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In order to investigate the ability of mouse tyrosine hydroxylase (TH) promoter regulating target genes 
in vitro, high-fidelity PCR was employed to amplify 450 bp, 1500 bp, 2000 bp, 2400 bp and full-length 
fragments of mouse TH promoter, which were then independently inserted into pcDNA3.0 plasmid as a 
promoter to regulate EGFP in two different cell lines [MN-9D (TH+) and ECV (TH-) cells]. The results 
showed that all the five cloned fragments of TH promoter contained the basic promoter elements of 
eukaryotic cells and the EGFP expression could be regulated by these 5 fragments in MN-9D cells to a 
similar extent. But, in ECV (TH-) cells, the capacity of 3650 and 2400 bp fragments of TH promoter 
regulating EGFP was markedly compromised when compared with that of the remaining three 
fragments. These findings suggested that, in the sequence between -2000 bp ~ -2400 bp of TH promoter, 
some dominant elements determined the ability of TH promoter regulating target genes in specific cells.  
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INTRODUCTION 
 
Apoptosis of dopaminergic (DA) neurons in midbrain 
substantia nigra is the most common direct cause of 
Parkinson’s disease (PD) (Baimbridge et al., 1992). It has 
been demonstrated that apoptosis of DA neurons is 
correlated with the expression of intracellular calcium-
binding proteins, glia cell-line derived neurotrophic factors 
(GDNF), aromatic amino acid enzyme (AADC) and 
tyrosine hydroxylase (TH) (Howard, 2003; Jeffrey et al., 
2000; Meyer et al., 1999; Mimoun et al., 2002). Studying 
the regulation of these genes, the above mentioned has 
provided directions for research on PD (Gardanch and 
O’Malley, 2004).  

Tyrosine hydroxylase (TH) is a rate-limiting enzyme of 
catecholamine biosynthesis. The expression and activity 
of TH directly determine the amount of catecholamine in 
cells and further affect many important cellular 
physiological functions (Ernsberger, 2001). During the 
development   of   mammalian   nervous   system,  TH   is  
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expressed tissue-specifically due to multiple mechanisms 
(Black et al., 1987). TH is predominantly expressed in 
several cell groups in substantia nigra, ventral tegmental 
area, hypothalamus, olfactory bulb dopaminergic neurons 
and noradrenergic neurons in locus coeruleus (Kumer 
and Vrana, 1996). TH expression in the specific neurons 
of brain is indicative of the specific regulation activity of 
TH promoter, which has been applied in gene therapy 
and purification of dopaminergic neurons (Cao et al., 
2003; Hedlund et al., 2007). 

It was reported that the two upstream sequences of rat 
TH gene, 272 and 200 bp, were used as promoters for 
cell transfection in vitro and preparation of transgenic 
animals in vivo. However, the results did not support that 
the downstream report gene was specifically regulated by 
these two assumed promoters (Trocmé et al., 1998). 
Mark et al. (2003) produced transgenic mice bearing an 
11-kb fragment of human TH promoter and results 
revealed its downstream genes were specifically 
expressed in the dopaminergic cells. 

Therefore, there might be specific regulatory elements 
in different regions of TH gene upstream sequence which 
determined the regulation of TH promoter. To confirm the 
hypothesis  above,  the present  study  was designated to  



3500            Sci. Res. Essays 
 
 
 
clone several fragments of mouse TH gene promoter and 
detect the abilities of these fragments in regulating target 
genes. Our study will provide a specific promoter for 
over-expression of some interested genes in DA neurons 
and new strategy for the treatment of PD.  
 
 
MATERIALS AND METHODS  
 
Ethics statement 
 
All animal experiments were approved by the Administrative 
Committee of Experimental Animal Care and Use of Xuzhou 
Medical College (XZ2007-0003), and conformed to the National 
Institute of Health guidelines on the ethical use of animals. 
 
 
TH promoter cloning 
 
The specific PCR primers were designed according to the DNA 
sequence of TH promoter in Genebank and the overlap PCR 
method was employed. The two pairs of primers were as follows: 
  
5’-CATGGATCCAATGATTGGTATGGCTGGGGT-3’, 5’-
GTTGCTGACCCAGGAAGAGTTC-3’, 
5’-AGCAAGCTTAGCTGGTGGTCCCGAGTTCTGTC-3’, 5’-
GAACTCTTCCTGGGTCAGCAAC-3’. 
 
The whole genomic DNA of C57BL/6J mice were used as templates 
to amplify upstream 1870 bp and downstream 1800 bp sequences 
of TH promoter, which were then amplified to TH promoter full-
sequence by overlap PCR with PrimeSTARTM HS DNA 
Polymerase system (TaKaRa Company). The amplified fragments 
were retrieved by 1% agarose gel (QIAquick Gel Extractio Kit).  
 
 
Construction of recombinant pTH-EGFP plasmid with TH 
promoter 
 
pEGFP-N1 and pcDNA3.0 plasmids were double-digested with 
restriction enzymes Hind � and Not �, and then EGFP fragment 
and the linear fragment of pcDNA3.0 were retrieved with QIAquick 
Gel Extractio Kit (Qiagen Corporation). The two fragments above 
were connected using a T4 DNA Ligase reaction system (Shanghai 
Sangon Biological Engineering Technology and Services Co., Ltd.) 
to obtain pcDNA3.0-EGFP, which was used to transfect competent 
DH (5a) and seeded in plates. After inoculation, a colony in 1 ml of 
liquid LB medium was obtained and the pcDNA3.0-EGFP plasmid 
was extracted with SV Minipreps DNA purification system (Promega 
Corporation). Restriction enzymes Hind β and Not − were 
independently used to confirm plasmid pcDNA3.0-EGFP.  

Then, the anticipated pcDNA3.0-EGFP plasmid was digested 
with restriction enzymes, Hind β and Bglα, to retrieve 5400 bp 
fragment. TH promoter sequences were digested with restriction 
enzymes Hind β and BamH - at the same time, and the recovered 
fragments and the 5400 bp fragment were connected with T4 DNA 
Ligase reaction system to establish a plasmid entitled pTH-EGFP, 
which was identified by restriction endonuclease Hind β digestion 
and PCR, amplifying the upstream sequences of TH promoter. 
  
 
Lipofection and expression of the recombinant pTH-EGFP 
plasmid in cells 
 
A large number of pTH-EGFP, pcDNA3.0-EGFP and pcDNA3.0 
plasmids  were  prepared  with  EndoFree Plasmid Maxi Kit (Qiagen  

 
 
 
 
Corporation). The materials required were as follows, MN-9D cells 
(hybridoma dopaminergic neurons, and TH+ cells, provided by 
Professor Qunyuan Xu, Capital Medical University, Beijing, China), 
ECV cells (ECV304 cell line, human umbilical vein endothelial cells, 
TH- cells provided by Professor Jianfeng Chen, the Institute of 
Biochemistry and Cell Biology of Chinese Academy of Sciences, 
Shanghai, China) Cells were plated in a 6-well plate one day prior 
to transfection. MN-9D cells were maintained in DMEM/F12 (Gibco 
Inc.) containing 10% fetal bovine serum and ECV cells were grown 
in 1640 medium supplemented with 10% of calf serum (Gibco 
Company). 

After 16 h of incubation, the three plasmids were independently 
diluted with serum-free medium (4 �g of plasmid in 250 �l of 
medium in each well). The liposomes were diluted with antibiotics 
and serum free medium (10 �l of liposomes in 250 �l of medium in 
each well). Cell transfection was performed with Lipofectamin TM 
2000 Reagent (Invitrogen Company). Following transfection, the 
transfected cells were incubated at 37°C for 5 h in humidified air 
with 5% CO2 and then the medium was refreshed for continous 
incubation for 24 h, which was repeated twice. Two types of cells 
were used for transfection with three different plasmids. The EGFP 
expression was observed under a fluorescence microscope 
(wavelength 480~490 nm) 48 h later. 

Meanwhile, three fields of each well were randomly selected and 
photographs were captured at a magnification of x200, followed by 
cell counting. The total number of cells and the number of EGFP 
positive cells after transfection with different plasmids were 
determined. The experiment was repeated at least 3 times.  
 
 
Sequence analysis of TH promoter  
 
Four pairs of specific primers were designed according to the 
sequence of TH promoter in Genebank with THr as the downstream 
(antisense) primer among these primers. The anticipated length of 
amplified fragments was 2400 bp, 2000 bp, 1500 bp and 450 bp, 
respectively. 
Primers were as follows:  
 
TH1 f 5-CT AGGATC CGATCTTGGCACAGTGTGGTCTAC-3, 
TH2 f 5-CT AGGATC CGTGGTGGGCATGCAGACCTAGG-3, 
TH3 f 5-CT AGGATC CGAAGAGGGCTGGGTCTGGTAAG-3, 
TH4 f 5-CT AGGATC C CGACA GTGGATGCAATTAGATC-3, 
THr 5-AGC AAGCTT AGCTGGTGGTCCCGAGTTCTGTC-3. 
 
Recombinant plasmids pTH1-EGFP, pTH2-EGFP, pTH3-EGFP and 
pTH4-EGFP were constructed with the method in constructing pTH-
EGFP. The plasmid pTH5-EGFP (pTH-EGFP) and the four plasmids 
above, were utilized to transfect MN-9D cells and ECV cells with 
Lipofectamin TM 2000 reagent. The cells were rinsed twice with 
PBS, 48 h after transfection and harvested after digestion by 
trypsin. Then, cells were re-suspended in 400 �l of PBS in each 
well. The EGFP-positive cells were determined by BD FACalibur 
flow cytometry.  
 
 
The expression of Calbindin D-28k gene was regulated by TH 
promoter 
 
Based on Calbindin D-28k open reading frame sequence in 
Genebank, a pair of primers were designed:  
 
5’-AGCAAGCTTACCATGGCAGAATCCCACCTGCAGTC-3’, 5’-
ACGCGGCCGCCTAGTTGTCTCCAGCAGAAAGAATAAG-3’ 
 
Calbindin D-28k gene cDNA sequence was amplified with RT-PCR 
and was integrated into pTH-EGFP plasmids, after DNA 
sequencing.   EGFP   sequence   was   replaced    with   the   cDNA  



 
 
 
 

 
 
Figure 1. PCR amplification products of TH 
promoter. Lane 1:  4500 bp maker; lane 2: 1870 
bp upstream fragment; lane 3: 1800 bp 
downstream fragment; lane 4: 3650 bp full-
fragment.  

 

 

 

 
 
Figure 2. Double restriction digestion of 
pcDNA3.0-EGFP. Lane 1: products of double-
digestion (5400 bp fragment and 718 bp 
fragment); lane 2: 7500 bp marker.  
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sequence and the consequent recombinant plasmid was named as 
pTH-CB which was applied to transfect MN-9D cells by lipofection. 
Calbindin D-28 gene cDNA expression was determined by 
immunoprecipitation and finally the viable cells after pTH-CB 
transfection were determined after Hoechst staining. pTH-CB and 
pTH-EGFP were used to transfect MN-9D cells for 24 h to which 6-
OHDA were added followed by incubation for 30 min. Then, these 
cells were washed with PBS and stained with hoechst33258 (Sigma 
Corporation) for 10 min. Finally, representative photographs of 
these cells were captured under a fluorescence microscope 
followed by hoechst33258 positive cell counting. 
 
 
Statistical analysis 
 
Five to six independent animals were sacrificed at each point in 
time for western blot and histological examination. Semi-
quantitative analysis of the bands was performed with the Image J 
analysis software (Version 1.30v; Wayne Rasband, NIH, USA). 
Data were expressed as the means ± SD. Comparisons were 
carried out with one-way analysis of variance (ANOVA) followed by 
the least significant difference test or Newman-Keuls test. A value of 
P < 0.05, was considered statistically significant. 
 
 
RESULTS 
 
Amplification of TH promoter sequence 
 
The sequence of TH gene promoter was 3650 bp and a 
pair of complementary primers was designed at 1870 bp, 
from which the upstream and downstream genes were 
amplified independently. Then, the full-sequence of TH 
promoter was amplified by overlap PCR (Figure 1) and 
the full-fragment was identical to the mouse TH gene 
promoter in Genebank. 
 
 
Identification of recombinant pcDNA3.0-EGFP 
plasmids 
 
pEGFP-N1 was digested with restriction enzymes Hind III 
and Not I, to obtain EGFP fragment, which was integrated 
into plasmid pcDNA3.0 after recovery and purification. 
Positive clones were identified by digestion with 
restriction enzymes Hind III and Not I, and the 5400 bp 
and 718 bp fragments were obtained (Figure 2). The 
results showed EGFP fragments were cloned into 
pcDNA3.0 plasmids. 
 
 
Identification of recombinant pTH-EGFP plasmids 
 
Recombinant pTH-EGFP plasmids were digested with 
Hind III endonuclease to obtain the 8800 bp linear 
fragment, which was consistent with what we expected. 
The pTH-EGFP plasmids were further amplified by PCR 
and the 1870 bp fragment upstream of the TH gene 
promoter was harvested. Results showed TH promoter 
was cloned into pcDNA3.0-EGFP plasmids (Figure 3).  
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Figure 3. Restriction digestion of pTH-
EGFP. Lane 1: 10000 bp marker; lane: 
2 1870 bp fragment upstream TH 
promoter after PCR amplification; lane 
3: 9160 bp fragment after Hind � 
digestion 

 
 
 

 
 
Figure 4. Proportion of EGFP-positive MN-9D cells and ECV cells transfected pTH-
EGFP or pcDNA3.0-EGFP. 

 
 
 
Expression of recombinant pTH-EGFP plasmids in 
cells 
 
Plasmid lipofection is the most common method in in vitro 
cell transfection. After MN-9D cells were transfected with 
pcDNA3.0-EGFP plasmids, the percentage of EGFP-
positive cells  was  53.71  ±  3.2%,  while  this  proportion 

varied from different cell types. However, the proportion 
of EGFP-positive ECV cells was 46.6 ± 1.1% after 
transfection with pcDNA3.0-EGFP plasmid (Figure 4). 
pTH-EGFP plasmids were applied to transfect MN-9D 
cells, achieving the proportion of EGFP-positive cells of 
7.71 ± 0.3%, while the proportion of EGFP-positive ECV 
cells was 0.74 ± 0.1%, after pTH-EGFP transfection.  
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Figure 5. Recombinant pTH-EGFP, pTH1-EGFP, pTH2-EGFP, pTH3-EGFP, pTH4-
EGFP plasmids after double restriction digestion. Lane 1: 580 bp fragment and 
4400bp fragment of pTH1-EGFP after digestion; lane 2:  1630 bp fragment and 4400 
bp fragment of pTH2-EGFP after digestion; lane 3: doule-digestion fragment 2130 bp 
fragment and 4400 bp fragment of pTH3-EGFP after digestion; lane 4:  2530 bp 
fragment and 4400 bp fragment of pTH4-EGFP after digestion; lane 5: 3900 bp 
fragment and 4400 bp fragment of pTH5-EGFP after digestion; lane 6: 10000 bp 
marker. 

 
 
 
Sequence analysis of TH promoter 
 
Construction of pTH1-EGFP, pTH2-EGFP, pTH3-EGFP, 
pTH4-EGFP, pTH5-EGFP plasmids and identification 
by double restriction digestion 
 
The five recombinant plasmids were digested with Ssp  
and Hind β restriction endonucleases resulting in pTH1-
EGFP 580 bp and 4400 bp fragments, pTH2-EGFP 1630 
bp and 4400 bp fragments, pTH3-EGFP 2130 bp and 
4400 bp fragments, pTH4-EGFP 2530 bp and 4400 bp 
fragments, pTH5-EGFP 3900 bp and 4400 bp fragments. 
The length of all fragments obtained from double 
restriction   digestion   of   recombinant    plasmids    were 

identical to what we expected (Figure 5).  
 
 
Expression of EGFP in transfected cells 
 
The five types of recombinant plasmids above were 
applied to transfect MN-9D cells independently and the 
proportion of EGFP positive cells was: 8.01 ± 0.11%, 7.97 
± 0.23%, 7.85 ± 0.18%, 7.72 ± 0.25% and 7.74 ± 0.23%, 
respectively. The proportion of EGFP positive cells was 
not significantly different among five types of plasmids 
(Figure 7). After transfection, the proportion of EGFP 
positive ECV cells was 6.51 ± 0.26%, 6.35 ± 0.28%, 6.71 
± 0.26%, 0.89 ± 0.08% and 1.02 ± 0.17%, respectively.  
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Figure 6. Proportion of EGFP positive ECV cells transfected with 5 different types of recombinant plasmids. Proportion 
of EGFP positive ECV cells transfected with pTH 4-EGFP or pTH 5-EGFP was significantly lower than that of EGFP 
positive ECV cells transfected with pTH 1-EGFP, pTH 2-EGFP or pTH 3-EGFP. However, no significant difference was 
noted between ECV cells transfected with pTH 1-EGFP, pTH 2-EGFP, pTH 3-EGFP (n=3). 

 
 
  
The proportion of EGFP-positive cells transfected with 
pTH4-EGFP or pTH5-EGFP was significantly decreased 
(Figure 6) when compared with EGFP-positive cells 
trasfected with other plasmids. 
 
 
TH promoter regulated mouse Calbindin D-28k gene 
expression 
 
pTH-CB was used to transfect MN-9D cells and the 
expression of CaBP protein was markedly increased in 
cells, the x-bar stands for the portion between CaBP and 
�-actin;   semi-quantitative   analysis   of  the  bands  was 

performed with the Image J analysis software, which 
suggested that TH promoter could regulate the 
expression of exogenous Calbindin D-28k gene in MN-9D 
cells (Figure 8). 

Both normal cells and early apoptotic cells can be 
stained with Hoechst but the nucleus of normal cell was 
round and light blue, after Hoechst staining and that of 
apoptotic cells was bright blue. 6-OHDA was used to treat 
MN-9D cells inducing apoptosis and Hoechst positive 
cells were bright blue. The results showed that the 
number of Hoechst positive cells was profoundly 
increased. CaBP over-expression could markedly reduce 
the number of apoptotic cells (Figure 9).  
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Figure 7. Proportion of EGFP-positive MN-9D cells transfected with 5 different types of recombinant 
plasmids. Proportion of EGFP positive MN-9D cells was not markedly different among MN-9D cells 
transfected with different plasmids (n = 3).  

 
 
 

 
 
Figure 8. CaBP expression in MN-9D cells. In MN-9D cells 
transfected with pTH-CB, the expression of Calbindin D-28k 
was markedly increased when compared with the control 
cells and those transfected with pcDNA3 .0 (P<0.05, n=3). 
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Figure 9. Analysis of apoptotic cells after Hoechst staining. The apoptotic cells were blue (red 
arrows). According to cell counting, 6-OHDA could cause apoptosis of MN9D cells. While, the number 
of apoptotic cells transfected with pTH-CB was significantly decreased when compared with those 
transfected with pcDNA3.0 or those without transfection (6-OHDA treatment alone) (P<0.01, n=6). 

 
 
 
DISCUSSION 
 
Promoter is an important cis-element in gene expression 
and regulation, as well as an important component of 
expression vector in genetic engineering. There are 
numerous strategies for promoter cloning, some of which 
are commonly used such as promoter probe vector filter 
(Fodor et al., 1990), foot printing (Ganley et al., 2005), 
PCR cloning, etc. Moreover, several branches of PCR 
cloning have been developed including the standard PCR 
cloning, thermal asymmetric interlaced PCR (TAIL-PCR) 
(Xiao et al., 2002), single specific primer PCR (SSP-
PCR), Y-shaped adaptor dependant extension (YADE), 
etc (Luo and Shi, 2003). 

In the present study, we designed specific primers 
based on the sequence of C57BL/6J mouse TH gene 
promoter   in  Genebank,  followed  by  amplification  with 

standard PCR. The results demonstrated that, TH 
promoters could specifically regulate the in vitro 
expression of EGFP. This method is simple and effective 
and may be widely applied. Eukaryotic gene promoter 
contains core components (Gershenzon and Ioshikhes, 
2005), among which TATA box can mediate the formation 
of transcription initiation complexes including RAN pol II 
and initiate basic transcription. It can also mediate its 
upstream/downstream components to regulate the 
transcription and determine the initiation location of RAN 
pol II transcription (Montanuy et al., 2008). 

Based on TFSEARCH analysis, the sequence from -58 
bp to -62 bp in cloned TH promoter is a TATA box. One or 
more regulatory elements (UPE), besides TATA box, are 
required to perform the function of eukaryotic gene 
promoter. CAAT box and GC box are common regulatory 
elements   in   eukaryotic   promoter.   The sequence from  



 
 
 
 
– 193 bp to - 201 bp is CAAT-box and CAAT box is the 
main binding site recognized by transcription factor 
CTF/NF-1, C/EBP, CP1, etc. While the sequence from -
146 bp to -154 bp is the GC box, which is rich in GC, is 
the main sequence bound by transcription factor SP1 
activating basic transcription in eukaryotic cells. In 
addition, sequence in -63 bp ~ -78 bp is the binding 
domain for activation transcription factor (ATF) which can 
promote gene transcription activation and determine the 
frequency of transcription initiation (Diamond et al., 
1990). 

In short, the cloned TH promoter has basic features of 
eukaryotic genes. In our study, 7.7% of MN-9D cells 
transfected with pTH-EGFP recombinant plasmid, could 
express fluorescent protein, which suggested the 
promoter was active. To further confirm the regulatory 
ability of the cloned TH promoter, TH promoter was 
integrated into mouse Calbindin D-28 gene. The results 
showed that TH promoter could regulate the expression 
of exogenous Calbindin D-28 gene in cells demonstrated 
by Hoechst staining (Whiteside et al., 1998). 
Furthermore, the CaBP positive cells were anti-apoptotic 
(Choi et al., 2008; Alexi et al., 2000; Yenari et al., 2001), 
which further confirmed the regulatory ability of TH 
promoter. 

TH is a highly specific rate-limiting enzyme and can 
regulate catecholamine synthesis in neurons. During 
development and differentiation of neurons, TH 
expression is tissue-specific. In brain, it is expressed in 
substantia nigra, ventral tegmental area, hypothalamus, 
olfactory bulb, adrenaline and adrenergic nerve cells. It is 
also found in sympathetic ganglion, adrenal medulla and 
pheochromocytoma (Kumer and Vrana, 1996). TH 
locates in specific tissues and cells, implies that the 
promoter has the ability to regulate the expression of 
target genes in specific cells. The TH promoter contains 
many positive and negative-regulatory elements which 
ensure the specificity of TH expression (Yang et al., 
1998). In order to study the specific regulation of TH 
promoter, we amplified 3650 bp, 2400 bp, 2000 bp, 1500 
bp and 450 bp fragments of TH gene promoter, which 
were applied to regulate the EGFP expression in different 
cells after transfection. In MN-9D cells, all the fragments 
can stimulate EGFP expression and the proportion of 
EGFP positive cells was not statistically different among 
cells transfected with different plasmids.  

However, in ECV cells, the regulatory activity of 3650 
bp and 2400 bp fragments, was significantly inhibited and 
the proportion of EGFP positive cells transfected with 
3650 bp or 2400 bp fragments, was significantly lower 
than that of EGFP positive cells transfected with 2000 bp, 
1500 bp or 450 bp fragments. These results implied that 
there were several specific elements in the region of -
2400 bp ~ -2000 bp in TH promoter. These specific 
elements could inhibit the regulation by promoter in the 
TH- cells. However, in TH+ cells, there are some special 
cytokines, which can bind to certain  binding  sites  in  the  
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promoter, enhancing the inhibition of promoter function  
(Kim et al., 2003).  

Furthermore, the gene sequences of human, rat and 
mouse TH promoters in Genebank were compared with 
TFSEARCH software and the results showed that the TH 
promoter in human, rat and mouse have two conservative 
sequences (CR1 and CR2) (Figure 10). CR1 is a 60 bp 
sequence containing activator protein -1 (AP-1, 
transcription factor), hepatocyte nuclear factor -3 (HNF-3) 
and Nurr1 binding sites. Mouse CR1 was located at -
2400 bp ~ -2000 bp of TH gene promoter. TFSEARCH 
analysis of mouse TH promoter revealed that the -2274 
bp ~ -2284 bp region, was highly homologous with NBRE 
(AAATCCACAT), which is the Nurr1 binding site. Nurr1 
gene is mainly expressed in the ventral midbrain 
dopaminergic neurons (Kim et al., 2003; Park et al., 
2006) and plays an important role in the development of 
midbrain dopamine neurons. Further studies are required 
to investigate whether the regulation of target genes by 
TH gene promoter in specific cells, was related to Nurr1 
and whether these important components are located in 
CR1.  

In this study, two kinds of mouse promoter sequences 
were identified in the Genebank, version-X53503 
(BABL/c) and version -AF415235 (C57BL/6J). With the 
blast analysis, we found that, the sequences of two 
promoters are identical in -2400 bp ~ -1 bp region, while 
no homology was found in -3650 bp ~ -2400 bp region. 
As a housekeeping gene, the promoter of TH gene 
should have the specific-regulation ability in different 
strains of animals. From the evolutionary perspective, a 
crucial element of the promoter should be located in the 
conservative region (Domènec et al., 2007). However, 
C57BL/6J and BABL/c mouse promoter sequences were 
not homologous in the -3650 bp ~ -2400 bp, implying that 
there may be no crucial elements in this region.  

CR2 contains TATA box, GC box, cAMP responsive 
element (CRE), stress response element (STRE), ADR1 
(transcription-activating factor), MZF1 (zinc finger protein) 
and activator protein -4 (AP-4) binding sites. Romano et 
al. (2005) who studied CR2 of human TH promoter used 
CR2 as a promoter and found that reporter-gene 
expression was absent of tissue-specificity. Meanwhile, 
our study showed that the regulatory activity of 450 bp 
fragment of TH gene promoter, was also not tissue-
specific. Mouse CR2 involves 450 bp fragment of TH 
gene promoter. Our results were consistent with that 
previously reported by Romano (2005). 
 
 
Conclusion 
 
Taken together, we have successfully cloned TH 
promoter with PCR, which could regulate the expression 
of target genes in specific cells. Then, we further 
analyzed the sequence of TH gene promoter with 
TFSEARCH  and the results demonstrated that, it had the  
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Figure 10. Analysis of conserved sequence of mouse, human and rat TH promoter. 

 
 
 
basic characteristic of eukaryote TH promoter. 
Furthermore, the key regions exerting regulatory effects 
were also identified, which might shed light on the 
treatment of PD in the future.   
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