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SD?~M~d~Y:The 5 ' - f l a n k i n g  region of the human b ra in -de r ived  neuro- 
t r o p h i c  f a c t o r  (BDNF) gene was i s o l a t e d  from a human p l a c e n t a l  
genomic l i b r a r y  u s i n g  the  cDNA f ragment  f o r  the  5 ' - n o n c o d i n g  
region of human BDNF as a probe. A 3.2Kbp genomic fragment con- 
t a i n i n g  the 5 ' - f l a n k i n g  region,  the f i r s t  exon and a po r t ion  of 
the f i r s t  i n t r o n  was i s o l a t e d  and sequenced. The t r a n s c r i p t i o n a l  
i n i t i a t i o n  s i t e ,  i d e n t i f i e d  by S1 nuclease mapping, was loca ted  
26bp downstream from the TATA-like sequence. Several  express ion 
p lasmids ,  in  which the BDNF promoter  r eg ions  were fused  to the 
chloramphenicol  a c e t y l t r a n s f e r a s e  (CAT) gene, were cons t ruc ted .  
T r a n s i e n t  e x p r e s s i o n  in  human gl ioma Hs683 c e l l s  d e m o n s t r a t e d  
tha t  a fragment of about 0.SKbp from the t r a n s c r i p t i o n a l  i n i t i a -  
t i on  s i t e  was s u f f i c i e n t  for  promoter a c t i v i t y ,  o1992Ao~demicP ..... ~nc. 

Neurotrophic factors are believed to play an essential role in 

the growth, survival, and differentiation of neurons in the 

nervous  system.  Thus f a r  t h r e e  members of  the  t a r g e t  d e r i v e d  

neuro t roph ic  molecules have been i d e n t i f i e d :  nerve growth f a c t o r  
(NGF) (1 ,2 ) ,  b r a in -de r ived  neuro t rophic  f a c t o r  (BDNF) (3,4)  and 
n e u r o t r o p h i n - 3  (NT-3) ( 5 , 6 ) / n e r v e  growth f a c t o r - 2  (NGF-2) (7) .  

Comparison of the primary s t r u c t u r e s  deduced from the nuc leo t ide  

sequences revea ls  tha t  they have s t r i c t l y  conserved domains, and 

t h e r e f o r e ,  they  are thought  to be de r ived  from c l o s e l y  r e l a t e d  
ances t r a l  genes (8).  However, the reg iona l  d i s t r i b u t i o n ,  c e l l u l a r  
l o c a l i z a t i o n  and developmental  r e g u l a t i o n  d i f f e r  s l i g h t l y  among 

these th ree .  Therefore ,  ana lys i s  of the promoter regions of the 
corresponding genes i s  important  for  e l u c i d a t i o n  of the regula-  
t i on  of gene express ion.  Only the promoter region for  NGF gene, 
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however, has been cloned (9). We report here the isolation of a 

human BDNF genomic clone and the identification of the transcrip- 

tional initiation site. We also demonstrated the 5'-flanking 

region having the promoter activity using the expression of 

transfected BDNF promoter-CAT fusion genes. 

MATERIALS AND METHODS 

Library screening and DNA seauencin~: Two oligonucleotide primers 
were synthesized on the basis of Pig BDNF gene (3). The sense 
primer was 5'-GACCATCCTTTTCCTTACT-3' (corresponding to the nu- 
cleotide number 168 to 186) and the antisense primer was 5'- 
CACTATCTrCCCCTCTrAAT-3' (corresponding to the nucleotide number 
907 to 926). PCR a m p l i f i c a t i o n  was pe r fo rmed  using these primers 
and pig genomic DNA (94'C lmin, 60°C-2min, 72"C 3min, 30 cyc les ) .  
After the amplification, the product was digested with Sau3AI, 
and a 540bp DNA fragment was recovered.  This 540bp DNA f rag-  
ment, l abe led  by the random-ol igo labe l l ing  r eac t ion ,  was used as 
a probe. A human glioma (Hs683) cDNA l i b r a r y  (Clontech Laborato- 
r i e s ,  USA) was screened us ing n i t r o c e l l u l o s e  f i l t e r s .  Hybridiza-  
t i o n  was c a r r i e d  out  f o r  16h a t  65°C in  6xSSC (IxSSC c o n t a i n s  
150mM NaCl and 15mM sodium c i t r a t e ) ,  5xDenhalt 's  so lu t i on  (lxDen- 
h a l t ' s  s o l u t i o n  conta ins  0.02% po lyv iny lpy r ro l idone ,  0.02% F i c o l l  
and 0.02% bovine  serum a lbumin) ,  0.1% SDS and 100~g/ml h e a t  
denatured salmon sperm DNA. The filters were washed for 5min 
three times at room temperature in 2xSSC-0.1% SDS and then once 
for 90min at 65"C in IxSSC-0.1% SDS. The filters were autoradio- 
graphed onto Kodak X-AR films at -40*C with intensifying 
screens. 
The 280bp DNA fragment containing the human BDNF eDNA 5'- 

noncoding region, obtained by digesting the cloned cDNA with 
EcoRI and DraIII, was labeled by the oligolabelling reaction and 
used as a probe. A human placental genomic DNA library was 
screened using nitrocellulose filters under the condition de- 
scribed above. 

Nucleotide sequences were determined by the enzymatic chain 
termination method using Sequenase (U.S.B., USA). 
S1 nuclease mauoinz: Total RNA from human glioma Hs683 cells was 
isolated by the guanidinium isothiocyanate/CsCl method (i0). The 
antisense single stranded DNA was synthesized by the reaction of 
the E. coli DNA polymerase (Klenow fragment) using a 19 mer 
oligonucleotide ( 5'-GCTTTAATGAGACACCCACC-3', +152 to +171), end- 
labeled with r-[82P]ATP, as a primer. The synthesized DNA was 
digested with Pstl, and the probe DNA (0.53Kbp fragment spanning 
-358 to +171) was isolated from a 6% polyacrylamide 8M urea gel. 
Total RNA (100~g) and probe were dissolved in hybridization 
buffer (40mM PIPES, pH6.4, 0.4MNaCI, imM EDTA, 80% formamide) and 
heated at 80'C for 10min. The hybridization mixture was kept at 
50°C for 3h. The hybrids were analyzed on a 6% polyacrylamide 
urea sequencing gel after digestion with 360 units of Sl nu- 
clease at 37°C for 30min. 
Plasmid construction and CAT assay: pCAT-Basic, pCAT-Enhancer, 
and pCAT-Control plasmid were purchased from Promega (USA). pCAT- 
Basic plasmid contains only the bacterial CAT gene, while pCAT- 
Enhancer plasmid contains the CAT gene and the SV40 enhancer 
element, pCAT-Control plasmid containing CAT gene and the SV40 
promoter/enhancer element was used as a positive control. For 
the construction of human BDNF promoter-CAT fusion plasmids, the 
ends of each DNA fragment were converted to HindIII sites by T4 
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polymerase and Hindlll link, ers (pCAAGCTI~, Takara Shuzo, Japan). 
Several deletions of the 5 -flanking region of the BDNF gene were 
produced using Kilo-Sequencing deletion Kit (Takara Shuzo, 
Japan). Fusion constructs were transfected to human glioma Hs688 
cells by the calcium phosphate precipitation method (ii). Forty- 
eight hours after transfection, cells were harvested and CAT 
activities were measKred (12). CAT enzyme reactions were per- 
formed using 0.25BCi[1~C]ehloramphenicol, 5mM acetyl-CoA and cell 
extract at 37°C for 4h. Acetylated reaction products were re- 
solved by TLC analysis using a TLC plate(Merck, Germany) and a 
95% CHCIa / 5% MeOH mobile phase and were then autoradiographed. 

Plasmid pTB1328, which was cons t ruc ted  by i n s e r t i o n  of PLAP489 
i s o l a t e d  from pGem-4Z/PLAP489(SEAP)(13) i n t o  the EcoRI s i t e  of 
pTB701(14), was c o - t r a n s f e c t e d  to provide an i n t e r n a l  cont ro l  for  
d i f f e r e n c e s  in  t r a n s f e c t i o n  e f f i c i e n c y  between d i f f e r e n t  p r e c i p i -  
t a t e s .  Alkal ine  phosphatase a c t i v i t y  was measured by the increase  
in  l i g h t  absorbance at  405nm which accompanies the hydro lys i s  of 
p - n i t r o p h e n y l p h o s p h a t e ( 1 3 ) .  The cond i t i oned  medium was removed 
from the t r a n s f e c t e d  p l a t e  and hea ted  at  65°C fo r  5min. The 
medium was t hen  c l a r i f i e d  by c e n t r i f u g a t i o n  in  a mic ro fuge  a t  
14000xg f o r  5min. T e n - m i c r o l i t e r  a l i q u o t s  of  medium were then  
a d j u s t e d  to lxSEAP assay  b u f f e r  (1.0M d i e t h a n o l a m i n e ,  pH9.8, 
0.5r~4 MgCI~, 10mM L-homoarginine) in  a f i n a l  volume of 200~1 and 
prewarmed to 37°C for  10min in a 96-well f l a t - bo t t om cu l tu re_d i sh  
(Nunc, Denmark). Twenty m i c r o l i t e r s  of 120mM p-n i t rophenylphos-  
phate d i s so lved  in SEAP assay bu f fe r  was then added with mixing, 
and the A405 of the r e a c t i o n  mixture was read. 

RESULTS 

Cloning and sequencing of human BDNF genomic DNA 

In order to isolate the 5'-flanking region of the human BDNF 

gene, a human placental genomic DNA library was screened using 

280bp of EeoRI-DraIII fragment from the 5'-noneoding region of 

human BDNF eDNA as a probe. Four positive clones were isolated 

from 2x106 plaques. A 1.5Kbp EeoRI fragment found in all the 

clones was hybridized with the probe by Southern blotting analy- 

sis. The nueleotide sequences of the 1.5Kbp EeoRI fragment and 

1.6Kbp of the upstream region were determined as shown in Fig.l. 

The sequence from +29 to +294 was exactly the same as that of the 

5'-noncoding region of human BDNF eDNA. The consensus sequence of 

the splice donor site was found at the position from +294 to 

+295. This indicates that the sequence downstream from +295 is 

the first intron of the human BI)NF gene. Furthermore, TATA box 

like- and CAAT box like-sequences were found at the position from 

-26 to -19 and from -49 to -46, respectively. It is known that 

the TATA box is located approximately S0bp upstream from the 

transcriptional initiation site. If this TATA box like-sequence 

is functional as a core promoter, the BDNF transcriptional initi- 

ation site should be located about 80bp downstream from this 

sequence. Thus, we tried to identify the transcriptional initia- 
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AGCTTGGTGAACGTGGGTAAATTATTTCCTGGCAGAGGA~CGGA~TCTTCTTTTATAAAACGGGTAAATAA~TTCTGTCAcTAGTCTTTA -2284 

GAAG~TCTAAAATAGCTAATGTTAGTGAATTCATTTTGCTAACTGTAAACCCTTAGGCAAATTGAACTGAGTATGTAATAATATTATATA 

TTCAGTTCAACAGCACATTCTTGGIAACCA~AAGAGGG~CCAGGAAAGGAAACTGTTTATAAATATTTCCC~TTAGCAAAATTAATGTTG -2104 

GAGTC~T~AGGGAAAlTCTTACAGCAATAGTCTTCGCAATTATTAGGTCAAACC~CTTTGAGATTACAGAAAAACGCACACACACAGAAA 

GCTGC•TGCAGAATTTGGGTGTGGGCTTGGTGGGAGATTCCTCTGATACCCAGTGTTGTA•CCCCAAGAGGTGTTT•TCAAAGTGTGACT -1924 

~AGATTG~CTGCATTC~AAT~GCT[~TGGATTTATTAAAATTATAACTCCTGGGCCCTGCCC~ACCCCTACTAAATCACAATTTCAGGA 

GGAGGGACCTTCATT•TAACACTCACCCAGGTGATTTTTATGCTCCGAGGAGGTCCAGGGACTCCAA•TTAAGTA•GGTACTGCTGTCTT -17~4 

ATTCT~TATTCTAAATTTTAATGGTCTGCACAAATTGGTTGAACTAATGAGAAGAAAATTCAGCTTTAAAGCAGAAACACAGGTAGACGG 

TTGACAGAGTTCATCAAATGGATAATTGAAAATGTCCTCTGGACCCTAGCCATATAAGT•CTCTTCAAGGGTCTTGGCTACAGGCAAATG -1564 

AGAA•CCGAAA•GCTA•TTGCTA$TTTG•TGCGGGCAGTGGTG•GGGT•GAGGG•GGGGGAGGATTAACTGAGC•AGTTCTGCCCCCACC 

CTCGAATCACCTACCCCCACTCTGGTTAAAGCAGAAGACTTTTTATTTATCTTGG•TGCCCTGGTTCGTTATTAAAAGGGTTAGCTTATA -1384 

CGT•TGTTTGCTGG•G•TG•AAGT•AAAACATCTGCAAAAGCATGCAATGCCCTGGAACGGAACTCTTCTAATAAAAGATGTATCATTTT 

AAA•GC•CTGAATTTTGATTCTGGTAATTCGTGCACTAGAGTGT•TAT•TCAGAGGCA•CGGAGGTATCATATGACAGCG•ACGTCAAGG -1204 

•A••G•GGAG•CCTC•C••GGACTCCCACCCACT•TCCCATTCACC•CGGAGAGGGCTGCTCT•GCTGCCGCTCC•CCCGGCGAACTAGC 

ATGAAAT•TCCCTGCCT•TG•CGAGATCAAATGGAGCTTCT•GCTGATGGGGTGCGAGTATTACCTCCGCCATGCAATTTCCACTATCAA -1024 

TAATTTAACTTCTTTGCTGCAGAACAGAACCAGTACATACCGGGCACcAAAGACTCGCGCcCcCTCCCCCcTTTAATTAAGCGAAGGGAA 

CGTGAAAAAATAATAGAGTGTGGGAGTTTTGGGGCCGAAGTCTTTCCCGGAGCAGCTGCCTTGATGGTTACTTTGACAAGTAGTGACTGA -844 

AAAGGTGGGTTTGTTTTCTTTCTTTCTCTTTCCGTTTTTTCTGTTTGGTCGGCTAGAAAGCGTGTGGCTTTAGCGAGGTCTGTCATTGCC 

TGGGCTTCCTGGCTGGAACAAGTAACTTGGTGTAACGTTATCTGGGGGCGTTCATCAATAAAAAATGCTGTTATTATCTTGATTGAATTC -664 

CTATTAGGCAAACTCTAGAGAGGTCAGTGCGCGAACTCTGTTTAAGCCGGCGTGTTTAAGGCAGCAGAGTAAACCAATAGcCCCCATGCT 

CTGlGCGATTTCATTGTGTGCTCGCGTTCGCAAGCTCCGTAGTGCAGGAAGGTGCGGGAAGGTGTGTCTG•GGCCCGGGAAACGCACGCC -484 

CTCTCCCAGAGAACTTGGGTGCTGGGATGGGGAGGAAGGGGAGAGTTGAAAGCTAGGGGAGCGAGACCTCGGGGCGTGCGATTCTCACTC 

GcTCCCTCCCGCCCCAGCGCCCACAGCCGGGGTTTCTGCAGAGGGAGAGGGACGCGGGGTTCCCCGGGGCTGAGGCTGGGGCTGGAACAC -304 

CCCTCGAAGCCGcGGGCGTCCTGTCCAAGGCGCCCCAGGAGGGCGCAGGACTCGCAGGGCGATGTCGCGGGGCCCTAGGGGAGGAGGTGA 

GGACAGGCCCCGGGGGAGCGGGGAGTTCCGGGCGCCCCTCGGTTTCCCCGCGCGAGGAAAAGACGCGGCGlTCCCTTTAAGCGGCCGCCT -124 

CGAACGGGTATCGGTAGCGCGGGCGAGCGGGGAGCGGGGGGCGGGGGGCGGGGGGGGGGGCGGCGCCGTTTGA~GAAGCTCAACC 
GAAGAG~T~TGAC~CGG~CGCAAGGCGCA~C~GGAGCTC~GGGT~CCGCC~CT~CGCCGCCG~G~C~GGGCGCAC~CG +57 

CCCGCTCGCTGTCCCGCGCACCCCGTAGCG•CTCGGGCTCCCGGGCCGGACAGAGGAGCCAGCCCGGTGCGCCCCTCCACCTCCTGCTCG 

GGGGG•TTTAATGAGACACCCACCGCTGCTGT•GGGCCGGCGGGGAGCAGCACCGCGACGGGGACCGGGGCTGGGCGCTGGAGCCAGAAT +237 

•GGAAC•ACGATGTGACTC•GCCG••GGGGACCCGTGAGGTTTGTGT•GACC••GAGgtaggcaagcgctg••aatg•ggcttggtgcag 

gagctgcccgtccgcgggagagagttgactgggggatcccccaccccaaagttgtgggacgaggccatgtctccttctttcctcccctcc 

ggtagaagggacgatttggagttactcttggggagttttctcccccatcccacaacccagaaggtca•ccggcaccaccagggaaaaagg 

gacccggggaagtcacgaagtagaggagggaaggcctggaggagacccagagctgcgtgatgggagcaaagacggagacccggggatccc 

tcgcagccctcccccagcccaggagtagtcgagagagacttagggggccagagctgtcgagggtcctgactgaggggagggtgctggggc 

taggctaggaatccttccagggggtgggtggtccccgcgccgacttgcggggggagtgggagggaagcttgcgccttcagcccgcatccc 

ttccccggagctgcacacggctacctgctcccaggaattgagactgaagtggacttacaagtccgaag•caagtgagctt•gaaaacttg 
ggaggcgaattc 

Figure i. Nucleotide sequence of the cloned human BDNF genomic 
DNA. Nucleotide numbering is relative to the transcriptional 
initiation site which is denoted by the asterisk. TATA and CAAT 
boxes are boxed. The primer sequence for Sl nuclease mapping is 
underlined. The typical sequence containing the SPI binding sites 
is underscored with a bold line. The intron sequences are repre- 
sented by lower-case letters. 
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A C G T S  

Figure 2. Transcriptional in i t ia t ion site of human BDNF gene as 
determined by S1 nuclease mapping. The detectable band is indi- 
cated by the arrow. The DNA sequencing ladder is used to correct- 
ly estimate the size of this band. 

t ion  s i t e  by SI nuclease p ro t ec t ion  mapping. As shown in Fig.2,  

one fragment,  171 n u c l e o t i d e s  in length ,  was p r o t e c t e d  from S1 

nuclease d iges t ion  by human glioma Hs683 ce l l  RNA. We concluded, 

t he re fo re ,  tha t  the t r a n s c r i p t i o n  is  i n i t i a t e d  from the a s t e r i s k  

pos i t i on  as indica ted  in F i g . l ,  and the TATA box l ike-sequence at 

26bp upstream from the t r a n s c r i p t i o n a l  i n i t i a t i o n  s i t e  might be 

func t iona l .  

Promoter activity of human BDNF promoter 

A chloramphenicol acetyltransferase (CAT) assay was performed 
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to confirm that this 5'-flanking region contained a functionally 

active promoter. Plasmid pTBI428, in which a 2.4Kbp DNA fragment 

from -2874 to +244 was fused to the CAT gene, was t r ans fec ted  

into Hs683 ce l l s  by the calcium phosphate p r e c i p i t a t i o n  method. 

As shown in  F ig .3 ,  the e x t r a c t  from pTB1428- t ransfec ted  c e l l s  

displayed positive enhanced CAT activities, suggesting that the 

2.4Kbp DNA fragment contains the func t iona l  promoter. Next, to 

determine whether the enhancer or the s i l ence r  element is located 

in the 5 ' - f l a n k i n g  r eg ion  of the human BDNF gene, s eve ra l  5 ' -  

de l e t ion  mutants were constructed and CAT a c t i v i t i e s  were de te r -  

mined. As shown in Fig.4,  the CAT a c t i v i t i e s  in the ex t rac t s  from 

the t r ans f ec t ed  ce l l s  were not changed s i g n i f i c a n t l y ,  except in 

the case of the ex t rac t  from the pTB1437 t r ans fec t ed  ce l l s  (-308 

to +11). This suggests tha t  the 2.4Kbp of 5 ' - f l ank ing  region of 
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Figure 3. CAT activity in the extracts of Hs683 cells transfected 
with the fusion gene, P:pCAT-Control plasmid, N:pCAT-Basie 
plasmid, S:pTBI428 (-2378 to +244). Essentially identical results 
were obtained in at least three independent experiments. 
Figure 4. (A) Schematic representation of the 5'-deletion mu- 
tants, (B) CAT activity for the 5'-deletion mutants. P:pCAT- 
Control plasmid, N:pCAT-Basic plasmid, l:pTB1429 (-2374 to +11), 
2:pTB1430 (-2158 to +11), S:pTB1432 (-1751 to +11), 4:pTB14SS (- 
149S to +11), 5:pTB14S4 (-908 to +11), 6:pTB1435 (-699 to +11), 
7:pTB1436 (-468 to +11), 8:pTB14S7 (-808 to +11) Essent ia l ly  
ident ica l  resul t s  were obtained in at least  three independent 
experiments 
Figure 5. CAT activity of plasmids containing the human BDNF 5'- 
flanking region and the SV40 enhancer element. P:pCAT-Control 
plasmid, N:pCAT-Enhaneer plasmid, I:pTBI4S8 (-699 to +ii), 
2:pTBI439 (-468 to +ii), 3:pTBI440 (-308 to +ii). 

3 
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the human BDNF gene d o e s n ' t  conta in  the apparent  s i l e n c e r  e l e -  

ment. 

Es sen t i a l l y  s imi lar  r e su l t s  were obtained when the BDNF promot- 

er-CAT fusion plasmids were introduced into non-neuronal mouse L 

c e l l s  (da t a  not  shown). Fur thermore ,  when plasmid pTB1440 

which con ta ins  the DNA fragment  from -308 to +11 in  the CAT- 

Enhancer plasmid was t r a n s f e c t e d  i n t o  Hs683 c e l l s ,  the c e l l  

ex t rac t  displayed s i g n i f i c a n t  CAT a c t i v i t y  (Fig.5) .  

These r e su l t s  ind ica te  tha t  the 0.3Kbp region upstream from the 

t r a n s c r i p t i o n a l  i n i t i a t i o n  s i t e  i s  s u f f i c i e n t  to support  core 

promoter a c t i v i t y  and that  the enhancer element might be located 

at the pos i t ion  from -463 to -308. 

DISCUSSION 

In this paper we described the isolation and the structural 

analysis of the human BDNF genomic DNA including the promoter 

region.  In the 5 ' - f l a n k i n g  region of the human BDNF gene, TATA 

and CAAT boxes were l o c a t e d  -26bp and -49bp upstream from the 

t r a n s c r i p t i o n a l  i n i t i a t i o n  s i t e ,  r e s p e c t i v e l y ,  and the tandem 

repeats  of the consensus sequence for  SP1 binding (GGGCGG) were 

found jus t  upstream from the C~AT box. I t  is  not yet  c lea r  wheth- 

er  these  SP1 b ind ing  sequences are  f u n c t i o n a l  wi th  r e s p e c t  to 

r e g u l a t i o n  of the gene e x p r e s s i o n  of human BDNF. I t  should be 

noted, however, tha t  such a G-rich region is present  at a s imi lar  

pos i t ion ,  upstream from the TATA box l ike-sequence,  in both the 

mouse and ra t  NGF promoter regions.  

Although i t  i s  sugges ted  t h a t  the enhancer  element might be 

l o c a t e d  a t  the p o s i t i o n  from -468 to -308, t y p i c a l  sequences 

co r re spond ing  to known enhancer  e lements  could not be found. 

Therefore,  there might be a novel c is-element  in th is  region. We 

cannot exclude the p o s s i b i l i t y ,  however, that  f u l l  expression of 

the gene may require  other  elements e i t h e r  sequences elsewhere in 

the DNA. 

I t  i s  r epor ted  t h a t  mouse NGF promoter has many AP-I binding 

s i t e s ,  and p a r t i c u l a r l y  an in t ron ic  AP-1 binding s i t e  is  neces- 

sary  fo r  NGF promoter a c t i v i t y  (15). On the o ther  hand, in the 

case of the human BDNF gene, no typ ica l  AP-1 binding sequence was 

found in  e i t h e r  the 5 ' - f l a n k i n g  reg ion  or the f i r s t  i n t r o n .  

Indeed, promoter a c t i v i t i e s  could not be enhanced by the t r e a t -  

ment with phorbol e s t e r  (data not shown). This might suggest tha t  

the exp r e s s i on  of the BDNF gene i s  r e g u l a t e d  by t r a n s - a c t i n g  

fac tors  d i f f e r e n t  from those in the case of NGF gene. 
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BDNF, one of the neurotrophic factors, promotes the survival of 
neurons part icular ly in the central nervous system. Analysis of 
the t ranscr ip t iona l  regulatory element of the BDNF promoter is 
important to understand the physiological function of BDNF in the 
central nervous system. In addition, the cloned BDNF promoter 
region reported in this paper will  be useful for the ident i f ica-  
t ion  of the spec i f i c  t r ans -ac t i ng  fac tors  regula t ing  the BDNF 
gene expression. 
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