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ABSTRACT 

 

BTK protein functions as a corepressor of Nurr1 in human 

neural stem cells 

 

Nurr1, a member of the orphan nuclear receptor superfamily, was demonstrated to be of 

critical importance in the developing central nervous system, where it is required for the 

generation of midbrain dopaminergic cell. Although its role during dopaminergic 

neurogenesis has been extensively studied, its transcriptional regulation of TH, the rate-

limiting enzyme of dopamine biosynthesis, is not well understood.  

In our previous study, we found that Nurr1 directly mediated transcriptional activation or 

repression of TH gene through NBRE-A site and a key regulating complex of TH expression, 

that may be formed in NBRE-A site during dopaminergic neurogenesis. In recent years, a 

growing number of cofactor has been discovered that participate in the regulation of the 

transcriptional activity of TH promoter. So, we present the identification of a cofactors 

binding in and around NBRE-A, which differentially regulates the transcriptional activity of 

the human TH promoter in human neural stem cell, F3, and human neuroblastoma cell, SH-

SY5Y. In order to identify the transcription factors that mediate these contradictory functions 

in each of the cell types, we conducted biotin-labeled oligonucleotide of Nurr1-binding 

element (NBRE) and streptavidin-agarose beads pull-down assays. We identified three 

proteins, bruton tyrosine kinase-associated protein (BTK) and topoisomerase II β (TOPO II 

β) in F3 and poly (ADP-ribosyl) transferase (PARP) in SH-SY5Y. To know the interaction of 
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these candidate proteins with NBRE-A site, we performed by immunoprecipitation and 

chromatin immunoprecipitation. BTK and TOPOII interact specifically with Nurr1 in the F3 

cells, PARP interacts with SH-SY5Y cells. And to know these proteins regulate TH promoter 

activity, we performed the Luciferase assays. We found BTK repressed TH promoter 

activities but TOPO and PARP did not. Also when BTK was knockdown, TH promoter 

activity in F3 cells was activated. These results showed that these Nurr1 binding proteins 

perform a crucial role expression of the TH gene 

 

Keywords: tyrosine hydroxylase, Nurr1, doapminergic neuron, neural stem cell, 

neuroblastoma cell, bruton tyrosine kinase-associated protein (BTK) and topoisomerase II β 

(TOPO II β), poly (ADP-ribosyl) transferase (PARP) 
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I. INTRODUCTION 

 

Tyrosine hydroxylase (TH) is the first and rate-limiting enzyme in the synthesis pathway 

of catecholamine in the central and peripheral nervous system (Mallet et al., 1996). TH is 

expressed in several cell groups, including the dopaminergic neurons of the substantia nigra, 

ventral tegmental area, hypothalamus, and olfactory bulb, the noradrenergic neurons of the 

locus coeruleus and lateral tegmental system, and the adrenergic neuron of the brainstem. 

Given this wide distribution, it is clear that different transcriptional regulatory mechanisms 

may account for regulated expression of the TH gene in different cell populations. Some 

positive and negative cis-regulatory elements within the TH gene have been associated with 

the control of cell type-specific expression (Yang et al., 1998), but the sequences and 

positions of these elements are not fully conserved across species (Gandelman et al., 1990). 

Thus, it is very likely that the TH gene relies on multiple regulatory elements to ensure the 

plasticity and diversity of its expression.  

Nurr1 (NR4A2) is an orphan member of the nuclear receptor superfamily of 

transcriptionfactors critical for the generation of dopamine (DA) neurons of the substantia 

nigra (SN) andventral tegmental area (VTA) (Zetterstrom et al. 1997, Castillo et al. 1998, 

Saucedo-Cardenaset al. 1998). Precursor cells of DA neurons are born in Nurr1-null mice, 

however tyrosine hydroxylase (TH), the DA transporter (DAT) are not expressed in these 

precursor cells (Wallen et al. 2001, Smits et al. 2003, Perlmann & Wallen-Mackenzie 2004). 

Recently, it was demonstrated that Nurr1 is also essential to maintain midbrain DA neurons 

in the adult (Kadkhodaei et al. 2009). Indeed, specific ablation of Nurr1 in mature DA 
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neurons induces TH, VMAT2 and DAT loss, and neuronal degeneration (Kadkhodaei et al. 

2009). Nurr1 continues to be expressed in mature DA cells, which are those cells that 

degenerate in patients with Parkinson’s disease. Overexpression of Nurr1 in another 

immortalized neural stem cell line has provided additional evidence that this approach can 

result in the expression of dopaminergic markers in cultured stem cells (Kim et al., 2003). 

Members of the NR4A subgroup are known to bind to DNA as monomers, homodimers, 

and heterodimers. As monomers, the NR4A subgroup binds to the NGFI-B response element 

(NBRE; AAAGGTCA). This sequence consists of the canonical NR-binding motif 

(AGGTCA) proceeded by two adenines (Wilson et al., 1991; Wilson TE and Fahrner TJ,  

1993). As homodimers and heterodimers with other NR4A members, all three members of 

the NR4A subgroup bind to the Nur-responsive element, which consists of everted repeats of 

the sequence AAAT(G/A)(C/T)CA similar to the monomeric NBRE motif (Philips A and 

Lesage S, 1997 and  Maira M and  Martens C, 1999) Nurr1 (but not Nor-1) can also 

heterodimerize with retinoid X receptor (Perlmann T and Jansson L, 1995; Zetterstro¨m RH 

and Solomin L, 1996). NR4A/ retinoid X receptor heterodimers bind to a combination of an 

NBRE and retinoic acid response element as direct repeats (Perlmann T and Jansson L, 

1995). 

Here we show that tyrosine hydroxylase (TH) expression is transcriptionally activated by 

Nurr1 through the NBRE site in dopaminergic neuron-like cells (SH-SY5Y cell) but is 

repressed by Nurr1 in human neural stem cells (NSCs, F3). We demonstrated this nurr1 

dependant regulation of TH gene expression made by recruitment of cofactors and this 

recruitment is different with cell stage. To identify the novel cofactors, we tried to search for 
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other component that can bind to the NBRE region in TH gene using DNA pull-down assay. 

After that we have performed 1D: LC mass and 2D: proteomics. And we identified selected 

cofactoers biding with Nurr1and regulation of TH gene expression. Our results showed that 

Nurr1 and differential cofactor complexes may regulate differential transcriptional activity of 

the TH promoter in neural stem cells and dopaminergic neurons.  
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II. MATERIAL AND METHOD 

 

1. Cell culture  

Immortalized human neural stem cell (NSC) line, F3, was established as described 

previously (Kim, 2003), and were grown in Dulbecco's modified Eagle's medium (DMEM, 

GIBCO) containing 10% fetal bovine serum (FBS, Hyclone). SH-SY5Y (human 

dopaminergic neuroblastoma cell line) were grown in DMEM (sigma) supplemented with 

10% FBS (Hyclone).  

 

2. Plasmid constructs and mutagenesis.  

A 3301-bp fragment containing sequence -3174 to +127 was directly subcloned upstream 

of the luciferase gene in order to assay TH promoter activity (phTH-3174-Luc). Within this 

region of the human TH promoter, 3 consensus elements for Nurr1 are located at positions -

2413 to –2406, -1440 to -1433 and -833 to -824, and designated as NBRE-A, -B, and -C, 

respectively. 

Site-directed mutagenesis of the Nurr1 binding sites (NBREs) within the human TH 

promoter was conducted using the QuickChange Mutagenesis kit (Stratagene) in accordance 

with the manufacturer’s instructions. In brief, pGL3-basic-hTH expression vector was 

utilized as a template. Oligonucleotides with 34-36 nucleotides harboring the desired point 

mutations were as follows: 

 

mNBRE-A 5’-GACATTTGCTGCTGAAAAACAGAATCCACATCCGGC-3’ 
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mNBRE-B 5’-GAAGCAGTTTTAGGAAAAACAGCAGGGGCTATTGTTG-3’ 

mNBRE-C 5’-GAGGAGAAACTGCAAAAACAGCTCCAAGGGGAAGGC-3’ 

The base codings for mutated residues are underlined. The site-directed mutations were 

confirmed via sequence analysis. 

The pLPCX-Nurr1, pLPCX-Nurr1-variant-A, and pLPCX-Nurr1-variant-B contain the 

coding cDNA sequences of human Nurr1, spliced variant type A and B .  

 

3. Transient transfection 

Two days prior to transfection, SH-SY5Y cells were cultured in Dulecco modified Eagle 

medium (Sigma) supplemented with 10% fetal bovine serum (Hyclone). Cell grown in 

35mm culture dishes to 60~70% confluence were transiently transfected with 3　g of total 

plasmid DNA (pGL3-basic-hTH-Luc constructs and pGEM3zf(+)) complexed with 4㎕ of 

lipofectAMINE reagent and 　6㎕ of PLUS reagent (Invitrogen), according to protocol 

provided by the manufacturer. The plasmid DNA pGEM3zf(+) was used as carrier to keep 

the total DNA amount constant between wells. The DNA, lipofectamine and plus mixture 

were added to the cells (SH-SY5Y). After incubated for 4 h transfection, 1ml of the medium 

containing 20% fetal bovine serum was added and then the transfected cells were replaced 

with fresh medium after a 16h incubation. Cells were also co-transfected with three plasmids 

mixed in the following amount: pLPCX-Nurr1(1.6　g/well) and various amounts of pGL3-

basic-hTH constructs. The total amount of per well was adjust to 3 g by addition of the 

plasmid pGEM-3zf(+). Cells were treated with TSA (Tricostatin-A, sigma) 48 h after 

transfection. The cells were harvested apprximately 72 h later, after changing fresh medium, 
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and then the cell extracts were assayed luciferase activities by Single luciferase assay kit 

(Promega, Madison, WJ, USA). Each experiment normalized three sets of independent 

triplicates to overcome the variability inherent in transfection experiments.  

 

4. Luciferase Assay 

Promoter activity was determined using the Single-LuciferaseTM Reporter Assay System 

(Promega) in accordance with the manufacturer’s recommendations. Luciferase activities 

were normalized on the basis of pSV-β-galactosidase activity in each well. Statistical 

analysis of the results was conducted with GraphPAD Instat, version 1.13 (Graph Pad 

Software, San Diego, CA). 

 

5. Biotinylated Oligonucleotide-Streptavidin Pull-Down  

Binding of NBRE-A and NBRE-mA to the following 5’-biotinylated DNA 

oligonucleotides was tested using the biotin-streptavidin affinity system: 

NBRE - A : AAGACATTTGCTGAAAGGTTAAATCCACAT 

NBRE - mA : AAGACATTTGCTGAAAcaTTAAATCCACAT 

The NBRE – A and NBRE – mA sites are underlined, and boldface. 

After annealing, biotinylated oligonucleotides(1ug) were incubated with precleared whole 

cell lysates (0.5-1mg) derived from F3, and SH-SY5Y cell line, transfected  Nurr1 or not as 

above, and 100㎕ streptavidin – agarose (Pirece, Rockford, IL) in a 2ml of incubation buffer 

[ Tris 10mM(pH 7.4), NaCl 50mM, glycerol 5%, EDTA 1mM, MgCl2 5mM, BSA 1㎍, poly-

deoxyin-osine-deoxycytosine 20㎍, complete mini 1 tablet /10 ml(protease inhibitor cocktail 
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tablets, Roche) ] Incubation was carried out on a rotating wheel for 2hr. at 4℃. After 

centrifugation, the pellet containing the streptavidin-agarose was washed four times the 

washing buffer [ Tris 10mM (pH 7.4), EDTA 1mM, NaCl 100mM, complete mini 1 tablet/10 

ml(protease inhibitor cocktail tablets, Roche) ] and the protein eluted from the resin with 

laemmil sample buffer were resolved on SDS-PAGE and examined by 2-dimentional PAGE 

with lysis buffer [ 8M urea, 2% CHAPS, 0.8%pharmalyte, 1% DTT ]. The quantitative 

binding of oligonucleotides to streptavidine-agarose was verified by the analysis of the 

supernatant in appropriate nondenaturing  polyacrylamide gel or IEF strip. 

 

6. Immunoprecipitation assay and Western blotting.  

Cells grown in 100mm culture dishes and transiently transfected with the indicated 

plasmids were lysed in 1 ml lysis buffer (0.1M Tris-HCL, ph 7.4, 150 mM NaCl, 1 mM 

EDTA, 2 mM MgCl2, 1% trioX-100, 10% glycerol, 2 ㎎/ml phenylethylsulfonyl fluoride, 

and 1 mM Na3VO4). 1 mg protein aliquots of the extracts were pre-cleared after dilution 

with an equal quantity of lysis buffer, soluble proteins were immunoprecipitated at 4℃ for 4 

h with 2 ㎍ anti-Nurr1, anti-BTK, anti-TOPO IIβ (Santacruz) and anti-PARP (BD) 

antibody cross-linked to protein A-rotation. The immunoprecipitated proteins were eluted 

with SDS sample buffer and resolved via SDS-PAGE. Thus, the proteins were 

electrophoretically transferred onto PVDF membranes (Millipore). The membranes were 

incubated with an anti-Nurr 1, anti-BTK, anti-TOPO IIβ, and anti-PARP with 5% BSA in 

TBS-T buffer overnight at 4 °C. The membrane was washed three times for 15 min each in 

TBS-T, and then incubated for 1 h with secondary antibody peroxidase-conjugated anti-
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rabbit and anti-mouse (1: 2000, Zymed). Immunoblots were detected with an ECL 

(Amersham) kit and visualized after exposure to film.   

  

7. Chromatin immunoprecipitations (ChIP).   

ChIP assays were conducted with a ChIP kit (Upstate) in accordance with the 

manufacturer's recommendations. For each ChIP assay, 2 – 3 × 107 cells (80 – 90% 

confluency) were crosslinked with 1% formaldehyde for 20 min at room temperature. The 

cells were washed twice in ice-cold PBS, scraped from the culture dish and resuspended in 

SDS lysis buffer (Upstate). Chromatin was fragmented via sonication (Labsonic U, B. 

Braun) in 20 sec pulses on ice to an average size of 300-400 bp. IP was conducted via the 

addition of 5 ㎍ anti-BTK, TOPO IIβ , PARP antibody , or 5 ㎍ unspecific rabbit IgG 

overnight at 4°C under rotation, and an aliquot was incubated without antibody. 

Immunocomplexes were precipitated via the addition of protein G plus protein A agarose for 

1 h at 4°C. After interaction with protein G plus protein A beads and overnight incubation at 

65°C to reverse the cross-links, the DNA was dissolved in Tris-EDTA buffer and PCR 

analyzed. Site-specific PCR was conducted using primer pairs located at the NBREA binding 

sites (374 bp). PCR products were run on 2% agarose gel and visualized via ethidium 

bromide staining. Each ChIP experiment was conducted at least three times with similar 

results. 

 

8. Construction of siBTK Duplexes and Transfection.  

The siRNA duplexes for BTK were designed as described elsewhere (Juhana E, 2002). 
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The c DNA-targeted region and the sequences of the siRNA duplexes for BTK are as 

follows:  

Btk siRNA-1 (accession no. NM_000061 and L29788);  

targeted region (cDNA): 1682-TTGGTAAACGATCAAGGAG-1700;  

sense siRNA: 5′-UUGGUAAACGAUCAAGGAGUU;  

antisense siRNA: UUAACCAUUUGCUAGUUCCUC-5′;  

Btk siRNA-2; targeted region (cDNA): 895-GGGAAAGAAGGAGGTTTCA-913;  

sense siRNA: 5′-GGGAAAGAAGGAGGUUUCAUU;  

antisense siRNA: UUCCCUUUCUUCCUCCAAAGU-5′;  

Btk siRNA-3; targeted region (cDNA): 518-GAAGCTTAAAACCTGGGAG-536;  

sense siRNA: 5′-GAAGCUUAAAACCUGGGAGUU;  

antisense siRNA: UUCUUCGAAUUUUCCACCCUC-5′.  

The siRNA duplexes of BTK were transfected using LiofectAMINEPLUS reagent in 

accordance with the manufacturer's instructions. 
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III. RESULT 

 

1. Cell type-specific regulation of human TH promoter constructs through NBRE

-A motif. 

In our previous study, deletion analysis indicated that the hTH promoter upstream -3174 to 

-2164 regions retain the majority of the responsiveness to Nurr1 transcriptional activation or 

repression in human neural stem and human neuroblastoma cells. We hypothesized that 

NBRE-A may be crucial cis-regulatory elements for the transcriptional regulation of the TH 

promoter activity by Nurr1 in differential cell lines. In order to assess these hypotheses, we 

mutagenized all or each of these three putative cis-elements in the context of the 3,174 kb 

upstream sequences.  

As shown in Fig. 1A, series of luciferase reporter construct containing various fragments 

of point mutation of the human TH promoter, was cotransfected in both differential cell line 

such as, human neuroblastoma cells, SH-SY5Y, human neural stem cells, F3, A4, F5 (Fig. 

1B) and in the presence or absence of Nurr1 addition. The point mutation of all three sites 

(i.e. mABC) almost completely not abolished transactivation of hTH promoter by Nurr1 in 

SH-SY5Y, F3, A4, F5 cell lines. This result thus strongly supports the idea that Nurr1 

directly transcriptional regulated hTH transcription by interacting with not only some or all 

of these NBREs motif, but also 447 regions (k. s. kim et al. 2003). When the NBRE-A site or 

NBRE-B site or NBRE-C site mutated (mA, mB, mC), the hTH promoter was transcription 

repressed as efficiently by Nurr1 as the wild-type promoter in SH-SY5Y and F3 cell lines. 

Moreover, mutation of the NBRE-A (mA) site, caused an approximately 60% decreased in 
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hTH reporter gene expression by Nurr1 in SH-SY5Y cell (Fig. 1B). These results suggested 

that, The NBRE-A region important for mediated transactivation of the hTH by Nurr1 in SH-

SY5Y cell line. In contrast, mutation of the NBRE-A (mA) site, bring out an approximately 

130% increase in hTH reporter gene expression by Nurr1 in F3 cell (Fig. 1B). Therefore, 

NBRE-A was critical region for mediated transcriptional repression of the hTH in F3 cell 

line. also, in A4, F5 cell line, the similarly properties of F3 cell in human neural stem cell 

line, NBRE-A very critical region for transcriptional repression in hTH promoter. Based on 

previous TH promoter studies indicated that, Neuron-like cell-specific of the human TH gene 

promoter (Kim et al. 2003). To determine cell- specific regulation of human TH promoter 

activity by Nurr1, we performed cotransfection of these constructs with Nurr1 or without 

Nurr1. As shown in Fig. 1C, in SH-SY5Y cell, Neuron-like cell forced expression of Nurr1 

caused an approximately 11-fold increase in each reporter expression. In contrast, human 

neural stem cell, F3, A4, F5 (Fig. 1C) activated only 0.7-fold increase in hTH reporter gene 

expression. According to results that, Neuron-like cell-specific of the human TH gene 

promoter by Nurr1. 

 

2. Purification of Nurr1 and recruitment cofactor complex in NBRE-A region.  

We have demonstrated that Nurr1 directly mediates the transcriptional activation or 

repression of TH gene expression through the NBRE-A site and is a key regulating complex 

of TH expression, which may be formed in the NBRE-A site during dopaminergic 

neurogenesis. We also determined that Nurr1 transcriptional activity is cell-type-specific, 

thereby suggesting that the transcriptional cofactors of Nurr1-interacted might participate in 
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the regulation of promoter transcriptional activity. In order to evaluate Nurr1 and potential 

recruitment cofactor by Nurr1 in the NBRE-A region, we utilized the 5’- biotinylated 

oligonucleotide / streptavidin - agarose bead system in transfected Nurr1 or none in a 

differential cell line. Thus, we established a 30bp biotinylated oligonucleotide probe DNA 

affinity pull-down assay in order to identify NBRE-A motif-interacting proteins in the 

identification of cofactors that binding in and around the area (Fig. 3). The eluted sample 

from the pull-down assay (in Nurr1 transfected or non-transfected cells) was analyzed via 

SDS-PAGE followed by silver staining. As is shown in Fig. 3B, the eluted sample contained 

several protein bands, which were not present in the control sample (without the addition of 

biotinylated oligonucleotide NBRE-A probe in the DNA pull-down assay procedure, lanes 1, 

2 and lanes 5, 6). Several different protein-Nurr1 or NBRE-A region complexes evidenced 

differently-sized patterns in each cell line, F3 and SH-SY5Y cells. Western blot analysis 

confirmed a high level of Nurr1 protein in the lanes 3, 4 in the F3 cell line, and lanes 7, 8 in 

the SH-SY5Y cell line, as compared with lanes 1, 2, 5, 6 in the controls (Fig. 3B). The 

results of the analysis showed that a total of 24 specific binding proteins evidenced 

significant alterations in their expression in F3 cells. The proteins were then categorized 

according to their functions, including transcription factors and metabolism-related proteins. 

These involved burton tyrosine kinase (BTK) associated protein, heterogeneous nuclear 

ribonucleoprotein family (A, H, K), topoisomerase II α, β (TOPO II β), DNA-3-

methyadenine glycosylase, RUv B-like1, RCC1 like protein, ATP-dependent RNA helicase A, 

DEAD/H (Asp-Glu-Ala-Asp/His) box polypeptide 3, U5 snRNP-specific protein , PRP9 

protein, and many others. However, 5 proteins that interact specifically with the NBRE site 
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were identified in SH-SY5Y cells, including single-stranded DNA-binding protein, protease 

serine 4 isoform, replication protein, core 2 beta-1,6-N- acetylglucosaminyltransferase and 

HSPC 255 protein(data was not show). We selected 3 candidate proteins which are BTK, 

TOPO II β and PARP. 

These proteins were identified as new potential transcriptional partners of Nurr1. In order to 

confirm the specificity of the NBRE-A region-binding proteins, 3 proteins were selected 

randomly for quantitative Western blot analysis (2C). Thus, the specific proteins of BTK, 

TOPO IIβ and PARP in the NBRE-A region binding site were identified either in the 

respective cells or in the SH-SY5Y and F3 cells transfected transiently with Nurr1. The 

expression level of BTK increased to a greater degree in the F3 cells than in the SH-SY5Y 

cells, whereas the expression of TOPO II β was not significantly altered in SH-SY5Y cell. 

PARP expression increased in the Nurr1-overexpressed SH-SY5Y cells as compared to the 

control cells, whereas the results of Western blotting demonstrated that their expressions 

were not significantly altered in the Nurr1-overexpressed cells as compared to the respective 

controls group.   

 

3. Conformation BTK, TOPO IIβ and PARP co-immunoprecipitate with Nurr1 in

 F3 and SH-SY5Y cells.  

To corroborate the above-mentioned observations, we conducted immunoprecipitation 

analysis for each of the above-mentioned proteins or Nurr1, and conducted Western blotting 

for specific antigens in order to determine whether they associated in a complex in F3 and 

SH-SY5Y cells (Fig 3A). The results showed that Nurr1 associated with PARP, TOPO II β, 
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and BTK using a specific antibody for Nurr1 and Western blotting for each of the three 

candidate proteins. Importantly, in the reverse immunoprecipitation using specific antibodies 

against candidate proteins, Western blot analysis demonstrated that Nurr1 was detected. Thus, 

BTK is profoundly associated with Nurr1 in F3 cells, as compared to SH-SY5Y cells. 

Additionally, the interaction of PARP and Nurr1 was found to be increased in SH-SY5Y cells, 

but similar patterns were noted between the wild-type and Nurr1-transfected cell lines. By 

way of contrast, TOPO II β associated only with Nurr1 from F3 cells in the reverse 

immunoprecipitation analysis.  

 

4. Physical interaction both identified proteins and NERE-A motif of Nurr1.  

In order to determine whether the candidate proteins are able to bind to the NBRE region, 

we assessed the interaction between candidate proteins and Nurr1 in F3 and SH-SY5Y cells 

via ChIP analysis (Fig 3B). The cross-linked chromatin from 5x105 cells was 

immunoprecipitated with specific antibodies against BTK, TOPO II β, and PARP, and was 

amplified with primers that amplified a 374-bp amplicon within the NBRE-A elements. ChIP 

analysis demonstrated that three candidate proteins, PARP, TOPO II β, and BTK, were all 

associated with the NBRE-A element, with no detectable signals observed with the match 

antibody control. In particular, BTK was strongly bound at 210% at the NBRE-A element in 

F3 cells, whereas PARP was increased by 140% in the SH-SY5Y cells(3C). These results 

indicate that these proteins are associated with the NBRE elements, and their signals may 

also include association with Nurr1.  

 



 15

5. BTK, TOPO II and PARP are co-regulators of Nurr1 in the F3 and SH-SY5

Y cells.  

Our results identified proteins as a potential modulator of Nurr1-induced TH transcriptional 

activity. Co-immunoprecipitation and streptavidin pull-down experiments established an 

interaction between Nurr1 and PARP, TOPO II β, and BTK. In order to assess the 

functionality of the TH promoter and to test the cell specificity of TH gene expression, we 

introduced a series of TH promoter/luciferase reporter gene constructs into the F3 and SH-

SY5Y cells (Fig. 4). The cells were cotransfected with TH and different combinations of 

Nurr1, PARP, TOPO II β, and BTK expression vectors. Importantly, the co-transfection of 

Nurr1-PARP and Nurr1-TOPO II β was enhanced significantly in TH gene luciferase levels 

in both cell lines. By way of contrast, BTK of hTH promoter activity repressed irrelevant 

Nurr1. These data show clearly that BTK may function as a repressor of the TH promoters in 

F3 cells. Also, these results show that Nurr1 directly activates the TH promoter in a cell-

specific manner, and demonstrated that Nurr1 interacted directly to BTK, TOPO II β, and 

PARP, may regulate TH transcription activity via the identified proteins. In F3 cells, BTK 

repressed Nurr1-induced hTH promoter activity in a dose–dependent manner (Fig. 5A). 

Additionally, BTK profoundly repressed the transcriptional effects, inducing up to an 80% 

inhibition in F3 cells. In order to determine whether BTK influences Nurr1-induced 

transactivity, F3 cells that express neither Nurr1 nor BTK were co-transfected with mutant 

BTK and siBTK. Cotransfection of Nurr1 with BTK caused a significant repression of 

luciferase activity, whereas double tyrosine–mutant BTK significantly enhanced TH 

promoter activity (Fig. 5B). Surprisingly, siBTK was still found to be capable of enhancing 
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Nurr1-induced TH transcriptional activity (Fig 5C). As shown, the transfection of BTK 

siRNA duplexes to neural stem cells was quite effective, as BTK expression was strongly 

downregulated (Fig 5C). These findings show that Nurr1-dependent transcriptional repressor 

activity in neural stem cells depends upon the coexpression of the BTK. Our present data 

clearly demonstrate the requirement for BTK kinase at the repressor activity in TH function.  
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Figure. 1. Cell type-specific regulation of human TH promoter through NBRE -

A site. 

 (A) Schematic diagram of the TH promoter encompassing three putative NBREs 

(NBRE-A, -B, -C). (B) Three of mutated TH constructs with or without Nurr1 were 

influenced in the activity of TH in SH-SY5Y in human NSCs (Neural stem cells), F3 

(C), A4 (D), and F5 (E) cells. Effect of mutations on transactivation of the TH 

promoter activity by Nurr1 in SH-SY5Y (B’), and F3 (C’), A4 (D’), F5 (E’) cells.  
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Figure. 2. Purification of NBRE- A binding protein by DNA pull-down assay. 

 (A) Flow diagram for purification of the NBRE-A site binding protein. (B) SDS-

PAGE analysis of purified NBRE-A binding, in and around protein eluted from 

streptavidin agarose bead affinity resin. (C) Western blotting of the purified NBRE-A 

binding, in and around protein.  
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Fig. 3. Physical interaction between candidate proteins and Nurr1   

 (A) The interaction between BTK, TOPO II β or PARP and Nurr1 in F3 and SH-

SY5Y cells were confirmed by coimmunoprecipitation analysis. (B) ChIP assay. (C) 

Quantification of the immmunoprecipitation based on the quantification of the 

specific bands 
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Fig. 4. Transcriptional activities of human TH promoter by BTK, PARP 

and TOPO.  

(A) SH-SY5Y cell and (B) human Neural stem cell F3 *, p<0.01  

compared with TH promoter group. **, p< 0.001. 
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Fig. 5. BTK functions as a repressor in human neural stem cells. 

(A) TH promoter activity by Nurr1 with increasing amount of BTK expressio

n. (B) Expression of kinase-deficient BTK indicated that BTK functions as a t

ranscriptional co-repressor of Nurr1 on TH expression. (C) Transcriptional acti

vities of human TH promoter in BTK knockdown F3 cells.  
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IV. Discussion 

 

Our previously report, we studied human TH sequence analysis to identify transcriptional 

regulatory element binding sites, which perform essential functions in dopaminergic 

neurogenesis (Kim et al., 2003). Also to check the cell type-specific and differentiation-

related expression of TH, we performed many experiment. And we focus on Nurr1 and 

revealed Nurr1 direct regulation of TH gene expression. When Nurr1 regulate the TH gene 

expression, it is different with cell stage that repression in undifferentiated cell stage(neural 

stem cells) and activation in differentiated cell stage(neuroblastoma cells). We demonstrated 

this regulation of TH gene expression by Nurr1 may affect other cofactors. So we identified 

the protein that binds to Nurr1. Our human TH promoter has three Nurr1 binding sites which 

was mutated one amino acid with NBRE sequence, so we called NBRE-A,B,and C. We 

made variety structure with or without NBRE-A,B and C. After that check the TH promoter 

activities with or without Nurr1.In the results NBRE-A site is critical to TH promoter 

regulation(Fig.1) which repress in F3 cells and activate in SH-SY5Y cells. Therefore, we 

performed DNA pull-down assay to find cofactors binds to the NBRE-A site. In fact, in our 

assays we detected an interaction with the TH repressor Nurr1, which was further confirmed 

by streptavidin-agarose beads pull-down assays. Also LC/mass spectrophotometry analysis 

identifies new potential dimmer partners of nurr1. We identified three candidate proteins 

including BTK, TOPO II beta, and PARP. 

BTK is a type of kinase enzyme implicated in the primary immunodeficiency disease X-

linked agammaglobulinemia and plays a crucial role in B cell maturation. Also BTK 
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translocate to the plasma membrane upon stimulation with growth factor and expressed in a 

variety of mammalian neural cells. And TOPO II beta is critical acts for the cell proliferation 

and transaction including DNA replication, transcription, and recombination. Last, PARP is a 

protein involved in an number of cellular processes involving mainly DNA repair and 

programmed cell death.  

Each protein expressed in experimental cells(Fig.2) and interacted with Nurr1(Fig3). To 

check the interaction we performed co-immunopricipitation and ChIP assay, BTK was 

strongly interacts with Nurr1 in F3 cells and PARP interacts in SH-SY5Y cells. Also BTK 

strongly repressed TH promoter activities with Nurr1 in F3 cells, PARP activated TH 

promoter activities in SH-SY5Y cells(Fig.4). At this result, we pointed BTK in F3 cells and 

so, performed further experiments to check BTK’s functions and effects in F3 cells. In the 

result, BTK repressed the TH promoter activities as dose dependent manner and when BTK 

was mutation or knockdown, this activation was disappeared. (Fig.5) 

Our results indicate when Nurr1 repress the TH gene expression in immature cell 

stage(neural stem cell), BTK strongly repress by recruitment of Nurr1. After cell 

maturation(dopaminergic cell) Nurr1 may recruit PARP, the TH gene expression may restart.  
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V. CONCLUSION 

 

The findings of our study demonstrate that Nurr1directly activates the TH promoter in a 

cell line-specific manner and cofactors are required for Nurr1-mediated TH gene induction. 

Additionally, these data indicate that these specifically interacting cofactors may perform a 

crucial role in the neuron cell-specific expression of the TH gene. Thus, these identified 

Nurr1 binding proteins provide a number of clues and potential links in understanding the 

mechanisms of the transcription of TH genes. Finally, these study of TH gene may offer 

Elucidation of etiology of neuronal disorders such as Parkinson’s disease.  
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− 국문요약 −  

 
미분화 신경줄기세포에서 BTK와 전사인자 Nurr1의  

상호작용에 관한 연구 

 

아주대학교 대학원 의생명과학과 

박 명 선 

(지도교수: 이 명 애) 

 

 파킨슨 병은 주로 중뇌의 substantia nigra에서 도파민 신경세포의 소멸로 인

해 발병된다. 카테콜아민 생합성 과정에서 속도 조절 효소인 tyrosine hydroxyl

ase (TH) 유전자의 발현은 신경세포의 발달과정동안 전사과정과 다양한 환경적

인 자극에 의해 조절된다. 또한 Orphan nuclear receptor 중 하나인 Nurr1은 

발달 과정 중 중뇌의 substantia nigra와 ventral tegmental 부위에서 발현되고,

 도파민 신경 세포 전구체가 완전한 도파민 신경세포로 분화하는데 중요한 역할

을 한다. Nurr1은 발달 과정 동안 TH 유전자의 발현을 유도하는데 중요한 전사

인자라고 생각된다. 

우리는 TH 유전자의 발현에서 세포특이적인 전사 조절을 하고, Nurr1에 의한 

활성에 가장 크게 관여하는 NBRE-A 부분에서 Nurr1과 함께 복합체를 이루어

 TH 발현을 위해 전사 조절에 관여하는 인자들을 찾아 동정하고자 하였다. 이
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에DNA pull-down assay를 이용하여 NBRE-A 부분에 결합하여 전사 조절 인

자들을 살펴보았다. 이 결과 Nurr1과 결합는 후보 단백질인 PARP, TOPO, BT

K를 선택할 수 있었고, 이 각각의 단백질이 Nurr1과 결합하여 TH 유전자의 발

현을 조절하는지를 확인하였다. 이 중 BTK는 Nurr1과 결합하여 사람 줄기세포

주인 F3 세포에서 TH유전자의 발현을 억제시키는 것을 확인 할 수 있었다.  

이 결과는 향후 TH 유전자의 발현 정도에 따라 나타나는 퇴행성 뇌질환의 연구

분야에 큰 공헌을 할 것으로 기대된다.  

 

 핵심어 : 파킨슨병, TH 유전자, Nurr1, NBRE-A, BTK, 퇴행성 뇌질환 

  

 

  

 

 

 

 

 

 

 

 

 

 

 

[1-40] 

 


	ACKNOWLEDGEMENT------------i
	ABSTRACT----------------------ii
	TABLE OF CONTENTS-----------iv
	LIST OF FIGURES----------------vi
	INTRODUCTION------------------
	MATERIAL AND METHOD--------
	RESULT------------------------
	DISCUSSION--------------------
	CONCLUSION-------------------
	REFERENCE--------------------
	국문요약------------------------


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<startpage>10
ACKNOWLEDGEMENT------------i
ABSTRACT----------------------ii
TABLE OF CONTENTS-----------iv
LIST OF FIGURES----------------vi
INTRODUCTION------------------ 1
MATERIAL AND METHOD-------- 4
RESULT------------------------ 10
DISCUSSION-------------------- 22
CONCLUSION------------------- 24
REFERENCE-------------------- 25
±¹¹®¿ä¾à------------------------ 33
</body>

