the cell population was treated with 0.5 μg/mL Puromycin for one 

week to enrich the transfected cell population. Following this enrichment, gDNA was 

isolated. After PCR amplification of the specific target regions, Restriction Fragment 

Length Polymorphism (RFLP) and T7 Endonuclase I (T7EI) assays were performed 

in order to observe individual gene editing performances. 

 

As the upstream target region is a long region, this region as upstream target 

region A and upstream target region B were PCR amplified in order to perform 

RFLP analysis of CRISPR A and B, respectively. To assess the gene editing 

performance of CRISPR A, the upstream target region A was amplified by 

performing PCR with Upstream_Target_Region_A_Fwd and Upstream_Target_ 

Region_A_Rev primers. PCR amplification of upstream target region A is expected 

to give a PCR product of 666 bp. As seen in Figure 4.18 left panel, the HinfI 

restriction site in this region, is expected to be destroyed as the result of CRISPR A 

activity. In the presence of HinfI restriction enzyme, PCR product (666 bp) of the 

wild type (WT, untransfected cells) and non-targeting controls (NT-C1 and NT-C2) 

populations, were expected to be cleaved into two bands as a band of 381 bp and a 

band of 285 bp. However, in the cell population that were transfected with CRISPR 

A, in addition to these bands, undigested band of 666 bp was seen as a result of HinfI 

restriction site destruction due to IN-DELs caused by CRISPR A activity. As seen 

from Figure 4.18 right panel, there is an intensity increase in the undigested PCR 
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product band in the presence of HinfI restriction enzyme, compared to WT and other 

non-targeting controls (NT-C1 and NT-C2). 

 

    
  

Figure 4.18 RFLP assay results of CRISPR A. For RFLP analysis, upstream target 
region A of untransfected (WT) cells, non-targeting control CRISPR NT-C1 
transfected, non-targeting control CRISPR NT-C2 transfected and CRISPR A 
transfected cells, were PCR amplified with Upstream_Target_Region_A_Fwd and 
Upstream_ Target_ Region_ A_Rev primers. Schematic representation of upstream 
target region A is shown on the left panel. In the upstream target region A, the HinfI 
restriction site that is expected to be destroyed as the result of CRISPR A activity is 
shown with red dashed line. The expected band sizes are indicated on the schematic 
representation.  The PCR products were digested with HinfI restriction enzyme and 
the digestion products were loaded into 2% agarose and run at 100 V for 60 min. The 
gel image is shown on the right panel. Sizes of some marker bands are indicated with 
red arrows. (-) indicates the absence of HinfI restriction enzyme, (+) indicates the 
presence of HinfI restriction enzyme.  
 
 

 

T7 endonuclease I (T7EI) mismatch detection assays are used to identify gene 

editing performance of CRISPR candidates at their specific target site. In T7EI assay, 

the target region of CRISPR candidate was PCR amplified. After denaturation and 

re-annealing of the PCR product, unmatched DNA sequences are formed due to IN-

DELs created as a result of CRISPR/Cas9 activity. T7EI is capable of recognizing 

and cleaving these unmatched DNA sequences. Upstream target region CRISPR A 

was amplified by PCR with Upstream_Target_Region_A_Fwd and Upstream_Targe 

t_Region_ A_Rev primers. After PCR amplification of the target region, the PCR 

products were subjected to T7EI assay protocol and the band patterns in the absence 
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and presence of T7EI were analyzed. As it can be seen from Figure 4.19, the PCR 

product of CRISPR A transfected cells were digested efficiently with T7EI, 

indicating the activity of CRISPR A in the upstream target region. In untransfected 

cells (WT), non-targeting control CRISPR transfected cells (NT-C1 and NT-C2), 

T7EI digestion resulted in intact uncut bands due to lack of CRISPR A activity. 

However, in CRISPR A transfected cells, in the presence of T7EI, a portion of the 

denatured and re-annealed PCR product was digested which indicates the activity of 

CRISPR A. As the sample was derived from a heterogenous cell pool, a portion of 

the denatured and re-annealed PCR product was undigested. 
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Figure 4.19 T7EI assay results of CRISPR A. For T7EI analysis, upstream target 
region A of untransfected (WT) cells, non-targeting control CRISPR NT-C1 
transfected cells, non-targeting control CRISPR NT-C2 transfected cells and 
CRISPR A transfected cells were PCR amplified with Upstream_Target_Region 
_A_Fwd and Upstream_ Target_ Region_ A_Rev primers. The PCR products were 
subjected to T7EI assay protocol and products were loaded into 2% agarose and run 
at 100 V for 60 min. Sizes of some marker bands are indicated with red arrows. (-) 
indicates the absence of T7EI endonuclease enzyme, (+) indicates the presence of 
T7EI endonuclease enzyme.  
 
  

In order to assess the gene editing performance of CRISPR B, the upstream 

target region B was amplified by performing PCR with Upstream_Target 

_Region_B_Fwd and Upstream_Target_Region_B_Rev primers. PCR amplification 

of upstream target region B is expected to give a PCR product of 648 bp. As seen in 

Figure 4.20 left panel, the NciI restriction site in this region, is expected to be 

destroyed as the result of CRISPR B activity. In the presence of NciI restriction 

enzyme, PCR product (648 bp) of the wild type (WT, untransfected cells) and non-

targeting controls (NT-C1 and NT-C2) populations, were expected to be cleaved into 

two bands as a band of 452 bp and a band of 196 bp. However, in the cell population 

Marker

Untransfected,WT CRISPR NT-C1 CRISPR NT-C2 CRISPR A

-      + -     + - + - +T7EI:

500 bp

1000 bp

1500 bp

700 bp

300 bp

200 bp

3000 bp



 

79 

 

that were transfected with CRISPR B, in addition to these bands, undigested band of 

648 bp was seen as a result of NciI restriction site destruction due to IN-DELs caused 

by CRISPR B activity. As seen from Figure 4.20 right panel, there is an intensity 

increase in the undigested PCR product band in the presence of NciI restriction 

enzyme, compared to WT and other non-targeting controls (NT-C1 and NT-C2). 

 

      
 

Figure 4.20 RFLP assay results of CRISPR B. For RFLP analysis, upstream target 
region B of untransfected (WT) cells, non-targeting control CRISPR NT-C1 
transfected, non-targeting control CRISPR NT-C2 transfected and CRISPR B 
transfected cells, were PCR amplified with Upstream_Target_Region_B_Fwd and 
Upstream_Target_Region_B_Rev primers. Schematic representation of upstream 
target region B is shown on the left panel. In the upstream target region B, the NciI 
restriction site that is expected to be destroyed as the result of CRISPR B activity is 
shown with red dashed line. The expected band sizes are indicated on the schematic 
representation.  The PCR products were digested with NciI restriction enzyme and 
the digestion products were loaded into 2% agarose and run at 100 V for 60 min. The 
gel image is shown on the right panel. Sizes of some marker bands are indicated with 
red arrows. (-) indicates the absence of NciI restriction enzyme, (+) indicates the 
presence of NciI restriction enzyme.  
 
 

 

Upstream target region CRISPR B was amplified by performing PCR with 

Upstream_Target_Region_B_Fwd and Upstream_Target_Region_B_Rev primers. 

After PCR amplification of the target region, the PCR products were subjected to 

T7EI assay protocol and the band patterns in the absence and presence of T7EI were 

analyzed. As it can be seen from Figure 4.21, PCR product of CRISPR B transfected 

cells were digested efficiently with T7EI, indicating the activity of CRISPR B in the 
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upstream target region. In untransfected cells (WT), non-targeting control CRISPR 

transfected cells (NT-C1 and NT-C2), T7EI digestion resulted in intact uncut bands 

due to lack of CRISPR B activity. However, in CRISPR B transfected cells, in the 

presence of T7EI, denatured and re-annealed PCR product was digested completely. 

 

 
 

Figure 4.21 T7EI assay results of CRISPR B. For T7EI analysis, upstream target 
region B of untransfected (WT) cells, non-targeting control CRISPR NT-C1 
transfected cells, non-targeting control CRISPR NT-C2 transfected cells and 
CRISPR B transfected cells were PCR amplified with Upstream_ Target_Region 
_B_Fwd and Upstream_Target_Region_B_Rev primers. The PCR products were 
subjected to T7EI assay protocol and products were loaded into 2% agarose and run 
at 100 V for 60 min. Sizes of some marker bands are indicated with red arrows. (-) 
indicates the absence of T7EI endonuclease enzyme, (+) indicates the presence of 
T7EI endonuclease enzyme.  

 

In order to confirm the gene editing performance of CRISPR C, the 

downstream target region was amplified by performing PCR with Downstream_ 

Target_Region_Fwd and Downstream_Target_Region_Rev primers. PCR 

amplification of downstream target region is expected to give a PCR product of 884 

bp. As seen in Figure 4.22 left panel, the Aor51HI restriction site in this region, is 
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expected to be destroyed as the result of CRISPR C activity. In the presence of 

Aor51HI restriction enzyme, PCR product (884 bp) of the wild type (WT, 

untransfected cells) and non-targeting controls (NT-C1 and NT-C2) populations, 

were expected to be cleaved into two bands as a band of 725 bp and a band of 159 

bp. As seen from Figure 4.22 right panel, the band patterns of digestion products and 

the intensities of the undigested PCR product in the presence of Aor51HI were 

similar in the WT, non-targeting controls (NT-C1 and NT-C2) and CRISPR C 

transfected samples. 

       
 

Figure 4.22 RFLP assay results of CRISPR C. For RFLP analysis, downstream 
target region of untransfected (WT) cells, non-targeting control CRISPR NT-C1 
transfected, non-targeting control CRISPR NT-C2 transfected and CRISPR C 
transfected cells, were PCR amplified with Downstream_Target_Region_Fwd and 
Downstream_Target_Region_Rev primers. Schematic representation of downstream 
target region  is shown on the left panel. In the downstream target region, the 
Aor51HI restriction site that is expected to be destroyed as the result of CRISPR C 
activity is shown with red dashed line. The expected band sizes are indicated on the 
schematic representation.  The PCR products were digested with Aor51HI restriction 
enzyme and the digestion products were loaded into 2% agarose and run at 100 V for 
60 min. The gel image is shown on the right panel. Sizes of some marker bands are 
indicated with red arrows. (-) indicates the absence of Aor51HI restriction enzyme, 
(+) indicates the presence of Aor51HI restriction enzyme.  
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T7EI assay protocol and the band patterns in the absence and presence of T7EI were 

analyzed. As it can be seen from Figure 4.23, PCR product of CRISPR C transfected 

cells were digested with T7EI, indicating the activity of CRISPR C in the 

downstream target region. In untransfected cells (WT), non-targeting control 

CRISPR transfected cells (NT-C1 and NT-C2), T7EI digestion resulted in intact 

uncut bands due to lack of CRISPR C activity. In CRISPR C transfected cells, in the 

presence of T7EI, most of the denatured and re-annealed PCR product was digested. 

As the sample was derived from a heterogenous cell pool, a portion of the denatured 

and re-annealed PCR product was undigested.  

 

 
 
Figure 4.23 T7EI assay results of CRISPR C and CRISPR D. For T7EI analysis, 
downstream target region of untransfected (WT) cells, non-targeting control CRISPR 
NT-C1 transfected cells, non-targeting control CRISPR NT-C2 transfected cells, 
CRISPR C and CRISPR D transfected cells were PCR amplified with Downstream 
_Target_Region_Fwd and Downstream_Target_Region_Rev primers. The PCR 
products were subjected to T7EI assay protocol and products were loaded into 2% 
agarose and run at 100 V for 60 min. Sizes of some marker bands are indicated with 
red arrows. (-) indicates the absence of T7EI endonuclease enzyme, (+) indicates the 
presence of T7EI endonuclease enzyme.  

 

In order to confirm the gene editing performance of CRISPR D, the 
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PCR amplification of downstream target region is expected to give a PCR product of 

884 bp. There are two HinfI resctriction sites in this region. The HinfI restriction site 

indicated with “*” in Figure 4.24 left panel is expected to be destroyed as the result 

of CRISPR D activity. In the presence of HinfI restriction enzyme, PCR product (884 

bp) of the wild type (WT, untransfected cells) and non-targeting controls (NT-C1 and 

NT-C2) populations, were expected to be cleaved into three bands as a band of 626 

bp, a band of 176 bp and a band of 82 bp. The band patterns of digestion products 

and the intensities of the undigested PCR product in the presence of HinfI were 

similar in the WT, non-targeting controls (NT-C1 and NT-C2) and CRISPR D 

transfected samples. 

  
Figure 4.24 RFLP assay results of CRISPR D. For RFLP analysis, downstream 
target region of untransfected (WT) cells, non-targeting control CRISPR NT-C1 
transfected, non-targeting control CRISPR NT-C2 transfected and CRISPR D 
transfected cells, were PCR amplified with Downstream_Target_Region_Fwd and 
Downstream_Target_Region_Rev primers. Schematic representation of downstream 
target region  is shown on the left panel. The two HinfI restriction sites are shown 
with red dashed lines. The HinfI restriction site that is expected to be destroyed by 
CRISPR D activity is indicated with “*”. The expected band sizes are indicated on 
the schematic representation.  The PCR products were digested with HinfI restriction 
enzyme and the digestion products were loaded into 2% agarose and run at 100 V for 
60 min. The gel image is shown on the right panel. Sizes of some marker bands are 
indicated with red arrows. (-) indicates the absence of HinfI restriction enzyme, (+) 
indicates the presence of HinfI restriction enzyme.  
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After PCR amplification of the target region, the PCR products were subjected to 

T7EI assay protocol and the band patterns in the absence and presence of T7EI were 

analyzed. As it can be seen from Figure 4.23, PCR product of CRISPR D transfected 

cells were digested with T7EI, indicating the activity of CRISPR D in the 

downstream target region. In untransfected cells (WT), non-targeting control 

CRISPR transfected cells (NT-C1 and NT-C2), T7EI digestion resulted in intact 

uncut bands due to lack of CRISPR D activity. As it can be seen from Figure 4.23, in 

CRISPR D transfected cells, there was only a faint smear in the presence of T7EI and 

most of the denatured and re-annealed PCR product was intact. 

 

 

4.5. Large-Scale Transfection Optimization 

 

 

For further CRISPR pair co-transfection experiments, the transfected cells were 

going to be subjected to not only gDNA isolation and single cell cloning but also 

protein isolation for western blot experiments, expansion for further characterization 

experiments and cryopreservation. Therefore, the scale-up of the transfection 

experiments was needed. For the large-scale transfections, 3x106 cells were 

transfected in 100-mm cell culture dishes. In the following sections 4.5.1 and 4.5.2, 

transfection optimization results of large-scale transfections were explained. 
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4.5.1. Microscopy Results of Large-Scale Transfection Optimization 

 

 

In order to, find the optimum transfection conditions for large-scale 

transfections, different DNA:Lipofectamine 3000 ratios were tested. For large-scale 

transfections (15 μg DNA into 3x106 cells in 100-mm cell culture dishes), three 

different pcDNAGFP:Lipofectamine 3000 ratios (1:1.5,1:3) were used. 48 h after 

transfection, the GFP expressing cells were visualized in FITC channel of ZEISS 

Axio Vert.A1 inverted microscope with 10X magnification. As seen in Figure 4.25, 

as the pcDNAGFP:Lipofectamine 3000 increased, the number of GFP expressing 

cells also increased. By considering GFP positive cell percentage, 1:3 was 

determined as the optimum pcDNAGFP:Lipofectamine 3000. 

 

 
 
Figure 4.25 Microscopy images of GFP expressing cells that are transfected with 
different pcDNAGFP:Lipofectamine 3000 ratios for large-scale transfection 
experiments. U87-MG cells were transfected with 1:1.5 and 1:3 ratios of 
pcDNAGFP:Lipofectamine 3000 to optimize large-scale transfections (15 μg DNA 
into 3x106 cells in 100-mm cell culture dishes). After 48 h, the transfected cells were 
visualized in FITC channel of ZEISS Axio Vert.A1 inverted microscope with 10X 
magnification. The green cells are the GFP expressing cells. The 100 μm scale bars 
are shown at the right end corners of each image. 
 

 

 

Ratio of DNA : Lipofectamine 3000

1: 1.5 1: 3
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4.5.2. Flow Cytometry Results of Large-Scale Transfection Optimization 

 

 

The transfected cells that were visualized under fluorescent microscope 

(explained in section 4.5.1) were also further analyzed with flow cytometer to 

quantify the transfection efficiency. In Figure 4.26, left panels show the Forward 

Scatter (FSC) vs Side Scatter (SSC) dot plots of the cell populations. FCS indicates 

the size of the cells whereas SSC indicates the granularity of the cells. After gating to 

the live cell population (P1 gate), FITC histograms of live cell populations were 

plotted. On the right panel of Figure 4.26, FITC histograms of the live cell 

populations are shown. The FITC positive cell gate (P2) which is determined 

according to untransfected cells (GFP negative cells), indicates the GFP positive cell 

percent in the live cell population. As seen in Figure 4.26, when 

pcDNAGFP:Lipofectamine 3000 ratio was 1:1.5, the transfection efficiency was 

23.08%, when pcDNAGFP:Lipofectamine 3000 ratio was 1:3, the transfection 

efficiency was 47.46%.Therefore, in consistent with microscopy results, flow 

cytometry results also indicated that 1:3 ratio was the optimum ratio for considering 

the transfection efficiencies. 
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Figure 4.26 Flow cytometry results of cells that are transfected with different 
pcDNAGFP:Lipofectamine 3000 ratios for large-scale transfection experiments. 
U87-MG cells were transfected with 1:1.5 and 1:3 ratios of pcDNAGFP: 
Lipofectamine 3000 to optimize large-scale transfections (15 μg DNA into 3x106 

cells/well in 100 mm cell culture). After 48 h, (A) untransfected cells (B) transfected 
cells with 1:1.5 ratio of pcDNAGFP:Lipofectamine 3000 (C) transfected cells with 
1:3 ratio of pcDNAGFP:Lipofectamine 3000 were analyzed with flow cytometry.  
FSC vs SSC graphs are on the left panel and FITC histograms are on the right panel. 
FSC represents cells size and SSC represents cell granularity. P1 gate in FSC vs SSC 
dot plots indicate live cell population.  P2 gate in FITC histograms indicate GFP 
positive cell population. Untransfected cell population was the negative control for 
the GFP expression.  
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4.6.Gene Editing Results of Co-transfected CRISPR Pairs 

 

 

To target the upstream and downstream target regions in the TP53 gene locus 

simultaneously and delete the region in between, CRISPR A or B and CRISPR C or 

D were co-transfected as pairs to U87-MG cells. As negative control, non-targeting 

CRISPRs (NT-C1, NT-C2) were also co-transfected as pairs. As mentioned before, 

CRISPR A and B were designed for upstream target region whereas CRISPR C and 

D were designed for downstream target region. Therefore, for the desired deletion in 

the genome, CRISPR A+ CRISPR C, CRISPR A+ CRISPR D, CRISPR B+ CRISPR 

C and CRISPR B+ CRISPR D for non-targeting controls CRISPR NT-C1+ CRISPR 

NT-C2 co-transfections were performed with the optimized DNA: Lipofectamine 

3000 ratio (1:3). As controls of the experiment, single transfections of each CRISPR 

pair were also performed. 48h after transfection, 0.5 μg/mL Puromycin treatment was 

started. For enrichment of the transfected cell population, 0.5 μg/mL Puromycin 

treatment continued for one week. After genomic DNA isolation, the region starting 

with upstream target region and ending with downstream target region was PCR 

amplified with Upstream_Target_Region_A_Fwd and Downstream_Target _Region 

_Rev primers. For untransfected (WT) cells and CRISPR NT-C1+ CRISPR NT-C2 

co-transfected cells, the expected PCR product size was 2022 bp and as seen in 

Figure 4.27, their PCR product size were correct. However, for each co-transfected 

CRISPR pairs, in addition to WT PCR product, there was a new and shorter PCR 

product (indicated with blue arrows in Figure 4.27) due to CRISPR pair activity.  
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Figure 4.27 Result of CRISPR activities of co-transfected CRISPR candidates. After 
transfection of CRISPR candidates that target upstream target region and 
downstream target region, regions in between two target sites were amplified with 
Upstream_Target_Region_A_Fwd and Downstream_Target_Region_Rev primers. 
Blue arrows illustrate size of PCR products after CRISPR activities. The PCR 
products were loaded into 1% agarose and run at 100 V for 60 min. Sizes of some 
marker bands are indicated with red arrows. The negative control of the PCR 
reaction does not include template DNA.  
 

 

 

To confirm the results of gene editing in CRISPR pair co-transfected cells, 

the PCR reactions with Upstream_Target_Region_A_Fwd and Downstream_Target 

_Region_Rev primers were repeated. This time for each CRISPR pair, in addition to 

CRISPR pair co-transfected sample, PCR amplification was also performed for the 

single CRISPR transfection controls in order to show the specificity of the newly 

formed PCR products due to CRISPR pair activities. 
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The results of gene editing due to CRISPR A+ CRISPR C pair activity are 

shown in Figure 4.28. As a result of PCR amplification, in untransfected cells (WT), 

CRISPR NT-C1 transfected cells, CRISPR NT-C2 transfected cells, CRISPR NT-

C1+ CRISPR NT-C2, CRISPR A transfected cells and CRISPR C transfected cells, 

2022 bp WT band was observed. In CRISPR A + CRISPR C co-transfected cells, in 

addition to 2022 bp WT band, the shorter PCR product as a result of the deletion in 

the TP53 gene locus performed by the CRISPR pair was observed again which is 

consistent with the results shown in Figure 4.28. 

 

 
             

Figure 4.28 Results of gene editing due to CRISPR A+ CRISPR C pair activity in 
U87-MG cells. After co-transfection of CRISPR A + CRISPR C, region in between 
two target sites was amplified by performing PCR with Upstream_Target_Region 
_A_Fwd and Downstream_Target_Region_Rev primers. PCR products were loaded 
into 1% agarose and run at 100 V for 60 min. Sizes of some marker bands are 
indicated with red arrows. The negative control of the PCR reaction does not include 
template DNA.  
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The results of gene editing due to CRISPR A+ CRISPR D pair activity are 

shown in Figure 4.29. As a result of PCR amplification, in untransfected cells (WT), 

CRISPR NT-C1 transfected cells, CRISPR NT-C2 transfected cells, CRISPR NT-

C1+ CRISPR NT-C2, CRISPR A transfected cells and CRISPR D transfected cells, 

2022 bp WT band was observed. In CRISPR A + CRISPR D co-transfected cells, in 

addition to 2022 bp WT band, the shorter PCR product as a result of the deletion in 

the TP53 gene locus performed by the CRISPR pair was observed again which is 

consistent with the results shown in Figure 4.29. 

                 
 

Figure 4.29 Results of gene editing due to CRISPR A+ CRISPR D pair activity in 
U87-MG cells. After co-transfection of CRISPR A + CRISPR D, region in between 
two target sites was amplified by performing PCR with Upstream_Target_Region 
_A_Fwd and Downstream_Target_Region_Rev primers. PCR products were loaded 
into 1% agarose and run at 100 V for 60 min. Sizes of some marker bands are 
indicated with red arrows. The negative control of the PCR reaction does not include 
template DNA.  
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The results of gene editing due to CRISPR B+ CRISPR C pair activity are 

shown in Figure 4.30. As a result of PCR amplification, in untransfected cells (WT), 

CRISPR NT-C1 transfected cells, CRISPR NT-C2 transfected cells, CRISPR NT-

C1+ CRISPR NT-C2, CRISPR A transfected cells and CRISPR D transfected cells, 

2022 bp WT band was observed .In CRISPR B + CRISPR C co-transfected cells, in 

addition to 2022 bp WT band, the shorter PCR product as a result of the deletion in 

the TP53 gene locus performed by the CRISPR pair was observed again which is 

consistent with the results shown in Figure 4.30. 

 

                
 

Figure 4.30 Results of gene editing due to CRISPR B+ CRISPR C pair activity in 
U87-MG cells. After co-transfection of CRISPR B + CRISPR C, region in between 
two target sites was amplified by performing PCR with Upstream_Target_Region 
_A_Fwd and Downstream_Target_Region_Rev primers. PCR products were loaded 
into 1% agarose and run at 100 V for 60 min. Sizes of some marker bands are 
indicated with red arrows. The negative control of the PCR reaction does not include 
template DNA.  
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The results of gene editing due to CRISPR B+ CRISPR D pair activity are 

shown in Figure 4.31. As a result of PCR amplification, in untransfected cells (WT), 

CRISPR NT-C1 transfected cells, CRISPR NT-C2 transfected cells, CRISPR NT-

C1+ CRISPR NT-C2, CRISPR B transfected cells and CRISPR D transfected cells, 

2022 bp WT band was observed. In CRISPR B + CRISPR D co-transfected cells, in 

addition to 2022 bp WT band, the shorter PCR product as a result of the deletion in 

the TP53 gene locus performed by the CRISPR pair was observed again which is 

consistent with the results shown in Figure 4.31. 

           
 
Figure 4.31 Results of gene editing due to CRISPR B+ CRISPR D pair activity in 
U87-MG cells. After co-transfection of CRISPR B + CRISPR D, region in between 
two target sites was amplified by performing PCR with Upstream_Target_Region 
_A_Fwd and Downstream_Target_Region_Rev primers. PCR products were loaded 
into 1% agarose and run at 100 V for 60 min. Sizes of some marker bands are 
indicated with red arrows. The negative control of the PCR reaction does not include 
template DNA.  
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4.7.Genotyping of The Single Cell Colonies Derived from CRISPR A and 

CRISPR C Co-transfected Cells 

 

 

CRISPR candidates were co-transfected as pairs and each pair successfully 

deleted the desired region as shown in Figures 4.27, 4.28, 4.29, 4.30 and 4.31. 

Although all of the CRISPR candidate pairs worked successfully, CRISPR A + 

CRISPR C pair co-transfected cell pool was selected for single cell cloning and 

further experiments due to the reason that this CRISPR pair is the pair that deletes 

the longest region in the TP53 gene locus. 

 

 

 

After the expansion of these single cell clones, gDNA isolation was performed. 

In order to screen these colonies, PCR reactions were carried out to amplify the 

region in between upstream target region and downstream target region by 

performing PCR. In these PCR reactions, Upstream_Target_Region_A_Fwd primer 

was used as forward primer and Downstream_Target_Region_Rev primer was used 

as reverse primer. For each PCR reaction, untransfected (WT) cells, CRISPR NT-C1 

+ CRISPR NT-C2 and CRISPR A+ CRISPR C co-transfected cell pool were used as 

control.  

 

 

PCR products of untransfected (WT) cells, CRISPR NT-C1+ CRISPR NT-C2 

co-transfected cell pool, CRISPR A + CRISPR C co-transfected cell pool and single 

cell colonies derived from CRISPR A + CRISPR C co-transfected cell pool are 

shown in Figure 4.32. For each PCR reaction, there was also the PCR negative 

control in which there was no template. In untransfected (WT) and CRISPR NT-C1+ 

CRISPR NT-C2 transfected cells, the length of the PCR product is 2022 bp due to 

lack of CRISPR activity.  In CRISPR A + CRISPR C co-transfected cell pool in 

addition to 2022 bp WT band, there was the newly formed PCR product as a result of 

specific CRISPR A + CRISPR C pair activity. Among the 40 single cell colonies, 
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one colony (colony 3) showed p53+/- profile by ending up with both a WT PCR 

product and a PCR product indicating the desired deletion in the TP53 gene locus. In 

addition, there were three colonies (colony 2, colony 16 and colony 17) showing p53-

/- profile by ending up with a single PCR product as a result of the desired deletion in 

the TP53 gene locus and no WT PCR product. 
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Figure 4.32 Genotyping of single-cell colonies derived from CRISPR A + CRISPR 
C co-transfected cell pool. After isolating gDNAs from the untransfected cells U87-
MG cells (WT), CRISPR NT-C1+ CRISPR NT-C2 co-transfected cell pool, CRISPR 
A + CRISPR C co-transfected cell pool and single cell clones derived from CRISPR 
A + CRISPR C transfected cell pool, by using Upstream_Target_Region_A_Fwd 
primer and Downstream_Target_Region_Rev primer, PCR amplification was 
performed. The PCR products of single cell clones 1-12 (A), 13-26 (B) and 27-40 
(C) are run in 1% agarose gel at 100V for 60 min. The negative control of the PCR 
reaction does not include template DNA. Sizes of some marker bands are indicated 
with red arrows.  
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4.8. Confirmation of the Single-Cell Colonies Showing p53-/- Profile with 

Sanger Sequencing 

 

 

In order to confirm the deletion in between upstream and downstream target 

regions in the TP53 gene locus, PCR products of the single cell clones, which 

showed p53-/- profile (colony 2, colony 16 and colony 17) in genotyping 

experiments, were sequenced. The sequencing results for colony 2, colony 16 and 

colony 17 are shown in Figures 4.33, 4.34 and 4.35, respectively. When the 

sequencing results were compared with WT TP53 gene sequence, it was clearly seen 

that the desired regions were deleted in the TP53 gene locus of these three colonies. 
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Figure 4.33 Sanger sequencing result of single cell colony 2. Sequence in between 
upstream target region and downstream target region of colony 2 was compared with 
WT TP53 sequence using CLC Main Workbench Software. The sequences of gRNA 
A and gRNA C are indicated with pink arrows, and their PAM sequences are 
indicated with purple arrows in the reference TP53 gene sequence. 
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Figure 4.34 Sanger sequencing result of single cell colony 16. Sequence in between 
upstream target region and downstream target region of colony 16 was compared 
with WT TP53 sequence using CLC Main Workbench Software. The sequences of 
gRNA A and gRNA C are indicated with pink arrows, and their PAM sequences are 
indicated with purple arrows in the reference TP53 gene sequence. 
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Figure 4.35 Sanger sequencing result of single cell colony 17. Sequence in between 
upstream target region and downstream target region of colony 17 was compared 
with WT TP53 sequence using CLC Main Workbench Software. The sequences of 
gRNA A and gRNA C are indicated with pink arrows, and their PAM sequences are 
indicated with purple arrows in the reference TP53 gene sequence. 
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4.9.Off-Target Analysis of the Single-Cell Colonies Showing p53-/- Profile 

 

 

In order to check if there is any off-target effect of the CRISPR A + CRISPR C 

pair in these single cell colonies, the most probable off-target sites for both gRNA A 

and gRNA C were analyzed with T7EI assay. 

 

 

 

CRISPR A Off-Target region of untransfected (WT) cells, CRISPR NT-C1 + 

CRISPR NT-C2 co-transfected cells and single cell colonies showing p53-/- profile 

(colony 2, colony 16 and colony 17) were PCR amplified by using CRISPR_A_Off_ 

Target_fwd and CRISPR_A_Off_Target_rev primers. These the PCR products were 

subjected to T7EI assay. As seen from Figure 4.36, in the presence of T7EI the PCR 

products of single cell clones showing p53-/- profile, were still intact and not digested 

similar to untransfected (WT) cells and non-targeting control (CRISPR NT-C1 + 

CRISPR NT-C2) co-transfected cells. This result indicates that there was no off-

target effect of CRISPR A. 
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Figure 4.36 Off-target analysis of CRISPR A. CRISPR A off-target region of 
untransfected (WT) cells, NT-C1+NT-C2 co-transfected cells, single cell colonies 
showing p53-/- profile were PCR amplified by using CRISPR_A_Off_Target_fwd 
and CRISPR_ A_Off_Target_rev primers. The PCR product size is 567 bp and with 
these PCR products, T7EI assay was performed. The products were loaded into 2% 
agarose gel and run at 100 V for 60 min. Sizes of some marker bands are indicated 
with red arrows. (-) shows the absence of T7EI and (+) shows the presence of T7EI. 
 
 
 
 

CRISPR C Off-Target region of untransfected (WT) cells, CRISPR NT-C1 + 

CRISPR NT- C2 co-transfected cells and single cell colonies showing p53-/- profile 

(colony 2, colony 16 and colony 17) were PCR amplified by using CRISPR_C_Off_ 

Target_fwd and CRISPR_C_Off_Target_rev primers. These the PCR products were 

subjected to T7EI assay. As seen from Figure 4.37, in the presence of T7EI the PCR 

products of single cell clones showing p53-/- profile, were still intact and not digested 

similar to untransfected (WT) cells and non-targeting control (CRISPR NT-C1 + 

CRISPR NT-C2) co-transfected cells. This result indicates that there was no off-

target effect of CRISPR C. 
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Figure 4.37 Off-target analysis of CRISPR C. CRISPR C off-target region of 
untransfected (WT) cells, NT- C1+NT- C2 co-transfected cells, single cell colonies 
showing p53-/- profile were PCR amplified by using CRISPR_C_Off_Target_fwd 
and CRISPR_ C_Off_Target_rev primers. The PCR product size is 747 bp and with 
these PCR products, T7EI assay was performed. The products were loaded into 2% 
agarose gel and run at 100 V for 60 min. Sizes of some marker bands are indicated 
with red arrows. (-) shows the absence of T7EI and (+) shows the presence of T7EI. 
 
 
 

 

4.10.  Western Blot Results of Single Cell Colonies Showing p53-/- Profile 

 

 

p53 protein levels of untransfected cells (WT), non-targeting control 

(CRISPR NT-C1+ CRISPR NT-C2) co-transfected cell pool, CRISPR A + CRISPR 

C co-transfected cell pool and single cell colonies showing p53-/-   profile (colony 2, 

colony 16 and colony 17) were assessed by western blot. As seen from Figure 4.38, 

the p53 protein was expressed in untransfected cells (WT), non-targeting control 

(CRISPR NT-C1+ CRISPR NT-C2) co-transfected cell pool, CRISPR A + CRISPR 

C co-transfected cell pool. On the other hand, the p53 protein expression was not 
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detected in the single cell colonies (colony 2, colony 16 and colony 17) which were 

derived from CRISPR A + CRISPR C cell pool. b-actin was used as loading control 

and as it can be seen, the protein levels of b-actin were similar in all samples. 

 

 
 

Figure 4.38 Confirmation of p53 expression loss in single cell colonies 2, 16 and 17. 
Western blotting was performed by using the whole cell lysates that were extracted 
from untransfected (WT) cells, non-targeting control co-transfected cell pool 
(CRISPR NT-C1+ CRISPR NT-C2), CRISPR A + CRISPR C co-transfected cell 
pool and single cell colonies 2, 16 and 17. The western blot result showing p53 
expression, is shown in the upper panel. In the lower panel, the western blot result of 
b-actin, as house-keeping control, is shown. The membranes were visualized by 
using BioRad ChemiDoc MP Imaging System. 
 
 

 

4.11. Characterization of U87-MG p53-/- Cell Line 

 

 

Among the three single cells colonies of which p53-/- profile were confirmed at 

both gene and protein levels with no off-target effect, single cell colony 2 was 

continued with for further characterization experiments. In the following sections, 

single cell colony 2 is named as U87-MG p53-/- cell line. 
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4.11.1.  Characterization of U87-MG p53-/- Cells: Cell Proliferation 

 

As it is known that p53 controls cell proliferation, the first characterization 

aspect for the newly generated U87-MG p53-/- cells was cell proliferation difference 

compared to U87-MG cells. The proliferation of U87-MG (WT) cells and U87-MG 

p53-/- cells were determined by trypan blue exclusion assay in a time-dependent 

manner. The live cell number was determined 24h, 48h, 72h, 96h and 120h after 

seeding. This experiment was repeated three different times with three replicates. As 

seen in Figure 4.39, U87-MG p53-/- cells proliferated significantly faster than U87-

MG (WT) cells.   

 
Figure 4.39 The results of trypan blue exclusion assay. 24h, 48h, 72h, 96h and 120h 
after cell seed, the viable U87-MG (WT) and U87-MG p53-/- cells were determined 
by trypan blue exclusion assay. The black bars indicate the number of viable U87-
MG (WT) cells and the red bars indicate the number of viable U87-MG p53-/- cells at 
the indicated time points. The results of three independent experiments each of which 
had three technical replicates were analyzed by two-way ANOVA statistical test. p 
values less than 0.0001 (p < 0.0001) are shown with four asterisks. p values less than 
0.001 (p < 0.001) are shown with three asterisks. “ns” is indicating “not significant”. 
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4.11.2. Characterization of U87-MG p53-/- Cells: Migration  

 

In order to characterize the newly generated p53-/- cell line further, migration 

abilities of U87-MG (WT) cells and U87-MG p53-/- cells were also compared by 

wound healing assay. 24h, 48h and 72 h after formation of the wound area, the 

closure of the wound was traced. For each time point, the wound closure percentage 

was calculated by considering the initial wound area (WA0). In this experimental set 

up, there were two growth medium conditions: 1%FBS and 10%FBS. 1%FBS 

condition was used for testing the migration abilities of the cells and 10% FBS 

condition was the control of the experiment. In Figure 4.40, the representative 

images of the results of three different experiments each of which had three 

replicates, are shown. As seen in Figures 4.40 and 4.41, in 10%FBS condition, 24h 

and 48h after the wound formation, the wound closure percentages of U87-MG p53-/- 

cells were significantly higher than that of U87-MG WT cells. 72h after the wound 

formation, there was not a significant change in the wound closure percentages of 

U87-MG WT and U87-MG p53-/- cells. In 1%FBS conditions, the wound closure 

percentages of U87-MG WT and U87-MG p53-/- cells were not significantly 

different in any time points. These results indicate that there was not a significant 

difference in the migration abilities of U87-MG WT and U87-MG p53-/- cells in 1% 

FBS conditions. 
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Figure 4.40 Microscopy images of the wound healing assay. 24h after cell seed, the 
cell-free wound area was created (t = 0) and this area was visualized at 0h, 24h, 48h 
and 72h after its formation by using ZEISS Axio Vert.A1 inverted microscope in 
bright field channel. This experiment was repeated three times and each of the 
experiments had three replicates. Representative microscopy images for each sample 
show the wound area at (A) t = 0h (B) t = 24h (C) t = 48h and (D) t = 72h time 
points. 
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Figure 4.41 Results of the wound healing assay. 24h after cell seed, the cell-free 
wound area was created (t = 0) and 0h, 24h, 48h and 72h after its formation, this area 
was visualized by using ZEISS Axio Vert.A1 inverted microscope in bright field 
channel. This experiment was repeated three times and each of the experiments had 
three replicates. (Representative images are shown in Figure 4.40) The wound areas 
at the indicated time points were quantified by using MRI Wound Healing Tool 
Image J macros and wound closure percentage was calculated as explained in section 
3.2.10. The results were analyzed by two-way ANOVA statistical test. p values less 
than 0.05 (p < 0.05) are shown with one asterisk and p values less than 0.01 (p < 
0.01) are shown with two asterisks. “ns” is indicating “not significant”. The color 
codes of the samples are shown on the right panel.   
 

 
 
 

4.11.3. Characterization of U87-MG p53-/- Cells: Colony Formation  

 

 

For further characterization of newly generated p53-/- cell line, the colony 

formation abilities U87-MG (WT) cells and U87-MG p53-/- cells were compared by 

colony formation assay. In this assay, 2000 cells/well were seeded in 6-well plates 

and after 20 days, the cells were stained with crystal violet to visualize the forming 

colonies. The representative images of the colonies formed by U87-MG (WT) cells 
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and U87-MG p53-/- cells are shown in Figure 4.42A. In addition, in order to quantify 

the visible results, after solubilization of the crystal violet that stained the cells in 

each well, the absorbance was measured at 590 nm. In Figure 4.43B, the results of 

three different experiments each of which had three replicates, are shown. 

Considering the results shown in Figure 4.43, the colony formation ability of U87-

MG p53-/- cells are significantly higher than U87-MG (WT) cells. 

 

 

 
Figure 4.42 Results of the colony formation assay. 2000 cells/well were seeded in 6-
well plates and after 20 days, the cells were stained with crystal violet to visualize 
the forming colonies. This experiment was repeated three times with three replicates. 
(A) Representative images of colonies formed by U87-MG cells and U87-MG p53-/-   

cells (B) Quantification of the crystal violet dye that stained the cells. The black bars 
indicate U87-MG (WT) cells and the red bars indicate the U87-MG p53-/- cells. The 
results were analyzed by using student two sample t-test. p values less than 0.0001 (p 
< 0.0001) are shown with four asterisks. 
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5. DISCUSSION AND COCLUSION 

 

p53 is a tumor suppressor protein that has crucial roles in cell cycle, 

senescence, apoptosis, autophagy, cell metabolism and DNA repair (146). The p53 

protein is found to be mutant in 50% of cancers (1). In 85% of glioblastoma tumors, 

p53 and the p53 signaling pathway are deregulated (147). In order to study mutant 

p53 protein in glioblastoma cell line model which lacks p53 expression, is needed. 

Therefore, the aim of this thesis aim was to create a p53 knockout glioblastoma cell 

line via targeting the TP53 gene locus by CRISPR/ Cas9 system.   

 

 

 

Before constructing the CRISPR plasmids, the pSp-Cas9(BB)-2A-Puro (PX459) 

V2.0 plasmid was digested with different restriction enzymes to confirm the plasmid 

prior to all experiments. Seven diagnostic digestions, which were theoretically 

ending up with a unique band patterns, were performed. The sizes of the digestion 

products were consistent with the expected sizes based on the plasmid map. 

Therefore, the plasmid was considered to be correct and used for further cloning 

experiments. 

 

 

 

As can be seen in Figure 3.1, the TP53 gene has three different promoters that 

are used to express the full-length p53 protein and its isoforms. Therefore, in order to 

guarantee the inhibition of the expression of all p53 isoforms, two target regions 

(upstream target region and downstream target region) were determined in the TP53 

gene locus to target with CRISPR/Cas9 system. For each target region, two guide 

RNAs were designed: gRNA A, gRNA B, gRNA C and gRNA D. The sequences of 

two non-targeting gRNAs (gRNA NT-C1 and gRNA NT-C2) were obtained from 

(148). A crucial step before starting CRISPR/Cas9 genome editing system was the 

design of gRNA candidates. lt is known that one of the limitations of CRISPR is off-
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target effects. In order to avoid off-target effects and to achieve the highest editing 

efficiency of the gRNA at the target site, gRNAs should be designed with a length of 

17-24 base pairs. Shorter gRNA sequences would be expected to minimize off-target 

effects. The GC content of the gRNA was another important consideration in gRNA 

design. The range of GC content should be 40-80 % in total. lf the GC content is 

high, lt is known that RNA-DNA duplex is stabilized and off-target effect is 

prevented due to destabilizing off-target hybridization (145,149,150,151,152,153). 

gRNA A, B, C and D were designed by considering the predicted efficiency, IN-

DEL, out-of-frame and off-target scores. 

 

 

 

Four gRNA candidates (gRNA A, gRNA B, gRNA C and gRNA D) and two 

non-targeting gRNA controls (NT-C1 and NT-C2) were annealed and 

phosphorylated for ligation step. The annealing reaction products were run in agarose 

gel which was stained with EtBr. EtBr is an intercalating agent and it is known to 

stain dsDNA more effectively than ssDNA (154,155,156). Therefore, the annealed 

oligonucleotide lanes were brighter than the top and bottom oligonucleotide lanes for 

each gRNA. The faint bands that were seen in some top and/or bottom 

oligonucleotide lanes although they were single stranded DNA, might be due to self-

annealing of the individual oligonucleotides. Self-annealing is most commonly seen 

in repeat sequences or in oligonucleotides that are high in GC content (157). Single 

stranded product has open conformation, resulting in a higher stokes radius, more 

drag and run faster (158). 

 

 

 

Annealed oligonucleotides for each gRNA candidates were ligated to pSp-

Cas9(BB)-2A-Puro (PX459) V2.0 plasmid by using Golden Gate assembly. Type IIS 

restriction enzymes such as BbsI and BsmBI are used for Golden Gate assembly. The 

BbsI restriction enzyme recognizes its restriction site and digests the pSp-Cas9(BB)-

2A-Puro (PX459) V2.0 plasmid from outsite of recognition sequence to form sticky 
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ends. Annealed oligonucleotides with their phosphorylated ends were ligated to the 

digested pSp-Cas9(BB)-2A-Puro (PX459) V2.0 plasmid. As negative control of the 

ligation reactions, there were also ligation reactions without insert (annealed 

oligonucleotides) in order to see the efficiency of cloning. Because if there were 

empty undigested plasmids and/or self-ligated empty plasmids, they would also 

cause colony growth.  

 

 

 

After ligation, the ligation products were treated with Exonuclease V enzyme, 

which degrades single-stranded DNA but does not harm the circular DNA. After 

treatment; cloned plasmids were transformed into chemically competent E. coli 

(DH5𝛼). In the samples without insert (annealed oligos), there were no colonies. 

However, for each CRISPR cloning reaction, there were at least 300-350 colonies on 

LB Agar plates with Ampicillin. This amplification in colony number, was an 

indicator of successful cloning of annealed oligos into pSp-Cas9(BB)-2A-Puro 

(PX459) V2.0 plasmid.  

 

  

 

For each cloning, 10 colonies were selected after transformation. In order to 

find the correctly cloned CRISPR plasmids, the plasmid DNAs were isolated from 

bacterial colonies and screened by performing PCR. In all PCR reactions, there was 

PCR negative control that did not contain template in the reaction. As there were not 

any PCR products in the PCR negative control samples, the PCR products observed 

in template containing samples were concluded to be specific. Size of the PCR 

products was matching with the expected band size considering the theoretical 

sequence after cloning. As it can be seen from the Figures 4.3.- 4.8, the presence of 

the insert was confirmed in the plasmid DNAs of 10 out of 10 bacterial colonies for 

CRISPR A, C and D cloning and 9 out of 10 bacterial colonies for CRISPR B 

cloning. These results indicated that the efficiency of the CRISPR plasmid 

construction was high. For each cloning, cloned plasmids from three different 
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bacterial colonies were sequenced for further confirmation. As shown in Figures 4.9 - 

4.14, for each cloning out of three clones, at least one clone has 100 % correct DNA 

sequence when compared with the hypothetical plasmid sequence after cloning. 

 

 

 

Prior to enrichment steps after transfections, puromycin concentration was 

determined. In the literature, the concentrations of puromycin used for selection of 

U87-MG cells are variable (from 0.8 μg/mL to 5 μg/mL) (159,160). In order to 

determine concentration for this enrichment, U87-MG cells were treated with 

different concentrations of Puromycin (0.1 μg/mL, 0.25 μg/mL, 0.5 μg/mL, 1 μg/mL, 

2 μg/mL, 3 μg/mL, 4 μg/mL and 5 μg/mL) for one week. Cell viability percent was 

quantified by performing trypan blue exclusion assay. Trypan blue dye stains dead 

cells. Live cells are seen as unstained or colorless. For 1 μg/mL concentration and all 

the above concentrations of Puromycin, there were no viable cells. For 0.5 μg/mL 

concentration of Puromycin, cell viability was 0.18 %.  In order to avoid 

CRISPR/Cas9 stable expression due to integration into the genome and to achieve 

enrichment rather than selection, 0.5 μg/mL was determined as the optimum 

Puromycin concentration for U87-MG cells.  

 

 

 

U87-MG cells are considered as hard to transfect cells (161). Lipofectamine 

3000, which is the transfection reagent, is the most commonly used reagent for the 

transfection of U87-MG cells (162,163,164,165,166).  Most of the transfection 

reagents are toxic for the cells (167,168). Therefore, for highest cell viability and 

transfection efficiency, the DNA:transfection reagent ratio should be optimized. In 

this study, transfection experiments were performed in two different scales: small-

scale and large-scale transfections. Small-scale transfections were performed in 6-

well plates with 3x105 cells/well whereas large-scale transfections were performed in 

100-mm cell culture petri dishes with 3x106 cells/dish. For small-scale transfection 

optimizations, three different DNA:Lipofectamine 3000 ratios were tested: ratios of 
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1:1.5, 1:3 and 1:5. 48 h after transfection, the GFP expressing cells were visualized 

in the FITC channel of fluorescent microscope.  

 

 

 

  As shown in Figure 4.16, as the pcDNAGFP:Lipofectamine 3000 ratio 

increased, the number of GFP expressing cells also increased. After fluorescent 

microscopy analysis, for quantification of the GFP positive cell percent in the cell 

population, flow cytometry analysis was performed. Flow cytometry is a method for 

analysis of single cell or multiple cells in suspended salt-based buffer solution. There 

are two types of scatter for the visible light: Forward Scatter (FSC) and Side Scatter 

(SSC). X-axis (FSC) represents cell size. Y-axis (SSC) represents granularity of the 

cell (169,170,171,172). By considering FSC vs SSC dot plots, the gate for the live 

cell population was determined as P1 gate. For the live cell population gate (P1), 

FITC histograms were plotted to observe the GFP positive cells. By using the 

untransfected cells (GFP negative cells), the threshold for GFP expression and the 

gate for GFP expressing cells (P2) were determined. By considering the GFP positive 

cell percent, the transfection efficiency was evaluated for each sample. As it can be 

seen from Figure 4.17, for small-scale transfections, the highest transfection 

efficiency was 72.84% when the DNA:Lipofectamine 3000 ratio was 1:5. However, 

cells were resembling apoptotic cell morphology. When cells undergo apoptosis, 

cells swell and increase in their granularity. In late apoptosis, cells burst and shrink 

(173,174). By considering not only GFP expression level but also their healthy 

morphology, among the three different conditions, 1:3 ratio was determined as the 

optimum DNA:Lipofectamine 3000 ratio. For large-scale transfection optimizations, 

two different DNA:Lipofectamine 3000 ratios were tested: ratios of 1:1.5 and 1:3. As 

shown in Figures 4.25 and 4.26, as the DNA:Lipofectamine 3000 increased, the 

number of GFP expressing cells also increased. By considering both microscopy and 

flow cytometry results, 1:3 was determined as the optimum DNA:Lipofectamine 

3000 ratio.  The percentage of GFP positive cells in the 1:3 ratio 

pcDNAGFP:Lipofectamine 3000 for small-scale and large-scale transections was 

60.37 % and 47.46 %, respectively. It can be clearly seen that although the optimum 



 

115 

 

DNA:Lipofectamine 3000 ratio was same for both small-scale and large-scale 

transfections, the transfection efficiencies were not the same. As the scale of the 

transfection experiment increases, in other words as there were more cells, more 

DNA and larger area for growth, the transfection was more difficult. 

 

DSBs are generated by CRISPR-Cas9 to activate DNA repair mechanisms for 

genome editing. Small insertions or deletions (IN-DELs) and other complex by-

products, including large deletions, result from the repair of DSBs. RFLP and T7EI 

assays are most commonly used assays to analyze the gene editing performance. To 

assess the gene editing performance of CRISPR candidates with RFLP, the upstream 

and downstream target regions were amplified by performing PCR with region 

specific primers. The recognition sites of the restriction enzymes were expected to be 

destroyed as a result of CRISPR activity so that the restriction enzymes could no 

longer recognize and cleave the restriction site. Therefore, in the RFLP assays, the 

PCR product of the upstream target region A was digested with HinfI enzyme to 

show CRISPR A activity, the PCR product of the upstream target region B was 

digested with NciI enzyme to show CRISPR B activity, the PCR product of the 

downstream target region was digested with Aor51HI (AfeI) enzyme to show 

CRISPR C activity and the PCR product of the  downstream target region was 

digested with HinfI enzyme was used to show CRISPR D activity. In the presence of 

restriction enzymes, PCR product of the wild type (WT, untransfected cells) and 

non-targeting controls (NT-C1 and NT-C2) populations, were cleaved into two 

digestion products. For the cell populations that were transfected with either CRISPR 

A or CRISPR B, in addition to the cleaved PCR products, there were also undigested 

PCR products indicating the destruction of the restriction sites due to IN-DELs 

caused by CRISPR activity. However, the uncut band intensity was similar to the 

control groups for CRISPR C and CRISPR D in the presence of restriction enzymes 

as shown in Figures 4.18, 4.20, 4.22 and 4.24. 
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T7 endonuclease I (T7EI) assays are also performed to determine the gene 

editing performance of CRISPR candidates at their specific target site. In the T7EI 

assay, target regions were PCR amplified with site specific primers. Heteroduplexes 

were formed after denaturation and re-annealing of the PCR product due to IN-

DELs. T7EI is capable of recognizing and cleaving these unmatched DNA 

sequences. After PCR amplification of the target regions, the PCR products were 

subjected to T7EI protocol and the band patterns in the absence and presence of T7EI 

were analyzed. In the presence of T7EI, the denatured and re-annealed PCR products 

of the wild type (WT, untransfected cells) and non-targeting control transfected cells 

(NT-C1 and NT-C2) were intact due to lack of CRISPR activity. The denatured and 

re-annealed PCR products of the cells that were transfected with CRISPR candidates 

were efficiently digested in the presence of T7EI, indicating the activity of CRISPR 

A, B and C in their target region. However, in CRISPR D transfected cells, in the 

presence of T7EI, only a minute portion of the denatured and re-annealed PCR 

product was digested.  

 

 

 

The sensitivity of RFLP assay and the T7EI assay are different from each 

other. Although the activity of CRISPR C was not clearly evident from the results of 

the RFLP assay, the results of the T7EI assay indicated that CRISPR C was also able 

to edit its target site efficiently. The RFLP assay detects only IN-DELs that are 

generated in the restriction site in the target region. However, in T7EI assay, IN-

DELs in the entire target region can be detected. Therefore, the difference between 

the results of two assays may be due to the IN-DELs not being located at the 

restriction site but at another site in the target region. Although CRISPR A, B and C 

were efficient in editing their specific target regions, CRISPR D was not as 

successful as the other CRISPR candidates in editing its specific target by 

considering its RFLP and T7EI assay results. 
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As mentioned before, CRISPR A and B were designed for upstream target 

region whereas CRISPR C and D were designed for downstream target region. 

Therefore, for the desired deletion in the genome, CRISPR A + CRISPR C, CRISPR 

A + CRISPR D, CRISPR B + CRISPR C and CRISPR B + CRISPR D were co-

transfected to U87-MG cells. As the negative control of the gene editing, CRISPR 

NT-C1 + CRISPR NT-C2 were co-transfected to U87-MG cells. After genomic 

DNA isolation from these cells, the region starting with upstream target region and 

ending with downstream target region was PCR amplified. 

 

 

 

For untransfected (WT) cells and the cells co-transfected with CRISPR NT-

C1 + NT-C2, the size of the amplified PCR product was 2022 bp. However, for each 

CRISPR pair co-transfected sample, in addition to WT PCR product, there was a new 

and shorter PCR product (indicated with blue arrows in Figure 4.27) due to CRISPR 

pair activity. As shown in Figure 4.27, for U87-MG cells that were co-transfected 

with CRISPR pairs, in addition to the expected PCR products there were also other 

new PCR products of different lengths which may be due to IN-DELs and/or 

deletions in the target region. As the CRISPR pair co-transfected cells were cell 

pools, it is possible to have multiple versions of mutations in the cell pool due to 

CRISPR activity. The PCR amplifications were repeated including the CRISPR 

single-transfected samples to show the specificity of the new PCR products 

generated only by the activity of the CRISPR pairs. The CRISPR candidates were 

unable to delete the desired regions when they were transfected individually as 

shown in Figures 4.28, 4.29, 4.30 and 4.31. In other words, the desired deletions in 

between the upstream and downstream target regions were observed only in the 

presence of CRISPRs as pairs. This indicates the specificity of the PCR products that 

were produced as a result of CRISPR pair activity. Interestingly, the gene editing 

efficiencies of these CRISPR candidates were much higher when they were co-

transfected as pairs.  
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By considering the genotyping PCR results of CRISPR pair co-transfected 

cell pools, all CRISPR pairs (CRISPR A + CRISPR C, CRISPR A + CRISPR D, 

CRISPR B + CRISPR C and CRISPR B + CRISPR D), managed to delete the 

sequences in between their target sites. In the beginning, the aim was to find the 

CRISPR pair that would efficiently delete the desired region between the target sites 

in the TP53 gene locus. However, all CRISPR pairs worked efficiently and therefore 

the strategy for the selection of the CRISPR pairs for further studies has been 

changed. As CRISPR A + CRISPR C pairs delete the longest region in the TP53 

gene locus, CRISPR A + CRISPR C co-transfected cells were selected in order to 

find the single cell clone bearing biallelic deletion in the TP53 gene locus.  

 

 

 

CRISPR A + CRISPR C co-transfected cells were actually a cell pool that 

was composed of cells with different genotypes. Because after the delivery of the 

plasmids of the CRISPR pair, there were different possibilities. For example, the 

uptake of neither CRISPR A or CRISPR C by some cells, the uptake of only 

CRISPR A or CRISPR C by some cells or although the uptake of CRISPR pairs, 

monoallelic deletion by some cells or the uptake of CRISPR pairs and biallelic 

deletion by some cells. Therefore, single cell cloning was performed to find the cell 

clone that had the homozygous deletion in the TP53 gene locus. In order to screen 

single cell colonies, PCR reactions were carried out to amplify the region in between 

the upstream target region and the downstream target region by performing PCR. 

Among the 40 single cell colonies, one colony (colony 3) showed p53+/- profile by 

ending up with both a WT PCR product and a PCR product indicating the desired 

deletion in the TP53 gene locus. In addition, there were three colonies (colony 2, 

colony 16 and colony 17) showing p53-/- profile by ending up with a single PCR 

product as a result of the desired deletion in the TP53 gene locus. The remaining 

colonies showed the WT profile. According to the single cell cloning, the number of 

p53-/- colonies was higher than that p53+/- cells. Seeding the cell at low density is the 

stressful process for the cells. Therefore, p53-/- cells cope with stress by preventing 

cell cycle arrest and inhibiting apoptosis compared to p53+/- cells (175). Proliferation 
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rate of the p53-/- cells is faster than that of p53+/- cells (176). Therefore, p53-/- cells 

have selective advantage as a result of their genotype. 

 

 

In order to confirm the deletion in between the upstream and downstream 

target regions of the TP53 gene locus, the PCR products from the single cell 

colonies, that showed p53-/- profile (colony 2, colony 16 and colony 17), were 

sequenced. As clearly seen from Figures 4.33, 4.34 and 4.35, the desired regions 

were deleted in the TP53 gene locus of these three colonies. 

 

One of the limitations of the CRISPR/Cas9 system is the off-target effect. 

Off-target effect is non-specific and/or undesired genomic modification in the 

genome. Designed gRNA targets different regions of the genome with low affinity 

and gRNA can tolerate one/or more mismatches. The designed gRNA recognizes 

genomic loci with sequences that are similar to the target, and then Cas9 acts on non-

targeted sites in the genome to generate cleavages. In off target effect, mismatches 

that are close to the 5’ region of the target site are better tolerated by gRNA but, 

mismatches that close to the 3’ region of the target site are not better tolerated by 

gRNA due to the PAM recognition sequence. In order to reduce the off-target effect, 

gRNAs are designed with the lowest off-target score. Lowest off-target score means 

highest score to guide detection (116,177).  In order to check if there is any off-target 

effect of the CRISPR A + CRISPR C pair in these single cell colonies, the most 

probable off-target sites for both gRNA A and gRNA C were analyzed by 

performing T7EI assay. CRISPR A and C off-target regions of untransfected (WT) 

cells, CRISPR NT-C1 + NT-C2 co-transfected cells and colonies showing p53-/- 

profile (colony 2, colony 16 and colony 17) were PCR amplified. As seen in Figures 

4.36 and 4.37, the denatured and re-annealed PCR products of the single colonies 

having p53-/- profile were intact in the presence of T7EI similar to all negative 

controls. These results indicate that there were no off-target effects. 
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Although the biallelic deletion in the TP53 gene locus was confirmed in 

colony 2, 16 and 17, the lack of p53 protein expression had to be also confirmed as 

the aim was the inhibition of p53 protein expression in the newly generated cell line. 

Therefore, p53 protein levels of untransfected cells (WT), non-targeting control 

(CRISPR NT-C1+ NT-C2) co-transfected cell pool, CRISPR A + CRISPR C co-

transfected cell pool and colonies showing p53-/-   profile (colony 2, colony 16 and 

colony 17) were determined by performing Western Blot. The expression of the 

endogenous p53 protein was detected in  untransfected (WT), non-targeting control 

(NT-C1 + NT-C2) co-transfected cells and CRISPR A+ CRISPR C co-transfected 

cells whereas in the colonies showing the p53-/- profile (colony 2, colony 16 and 

colony 17) p53 protein expression was not detected.CRISPR A+ CRISPR C co-

transfected cells was a cell pool so in addition to gene edited cells, there were also 

WT cells in which there were no CRISPR activity therefore there was p53 protein 

expression. As b-actin is a housekeeping protein, it was used as a loading control in 

the western blot experiment. In normal conditions, the endogenous p53 protein 

expression is low (64). In order to detect the expression of the p53 protein in the 

western blot experiment, a high amount of the total protein extract (50 μg) was 

loaded to each well of the SDS gel. Therefore, even at low exposure, the band 

intensities of housekeeping b-actin protein were saturated. By considering the 

western blot results, it is concluded that the biallelic deletion in TP53 gene locus in 

U87-MG cells resulted in lack of p53 expression in single cell colonies 2, 16 and 17. 

 

After the confirmation of being p53-/-  at both gene and protein levels, U87-

MG p53-/- cells (colony 2) were further characterized by assessing their cell 

proliferation, cell migration and colony formation abilities.Since the p53 protein 

regulates the cell cycle, the first characterization aspect for the newly generated U87-

MG p53-/- cell line  was the difference in cell proliferation compared to U87-MG 

cells. The proliferation of U87-MG (WT) cells and U87-MG p53-/- cells were 

determined by performing trypan blue exclusion assay in a time-dependent manner. 

The live cell population was determined at 24 h, 48 h, 72 h, 96 h and 120 h after the 
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seeding. As seen in Figure 4.39, U87-MG p53-/- cells proliferated significantly faster 

than U87-MG (WT) cells. p53 tumor suppressor protein plays role in cell cycle 

arrest. p53 indirectly down-regulates the expression of genes that are crucial for 

progression through the cell division cycle (178). Therefore, p53-deficient cells 

exhibit accelerated proliferation. This is consistent with the literature 

(179,180,181,182). 

 

In order to analyze also the long-term cell proliferation, colony formation 

ability of U87-MG p53-/- cells were compared with U87-MG (WT) cells. The stress 

factor for the cells in this experiment is cell seeding at low density. Cells will enter 

the lag phase of growth if they are seeded at too low a density. In the lag phase, cells 

grow slowly or die out (183). The transcription of p21 is activated after stress 

condition (184). Cyclin-dependent kinase inhibitor p21 blocks CDK-1/Cyclin B and 

CDK-2/Cyclin E to cause cell cycle arrest at G1 and S phase, allowing p53 to 

prevent cells from growing and dividing. Cells undergo senescence and apoptosis 

(185,186). When p53 is absence, cells continue to proliferate by losing the ability to 

regulate the cell cycle, which is not affected even by stress (187). As seen in Figure 

4.42, although U87-MG cells were having difficulties in proliferation and colony 

formation, U87-MG p53-/- cells were still proliferating and forming colonies despite 

the low cell seed density stress factor. This is consistent with the literature 

(188,189,190). 

 

Wound healing assay was performed to compare the migration abilities of 

U87-MG cells and U87-MG p53-/- cells. Wound closure was tracked after 24, 48 and 

72 hours of wound formation. For each time point, the wound closure percentage was 

calculated by considering the initial wound area (WA0). In this experimental set up, 

1%FBS and 10%FBS were two growth medium conditions. 1%FBS condition was 

used for testing the migration abilities of the cells and 10% FBS condition was the 

control of the experiment. As seen in Figures 4.40 and 4.41, in 10% FBS condition, 
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24h and 48h after the wound formation, the wound closure percentages of U87-MG 

p53-/- cells were significantly higher than that of U87-MG WT cells. However, in 

10% FBS condition the cells were both proliferating and migrating. Since it was also 

observed that U87-MG p53-/- cells were proliferating significantly faster than U87-

MG cells in trypan blue exclusion and colony formation assays, the significant 

difference of U87-MG p53-/- cells in wound closure was mainly due to higher cell 

proliferation rate. Therefore, the wound closure only in 1%FBS conditions were 

considered as the condition to test the migration abilities. In 1%FBS conditions, the 

wound closure percentages of U87-MG WT and U87-MG p53-/- cells were not 

significantly different in any time point. In other words, the migration abilities of 

U87-MG cells and U87-MG p53-/- cells were not significantly different from each 

other. In the literature, the p53 null tumors are commonly known to have benign 

phenotype (191,192,193,194,195,196,197). In benign tumors, there is only tumor 

formation due to cell proliferation, but there is no migration and invasion as there is 

in malignant tumors (198). 

 

 

In conclusion, in this study U87-MG p53-/- cell line was aimed to be created 

via targeting two different regions in the TP53 gene locus by CRISPR/Cas9 system. 

In order to target the TP53 gene, four gRNAs (A, B, C and D) were designed and 

successfully cloned into pSp-Cas9(BB)-2A-Puro (PX459) V2.0 plasmid. Gene 

editing performances of the cloned CRISPR plasmids were analyzed both 

individually and as pairs. U87-MG p53-/- cell line was generated as a result of 

biallelic deletion in the TP53 gene locus. This newly generated cell line is 

characterized from the perspectives of cell proliferation, migration and colony 

formation abilities. In conclusion, this created U87-MG p53-/- cell line model can be 

used for further p53 mutant studies in glioblastoma. 
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7. APPENDIX 

APPENDIX A: Chemicals Used in This Project 

Chemicals 
Supplier Company, 

Catalog No 

1,4-Piperazinediethanesulfonic acid  Sigma, #P6757  

6x Loading Dye Purple NEB, #B7024S 

Absolute Ethanol                                                                       Sigma, #32221 

Acrylamide/Bis Sigma, #SLBM3534V 

Adenosine 5′-Triphosphate (ATP) NEB, #P0756S 

Adenosine 5′-Triphosphate (ATP) NEB, #P0756S 

Agar Sigma, #05039 

Ampicillin Neofroxx, #1728GR010 

Anti- Rabbit IgG HRP linked Antibody Cell Signaling, #7074S 

Anti-Mouse HRP Cell Signaling, #7076 

Bromophenol Blue Sigma, #B0126 

Calcium Chloride MP Biomedicals, #195088 

Cell-Lytic M Cell Lysis Reagent Sigma, #060M4117 

Cloning Competent E. Coli (DH5α) NEB, #C1010S 

Crystal Violet Norateks, #106092 

Deoxynucleotide Solution Set NEB, #N0446S 

DimethylSulfoxide Biomatik, #A2424 

DMSO Sigma, #SHBJ2847 

Dulbecco’s Phosphate-Buffered Saline Gibco, #14190094 

ECL Thermo,#32106 

Ethlyenediamine Tetraaceric Acid Gibco, #25300054 
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Etidium Bromide Sigma #e1510-10 

Fetal Bovine Serum, heat inactivated Gibco #10500064 

Gelatin  Sigma, #G9391 

Gene Ruler DNA Ladder Mix 
Thermo Scientific,#LSG 

SM0331 

Glacial Acetic Acid Merck, #1.0005602500 

Glucose Sigma, #16301-1KG 

Glycerol Sigma, #15524-1L 

Glycine Bioshop, #GLN001 

High Glucose Dulbecco’s Modified Eagle Medium Gibco,#419650 

Isopropanol  Sigma, #24137 

Isopropyl ß-D-1-thiogalactopyranoside Fermentas, #R0392 

Lipofectamine 3000 Thermo, #L3000001 

Luria-Bertani Broth Sigma, #L7659 

Magnesium Chloride NEB, #B9021S 

Oligos/Primers Sentegen Biotechnology 

Opti-MEM  Gibco, #319850070 

P53 Antibody Cell Signaling, #2524 

Penicillin-Streptomycin Gibco, #15140122 

Potassium Acetate Merck, #104820 

Protease Inhibitor Coktail Tablets Roche, #11460400 

Proteinase K Macherey-Nagel, #740506 

Puromycin Sigma, #P9620 

PVDF Membrane  Thermo, #B8518 

RNase A                                                                  Macherey-Nagel, #740505 

Skim Milk Powder Bioshop, #SKI400 
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Sodium Cloride Sigma, #13423 

Sodium Dodecyl Sulfate Sigma, #151-21-3 

Sodium Hydroxide Sigma, #06203 

TE Buffer Invitrogen, #00431008 

Tris Base BioRad, #1610716 

Tris-Cl Molekula 

Trypan Blue                                                             Sigma-Aldrich, #T8154 

Trypsin-EDTA Solution Gibco, #25300054 

β-Actin (13E5) Rabbit mAb Cell Signaling, #4970S 
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APPENDIX B: DNA and Protein Molecular Weight Markers  
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APPENDIX C: Equipment Used in This Project 

 

Equipment     Supplier Company, Catalog No 

2- Gel Tetra and Blotting Module with 

PowerPac HC 
BioRad, #1660828EDU 

Bacterial Cell Culture Incubator   Forma Steri-Cycle CO2; Thermo 
Scientific, #52103030 

Bacterial Shaker Incubator Biosan, #ES-20/60 

Cell and Bacterial Culture Hood Thermo Scientific, #51026637 

Cell Culture Incubator                                   Thermo Scientific, #51030301 

Centrifuge Machine                                      Thermo Scientific, #SL16R 

ChemiDoc Imaging System BioRad, #1708265 

Digital Shaking Dry Bath Thermo Scientific, #88880028 

Electrophoresis Apparatus Axygen, #HGB15 

Florescent Microscope ZEIS AXIO Vert.A1 

Flow Cytometry BD FACSVerse™, #651155 

Freezing container Thermo, #N51000001 

Light Microscope ZEIS PrimoVert 

Microcentrifuge Machine  Thermo Scientific, #MicroCL21R 

 Pipettes Gilson, Pipetman, France 

Microwave Oven Samsung, #MW71E 

Mini-PROTEAN Cell Casting Module BioRad, #1658022EDU 

Mini-PROTEAN Tetra Vertical 

Electrophoresis Cell 
BioRad, #1658005EDU 

NanoDrop OneC Microvolume UV-Vis Thermo, #701-058112 
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Spectrophotometer 

Neubauer Chamber  Isolab, # LB.IS.075.03.001 

pH Meter Thermo, #12923257 

T100™ Thermal Cycler  BioRad, #1861096 

Varioskan Flash ThermoScientific, MIB#5250030 

Vortex VWR, #VV3 
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APPENDIX D: Other Components Used in This Project 

 

Other Components           
Supplier Company, 

Catalog No 

96-well Cell Cuture Plate TPP, #92096 

24-well Cell Cuture Plate TPP, #92024 

6-well Cell Cuture Plate TPP, #92106 

100 -mm Cell Culture Dish TPP, #93100 

T75 Flask TPP, #Z707503 

Cryovial Tube TPP, #89012 

0.2 mL PCR Tube PCR-02-C Axygen 

1.5 mL Microcentrifuge Tube CAPP, #5101500C 

 

 

 

 

 

 

 

 

 

 

 

  


