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ABSTRACT 

IDENTIFICATION OF C17ORF45 PROTEIN AND THE EFFECTS 

OF ITS SNORNAS ON CELL CYCLE 

The Wnt / β-catenin signaling has many important roles in cellular responses 

and dysregulation of this pathway are linked to tumor formation. Priorly, SAGE and 

microarray analyses were performed in our laboratory in order to detect differentially 

expressed genes in Wnt / β-catenin pathway and c17orf45 gene was found to be 

upregulated in the presence of constitutively active β-catenin. It was characterized as a 

novel Wnt / β-catenin target. A bioinformatics tool designed by our former lab member 

was used to detect differentially expressed genes in different tumor samples from online 

data. This indicated that the expression level of c17orf45 gene was altered in distinct 

tumors. Besides, the upregulation of c17orf45 was experimentally observed in meningi-

oma samples. Moreover, c17orf45 gene is accepted as the host gene for 3 snoRNAs in 

its introns. SnoRNAs are mainly involved in post-transcriptional modification of ribo-

somal RNAs; however the roles of snoRNAs in cancer are currently identified. In this 

study, the putative protein product of c17orf45 gene and the effects of 2 snoRNAs resid-

ing in introns of c17orf45 on different cancer cells were analyzed. Bioinformatics and 

PAML analyses for c17orf45 ORF revealed that there might be a positive selection for 

putative protein of the gene. Western Blot analysis done to identify the putative protein 

resulted in that the antibody did not target the protein of c17orf45. Besides, to examine 

the possible effects of snoRNAs, snoRNAs were cloned into intronic region of HBB 

gene encompassed by exonic parts in order to splice intron out. This would lead to ob-

tain functional, processed snoRNAs. Splicing were verified with RT-PCR, Real Time 

PCR and YFP fused HBB construct which depended on joining of exons and splicing 

out of intron. Then, snoRNA constructs were introduced to different cancer cell lines to 

determine the effects of snoRNAs on cell cycle. However, none of the cells with 2 dif-

ferent time points indicated an alteration on cell cycle. 
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ÖZET 

C17ORF45 GENİNİN PROTEİNİNİ BELİRLEME VE 

SNORNA'LARININ HÜCRE DÖNGÜSÜ ÜZERİNDEKİ ETKİSİ 

 Wnt / beta-katenin sinyal yolağının hücre üzerinde önemli etkileri vardır ve bu 

yolak ve bileşenleri üzerindeki düzensizlikler kanser ile ilişkilendirilmiştir. Daha önce 

laboratuvarımızda yapılan SAGE ve mikroarray analizleri ile Wnt / beta-katenin 

yolağında anlatımı değişen genler bulunmuş ve hücreye aktif beta-katenin verildiğinde 

c17orf45 geninin anlatımının arttığı gözlenmiştir. Ayrıca bu gen Wnt yolağı hedef geni 

olarak da belirlenmiştir. Bunun yanı sıra, farklı kanser türlerinde anlatımı değişen 

genleri belirlemek amacıyla geliştirilen bir biyoinformatik program vasıtasıyla c17orf45 

geninin anlatımının bir çok kanser türünde farklılık gösterdiği saptanmıştır. 

Laboratuvarımızda gerçekleştirişen başka bir çalışmada ise genin anlatımının 

menenjiyom örneklerinde arttığı gözlenmiştir. Bunula beraber, c17orf45 geni intronik 

bölgelerinde 3 farklı snoRNA barındırdığı bilinmektedir. SnoRNA'ların asıl 

görevlerinin rRNA üzerindeki translasyon sonrası modifikasyonlarda görev almak 

olduğu kabul edilse de son zamanlarda snoRNA'ların kanser oluşumundaki rolü 

belirlenmiştir. Bu çalışmada, c17orf45 geninin olası proteini ve snoRNA'larının hücre 

döngüsü üzerindeki etkisi araştırılmıştır. PAML analizi bu genin işlevsel bir protein 

üretebileceğini işaret etmesine rağmen Western blot sonuçları kullanılan antikorun olası 

proteini tanımadığını göstermiştir. Ayrıca, snoRNA'ların kanser hücreleri üzerindeki 

etkisini görmek amacıyla genin snoRNA'ları HBB geninin intronik bölgesine 

klonlanmış ve eksonların uç uca eklenmesi sonrası introndan fonksiyonel snoRNA'ların 

çıkması hedeflenmiştir. Bu bağlamda yapılan deneyler pozitif sonuç vermiş olup bir 

sonraki aşamada snoRNA'ların hücre döngüsü üzerindeki olası etkileri farklı kanser 

hücre hatları üzerinde analiz edilmiş; ancak hiç bir hücre hattında belirgin bir fark 

gözlenememiştir. 
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1.  INTRODUCTION 

1.1.  The Wnt Signaling Pathway 

The Wnt signaling pathway has crucial roles in different mechanisms such as 

proliferation, differentiation, apoptosis, development and tissue homeostasis (Brocardo 

and Henderson, 2008, Clevers, 2006, Nusse, 2008, Valdivia et al., 2011). The pathways 

can be classified according to their dependency on β-catenin. The canonical Wnt / β-

catenin signaling pathway is the best characterized compared to non-canonical Wnt sig-

naling pathways. The canonical Wnt / β-catenin  pathway is stimulated by binding of a 

Wnt ligand to its coreceptors, Frizzled (Fz) and  low-density lipoprotein receptor-related 

protein 5 or 6 (LRP5 or LRP6) (Clevers, 2006). Interaction between Wnt ligand and re-

ceptors triggers the interaction of Axin and LRP5 (Mao et al., 2001) with the help of 

recruitment of Dishevelled (Dvl) (Chen et al., 2003, Zeng et al., 2008). The movement 

of Axin to the receptor complex leads not to constitute the degradation complex consist-

ing of Adenomatous polyposis coli (APC), glycogen synthase kinase-3-beta (GSK3β) 

and casein kinase 1 (CK1). The deficiency of destruction complex causes β-catenin to 

translocate to the nucleus. In nucleus, β-catenin forms a transcription complex with T 

cell factor (TCF) and lymphoid enhancer factor (LEF). This complex provides the tran-

scription of Wnt target genes (He et al., 1998, Molenaar et al., 1996).  

However, when there is no Wnt ligand, destruction complex can form and this 

leads to phosphorylation of β-catenin. β-catenin is phosphorylated at different sites in its 

N-terminus (Sakanaka, 2002, Yost et al., 1996). These phosphorylations mark β-catenin 

for ubiquitination and that results in proteosomal degradation (Aberle et al.,1997). The 

canonical Wnt signaling is illustrated in Figure 1.1. 
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Figure 1.1.  The canonical Wnt signaling with off (left) and on (right) states (Adapted 

from Clevers, 2006). 

Dysregulation of the Wnt signaling and mutations in the components of the 

pathway are associated with many different cancer types (Klaus and Birchmeier, 2008). 

APC mutations are found in familial adenomatous polyposis (FAP) and colorectal can-

cer patients (Nishisho et al., 1991). Axin mutations is also observed in colorectal cancer 

(Liu et al., 2000) and hepatocellular carcinoma (Satoh et al., 2000). The core compo-

nent of Wnt signaling, which is β-catenin, has been showed to have a role in various 

cancer types due to its phosphorylation sites on its N-terminal residues (Polakis, 2000).  

1.2.  C17Orf45 Gene 

C17orf45 gene was initially defined in Mammalian Gene Collection (MGC) pro-

ject of National Institute of Health (NIH). The main aim of this project was to constitute 

the clones of complete ORF of any human gene (Gerhard et al., 2004). By MGC pro-

ject, the hypothetical protein product of c17orf45 gene was identified as 130 amino ac-
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ids. Currently, the gene was annotated as c17orf76-AS1 (Gene ID: uc002gqc.3, UCSC 

Genome Browser; Gene ID: 125144, GenBank).  

Previously in our laboratory, SAGE and microarray analyses were performed to 

indicate differentially expressed genes in Wnt / β-catenin pathway. According to the 

results of SAGE and microarray, upregulation of c17orf45 mRNA was observed in a 

hepatocellular carcinoma cell line, Huh7, which was transfected with mutant and consti-

tutively active form of β-catenin (Kavak, 2009). In another study performed in our la-

boratory, c17orf45 gene was identified and characterized as a novel Wnt / β-catenin tar-

get gene. In that study, lithium treatment assay which mimicked active Wnt signaling 

indicated an increase in mRNA level of c17orf45 gene. The promoter analysis for 

c17orf45 performed with luciferase assay showed a significant increment compared to 

control. Also, ChIP assay revealed that β-catenin interacts with the promoter region of 

c17orf45 (Şeker, 2009). Besides, the possible relationship of this gene with 

tumorigenesis was also analyzed. A bioinformatics program called as oncoreveal, de-

signed by Erşen Kavak (Kavak et al., 2010), identified C17orf45 gene as differentially 

expressed in different tumor samples (Kavak, 2009). Upregulation of the gene was ob-

served mainly in brain tumor especially for meningioma samples (Şeker, 2009). In addi-

tion to this, novel oncogenic candidate genes in osteosarcoma located in 17p11.2-p12 

chromosomal location where c17orf45 gene resides were determined. C17orf45 gene 

was identified with high copy number variation and high expression level that makes 

the gene a candidate for oncogene in osteosarcoma (Both et al., 2012). Apart from the-

se, c17orf45 is the host gene for three small nucleolar RNAs locating in its introns and 

regulates their transcriptions.  

1.3.  Small Nucleolar RNA  

1.3.1.  General Features of SnoRNAs 

Small nucleolar RNAs (snoRNAs) are non protein coding RNAs composed of 

60-300 nucleotides. SnoRNAs mainly involve in the regulation of modifications of ri-
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bosomal RNAs as post-transcriptionally (Bratkovic and Rogelj, 2011). These modifica-

tions include 2'-O-ribose methylation and pseudouridylation (Bachellerie et al., 2002). 

Sno-RNAs responsible for these modifications can be defined according to their con-

sensus motifs: C/D box and H/ACA box (Figure 1.2). C/D box snoRNAs have C box 

(RUGAUGA, R stands for A or G and D box (CUGA) close 5' and 3' terminus, respec-

tively (Bratkovic and Rogelj, 2011). C and D box come close to each other with the help 

of  5' and 3' terminus having a complementary site to each other called as stem box 

structure and which all is crucial for biogenesis of snoRNA (Cavaille and Bachellerie, 

1996, Huang et al., 1992). In addition to C and D box, C' and D' boxes are also found in 

C/D box snoRNAs. Upstream of D and D' boxes, there are antisense elements which 

have complementary sequence to target RNA primarily for methylation. H/ACA box 

sno-RNAs, similar to C/D box snoRNAs, have consensus motifs called H box 

(ANANNA, N stands for any nucleotide) and ACA box (Bratkovic and Rogelj, 2011). 

H/ACA box snoRNAs consist of two hairpin domains and generally one of them con-

tain the internal loop including the complementary bases to target RNA, required for 

pseudouridylation (Bortolin et al., 1999, Ganot et al., 1997). 

 

Figure 1.2.  C/D box and H/ACA small nucleolar RNAs.Consensus sequences and tar-

get RNA modifications are indicated (Adapted from Bratkovic and Rogelj, 2011). 
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 SnoRNA transcription can be regulated in two ways: snoRNAs can be transcribed 

either from independent promoters under the control of RNA polymerase II or they 

might be obtained from the introns of the protein coding or non-protein coding genes 

(Bratkovic and Rogelj, 2011). Most of human snoRNAs are intron encoded. The host 

genes of these snoRNAs mainly regard to 5' terminal oligopyrimidine gene family that 

have function related to ribosome or translation (Smith and Steitz, 1998, Yamashita et 

al., 2008). Host genes of intronic snoRNAs having no protein coding potential was pre-

viously thought that their only function is the being host to snoRNAs; however non-

protein coding host genes might have important function in cellular responses 

(Askarian-Amiri et al., 2011, Kino et al., 2010).    

1.3.2.  Cellular Functions of SnoRNAs 

Main functions of snoRNAs are 2'-O-ribose methylation and pseudouridylation 

on target RNA. There are other snoRNAs, which have different functions e.g. HBII-52, 

a C/D box snoRNA located in deleted chromosomal region in Prader-Willi syndrome. It 

has an antisense strand with a perfect complementarity to human seratonin receptor, 5-

HT2cR. The main function of this snoRNA is to have a role in the alternative splicing 

regulation of seratonin receptor and HBII-52 is required to obtain functional seratonin 

receptor (Kishore and Stamm, 2006). Besides, the mouse homolog of HBII-52, MBII-

52, was shown to have a function in RNA editing (Vitali et al., 2005).  Likewise, anoth-

er C/D box snoRNA HBII-180C has a function to regulate the alternative splicing of 

FGFR3 (Scott et al., 2012).  

In addition to the role of snoRNAs in alternative splicing and RNA editing, it re-

cently demonstrated that snoRNAs have significant affects in tumorigenesis and cancer 

development. A C/D box snoRNA called U50 is located in the genomic locus where it is  

deleted in many different cancer types, they might have a tumor suppressive role in 

prostate cancer. Mutation in snoRNA U50 was detected in multiple samples. It is 

downregulated in tumor samples and wild type form of U50 inhibits cellular prolifera-

tion and colony formation (Dong et al., 2008). Similarly, U50 snoRNA was associated 

with breast cancer formation (Dong et al., 2009) and B cell lymphoma because of its 
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location at chromosomal breakpoint (Tanaka et al., 2000). Besides, snoRNA with po-

tential oncogenic characteristic might have a participation in lung cancer was also speci-

fied. Overexpression of snord33, snord66, snord76 and snora42 were primarily deter-

mined in lung tumor samples (Li et al., 2006). Among these, snora42 was shown to act 

as a oncogene. Downregulation of snora42 inhibit the proliferation and colony for-

mation with p53 dependent manner and its ectopic expression increases the proliferation 

and colony formation (Mei et al., 2012).  

Another snoRNA function distinct from its canonical roles is that smaller RNAs 

might be derived from snoRNA and these smaller RNAs can act as miRNAs to 

downregulate target mRNA expression. ACA45 snoRNA was shown to process into 

smaller RNA, associated with RNA Interference Silencing Complex (RISC) proteins 

and downregulate target mRNA expression (Ender et al., 2008). Some other snoRNAs 

were also indicated as similar function (Brameier et al., 2011). Moreover, many differ-

ent miRNAs have been shown that they remind C/D or H/ACA box snoRNAs (Ono et 

al., 2011, Scott et al., 2009). It might possibly result from the evolutionary relationship 

between sno-RNAs and miRNAs (Scott and Ono, 2011).   

1.3.3.  Intron Encoded SnoRNAs of C17Orf45 Gene 

 C17orf45 is a host gene for 3 different snoRNA residing in its introns. These 

snoRNAs are called as snord49a, snord49b and snord65 (HBII-135). Snord49a 

(GenBank Accession Number: X96649) was initially showed in a study that it was 

immunoprecipitated with fibrillarin, which was a protein associated with small 

nucleolar ribonucleoproteins (snoRNPs) and this snoRNA was predicted to have a role 

in 2'-O-ribose methylation of 28S rRNA at C4426 (Kiss-Laszlo et al., 1996, Xie et al., 

2007). Snord49b is the truncated form of snord49a and have the exact function with full 

length forms (Kiss-Laszlo et al., 1996, Lestrade and Weber, 2006). HBII-135 is the hu-

man ortholog of mouse MBII-135  and it might function in the methylation of 18S 

rRNA at U627 (Huttenhofer et al., 2001, Xie et al., 2007). Possible secondary structures 

of these snoRNAs were also determined and shown in Figure 1.3. 
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Figure 1.3.  Predicted secondary structures of (a) snord49a and (b) snord65 (HBII-135) 

(Adapted from Xie et al., 2007). 
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2.  PURPOSE 

The main aims of this study were to identify the putative protein of c17orf45 

gene and to analyze whether its snoRNAs within in intronic region had any impacts on 

cell cycle in different cancer cells. 

Wnt / β-catenin signaling pathway is vital for many processes within the cell and 

the impairments in the pathway lead to cancer. Previous studies performed in our lab 

showed that c17orf45 gene was a novel transcriptional target of Wnt / β-catenin path-

way. The relativity between the gene and tumorigenesis was observed. Besides, the con-

structs including ORF of the gene indicated phenotypic impacts on some cancer cell 

lines like inhibiting proliferation or colony formation when they introduced to the cells. 

Because previous studies on c17orf45 gene suggested that it is able to encode a func-

tional protein. In this regard, we performed bioinformatics analyses, Western Blot ex-

periments and mass spectrometry analysis were performed in order to examine the puta-

tive product of the gene. 

Furthermore, there are 3 snoRNAs in intronic region of c17orf45 gene and 

snoRNA-cancer relationship was recently clarified. Hence, these snoRNAs residing in 

c17orf45 gene were analyzed in terms of their possible effects on different cancer cells. 

In this context, 2 snoRNAs of the gene were cloned into second intron of HBB gene to 

characterize splicing the intron out which is required to obtain functional snoRNAs. 

Consequently, the effects of those snoRNAs on cell cycle were analyzed.  
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3.  MATERIALS 

3.1.  General Kits, Enyzmes and Reagents 

Table 3.1.  List of kits, enzymes and reagents. 

BCA Protein Assay Kit  Pierce, USA 

DMEM  HyClone, USA 

DNA Molecular Weight Marker 

GeneRuler 1 kb DNA Ladder, Fermentas, USA ; 

50 bp ladder, NEB, USA ; 100 bp ladder, NEB, 

USA 

DNAse I (Recombinant) Roche, Switzerland 

FBS HyClone, USA 

GeneJET Plasmid Midiprep Kit  Thermo Scientific, USA 

High Pure Plasmid Isolation Kit  Roche, Switzerland 

ImProm-II Reverse Transcription 

System Promega, USA 

Light Cycler Fast Start DNA Mas-

ter SYBR Green I kit Roche, Switzerland 

MinElute Gel Extraction Kit QIAGEN, Germany 

MinElute PCR Purification Kit QIAGEN, Germany 

Non Essential Amino Acid HyClone, USA 

Penicillin/Streptomycin HyClone, USA 

Phosphate Saline Buffer (PBS) - 

Cell Culture Grade HyClone, USA 

Protein A Agarose Beads Pierce, USA 

Protein Molecular Weight Marker 

PageRuler Prestained Protein Ladder, 

Fermentas, USA 

Restriction Eznymes Fermentas, USA 

T4 DNA Ligase Roche, Switzerland 

Taq DNA polymerase Fermentas, USA 

TriPure Isolation Reagent Roche, Switzerland 

Trypsin HyClone, USA 

Turbofect Fermentas, USA 

Western Blotting Luminol Reagent Santa Cruz, USA 
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3.2.  Biological Materials 

3.2.1.  Bacterial Strains 

Escherichia coli TOP10 strain was used for the transformation experiments. The 

genotype of Escherichia Coli TOP10 strain is F-mcrA Δ(mrr-hsdRMS-mcrBC) 

Φ80lacZΔM15 ΔlacX74 recA1 araD139 Δ(araleu) 7697 galU galK rpsl (StrR) endA1 

nupG. 

3.2.2.  Cell Lines 

Huh7, Hep3B (human hepatocellular carcinoma; kindly provided by Dr. 

Mehmet Öztürk), U373-MG (human astrocytoma; kindly provided by Dr. P.O. 

Couraud), HeLa (human cervical cancer cell line; kindly provided by Dr. Cemalettin 

Bekpen), HEK293FT (human embryonic kidney cell line; kindly provided by Dr. 

Nesrin Özeren) and MCF-7 (human breast cancer cell line; kindly provided by Dr. N.C. 

Tolga Emre) cell lines were used.  

3.2.3.  Plasmids 

pcDNA3 (Invitrogen, CA, USA), pEGFP-N2 (Clontech, CA, USA), pIRES2-

EGFP (Clontech, CA, USA), pcDNA4-HisC (Invitrogen, CA, USA), pEYFP-N1 

(Clontech, CA, USA) plasmids were used.  
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3.2.4.  Primers 

Table 3.2.  Primers used in this study. 

Primer ID Sequence Application 

HBB_exon2_fwd_hind3 

GGGAAGCTTTGAGAACTTCAGGGTG 

AGTCTA Cloning 

HBB_intron2_rev_newMCS 

GGATCCTGGTACCTGAATTCACATTA 

CACTTTAACCC Cloning 

HBB_intron2_fwd_newMCS 

AAAGAATTCAGGTACCAGGATCCGTG 

TACACATATTGACCAA Cloning 

HBB_exon3_rev_Xba1 

TTTTCTAGATTTGCCAAAGTGATGGGC 

CAGCA Cloning 

SNORD49A_fwd_EcoR1 

GGGGAATTCCTTGACTGCTCTGATGAA 

ATCACTAA 

Cloning, RT&Q-

RT-PCR 

SNORD49A_rev_BamH1 

TTTGGATCCCTTGACTGCAATCAGACA 

GGAGTAG 

Cloning, RT&Q-

RT-PCR 

SNORD65_fwd_EcoR1 

GGGGAATTCAGATATCAAATGATGAA 

ATCACCCAAAAT 

Cloning, RT&Q-

RT-PCR 

SNORD65_rev_BamH1 

TTTGGATCCAGATATCTTCAGAAAACC 

ATAGGTTCACC 

Cloning, RT&Q-

RT-PCR 

HBB_e2fwd_GFP_Bgl2 

AAAAGATCTATGCCTGAGAACTTCAGG 

GTGAGTCTATGG Cloning 

HBB_e3rev_GFP_Hind3 

TTTAAGCTTTTTGCCAAAGTGATGGGCC 

AGCA Cloning 

HBB_spliced_RT_Fwd GGATCCTGAGAACTTCAGG 

RT& 

Q-RT-PCR 

HBB_spliced_RT_Rev TTTGCCAAAGTGATGGGCC 

RT& 

Q-RT-PCR 
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3.3.  Chemicals 

Table 3.3.  Chemicals used in this study. 

Acetic Acid Riedel de Haen, Germany 

Acrylamide AppliChem, Germany 

Agar Conda, Spain 

Agarose E Conda, Spain 

Ammonium Persulfate (APS) Sigma-Aldrich, USA 

Ampicillin AppliChem, Germany 

Bovine Serum Albumin (BSA) AppliChem, Germany 

Bromophenol Blue Fluka, USA 

Calcium chloride dihydrate AppliChem, Germany 

Chloroform Sigma-Aldrich, USA 

Coomassie Brilliant Blue (R-250) Sigma-Aldrich, USA 

DMSO Sigma-Aldrich, USA 

EDTA AppliChem, Germany 

Ethanol Emsure, Germany 

EZMix Tryptone Sigma-Aldrich, USA 

Glycerol Sigma-Aldrich, USA 

Glycine Fisher Scientific, USA 

Isopropanol Emsure, Germany 

Kanamycin Fluka, USA 

Methanol Emsure, Germany 

N, N, N', N'-

tetramethylethylenediamine 

(TEMED) AppliChem, Germany 

N,N'-Methylenebisacrylamide Sigma-Aldrich, USA 

NP-40 Roche, Switzerland 

Phenol:chloroform:isoamyl alco-

hol (125:24:1)  Fluka, USA 

Phosphate Saline Buffer (PBS) - 

Mol. Biology Grade Gibco, UK 

Sodium Chloride (NaCl) Fisher Scientific, USA 

Sodium Dodecyl Sulfate (SDS) AppliChem, Germany 

Tris-Base AppliChem, Germany 

Tris-Cl AppliChem, Germany 

Tween 20 Sigma-Aldrich, USA 

Yeast Extract Conda, Spain 
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3.4.  Buffers and Solutions 

Table 3.4.  Buffers and solutions used in this study. 

10X SDS Running Buffer 1% SDS 

  1.92M Glycine 

  250 mM Tris-Base 

10X Transfer Buffer 1.92M Glycine 

  250 mM Tris-Base 

1X Transfer Buffer 10% 10X Transfer Buffer 

  20% Methanol 

20X SB Buffer 730 mM Boric Acid 

  200 mM NaOH 

4X Protein Loading Dye 200 mM Tris-Cl (pH: 6.8) 

  8% SDS 

  40% Glycerol 

  4% β-mercaptoethanol 

  50 mM EDTA 

  0.8% Bromophenol Blue 

Cell Lysis Buffer 137 mM NaCl 

  20 mM Tris-Cl (pH: 7.4) 

  2 mM EDTA 

  0.2 % NP-40 

  5 mM NaF 

Coomassie Blue Destaining Solution 30% Isopropanol 

  10% Acetic Acid 

Coomassie Blue Fixation Solution 50% Methanol 

  10% Acetic Acid 

Coomassie Blue Staining Solution 50% Methanol 

  10% Acetic Acid 

  

0.05% Coomassie Blue R-

250 

DNA Loading Buffer 10 mM Tris-Base (pH: 7.4) 

  0.03% Bromophenol Blue 

  0.03% Xylene Cyanol 

  60% Glycerol 

  60 mM EDTA 

LB 5 g/l NaCl 

  10 g/l Tryptone 

  5 g/l Yeast Extract 
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Table 3.4. Buffers and solutions used in this study (cont.). 

LB Agar 5 g/l NaCl 

  10 g/l Tryptone 

  5 g/l Yeast Extract 

  15 g/l Agar 

Propodium Iodide Staining Solution 20 µg/ml Propodium Iodide 

  0.1% Triton X-100 

  dissolved in 1X PBS 

TBS-T 50 mM Tris-Base (pH: 7.4) 

  150 mM NaCl 

  0.1% Tween 20 

3.5.  Antibodies 

Table 3.5.  Antibodies used in this study. 

Name  Species Dilution Source 

Anti-c17orf45 (sc-136581) Rabbit 1/500 Santa Cruz 

Anti-GFP HRP linked (sc-8334) Rabbit 1/500 Santa Cruz 

Anti-myc (#2272) Rabbit 1/1000 Cell Signaling 

Anti-beta actin (#4970) Rabbit 1/1000 Cell Signaling 

3.6.  Disposable Labware 

Table 3.6.  List of disposable labwares used in this study. 

Cell culture plates, 10 cm Thermo, USA 

Cell culture plates, 145 mm Thermo, USA 

Cell culture plates, 6 well Thermo, USA 

Cell culture plates, 96 well Thermo, USA 

Cell scraper TPP, Switzerland 
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Table 3.6.  List of disposable labwares used in this study (cont.). 

Cryo tubes Greiner Bio One, UK 

Filtered tips Axygen ,USA 

Insulin syringes Set Medikal, Turkey 

PCR tubes, 0.2 ml Axygen ,USA 

Pipette tips Axygen ,USA 

Test tubes, 1.5 ml Axygen ,USA 

Test tubes, 2 ml Axygen ,USA 

Test tubes, 15 ml TPP, Switzerland 

Test tubes, 50 ml TPP, Switzerland 

3.7.  Equipment 

Table 3.7.  List of equipment used in this study. 

Autoclave Midas 55,Prior Clave, UK 

Carbon dioxide Tank 2091, Habaş, Turkey 

Cell Culture Incubator Hepa Class 100, Thermo, USA 

Centrifuges J2-21, Beckman Coulter, USA  

  Allegra X-22, Beckman Coulter, USA 

  5415R, Eppendorf, USA 

Documentation System GelDoc XR System, Bio-Doc, Italy 

Flow Cytometer FACSCalibur , Becton Dickinson, USA 

Freezers −20°C, Arçelik, Turkey 

  −80°C ULT Freezer, ThermoForma, USA 

Heat Block DRI-Block DB-2A, Techne, UK 

Micropipettes Finnpipette, Thermo, USA 

Microplate Reader 680, Biorad, USA 

Microscopes Inverted Microscope, CKX41, Olympus, JAPAN 

  Fluoroscence Microscope, Observer.Z1, Zeiss, Germany 

Microwave MD554, Arçelik, Turkey 

PCR Machine Gene Amp. PCR System 2700, Applied Biosystems, USA 

Power Supply Biorad, USA 

Real Time PCR LightCycler 1.5, Roche, SWITZERLAND 

SDS Gel Electrophore-

sis Biorad, USA 

Shaker VIB Orbital Shaker, InterMed, DENMARK 

Spectrophotometer NanoDrop 1000, USA 
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Table 3.7.  List of equipments used in this study (cont.). 

Stella Raytest, Germany 

Vortex Vortexmixer VM20, Chiltern Scientific, UK 
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4.  METHODS 

4.1.  Bioinformatics Methods 

4.1.1.  Extracting the Sequences of ORF of C17Orf45 Gene and Its snoRNAs from 

Genome Browser Database 

Open reading frame (ORF) of c17orf45 gene (uc002gqc.3) was taken from 

UCSC Genome Browser Database (Meyer et al., 2013) and Blat Search was performed 

for different species (Kent, 2002). According to Blat Search results, putative ORFs of 

the gene for each species were taken. Besides, coding regions for snord49a and snord65 

for distinct species was taken from database (Vertebrate Multiz Alignment) by utilizing 

human snord49a and snord65. 

4.1.2.  Construction of Phylogenetic Tree for ORF of C17Orf45 Gene and Its 

snoRNAs 

Putative ORF of c17orf45 gene extracted from the genome of accessible species 

were aligned by using ClustalW server of EBI (Larkin et al., 2007) without considering 

stop codon presence. Alignment file was utilized in MEGA5 software (Tamura et al., 

2007). File was used to a construct a phylogenetic tree with Neighbor-Joining method 

(Saitou and Nei, 1987) with Kimura-2 parameter (Kimura, 1980). The bootstrap test 

with 1000 replications was also applied (Felsenstein, 1985). Second phylogenetic tree 

was also constructed. Putative ORF of c17orf45 gene for distinct species were taken and 

ORFs of the species were chosen till stop codon by translating sequences with ExPASy 

server of SIB (Artimo et al., 2012). Nucleotide sequences of translated ORF were 

aligned and another phylogenetic tree was constructed with the same parameters above. 

Similarly, coding regions of snord49a and snord65 were taken and alignment was per-

formed. Neighbor-Joining method with Kimura-2 parameter and 1000 replications for 

bootstrap were applied. 
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4.1.3.  PAML Analysis 

PAML analysis was performed to test evolutionary rates of the putative coding 

sequences of c17orf45 gene extracted from the accessible genome databases for differ-

ent species (Yang, 2007). To apply PAML analysis, three files were obligatory: a se-

quence file containing organized nucleotide sequences; a tree file containing phyloge-

netic tree of including species and a control file containing model and other parameters 

of the analysis. Sequence file was prepared after obtaining alignment file. Deleted bases 

even in a single species and stop codons within the frame were removed from all spe-

cies. Tree file was prepared after obtaining from MEGA analysis. Acquired tree was 

corrected in TreeView software manually (Page, 1996). The ultimate tree file was used 

in PAML analysis. In test file, mainly the model of the test was chosen. Two different 

models were applied; one-ratio (one dN/dS ratio for whole tree) and free-ratio model 

(dN/dS ratio for each branch in the tree). The program was run in Windows/Dos.    

4.2.  Biochemical Methods 

4.2.1.  Cell Lysis and Protein Extraction from Different Cell Lines 

To obtain basal level of protein or overexpressed proteins, cells in 6-well plate, 

10 cm plate or 145 mm plate are washed once with 1X PBS. Lysis Buffer was added 

onto plates as 150 µl, 400 µl and 1000 µl for 6-well plate, 10 cm plate and 145 mm 

plate respectively. Plates were placed onto ice for 10 minutes. Cell scrapers were used 

to scrape cells and they were collected into 1.5 ml micro centrifuge tubes. They were 

incubated on ice for 1 hour. Insulin syringes were used to homogenize and get rid of 

genomic DNA. Cell lysates were centrifuged at 14000g for 20 minutes at 4°C. Superna-

tants obtained after centrifuged were transferred into fresh 1.5 ml micro centrifuge 

tubes. Protein lysates were stored at -20°C for short term storage or directly used. 
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4.2.2.  Quantification of Protein Lysates 

Protein quantification was performed by BCA Protein Assay Kit (Pierce). BSA 

standards was prepared via serial dilution to obtain different concentrations (125, 250, 

500, 750, 1000, 1500 and 2000 µg/ml). Protein samples were prepared as 1/5 dilution in 

cell lysis buffer. All samples were prepared as duplicate. To prepare BCA Working Re-

agent, 50 parts Reagent A was mixed 1 parts Reagent B. For each sample, 150 µl of 

prepare BCA Working Reagent was prepared. They were added onto 96 well plate. 

Plate was placed onto ice. BSA standards and protein samples were added onto each 

well as 5 µl. Plate was incubated at 37°C for 30 minutes. Plate was cooled at RT for 5 

minutes. The absorbance of samples was measured at 562 nm on the plate reader. Blank 

measurements were subtracted from the average 562 nm absorbance measurement. To 

calculate the concentration of samples, a standard curve was prepared by plotting blank 

corrected BSA measurements at 562 nm vs their corresponding concentrations in µg/ml. 

By using standard curve, concentration of each sample was calculated. 

4.2.3.  Preparation of Protein Lysates 

Concentrations of each protein were adjusted according to the lowest amount of 

protein sample by means of addition of cell lysis buffer. 4X Protein Loading Dye was 

added into each sample and boiled at 95°C for 5 minutes. 

4.2.4.  Immunoprecipitation (IP) 

For immunoprecipitation experiment, Huh7 cell line was used. Basal protein ly-

sate was obtained as indicated in Section 4.2.1.  Quantification of protein was deter-

mined as indicated in Section 4.2.2.  500 µg of protein lysate is mixed with 5 µl of anti-

c17orf45 antibody in the total volume of 500 µl of lysis buffer. The protein-antibody 

mixture was incubated at 4°C for overnight by rocking. Next day, 40 µl of Protein A 

Agarose beads (Pierce) were washed twice with 300 µl of cell lysis buffer. Protein-

antibody mixture was added onto agarose beads. This mixture was incubated at 4°C for 
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7 hours by rocking. The sample was centrifuged at 14000g for 10 minutes at 4°C. Su-

pernatant was stored as control for Western Blot analysis. The beads were washed 4 

times with 300 µl of 1X PBS. 1
st
 wash supernatant was also kept as control. 4X Protein 

Loading Dye was added to beads and boiled at 95°C for 5 minutes.  

4.2.5.  SDS-PAGE 

SDS-PAGE gel system was prepared with resolving gel polymerized at the bot-

tom and stacking gel polymerized on the top of resolving gel. Bio-Rad gel electrophore-

sis system was used. 

Table 4.1.  Preparation of SDS-PAGE gels. 

 Resolving Gel Stacking Gel 

ddH2O 3.65 ml 1.825 ml 

1M Tris-Cl (pH:6.8) - 313 µl 

1.5M Tris-Cl (pH:8.8) 2.25 ml - 

Acrylamide:Bisacrylamide 

(30% / 0.8% w/v) 

3 ml 335 µl 

SDS (20% w/v) 45 µl 13 µl 

APS (10% w/v) 56.5 µl 21 µl 

TEMED 13.5µl 6 µl 

 

4.2.6.  Western Blot 

Protein samples were loaded into the wells and running was performed at 100 V 

for around 75 minutes. When run is complete, PVDF membrane was activated in meth-

anol for 30 sec and was transferred into ddH2O. SDS-PAGE was placed into transfer 

cassettes to obtain proteins on the membrane. Transfer was done at 100 V for 75 

minutes at 4°C. When transfer was complete, membrane was blocked with 5% nonfat 
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dry milk in TBS-T for 1 hour at RT. The membrane was washed 3 times with TBS-T 

for 5 minutes. each. Primary antibodies were applied according to the manufacturer’s 

protocol and prepared either in 5% non-fat dry milk or 5% BSA in TBS-T. Primary an-

tibodies were incubated overnight at 4°C. Next day, membrane was washed 3 times 

with TBS-T for 5 minutes each. Secondary antibody, HRP-conjugated anti-rabbit IgG 

was prepared in 5% non-fat dry milk as 1:2000 diluted. Secondary antibody was applied 

at RT for 1 hour. Membrane was washed 3 times with TBS-T for 5 minutes each. To 

visualize the proteins, Western Blotting Luminol Reagent (Santa Cruz) was used as 

mixing Solution A and Solution B (1:1 ratio). The protein bands were visualized in 

bio/chemi-luminescence system (Raytest - Stella). 

4.2.7.  Coomassie Blue Staining 

Protein samples were loaded into the wells and running was performed at 100 V 

for around 75 minutes. SDS gel was fixed with fixation solution at RT for 1 hour by 

shaking. Fixation solution was replaced with staining solution and incubated at RT for 

20-30 minutes. When gel was stained totally, destaining solution was added and incu-

bated until background color removed.  

4.2.8.  Preparation of Protein Sample for Mass Spectrometry 

Protein bands obtained from Coomassie Blue Staining was cut via sterile razor 

blade and placed into 1.5 ml micro centrifuge tubes. Samples were stored at -80°C 

freezer until it was sent for analysis. Mass Spectrometry analysis was performed in 

“Institut für Klinische Chemie” in Hamburg. 
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4.3.  Molecular Biological Techniques 

4.3.1.  Preparation of Chemically Competent Cells 

5 ml of LB supplemented with 25 µg/ml of streptomycin was inoculated with 

E.coli TOP10 strain glycerol stock and grown at 37°C for overnight by shaking at 200 

rpm. Next day, 50 ml of LB was inoculated with 500 µl of overnight culture (1:100). 

Cells were grown until OD at 600 nm reached to 0.4-0.6. Cells were centrifuged at 4000 

rpm for 10 minutes at 4°C. The pellet was resuspended with 25 ml of autoclaved and 

ice-cold 50 mM CaCl2 and incubated on ice for 30 minutes. Cells were centrifuged at 

4000 rpm for 10 minutes at 4°C. The pellet was resuspended with 5 ml of the mixture of 

autoclaved, ice-cold 50 mM CaCl2 and 10% glycerol (v/v). Aliquots were prepared as 

100 µl for each and stored at -80°C freezer for longer use.  

4.3.2.  Transformation of Chemically Competent TOP10 Cells 

A vial of competent cells was thawed on ice for 10 minutes and either 50 ng of 

plasmid or 1/5 amount of ligation mix was added onto cells. Cells were incubated on ice 

for 30 minutes. The vial was placed onto 42°C heat-block for 1 minute and then back 

onto ice for 2 minutes. 500 µl of LB was added onto cells and was grown at 37°C for 1 

hours by shaking. 150 µl of cell suspension was spread out onto antibiotic containing 

agar plate and incubated at 37°C for overnight as in inverted position. 

4.3.3.  PCR Purification of DNA Samples 

PCR products were purified with QIAGEN PCR Purification Kit. 5 volumes of 

Buffer PB was added onto 1 volumes of PCR product and mixed. The mixture was ap-

plied to the spin column and centrifuged for 1 minute. Supernatant was discarded and 
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the column was washed with 750 µl of Buffer PE. The samples were centrifuged for 1 

minute. Supernatant was discarded and the column was centrifuged for an additional 1 

minute. Column was placed into a sterile 1.5 ml micro centrifuge tube and 30 µl of pre-

warmed elution buffer was added. It was centrifuged for 1 minute. The concentration 

and purity of DNA was determined via nanodrop.  

4.3.4.  Agarose Gel Extraction of DNA Samples 

Agarose Gel Extraction was performed with QIAGEN Gel Extraction Kit. DNA 

sample was run in agarose gel and cut with a sterile razor blade and placed within a 1.5 

ml micro centrifuge tube. DNA sample was weighted and 3 volumes of QG Buffer was 

added. The sample was placed into heat block at 50°C. It was incubated for approxi-

mately 10 minutes until all agarose dissolved. 1 volume of isopropanol was added and 

mixed well. The mixture was transferred into the spin column and centrifuged for 1 mi-

nute. The flow-through was discarded and the sample was washed with 750 µl of Buffer 

PE. It was centrifuged for 1 minute. Supernatant was discarded and the column was cen-

trifuged for an additional 1 minute. Column was placed into a sterile 1.5 ml micro cen-

trifuge tube 25 µl of pre-warmed elution buffer was added. It was centrifuged for 1 mi-

nute. The concentration and purity of DNA was determined via nanodrop.  

4.3.5.  Restriction Digestion of DNA 

Digestion of DNA was performed by means of restriction enzymes (Fermentas) 

according to manufacturer's protocol. Restriction was usually done for 3 µg of plasmids 

with 3 unit of enzymes in 20 µl solution. Restricted DNA was purified either PCR puri-

fication or agarose gel extraction protocols. 

4.3.6.  Ligation 

Ligations of plasmids and inserts were performed by means of T4 DNA Ligase 

(Roche) according to manufacturer's protocol. Ligations were usually done with 1 unit 
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of enzymes in 30 µl solution. Ligated products were purified with PCR purification pro-

tocols. 

4.3.7.  Colony PCR 

To test the positive colonies after ligation, colony PCR was performed. The col-

onies chosen from agar plate were picked with a pipette tip and placed into PCR solu-

tion. After mixing within PCR solution, 1 µl of solution mix was dropped onto antibi-

otic resistant plate to create a backup plate. PCR was performed with 1X Taq Buffer, 2 

mM MgCl2, 0.5 mM dNTP mix, 0.4 µM of each primer, 8% DMSO, 1 u of home-made 

Taq polymerase. PCR products were run in 1% agarose gel.  

4.3.8.  Plasmid Isolation 

To isolate plasmids, either miniprep or midiprep was applied. Miniprep was per-

formed with High Pure Plasmid Isolation Kit (Roche). 5 ml of LB supplemented with 

the determined amount of antibiotic was inoculated with either the positive colony or 

glycerol stock for a sample. Sample was incubated at 37°C for overnight by shaking. 

Next day, cells were centrifuged at 4000 rpm for 15 minutes. The pellet was resuspend-

ed with 250 µl of Resuspension Buffer containing RNAse A and mixed. 250 µl of Lysis 

Buffer was added and mixed by inverting the tube 3-6 times. It was incubated at RT not 

more than 5 minutes. 350 µl of ice-cold Binding Buffer was added and mixed by invert-

ing the tube 3-6 times. It was incubated on ice for 5 minutes and centrifuged at 13000g 

for 10 minutes. The supernatant was transferred into filter tube and centrifuged for 1 

minute. Flow-through was discarded and 700 µl of Wash Buffer II was added. It was 

centrifuged for 1 minute. Flow-through was discarded and the filter tube was centri-

fuged for an additional 1 minute. Filter tube was placed into a sterile 1.5 ml micro cen-

trifuge tube and 75 µl of pre-warmed Elution Buffer was added. It was centrifuged for 1 

minute. The concentration and purity of DNA was determined via nanodrop. 



 25 

Midiprep was performed with GeneJET Plasmid Midiperp Kit (Thermo). 50 ml 

of LB supplemented with the determined amount of antibiotic was inoculated with the 

interested bacterial glycerol stock for a sample. Sample was incubated at 37°C for over-

night by shaking. Next day, cells were centrifuged at 4000 rpm for 30 minutes. The pel-

let was resuspended with 2 ml of Resuspension Buffer containing RNAse A and mixed. 

2 ml of Lysis Buffer was added and mixed by inverting the tube 3-6 times. It was incu-

bated at RT for 3 minutes. 2 ml of Neutralization Buffer was added and mixed immedi-

ately by inverting tube 5-8 times. 500 µl of Endotoxin Binding Reagent was added and 

mixed immediately by inverting tube 5-8 times. It was incubated at RT for 5 minutes. 

The sample was centrifuged at 15000 rpm for 30 minutes. Supernatant was transferred 

into a 15 ml tube and 1 volume of absolute ethanol was added. Sample was mixed and 

transferred into column containing collection tube. It was centrifuged at 2000g for 3 

minutes. 4 ml of Wash Buffer I was added and centrifuged at 3000g for 2 minutes.  

Flow-through was discarded and 4 ml of Wash Buffer II was added. It was centrifuged 

at 3000g for 2 minutes. Washing step with Wash Buffer II was repeated once more. 

Flow-through was discarded and centrifuged at 3000g for additional 5 minutes. Column 

was transferred into new 15 ml tube and 350 µl of Elution Buffer was added. It was cen-

trifuged at 3000g for 5 minutes. The concentration and purity of DNA was determined 

via nanodrop. 

4.3.9.  Total RNA Isolation 

To obtain smaller size of RNA, TriPure Isolation Reagent (Roche) was used. 

Cells from 10 cm plate were washed with PBS and 500 µl of TriPure (Roche) reagent 

was added. Cell scraper was used to scrape cells. Cell lysate was mixed via pipetting 

several times and transferred into a 1.5 ml micro centrifuge tube. Sample was incubated 

at RT for 5 minutes. 200 µl of chloroform was added and shaked vigorously for 15 sec. 

It was incubated at RT for 5 minutes and centrifuged at 12000g at 4°C for 15 minutes. 

Upper, colorless aqueous phase was transferred into a fresh 1.5 ml micro centrifuge 

tube. 500 µl of isopropanol was added and mixed by inverting the tube several times. It 

was incubated at RT for 5-10 minutes to obtain precipitation. It was centrifuged at 

12000g at 4°C for 10 minutes and supernatant was discarded. 500 µl of ice cold 75% 
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EtOH was added and vortexed. It was centrifuged at 7500g at 4°C for 5 minutes. Super-

natant was discarded and excess ethanol was removed by air-drying. The pellet was re-

suspended with 85 µl of DEPC-treated RNAse free water. Sample was incubated with 

DNAse I and DNAse incubation buffer (Roche) in order to get rid of DNA within sam-

ple. It was incubated at 37°C for 30 minutes. When DNAse incubation finished, 260 µl 

of nuclease free water and 40 µl of 3M NaOAc (pH: 5.2) was added. 400 µl of acidic 

phenol:chloroform:isoamyl alcohol (125:24:1) was added and mixed quickly by invert-

ing the tube several times. It was centrifuged at 12000g at 4°C for 12 minutes. Upper 

aqueous phase was transferred into a fresh 1.5 ml micro centrifuge tube. In order to 

minimize RNA loss, 100 µl of DEPC-treated water was added into mixture containing 

acidic phenol:chloroform:isoamyl alcohol and RNA and mixed. It was centrifuged at 

12000g at 4°C for 12 minutes. Upper aqueous phase was also added into previous one. 

500 µl of isopropanol was added and mixed. It was centrifuged at 12000g at 4°C for 12 

minutes. Supernatant was discarded and pellet was dried. Pellet was washed with 1 ml 

of ice cold 75% EtOH and vortexed. It was centrifuged at 12000g at 4°C for 12 minutes. 

Pellet was dried and 50 µl of nuclease free water was added to resuspend the pellet. 

RNA sample was kept at -80°C freezer for later use.   

4.3.10.  Reverse Transcription and cDNA Synthesis 

Reverse Transcription and cDNA synthesis were performed with Promega, 

ImProm-II Reverse Transcription System according to manufacturer’s protocol. 1 µg of 

RNA was incubated at 70°C with 0.75 µl of oligo-dT primers and 0.75 µl of random 

primers with the addition of 2.5 µl of nuclease free water. Then, sample was incubated 

on ice for 5 minutes. Reverse transcription mix was prepared with 4 µl of reaction buff-

er, 5 µl of MgCl2, 1 µl of dNTP mix, 0.5 µl of RNAse inhibitor, 1 µl of Reverse Tran-

scriptase and 3.5 µl of nuclease free water. Reverse transcription mix was added onto 

RNA sample mix on ice and incubated at 25°C for 5 minutes. Then, sample mix was as 

incubated at 42°C for 1 hour. Enzyme inactivation was done at 70°C for 5 minutes. 80 

µl of sterile nuclease free water was added to obtain 100 µl of reaction volume.  Sam-

ples were stored at -20°C for later use. 
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4.3.11.  RT-PCR 

RT-PCR was performed with Taq DNA polymerase (Fermentas). Briefly, 1X 

Taq buffer, 8% DMSO, 2 mM of MgCl2, 0.4 µM of each primers, 0.5 mM of dNTP 

mix, 1 u of Taq DNA polymerase, 40 ng of cDNA was prepared and PCR was per-

formed. 

4.3.12.  Real Time PCR 

Real Time PCR was performed with Roche, LightCycler Fast Start DNA Master 

SYBR Green I kit according to manufacturer’s protocol. 2 µl of SYBR Green mix, 1 µl 

of primer mix, 1.5 µl of MgCl2, 5 µl of cDNA and 10.5 µl of dH2O was mixed and add-

ed into capillary. Standard curve was constructed for primers and cDNAs to calculate 

the efficiency. Results were analyzed with Light Cycler 4.0 Analysis Software (Roche) 

and Microsoft Excel (USA). Reaction started with initial denaturation at 95°C for 10 

minutes. For elongation, there were 3 steps: denaturation at 95°C for 10 minutes, an-

nealing at 57°C for 5 sec and elongation at 72°C for 5 sec. It was run for 45 cycles fol-

lowed by a melting curve.  

4.3.13.  Cell Cycle Analysis 

Cell cycle analysis was performed with different cell lines. Growth medium 

covering cells from 6 well plates were collected into 15 ml tubes. Cells are washed with 

1X PBS and cells covered with PBS were also collected into same 15 ml tube. Trypsin 

was used to detach cells from plate. Growth medium was used to inactivate trypsin and 

detached cells were collected into same 15 ml tube. Cells were centrifuged at 1000g for 

5 minutes. Supernatant was discarded and cells were washed with 1X PBS. To fix the 

cells, 5 ml of 70% EtOH was added onto cells with vortex. Cells were incubated on ice 

at least for 2 hours. Cells were centrifuged at 1000g for 5 minutes. 1 ml of PI stain con-

taining 200 µg/ml of RNAse A was added onto cells. Cells within tube covered with 

aluminum foil in order to prevent direct light exposure were incubated at 37°C for 45 
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minutes. Cells were washed with 1X PBS and centrifuged at 1000g for 5 minutes. Cells 

were transferred into flow cytometer tubes and FACS analysis was performed. 

4.4.  Cell Culture Techniques 

4.4.1.  Growth Conditions of Cells 

Cells used in cell culture were grown in DMEM – High Glucose containing 10% 

FBS, 1% of penicillin/streptomycin and 1% Non-essential amino acid. Cells were incu-

bated in 5% CO2 incubator at 37°C. Growth medium was kept at 4°C and warmed at 

37°C before use. 

4.4.2.  Passaging 

The cells were passaged either before experiments or before reaching to 

confluency. The growth medium was aspirated and cells were washed with 1X PBS. 

Trypsin (0.025%) was added onto the cells to remove cells from surface and incubated 

at 37°C for 3-5 minutes. 5 ml of growth medium was added to inactivate trypsin. Cells 

were centrifuged at 1500 rpm for 5 minutes. Cells were resuspended via pipetting. De-

termined amount of cells (generally as 1:5) were transferred into new Petri dishes.  

4.4.3.  Cryopreservation 

Cells were removed from the surface with trypsin and inactivated with growth 

medium. Cells were centrifuged at 1500 rpm for 5 minutes. Cells were resuspended 

with 80% DMEM, 10% FBS and 10% DMSO mix. Fully confluent 10 cm plates were 

divided into four and 1 ml of solution containing cells were transferred into 2 ml screw 

capped-cyrotubes. Tubes were placed into NALGENE Cyro 1°C Freezing Container 

filled with isopropanol. Container provided cells to freeze -1°C/min. The container was 

placed into -80°C freezer. 
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4.4.4.  Thawing 

One vial of frozen cell were taken from -80°C freezer and placed into incubator 

at 37°C. Immediately after cells were thawed, cells were transferred into a 15 ml tube 

and 5 ml of growth medium was added. Cells were centrifuged at 1500 rpm for 5 

minutes. Pellet was resuspended with sufficient amount of growth medium and trans-

ferred into a Petri dish. 

4.4.5.  Transient Transfection of Cells 

Transfections were performed either in 6 well plates or 10 cm plates with in 

vitro Turbofect (Fermentas) reagent. Cells were seeded the day before transfection to 

get 50-60 per cent confluency at the day of transfection. For 6 well plate, 3 µg of plas-

mid DNAs and 300 µl of serum free medium was mixed in a sterile tube. 5 µl of trans-

fection reagent was added onto plasmid-medium mixture. For 10 cm plate, 12 µg of 

plasmid DNAs and 1200 µl of serum free medium were mixed in a sterile tube. 18 µl of 

transfection reagent was added onto plasmid-medium mixture. Final mixture was 

vortexed, spinned down and incubated at RT for 20 minutes. The mixture was added 

onto the cells and the plate was swirled. The cells were incubated at 37°C either for 24 

or 48 hours. The transfection media was replaced with fresh medium after 4 hours.  

4.5.  Construct Design for HBB Exon-Intron-SnoRNA 

The construct for HBB exon-intron-exon was mentioned earlier (Kiss and 

Filipowicz, 1995) and slightly different strategy was applied. To do this, PCR amplifi-

cation was performed for the part of exon 2 and the part of intron 2 of HBB gene for the 

first part of the construct. HindIII restriction site was added into 5’ of the forward pri-

mer (HBB_exon2_fwd_hind3) and EcoRI-KpnI-BamHI restriction sites were added into 

5’ of the reverse primer (HBB_intron2_rev_newMCS). For the second part of the con-

struct having the part of intron 2 and the part of exon 3, EcoRI-KpnI-BamHI restriction 

sites were added into 5’ of forward primer (HBB_intron2_fwd_newMCS) and XbaI re-
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striction site was added into 5’ of reverse primer (HBB_exon3_rev_Xba1). These two 

constructs were amplified from genomic DNA with Phusion High Fidelity DNA Poly-

merase (Thermo). PCR was performed with 1X Buffer HF, 0.2 mM dNTP mix, 0.5µM 

of each primer, 50 ng of gDNA, 3% DMSO and 1 u of Phusion DNA polymerase. The 

optimum PCR conditions were as indicated in the Table 4.2. Figure 4.1 indicated the 

schematic representation of construct. First part of the construct was digested with 

HindIII and EcoRI restriction enzymes and second part of the construct was digested 

with EcoRI and XbaI restriction enzymes. These constructs were cloned into pcDNA3 

plasmid. To do this, pcDNA3 was digested with HindIII and XbaI restriction enzymes. 

Digested plasmid, first and second parts were mixed within ligation reaction. Ligation 

mix was transformed into E.coli TOP10 competent cells. 

Table 4.2.  PCR amplification conditions for HBB exon-intron construct. 

 Temperature (°C) Duration Number of cycles 

Initial Denaturation 98 30 sec 1 

Denaturation 98 10 sec  

35 Annealing 64 30 sec 

Elongation 72 15 sec 

Final Elongation 72 10 min 1 

 

 

Figure 4.1.  Schematic Representation of HBB Exon-Intron Construct. 

After HBB exon-intron construct was completed with sequence verification, 

snoRNAs were amplified from gDNA with Phusion High Fidelity DNA Polymerase 

(Thermo). PCR was performed with 1X Buffer HF, 0.2 mM dNTP mix, 0.5µM of each 



 31 

primer, 50 ng of gDNA, 3% DMSO and 1 u of Phusion DNA polymerase. For 

Snord49a, snord49a_fwd_EcoRI and snord49a_rev_BamHI; for Snord65, 

snord65_fwd_EcoRI and snord65_rev_BamHI primers were used. Amplified snoRNAs 

and pcDNA3-HBB exon-intron construct plasmid were digested with EcoRI and 

BamHI. Digested plasmid and snoRNAs were mixed within ligation mix. Ligation mix 

was transformed into E.coli TOP10 competent cells. Figure 4.2 indicated the schematic 

representation of HBB-SnoRNA construct. 

Table 4.3.  PCR amplification conditions for snoRNAs. 

 Temperature (°C) Duration Number of cycles 

Initial Denaturation 98 30 sec 1 

Denaturation 98 10 sec  

35 Annealing 61 30 sec 

Elongation 72 5 sec 

Final Elongation 72 10 min 1 

 

 

Figure 4.2.  Schematic Representation of HBB-SnoRNA Construct. 
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5.  RESULTS 

5.1.  Bioinformatics Analysis of C17Orf45 Gene 

5.1.1.  Phylogenetic Tree for Putative ORF of C17Orf45 and Its Intronic SnoRNAs 

As a first step to analyze c17orf45 gene, phylogenetic trees were constructed for 

putative ORF and snoRNAs to examine evolutionary background of the gene. Hence, 

the nucleotide sequences of putative ORF of c17orf45 gene were extracted from Blat 

Search of Genome Browser for different species as indicated in Section 4.1.1.  and the 

sequences were aligned. According to the results, the potential coding region was only 

observed within primates (Figure 5.1). No homology was observed for other species. 

Using this alignment file, one of the phylogenetic tree was constructed as mentioned in 

Section 4.1.2.  Second phylogenetic tree was also constructed as following; only nucleo-

tide sequences which were starting with a start codon in the frame till a stop codon were 

chosen. Hence, this indicated the phylogenetic relationship of the functional part of 

c17orf45’s ORF. Phylogenetic trees were as in the Figure 5.2. The results showed that 

functional part (open reading frame with start and stop codons) indicated a tree like tra-

ditional phylogenetic tree. The usage of stop codon moved the gorilla branch close to 

the ancestral branch. In addition to ORF of the gene, two snoRNAs of c17orf45 were 

also analyzed. Extracted data for each snoRNA were aligned (Figure 5.3) and phyloge-

netic trees were constructed (Figure 5.4).  
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Figure 5.1.  Alignment of putative coding regions of c17orf45 gene among primates. 
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Figure 5.2.  Phylogenetic tree for putative c17orf45 ORF, (a) ORF comparison without 

considering stop codon and (b) ORF comparison including stop codon (putative func-

tional part).The bootstrap values are indicated on the branches. 
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Figure 5.3.  Alignment of coding regions of (a) snord49a and (b) snord65 among differ-

ent vertebrates. 
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Figure 5.4.  Phylogenetic trees for (a) snord49a and (b) snord65.The bootstrap values 

are indicated on the branches. 
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5.1.2.  Results of PAML Analysis 

 PAML analysis was performed to discover selective pressure of putative ORF of 

c17orf45 gene based on codon substitution by using the ML approach. By means of this 

analysis, selective pressure on each codon of the gene which may reflect functional 

properties of the protein could be determined. dN/dS (ω) ratio indicates evolutionary 

rates on the gene. ω>1 indicates positive selection which means preservation of the ben-

eficial mutations, ω=1 indicates neutral selection expressing the mutations or deletions 

which have no direct effect on the function of the gene and ω<1 indicates negative (nat-

ural) selection which could be explained as the removal of deleterious mutations (Yang, 

2007). Three files required for PAML analysis were prepared as in Section 4.1.3.  and 

one ratio model was applied. dN/dS ratio for one ratio model was 1.3855 which indicat-

ing a overall positive selection (Nei and Gojobori, 1986). In addition to one ratio model, 

free ratio model was also applied. Free ratio model provides single dN/dS value for each 

branch within the tree. However, the free ratio model did not fit dN/dS data significantly 

(Table 5.1). This might be due to the length of ORF because it was relatively short se-

quence. On the other hand, the results of the free ratio indicated that there might be a 

positive selection for putative c17orf45 protein (Figure 5.5) because the values on the 

branches were pointed out high dN/dS ratios. Especially, the branch between gibbon 

and orangutan gave high ω value (37.2352) and this case continued till human. Hence, 

for further analysis, one ratio model was applied with fixed omega values to test the de-

gree of selection. Omega values used in that analysis fixed ranged from 0.1 to 0.5. By 

doing this, negative (natural) selection would be applied to whole tree; therefore if there 

was a positive selection on the gene, these omega values implying the negative selection 

would push the positive selection on the gene more by decreasing the maximum likeli-

hood value. The results indicated that the positive selection persisted till fixed omega 

value reached to 0.5 which could be accepted as moderate value for negative selection. 

In addition to this, the statistical test gave significant result for all omega values from 

0.1 to 0.5 (Table 5.2); however no significant results were obtained for omega values 

greater than 0.5. Therefore we conclude that c17orf45 gene might produce a functional 

protein.     
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Figure 5.5.  Phylogenetic tree after PAML analysis with free ratio model.The values on 

the branches indicate the ω (dN/dS) ratios. 

 

Table 5.1.  PAML analysis results for one and free ratio models(n.s., not significant). 

Model ω (dN/dS) 
ln L (the log of maximum  

likelihood value) 

One ratio model 1,3855 -602,602975 

Free ratio model - -594,872606 

χ
2
 = 2Δln L = 15.46 (dof = 15), n.s. 
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Table 5.2.  PAML analysis for fixed omega values(** highly significant, p values<0.01; 

* significant, 0.05<p value<0.01; n.s., not significant). 

 

ω 

(dN/dS) 

ln L (the log of maximum likeli-

hood value) 

Degree of 

freedom 
χ2 

 

One ratio 

model 

0,1 -643.892102 15 98.04 ** 

0,2 -625.401945 15 61.06 ** 

0,3 -616.788361 15 43.83 ** 

0,4 -611.854481 15 33.96 ** 

0,5 -608.74872 15 27.75 * 

0,6 -606.690221 15 23.64 n.s. 

Free ratio 

model 
- -594.872606 - - 

  

5.2.  Identification of Protein of C17orf45 Gene 

5.2.1.  Western Blot for Basal C17orf45 Protein in Different Cell Lines 

After obtaining partly promising bioinformatics results about the protein produc-

tion of the gene, Western Blot experiments were carried out to verify the putative pro-

tein of c17orf45 gene. Therefore, as a first step, basal level of putative c17orf45 protein 

was searched in different cell lines. Protein lysates were obtained from 10 cm plates or 

145 mm plates. The lysates were quantified as indicated in Section 4.2.2.  For each ly-

sates, 30 µg of protein were used. Anti-c17orf45 antibody was used to get protein 

bands. The results showed two different bands for all cell lines except for HEK293FT 

cell line. One of them was around 70 kDa, the other band was at 35 kDa. The 70 kDa 

band was probably unspecific. The possible bands for c17orf45 protein were observed 

around 35 kDa (Figure 5.6) although the theoretical weight of the protein was around 15 

kDa.  
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Figure 5.6.  Western Blot for c17orf45 protein from different cell lines. 

5.2.2.  Western Blot for Overexpressed C17orf45 Protein 

Following basal protein analysis, overexpression of the gene was performed to 

observe the increase in the protein level compared to basal level. So, Huh7 cells on 6 

well plates were transfected with pcDNA3, pcDNA-c17orf45 and pcDNA-myc-

c17orf45 plasmids. Protein lysates were harvested 48 hours after transfection. Collected 

protein lysates were quantified as mentioned in Section 4.2.2.  30 µg protein lysates 

were used for each sample. Protein membranes were subjected to anti-c17orf45 and an-

ti-beta actin (loading control) antibodies. The protein bands acquired with anti-c17orf45 

were around 35 kDa and the protein bands acquired with anti-beta actin were at 42 kDa. 

However, there was no difference for the protein level between control and overex-

pressed samples despite actin levels were similar (Figure 5.7). 
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Figure 5.7.  Western Blot results for overexpressed c17orf45 protein.Proteins were visu-

alized with (a) anti-c17orf45 and (b) anti-beta actin antibodies. 

5.2.3.  Western Blot for Tagged C17orf45 Protein 

Despite the overexpression analysis, which gave no positive result, tagged 

c17orf45 constructs were also used to transfect cells in order to compare basal protein 

and tagged protein levels. Tagged and basal level proteins should indicate the protein 

bands at same size. Therefore, Huh7 cells on 6 well plate were transfected with pcDNA-

c17orf45 and pcDNA-myc-c17orf45 plasmids. Protein lysates were harvested 48 hours 

after transfection. Obtained protein lysates were quantified as in Section 4.2.2.  30 µg of 

protein lysates were used for any samples. Collected lysates were subjected to anti-

c17orf45, anti-myc antibodies. The protein bands acquired with anti-c17orf45 were 

around 35 kDa as consistent with previous results; however the protein band acquired 

with anti-myc antibody was at 26 kDa (Figure 5.8). 
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Figure 5.8.  Western Blot results for tagged c17orf45 protein.Proteins were visualized 

with (a) anti-c17orf45 and (b) anti-myc antibodies. 

Besides, GFP tagged version of c17orf45 protein was also examined. Because 

GFP is a relatively large protein (~27 kDa) the shift in the protein band could be easily 

followed. Therefore, Huh7 cells on 6 well plates were transfected with pIRES2-EGFP 

and pEGFP-N2-C17orf45 plasmids. Protein lysates were harvested 48 hours after trans-

fection. Concentrations of acquired protein lysates were determined and 30 µg of lysates 

were used. Collected protein lysates were subjected to anti-c17orf45, anti-GFP antibod-

ies. The protein band obtained via anti-GFP antibody for GFP overexpressed sample 

was around 27 kDa as expected but there is no band observed for GFP fused c17orf45 

protein. In addition to this, when anti-c17orf45 antibody was applied, protein band 

around 35 kDa was obtained for GFP overexpressed sample which possibly indicating 

basal level of c17orf45 protein. For GFP fused c17orf45 overexpressed sample, differ-

ent protein bands were observed. However, it seemed even uppermost band had no pos-

sible total mass of fused c17orf45-GFP proteins (Figure 5.9) which should be around 60 

kDa theoretically. All of these results suggested that anti-c17orf45 antibody probably 

did not target putative c17orf45 protein. 
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Figure 5.9.  Western Blot results for tagged c17orf45 protein.Proteins were visualized 

with (a) anti-c17orf45 and (b) anti-GFP antibodies. 

5.2.4.  Western Blot for Immunoprecipitated C17orf45 Protein 

Previous protein analysis results were the indicator that anti-c17orf45 antibody 

did not recognize the expected protein. Immunoprecipitation was performed to verify 

further that the antibody did not identify the protein and to know which protein was rec-

ognized by the antibody. For this purpose, pure protein band (35 kDa) could be obtained 

and it could be sequenced. Hence, Huh7 cells on 10 cm plate were harvested with lysis 

buffer. Protein was quantified and 500 µg of Huh7 protein lysate was 

immunoprecipitated with anti-c17orf45 antibody. Immunoprecipitation protocol was as 

mentioned in Section 4.2.4.  Immunoprecipitated proteins were subjected to Western 

Blot and visualized with anti-c17orf45 antibody. As indicated in the protocol part, su-

pernatant and 1
st
 wash liquids were collected as control. The protein band attained with 

anti-c17orf45 after immunoprecipitation was around 35 kDa as expected (Figure 5.10). 
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Figure 5.10.  Western Blot results for immunoprecipitated c17orf45 protein. 

5.2.5.  Coomassie Blue Staining for Immunoprecipitated C17orf45 Protein 

Immunoprecipitation followed by Western Blot indicated that pure protein was 

perfectly obtained. To get protein band to sequence it, SDS-PAGE gel was stained with 

Coomassie Blue. The immunoprecipitated protein lysate was loaded into SDS-PAGE 

and after running, staining procedure was applied as indicated in Section 4.2.7.  Stained 

protein sample gave a band around 35 kDa as shown in Figure 5.11. 
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Figure 5.11.  Coomassie Blue Staining for immunoprecipitated c17orf45 protein. 

5.2.6.  Mass Spectrometry Results for C17orf45 Protein 

To send the pure protein for sequencing, the protein band stained with 

Coomassie Blue was cut with razor blade and placed into 1.5 ml micro centrifuge tube. 

Sample was directly sent to the mass spectrometry analysis center. Mass spectrometry 

was performed to acquire the amino acid sequence of any proteins. The result of mass 

spectrometry analysis showed that protein for c17orf45 gene was not suggested among 

the possible proteins recognized by anti-c17orf45 (Table 5.3). Instead of c17orf45 pro-

tein, other proteins like ribosomal proteins were possible targeted by anti-c17orf45 anti-

body.    
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Table 5.3.  Results of Mass Spectrometry Analysis of Putative C17orf45 Protein. 

 
Gene 

Symbol 
Name 

Swiss Prot. Acces-

sion Number 
Mass Start-Finish Score 

1 RS6 40S ribosomal protein S6 P62753 28663 

32 – 46 83 

32 – 46 69 

120 – 131 34 

2 RS3 40S ribosomal protein S3 P23396 29926 

28 – 40 46 

77 – 90 36 

19 – 27 20 

46 – 54 8 

3 
RS2 40S ribosomal protein S2 P15880 31305 

213 – 227 18 

 
77 – 89 71 

4 
SRFS1 

Serine/arginine-rich splic-

ing factor 1 
Q07955 27728 

123 – 138 50 

 
18 – 28 40 

5 RS3A 40S ribosomal protein S3a P61247 29926 66 – 82 83 

6 RACK1 
Guanine nucleotide-binding 

protein subunit beta-2-like 1 
Q6FH47 35055 89 – 99 39 

7 RL7A 60S ribosomal protein L7a P62424 29977 38 – 48 8 

8 EF1B Elongation factor 1-beta P24534 24748 8 – 22 32 

9 PHB2 Prohibitin-2 Q99623 33276 271 – 289 14 

10 H15 Histone H1.5 P16401 22566 38 – 49 20 

11 RAB18 Ras-related protein Rab-18 Q9NP72 22963 113 – 123 4 

12 PERP1 

Plasma cell-induced resi-

dent endoplasmic reticulum 

protein 

Q8WU39 20681 81 – 93 6 

 

5.3.  HBB-SnoRNA Construct Design 

Apart from protein analysis, snoRNAs of c17orf45 gene were examined. 

Intronic snoRNAs (snord49a and snord65) of c17orf45 gene were cloned into intron of 

beta-globin gene residing between two sequential exons. By doing this, the splicing 

which was the first step of obtaining functional snoRNA in vitro could be managed. 

Then, it would help to examine whether these snoRNAs had any impacts on cell cycle 

in different cancer cell lines. Cloning strategy was mentioned in Section 4.5.   
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Figure 5.12.  Representation of HBB-snoRNA cloning strategy.  

First of all, exon2-intron2 part of the construct and intron2-exon3 part of the 

construct which were around 450 bp were amplified from genomic DNA and run in 1% 

agarose gel (Figure 5.13).  

 

Figure 5.13.  PCR amplification of HBB exon2-intron2 and intron2-exon3. 

After amplification, PCR purification was applied to the fragments. Fragments 

were digested with HindIII-EcoRI and EcoRI-XbaI restriction enzymes, respectively. 

pcDNA3 plasmid was also digested with HindIII-XbaI restriction enzymes. Two frag-

ments and plasmid were ligated and transformed into bacteria. Colony PCR was applied 

to the colonies to obtain plasmid containing ligated fragments. Positive colonies were 

selected and verified via sequencing. Therefore, two exonic part and the whole intron 

among them were perfectly obtained and called pcDNA3-HBB. Besides, intronic part 
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provided a multiple cloning site (MCS) apart from MCS of plasmid. So, snoRNAs am-

plified from genomic DNA (Figure 5.14) could be cloned to MCS of the construct. 

 

Figure 5.14.  PCR amplification of snord49a and snord65 from gDNA. 

Amplified snoRNAs were purified and then, digested with EcoRI-BamHI re-

striction enzymes. pcDNA3-HBB plasmid was also digested with the same restriction 

enzymes. Digested snoRNAs and pcDNA3-HBB were ligated and transformed into bac-

teria. Colony PCR was performed and positive colonies were chosen. Plasmids contain-

ing snoRNAs were purified and PCR was performed with the primers on the plasmid 

(universal primers; SP6 and T7) to indicate snoRNA containing plasmid (Figure 5.15). 

Sequencing was done to verify the correct sequences of final constructs. The final con-

structs were named as pcDNA3-HBB-snord49a and pcDNA3-HBB-snord65. 
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Figure 5.15.  PCR analysis for pcDNA3-HBB and pcDNA3-HBB-snoRNAs. 

5.4.  Verification of Splicing in HBB-snoRNA Constructs 

5.4.1.  RT-PCR Results of HBB-snoRNA Constructs 

After successfully cloning the HBB-snoRNA construct, splicing of exons were 

tested. One of these tests was done with RT-PCR. By RT-PCR, overexpression of 

spliced version of constructs compared to basal level could be seen on agarose gel. So, 

Huh7 cells on 6 well plates were transfected with pcDNA3, pcDNA3-HBB-snord49a 

and pcDNA3-HBB-snord65 plasmids. 48 hours after tranfection, RNA isolation was 

performed to cells containing plasmids as indicated in Section 4.3.9.  cDNA synthesis 

was performed with RNA samples as indicated in Section 4.3.10.  cDNAs were used in 

RT-PCR analysis for verification of splicing. As indicated in the Figure 5.16, spliced 

version of samples was observed around 70 bp as expected. Interestingly, pcDNA3 

samples indicating basal level of spliced beta-globin RNA had slightly lower band 

compared to samples including snoRNAs. Besides, genomic DNA indicated a band 

around 1000 bp as expected. For pcDNA3-HBB-snord49a sample, an unspecific band 

was observed around 200 bp.  
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Figure 5.16.  RT-PCR analysis for HBB-snoRNA splicing. 

Another run of RT-PCR for beta-globin constructs was performed to verify 

splicing. RNA samples were run with HBB primers and GAPDH (loading control) pri-

mers. Overexpression of spliced versions of constructs compared to control sample was 

observed (Figure 5.17). These RT-PCR results indicated that splicing of the construct 

worked well.  

 

Figure 5.17.  RT-PCR analysis indicating overexpression of spliced constructs.GAPDH 

was used for loading control. 

 RT-PCR analysis was also performed to check overexpression of snoRNAs. For 

snord49a, SNORD49A_fwd_EcoRI and SNORD49A_rev_BamHI primers were used. 

For snord65, SNORD65_fwd_EcoRI and SNORD65_rev_BamHI primers were used. 
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Overexpressed samples indicated brighter bands and snoRNAs were observed around 

100 bp as expected (Figure 5.18). This could also be accepted that overexpression of 

snoRNAs was the indication of splicing; however this might result from overexpression 

from pre-mRNA instead of spliced out intron. 

 

Figure 5.18.  RT-PCR analysis indicating snord49a and snord65 overexpression. 

5.4.2.  Real Time PCR Results of HBB-snoRNA Constructs 

Real Time PCR analysis was performed for HBB constructs both to verify the 

splicing and to quantitate the overexpression level. Short elongation time during PCR 

would probably provide the amplification of spliced exons of HBB gene. In other words, 

if splicing did not occur, the overexpression of samples might not be observed. Real 

Time PCR was performed as indicated in Section 4.3.12.  cDNAs of constructs were 

amplified with HBB_spliced_RT_Fwd and HBB_spliced_RT_Rev primers for HBB 

constructs, SNORD49A_fwd_EcoRI and SNORD49A_rev_BamHI for snord49a, 

SNORD65_fwd_EcoRI and SNORD65_rev_BamHI for snord65 samples. Normaliza-

tion was done according to 18S and SDHA genes (Figure 5.19). 
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Figure 5.19.  Real Time PCR results for (a) spliced HBB RNAs overexpression, (b) 

snord49a RNA overexpression and (c) snord65 RNA overexpression.The graphs indi-

cate the results of two independent experiments. 
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The results of Real Time PCR showed that splicing machinery worked and over-

expression was seen as 6.42 and 5.97 fold for pcDNA3-HBB-snord49a and pcDNA3-

HBB-snord65 samples with HBB primers (splicing primers), respectively. When analy-

sis was done with snoRNA primers, overexpression was observed as 13.81 fold for 

pcDNA3-HBB-snord49a and 18.45 fold for pcDNA3-HBB-snord65. 

5.4.3.  Fluorescent Microscopy Results for YFP-fused HBB Peptide 

To further validate that splicing machinery worked for these constructs, 

pcDNA3-HBB-snord49a and pcDNA3-HBB-snord65 plasmids were used to constitute 

YFP fused beta-globin protein. By these amplifications, exons of HBB were made in-

frame of YFP protein. In other words, if splicing happened, YFP fused HBB protein 

would be obtained. To do this, PCR amplification was performed to pcDNA3-HBB-

snord49a and pcDNA3-HBB-snord65 with HBB_e2fwd_GFP_Bgl2 and 

HBB_e3rev_GFP_Hind3 primers. Then, amplified PCR fragments and pEYFP-N1 

plasmid were digested with BglII and HindIII restriction enzymes. Digested products 

were purified and ligation was performed. Ligation mix was transformed into bacterial 

cells and positive colonies were chosen via colony PCR. After sequence verification, 

Huh7 cells were transfected either with pEYFP-N1-HBB-snord49a or pEYFP-N1-HBB-

snord65. 48 hours after transfection, cells were examined under fluorescent microscopy 

with 10X objectives (Figure 5.20). 

 

Figure 5.20.  Fluorescent microscopy images for (a) pEYFP-N1-HBB-snord49a and (b) 

pEYFP-N1-HBB-snord65. 
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The fluorescent microscopy results suggested that the intron between exons were 

removed via splicing. Spliced exons joined together and constitute fused YFP protein. 

All of these results showed that splicing occured successfully for both HBB-snoRNA 

constructs.  

5.5.  Cell Cycle Analysis  

After it was determined that splicing was successful for HBB-snoRNA con-

structs, these constructs were used to analyze whether snoRNAs of c17orf45 gene had 

any specific impacts on cell cycle stages in different cancerous cell lines. To do this, 5 

different cell lines which were HEK293FT, HeLa, Huh7, U373-MG and MCF-7 were 

utilized. 2 different time points (24 or 48 hours after transfection) were applied. The cri-

terion in the determination of time points was the duplication time of each cell line. Be-

cause HEK293FT and HeLa cell lines duplicated fast compared to other cell lines used 

in this study, these cell lines were analyzed 24 hours after transfection. Other cell lines 

except MCF-7, which was examined only for 24 hours, were analyzed both for 24 and 

48 hours. Cell cycle analysis was performed as indicated in Section 4.3.13.  Briefly, 

procedure was started with the transfection of cells with either pcDNA3-HBB, 

pcDNA3-HBB-snord49a or pcDNA3-HBB-snord65 plasmids. According to time points, 

24 or 48 hours after transfection, media of cells were collected to observe any apoptotic 

cells. Cells were washed and 70% ethanol was added and incubated on ice for 2 hours. 

After washing cells, 1 ml of PI stain containing RNAse A was added onto cells and in-

cubated at 37°C for 45 minutes. Then, cells were washed, resuspended in 1X PBS and 

analyzed in FACSCalibur machine.    
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Figure 5.21.  Cell cycle analysis for different cell lines. (a) HEK293FT 24h, (b) HeLa 

24h. Stages indicated with M4,M1,M2 and M3 corresponded to sub-G1, G1, S and G2, 

respectively. 
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 The results of the cell cycle analysis for HEK293FT and HeLa cells indicated that 

there was no significant difference among control and experimental groups for both cell 

lines (Figure 5.21, a and b). HEK293FT cell line was used as non-cancerous cell line 

which could be accepted as the control cell line. Because it was speculated that these 

snoRNAs might affect cancer cells, it was expected that there might not be any differ-

ence within control and samples in HEK293FT cell. However, there were not any 

changes on cell cycle stages of HeLa cell line, too. 

 

Figure 5.20.  Cell cycle analysis for different cell lines (cont.). (c) Huh7 24h. Stages in-

dicated with M4,M1,M2 and M3 corresponded to sub-G1, G1, S and G2, respectively. 
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Figure 5.20.  Cell cycle analysis for different cell lines (cont.). (d) Huh7 48h. Stages in-

dicated with M4,M1,M2 and M3 corresponded to sub-G1, G1, S and G2, respectively. 

 Similarly, Huh7 cell line, which was a hepatocellular carcinoma cell line, did not 

indicate any variations among samples for two time points (Figure 5.21, c and d). The 

percentages of each cell cycle stage showed very close and like results. In a similar con-

tent, U373-MG, human astrocytoma cell line, revealed no alteration as Huh7 and HeLa 

cell lines (Figure 5.21, e and f). In addition, there were many dead cells for all samples 

at 48 hours for U373-MG cell line (Table 5.4). It was also observed under bright field 

microscopy. This might result from the toxic effect of transfection to the cell. 
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Figure 5.20.  Cell cycle analysis for different cell lines (cont.). (e) U373-MG 24h, (f) 

U373-MG 48h. Stages indicated with M4,M1,M2 and M3 corresponded to sub-G1, G1, 

S and G2, respectively. 
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Figure 5.20.  Cell cycle analysis for different cell lines (cont.). (g) MCF-7 24h. Stages 

indicated with M4,M1,M2 and M3 corresponded to sub-G1, G1, S and G2, respectively. 

 Cell cycle analysis for MCF-7 at 24 hours also indicated no difference for all 

samples (Figure 5.21, g). In addition to this, 48 hours analysis for MCF-7 was also per-

formed with two independent experiments as other cell lines; however both attempts for 

analysis could not be reached to the final. Because peaks indicating G2 stage could not 

be obtained for any samples properly, the results were untrustable and this analysis was 

excluded from the study.  

 All of the results showed that snoRNA of c17orf45 gene had no apperant effetcs 

on cell cycle stages of 4 different cancerous cell lines at 24 and 48 hours. Besides, the 

graphical representations of the analysis and percentages of each cell cycle stage for all 

cell lines could be attained in Figure 5.22 and in Table 5.4, respectively. 
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Figure 5.22.  Graphical representation of cell cycle analysis results. The graphs indicate 

the results of two independent experiments. 
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Table 5.4.  Percentages of the cells in cell cycle stages. The results indicated the average 

values of two independent experiments. 

HEK293FT 24h HeLa 24h 

 
sub 

G1 
G1 S G2 

 
sub 

G1 
G1 S G2 

pcDNA3 HBB 3,2 59,3 13,6 23,1 pcDNA3 HBB 1,9 55,2 14,7 22,7 

pcDNA3-HBB-

snord49a 
2,9 61,2 13,6 22,4 

pcDNA3-HBB-

snord49a 
1,4 54,3 13,8 24,1 

pcDNA3-HBB-

snord65 
2,6 61,0 13,3 22,8 

pcDNA3-HBB-

snord65 
1,2 53,6 13,3 24,3 

Huh7 24h Huh7 48h 

 
sub 

G1 
G1 S G2 

 
sub 

G1 
G1 S G2 

pcDNA3 HBB 3,0 60,5 13,6 22,1 pcDNA3 HBB 3,3 58,4 13,3 24,6 

pcDNA3-HBB-

snord49a 
3,6 57,4 12,8 21,7 

pcDNA3-HBB-

snord49a 
3,7 59,0 12,9 23,7 

pcDNA3-HBB-

snord65 
4,1 58,8 11,9 21,3 

pcDNA3-HBB-

snord65 
2,0 59,7 14,2 23,8 

U373-MG 24h U373-MG 48h 

 
sub 

G1 
G1 S G2 

 
sub 

G1 
G1 S G2 

pcDNA3 HBB 2,6 52,5 15,4 26,8 pcDNA3 HBB 4,6 53,6 13,0 28,0 

pcDNA3-HBB-

snord49a 
1,6 51,9 14,8 28,4 

pcDNA3-HBB-

snord49a 
5,6 55,7 12,0 25,8 

pcDNA3-HBB-

snord65 
2,7 51,2 14,3 27,8 

pcDNA3-HBB-

snord65 
4,5 54,1 14,1 26,2 

MCF-7 24h 
     

 
sub 

G1 
G1 S G2 

     
pcDNA3 HBB 1,8 58,8 14,1 23,6 

     
pcDNA3-HBB-

snord49a 
2,2 57,4 12,4 25,6 

     
pcDNA3-HBB-

snord65 
1,8 56,6 14,2 25,3 
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6.  DISCUSSION 

Identification of the putative protein product of c17orf45 gene and the effects of 

the snoRNAs residing in the introns of this gene in terms of cell cycle progression in 

different cancer cell lines were analyzed in this study. Previously, SAGE and microar-

ray analyses performed in our laboratory were done to identify and characterize the 

novel transcriptional targets of Wnt/β-catenin signaling pathway. Among approximately 

100 candidate genes, some of them including c17orf45 gene were identified and indi-

cated as Wnt target (Şeker, 2009). In similar context, a bioinformatics program called 

oncoreveal which was designed by our former lab member to pick or compare candidate 

genes having a differential expression in different tumor samples indicated that the ex-

pression level of c17orf45 gene changed in different tumor types (Kavak, 2009). In ad-

dition to these, it had been indicated that the construct containing ORF of c17orf45 gene 

inhibited the proliferation of U373-MG (Şeker, 2009) and colony formation of 18kj40 

cells (Kavak, 2009). Furthermore, there are 3 snoRNAs located in introns of c17orf45 

gene and recently, the relationship between snoRNAs and cancer become clearer 

(Mannoor et al., 2012, Williams and Farzaneh, 2012). In this context, analyzing of puta-

tive protein product of the gene and the impacts of snoRNAs seem very vital to go a 

step further in cancer research. 

Firstly, bioinformatics analyses were performed for putative ORF of the gene in 

this work. The conservation of open reading frame among distinct species was exam-

ined. Putative ORF of the gene was extracted from Genome Browser (uc002gqc.3). The 

homology for the gene was determined by obtaining sequences of other spaces via Blat 

search. Blat search pointed out that the sequence was only observed within primates. 

Similar analysis was performed for snoRNAs (snord49a and snord65) of the gene. 

SnoRNAs seemed much more conserved compared to ORF (Figure 5.3) (also men-

tioned in Şeker, 2009). In addition to this, phylogenetic trees were constructed for puta-

tive ORF. Two trees were designed; one of them was containing the sequences without 

considering the stop codon which led to shorter protein. Second tree was constructed 

with the sequences having stop codon and therefore included possibly functional pro-
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teins. According to these two phylogenetic trees, second tree indicated a tree similar to 

primate evolution (Figure 5.2). by moving gorilla branch close to the ancestral point. 

Besides, gibbon was removed from analysis because the functional ORF of this species 

gave very short sequence (~60 bp). Because analysis was performed with complete de-

letion which deletes nonaligned sequences from all species, it was better to exclude this 

sequence. If gibbon sequence was used, it would result in very short sequences for all 

species and this would possibly affect the tree. Ultimately, phylogenetic tree analysis 

indicated that ORF of the gene was only conserved in primates and sno-RNAs of the 

gene were more conserved within the vertebrates.  

Second, PAML analysis was performed. PAML was performed to indicate the 

ratio of the nonsynonymous over synonymous substitution (dN/dS=ω) on codons of 

ORF. By this ratio, the selective pressure on the gene could be determined. According 

to the results of one ratio model which implied the overall dN/dS ratio, there might be a 

possible positive selection on ORF of the gene indicating functional mutations. Free ra-

tio model analysis was also performed and the dN/dS ratio was determined for each 

unique branch (Figure 5.5). Nevertheless, the free ratio model does not significantly fit 

for dN/dS data. Still, the ratio of the branch after gibbon towards human (ω=37.2352) 

seemed there might be positive selection on the gene; however the short length of the 

analyzed sequences could mask statistical reliability of the test. Besides, the sequences 

used for the species including baboon, rhesus, marmoset and squirrel monkey contained 

non funcional (non coding) part of the gene because stop codons were removed for 

running the program. Inclusion of non coding part gained neutral selection to the gene 

on these species which meant the deletion of these part had no biological importance. 

Then, one ratio model was applied with fixed ω values. ω values below 1 pointed out 

negative (natural) selection. Applying these dN/dS ratio to whole tree not only indicate 

these non coding parts as if it was under negative (natural) selection but also forced the 

positive selection on the gene if this really existed. The results of the test with the ome-

ga values varying between 0.1 and 0.5 showed significant results for positive selection 

of the gene (Table 5.2). All of these were the indicator of putative protein product of 

c17orf45 gene.  
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As a first step to identify the protein product, commercially available antibody 

was obtained. After obtaining antibody, the basal level of c17orf45 protein was deter-

mined via Western Blot. Different cell lines were used to check protein product. As in 

Figure 5.6, the bands for the putative protein were obtained around 35 kDa and 70 kDa. 

According to GenBank (NM_152350.3, the suppressed sequence) and Genome Browser 

(uc002gqc.3) databases, the gene encodes 130 aa protein. This corresponds to around 15 

kDa protein weight. Therefore, 35 kDa protein band acquired from different cell lines 

could be the possible protein product. This difference might results from a potential 

post-translational modification on protein. 70 kDa band was considered as unspecific 

band. 

Next step for the analysis of protein was to overexpress the gene. To do this, two 

different overexpression constructs for the gene were utilized. Protein levels were de-

termined after 48 hours post transfection for accumulation of protein. The bands were 

obtained around 35 kDa; however the thicker band which should represent the overex-

pression could not be obtained (Figure 5.7). Besides, beta-actin levels which indicated 

as loading control were also determined. Those were nearly equal as it was expected. 

In addition to direct overexpression analysis, proteins were overexpressed with 

tagged constructs. GFP fused c17orf45 protein and myc-tagged c17orf45 proteins were 

analyzed. The proteins were visualized with anti-c17orf45, anti-GFP and anti-myc anti-

bodies. Samples observed with anti-c17orf45 gene gave 35 kDa protein band which was 

consistent with previous finding; nevertheless samples visualized with anti-myc anti-

body gave 26 kDa band which was inconsistent as shown in Figure 5.8. Likewise, the 

sample including only GFP overexpression showed 35 kDa band which was possible 

the basal c17orf45 protein when visualized with anti-c17orf45 antibody. Same sample 

indicated 27 kDa protein band which was GFP overexpression when visualized with 

anti-GFP antibody.  c17orf45-GFP overexpressed sample pointed to different protein 

bands. The uppermost band was around 48 kDa and this was lighter than possible 

c17orf45-GFP fused protein. However, this might also proceed from probable confor-

mational change of fused protein and because of that the fused protein could moved 

faster. On the other hand, same sample did not indicate any protein band with anti-GFP 
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antibody which might result from the conformational change of fused protein by mask-

ing the epitope region required for antibody recognition (Figure 5.9). So, the compari-

son between these two cannot be concluded. All of these contradictory results indicated 

that anti-c17orf45 antibody possible did not target putative c17orf45 protein. 

Although it was supposed that anti-c17orf45 protein did not target putative 

c17orf45 protein, immunoprecipitation was performed to obtain 35 kDa protein band to 

be sent to mass spectrometry. Western Blot following immunoprecipitation indicated 

the proper protein band around 35 kDa (Figure 5.10). Same sample was also stained 

with Coomassie Blue (Figure 5.11). The band was sent for mass spectrometry analysis. 

The results of mass spectrometry highly likely stated that anti-c17orf45 did not recog-

nize putative protein (Table 5.3). In addition to this, mass spectrometry results pointed 

out mainly ribosomal proteins. This was consistent with the results of Western Blot 

analysis that protein obtained with anti-c17orf45 antibody was seen for all used cell 

lines. Different cell lines revealed same amount of protein as basal level. It might result 

from because of recognition of ribosomal proteins by this antibody. On the other hand, 

it could not be concluded whether c17orf45 gene is protein coding or not. To finalize it, 

peptide design for new antibody production targeting putative c17orf45 protein is cur-

rently in progress. 

In addition to c17orf45 protein works, intron encoded snoRNAs of the gene 

were studied. Apart from protein product of the gene, the possible effects of snoRNAs 

on different cancer cells were analyzed. In many studies, it has been show that pro-

cessing of intronic snoRNAs depends on splicing (Kiss and Filipowicz, 1993, Kiss and 

Filipowicz, 1995). Previously in our lab, snoRNAs of c17orf45 gene were cloned into 

intron of its own host gene, however overexpression of spliced version of c17orf45 

mRNA was not observed. Hence, snoRNAs were cloned into intronic region of beta-

globin residing between two consecutive exons. Splicing out and proper processing of 

snoRNAs from nonhost intron when cloned within beta-globin gene has been previous-

ly realized (Darzacq and Kiss, 2000, Kiss and Filipowicz, 1995). Therefore, two 

snoRNAs of c17orf45 gene, snord49a and snord65, were cloned into intronic region of 

HBB gene. Small parts of exons were cloned to provide the activation of splicing ma-
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chinery and these regions were theoretically enough for splicing. Following RNA isola-

tion and cDNA synthesis, RT-PCR was applied to samples. According to RT-PCR re-

sults, spliced version of constructs indicated about 70 bp fragment (Figure 5.16). Inter-

estingly, overexpression performed with pcDNA3 plasmid indicating basal level of 

spliced HBB mRNA was observed slightly below level than overexpressed samples. It 

might be explained with the exclusion of a prat of exonic region from basal level of 

mRNA; nevertheless HBB gene has consensus sequences required for splicing (Krainer 

et al., 1984). Likewise, overexpression of snord49a and snord65 was also observed 

(Figure 5.18). These increases in snoRNA levels implied either snoRNAs in pre-mRNA 

or processed snoRNAs. Latter was more plausible because splicing was properly ob-

served. In addition to RT-PCR, Real Time PCR was performed. Results of Real Time 

PCR supported overexpression of spliced HBB mRNA and snoRNAs quantitatively. 

Spliced mRNAs were upregulated about 6 fold and this increase were around 13 and 18 

fold for snoRNA samples compared to control group. Besides, removal of intronic re-

gion (~1000 bp) residing between exons had to occur under 5 sec. of elongation time for 

proper running of Real Time PCR. This was also another verification of splicing. Other 

than RT and Real Time PCR, splicing of mRNA was examined with YFP fused spliced 

peptide of HBB. Removal of introns and joining exons would cause YFP expression. 

Otherwise, intronic stop codons would lead to termination of translation. YFP expres-

sion was smoothly seen for both constructs (Figure 5.20). YFP expression observed un-

der fluorescent microscopy was also another sign of splicing.  

Validation of spliced constructs provided to analyze whether snoRNAs had any 

effects on different cancer cells. To examine this, cell cycle analyses were performed. 

Various cancer cell lines, which were HeLa, Huh7, MCF-7 and U373-MG and a non-

cancerous, epithelial cell line, HEK293FT, were used. Two time points were applied, 24 

and 48 hours. Because the duplication time of HeLa and HEK293FT were relatively 

short (~24 hours), analysis of cell cycle for these two cell lines were performed 24 hours 

post transfection. Otherwise, fully confluent cells on the plate would possibly affect the 

stages of cell cycle. Confluent cells might undergo stress and it would trigger many oth-

er cellular responses instead of direct effects of snoRNAs. For other two lines, which 

were Huh7 and U373-MG, analyses were performed for 24 and 48 hours after transfec-
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tion. Besides, pcDNA-HBB construct which included only exonic and intronic regions 

of HBB gene were used the control of pcDNA3-HBB-snoRNA construct. By doing this, 

it could be speculated that any difference between control and experimental group in the 

analysis would result directly from the existence of snoRNAs. Hence, when the results 

of the cell cycle analysis were examined, it could be seen that there was no alteration on 

the stages among control and experimental groups for all cell lines. It may result from 

that although the splicing of HBB-snoRNA constructs was observed, the processing for 

snoRNAs might not occur. In other words, functional snoRNAs might not be obtained 

by the construct. Hence, splicing of HBB mRNA which led to small portion of peptide 

might not affect the cell cycle stages. Processed version of snoRNA which resulted in 

the regular secondary structure and functional snoRNA should be analyzed primarily. 

Furthermore, snoRNAs might be degraded within very short time in the cell and the ef-

fects of snoRNAs could not be seen. Besides, the analysis time might be very early to 

observe cellular responses arise from snoRNA presence. Especially, 24 hours after 

transfection might be very limited time to observe any significant change like prolifera-

tion and apoptosis in the cell. 48 hour could be accepted as more plausible time point 

for analysis. On the other hand, longer time points than 48 hours might help to reveal 

the possible impacts of snoRNAs but this might also led to a confusion whether the 

probable effect resulted from the existence of snoRNA or cells reaching to full 

confluency.   

SnoRNAs have been showed that they have mostly tissue specific expression 

(Chang et al., 2002). The expression of snoRNA might give an idea about the possible 

function of snoRNA. In a mouse study, it had been showed that some of mouse sno-

RNAs were expressed high in brain and had differential expression during fear and 

learning (Rogelj et al., 2003). In a similar way, the expression analysis of snoRNA in 

different tissue and cancer form of that tissue might provide the possible effect of sno-

RNA on that type of cancer. Hence, determining the expression levels of snoRNAs of 

c17orf45 in different tissue and cancer cells could help to specify the possible effects of 

snoRNAs. 
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Similar to tissue specific snoRNA expression of c17orf45 gene, differential ex-

pression of ORF of c17orf45 gene was observed in brain tumors (Kavak, 2009, Şeker, 

2009). In addition, being the novel target of Wnt / β-catenin signaling, the conservation 

of ORF within only primates, the results of PAML analysis and the direct effects of 

ORF on brain cancer cells (inhibition of proliferation on U373-MG and inhibition of 

colony formation in 18kj40 cells) increased the probability of being a protein-coding 

gene of c17orf45 which had a possible function on brain and/or brain tumor develop-

ment.   
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