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The present invention discloses a Period2 gene promoter, a 
construct containing the promoter and a reporter gene, a cell 
containing the construct, a transgenic animal harboring the 
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controls expression or oscillatory expression of a biological 
clock gene. The Screening method uses the above cell, a 
Suprachiasmatic nucleus Section or peripheral tissue of the 
above transgenic animal or the above transgenic animal. 
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FIG. 9 
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CLOCK GENE PROMOTER 

TECHNICAL FIELD 

The present invention relates to a biological clock gene 
promoter, a construct containing the promoter and a reporter 
gene, a cell containing the construct, a transgenic animal 
harboring the construct, and a method for Screening a 
Substance which controls expression and/or oscillatory 
expression of a biological clock gene. 

BACKGROUND OF THE INVENTION 

It is known that a large number of organisms are poS 
Sessed of a mechanism in their bodies, which generates 
circadian rhythm with ablout 24 hour cycle (Reference 1). In 
mammals, the mechanism generating circadian rhythm con 
trols sleep-wake rhythm, blood preSSure, body temperature 
and a part of hormone Secretion rhythm (Reference 2, 
Reference 3). AS diseases caused by the circadian rhythm 
disturbance, Sleep-wake rhythm disorder (delayed sleep 
phase syndrome (DSPS), non-24 hour sleep-wake 
Syndrome), Seasonal depression, jet lag Syndrome (JET 
LAG), sleep disturbance in night and day shift workers, 
nocturnal poriomania and delirium found in patients with 
Senile dementia and the like have been reported (References 
4 to 7). In addition, there is a report stating that a part of 
children with School refusal or workers with refusal to attend 
firm as a Social problem is caused by a circadian rhythm 
disorder (Reference 8). Increase in the number of patients 
with rhythm disorder is expected in the future by the 
increase in advanced aged and the progress of globalization 
of Social Structure, but it is the present Situation that a Secure 
rhythm disorder improving agent is not present. On the other 
hand, there are reports Stating that bright light therapy, 
including Staring at a light of about 5,000 luxes continuously 
for Several hours in the early morning, shows excellent 
therapeutic effect on nocturnal poriomania and delirium in 
patients with Senile dementia, rhythm disturbance in patients 
with delayed sleep phase syndrome (DSPS) or the like 
(References 6, 7 and 9 to 12). However, since the bright light 
therapy which requires looking at a high lux light Source for 
a prolonged period of time is painful or burden for patients 
and their caretakers, agents as Substitutes for this light 
therapy are highly expected. 

Based on tissue destruction and tissue transplantation 
experiments, it has been found in 1972 that the rhythm 
center of mammals is present in Suprachiasmatic nucleus 
(SCN) (References 13 and 14). However, molecular mecha 
nism of the rhythm generation has been unclear until recent 
years (Reference 15). On the other hand, an arrhythmic 
mutant (Period mutant) of Drosophila melanogaster has 
been prepared by a genetic technique and then a Period gene 
of Drosophila melanogaster has been cloned (Reference 16, 
Reference 17). Since oscillatory expression of Period gene 
with about 24 hour cycle is achieved in Drosophila mela 
nogaster through the migration of translated Period protein 
(PERIOD) into the nucleus and subsequent inhibition of its 
own transcription (negative feedback mechanism), it is 
considered that outputs of circadian rhythm (behavior, tim 
ing of eclosion) are finally developed by this (References 18 
and 19). In mammals, on the other hand, human and mouse 
Period 1 gene (Period1; Per1) has been cloned in 1997 as a 
homologue of the Drosophila Period gene (Reference 20, 
Reference 21). Thereafter, mouse Period2 gene (Period2; 
Per2) (References 22 and 23) and mouse Period3 gene 
(Period3; Per3) (References 24 and 25) have been cloned. In 
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2 
addition to these, mouse Clock gene (Clock) (Reference 26) 
and mouse Bmal1 gene (Bmal1) (Reference 27) have been 
reported as mammalian clock genes. Thus, it is possible for 
now to understand the rhythm generation mechanism at the 
molecular level. Actually, it has been found that the Clock 
gene and Bmal1 gene are important for the circadian oscil 
lation of a clock gene (References 44 and 45) and that a 
protein encoded by the Clock gene and a protein encoded by 
the Bmal1 gene bind to a CACGTG type E-box and activate 
transcription of Said clock gene, namely, the CACGTG type 
E-box sequence is essential for the transcriptional activation 
by the CLOCK and BMAL1 (Reference 27). 
A transgenic rat (mPer1; luc transgenic rat) harboring a 

DNA prepared by ligating an upstream Sequence of a mouse 
clock gene, Period 1 gene (mPer 1), with a luciferase gene 
has been reported in 2000 (Reference 28). It has been 
reported that the Period 1 shows oscillatory expressions in 
not only the Suprachiasmatic nucleus but also in peripheral 
tissueS of the living body by measuring the luciferase 
activity in real time using a photomultiplier tube detector 
(Photomal) (Reference 28). In addition, similar results have 
been reported also on a transgenic mouse (mPer1; luc 
transgenic mouse) harboring a DNA prepared by ligating an 
upstream Sequence of the Period 1 gene with a luciferase 
gene (Reference 43). 

It has been Suggested that the Period 2 gene among the 
three Period gene homologues takes an important role in the 
rhythm generation, because its circadian rhythm disappears 
in mutant mice with artificial gene mutation (Reference 29). 
Also, it has been reported that the cause of a familial 
advanced sleep phase Syndrome (ASPS) is a point mutation 
of the Period2 gene (Reference 30). Thus, the Period2gene 
is a gene which not only shows abnormal rhythm in the 
mutant mice but also relates to rhythm disorders in human 
has been confirmed. 

Only the one report regarding the upstream region of 
Period 2 gene is WO 01/07654 on a mouse sequence, and 
Said international publication describes a DNA sequence by 
defining it as a Sequence which controls mouse Period2 
transcription and describes about a method for identifying a 
Period 2 transcription inhibitor, which comprises Supplying a 
cell containing sequence (which controls Per2 
transcription)-linked reporter gene, introducing a test com 
pound and assaying transcription of the reporter gene. 
However, there is no specific example on actually obtaining 
the above DNA sequence described as a Sequence which 
controls mouse Period 2 transcription, and there is no 
description Such that it can be obtained. Also, there is no 
Specific example on the determination of transcription Start 
Site or measurement of transcriptional activity, too. In 
addition, there are positions in the disclosed DNA sequence 
where bases cannot be specified, and Sequence information 
regarding upstream Sequence of the Period 2 gene is not 
Specifically disclosed. 

Also, there are many reports on the analysis of the 
upstream Sequence of Period 1 gene, but Since Period 1 and 
Period 2 genes are located in different chromosomes and 
have no characteristic common Sequence, it did not become 
information for deducing the Period 2 promoter Sequence. 

Great concern has been directed toward the development 
of a tool for the Screening of useful Substances as rhythm 
disorder improving agents having a mechanism of function 
to control eXpression of biological clock genes and a method 
for Screening Substances capable of controlling expression 
of biological clock genes. 

DISCLOSURE OF THE INVENTION 

AS a result of intensive Studies, the present inventors have 
determined for the first time a human Period2gene promoter 
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Sequence as a region which controls transcriptional activity 
of the human Period 2 gene and also as a region that 
contributes to the Oscillatory expression, thereby obtaining a 
construct containing the above promoter and a reporter gene 
and a cell containing the above construct. Also, a construct 
containing the above promoter and a reporter gene and a cell 
containing the above construct were obtained by determin 
ing a mouse Period2 gene promoter Sequence. In addition, a 
transgenic animal harboring the above construct was pre 
pared. Next, in spite of the absence of the CACGTG type 
E-box sequence in the mouse-derived Period 2 promoter of 
the present invention, transcriptional activation of the 
Period 2 gene by a heterodimer (BMAL1/CLOCK 
heterodimer) consisting of a protein encoded by a mouse 
Bmal1 gene and a protein encoded by a mouse Clock gene 
and oscillatory expression were unexpectedly found. Also, a 
System by which promoter activity of this gene can be easily 
detected was constructed. As a result, the present invention 
provides a Period 2 gene promoter, a construct containing the 
above promoter and a reporter gene, a cell containing the 
above construct and a transgenic animal harboring the above 
construct, as tools useful for Screening rhythm disorder 
improving agents as Substances which control expression 
and/or oscillatory expression of biological clock genes, and 
also provides a convenient method for Screening rhythm 
disorder improving agents, and thus, the present invention 
has been completed. Also, the term “construct as used 
herein means a construct consisting of a DNA constructed 
by a combination of DNAS Such that it shows the function 
of interest. 

The CACGTG type E-box sequence is present in five 
positions of the upstream of the first exon of the mouse 
Period 1 gene as one of the Period gene homologues, and the 
region which contributes to the basal activity of Per1 tran 
Scription is present in a region containing first eXon, its 
environs and a human-mouse conserved segment of the first 
intron, but it does not contain these five CACGTG type 
E-box sequences. The BMAL1/CLOCK heterodimer acti 
Vates transcription of the mouse Period 1 gene by binding to 
the CACGTG type E-box sequence, but it hardly enhance 
the transcriptional activity derived from the region which 
contributes a basal transcriptional activity and contains no 
CACGTG type E-box sequence (Reference 27). Also, when 
the five CACGTG type E-boxes of the mouse Period 1 gene 
were mutated, the transcriptional activity in the presence of 
the BMAL1/CLOCKheterodimer becomes a similar level of 
the basal transcriptional activity (Reference 34). Based on 
these facts, it is considered that the BMAL1/CLOCK het 
erodimer induces transcriptional activation of the mouse 
Period 1 gene via the CACGTG type E-box. On the other 
hand, it has been reported that the circadian oscillation of 
Period 1 and Period 2 genes disappear under constant dark 
condition in Bmal1 knockout mice (reference 44), and it has 
been reported that the circadian oscillation of Period 1 and 
Period 2 genes attenuate under constant dark condition in 
Clock/Clock mutant mice (reference 45). That is, it has been 
found that the Bmal1 and Clock are important for the 
oscillations. When considered from these results, the DNA 
Sequence defined as Sequence, which controls mouse 
Period 2 transcription, in the above WO/01/07654 (that is, it 
corresponds to a part (from positions 6,050 to 7,761) of a 
Sequence consisting of nucleotides of positions 4,415 to 
7,931 in the nucleotide sequence represented by SEQ ID 
NO:1 which is the DNA nucleotide sequence of the present 
invention, but is a Sequence having inconsistent Sequences 
in Several positions) merely indicates a region having basal 
transcriptional activity because it does not contain the 
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4 
CACGTG type E-box. In the same manner, it was not 
considered that the DNA derived from Period2 gene of the 
present invention which does not contain the CACGTG type 
E-box will show transcriptional enhancement by a BMAL1/ 
CLOCK heterodimer, and its contribution to the oscillatory 
expression could not be expected, too. However, it was 
unexpectedly found that the DNA of the present invention 
which does not contain the CACGTG type E-box shows 
transcriptional enhancement by a BMAL1/CLOCK het 
erodimer and also contributes to the oscillatory expression, 
namely that it is a region important for the oscillatory 
expression, So that a convenient System for measuring the 
oscillatory expression was constructed. Namely, Since the 
Period 2 promoter of the present invention showed higher 
activity than that of the mouse Period2 gene Sequence 
containing the CACGTG type E-box (namely, pCH1 of this 
Specification), it was able to construct a more easily detect 
able system by using the DNA of the present invention and 
to provide a method for obtaining more useful rhythm 
improving agents. Thus, the present invention has been 
accomplished. 

Accordingly, the present invention relates to 
1 A DNA which maintains a basal promoter activity and 

has a promoter activity transcriptionally-activated by a 
BMAL1/CLOCK heterodimer, which comprises the nucle 
otide sequence described in the following (a), (b), (c), (d) or 
(e): 
(a) a sequence consisting of nucleotides at positions 7,463 to 

7,931 in the nucleotide sequence represented by SEQ ID 
NO:1, 

(b) a sequence consisting of nucleotides at positions 6,417 to 
7.931 in the nucleotide sequence represented by SEQ ID 
NO:1, 

(c) a sequence consisting of nucleotides at positions 5,249 to 
7,931 in the nucleotide sequence represented by SEQ ID 
NO:1, 

(d) a sequence consisting of nucleotides at positions 4,415 to 
7,931 in the nucleotide sequence represented by SEQ ID 
NO:1, and 

(e) a sequence consisting of nucleotides at positions 3,820 to 
6,068 in the nucleotide sequence represented by SEQ ID 
NO:2. 
2 A DNA which consists of the nucleotide sequence 

described in the (a), (b), (c), (d) or (e) according to 1. 
3A construct which comprises the DNA according to 1 

or 2 and a reporter gene. 
4A cell which comprises the construct according to 3. 
5. A method for Screening a Substance which controls 

expression of Period 2 gene, comprising the Steps of: 
allowing the cell according to 4 to contact with a 

Substance to be tested, and 
measuring a reporter activity. 
6 An transgenic animal transfected with the construct 

according to 3. 
7) The transgenic animal according to 6), wherein the 

animal is a rat. 
8. A method for Screening a Substance which controls 

expression and/or oscillatory expression of Period 2 gene, 
comprising the Steps of: 

allowing the cell according to 4 or a Suprachiasmatic 
nucleus Section or peripheral tissue of the transgenic animal 
according to 6 or 7 to react with a Substance to be tested, 
and 

measuring Oscillatory expression. 
9. A method for Screening a Substance which controls 

expression and/or oscillatory expression of Period 2 gene, 
comprising the Steps of: 
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administering a Substance to be tested to the transgenic 
animal according to 6 or 7, and 

measuring oscillatory expression of Suprachiasmatic 
nucleus of the animal. 

10 The Screening method according to any one of 5, 
8 and 9), wherein the Substance which controls expression 
and/or OScillatory expression of Period 2 gene is a Substance 
for improvement of rhythm disorders. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a result of the Sequence comparison 
between upstream regions of mouse Period 2 gene and 
human Period 2 gene (hPer 2). 

FIG. 2 shows nucleotide Sequences of 7 Segments highly 
conserved between mouse (SEQID NO. 1) and human (SEQ 
ID NO. 2). 

FIG. 3 shows basal promoter activities of mouse Period2 
gene upstream regions. 

FIG. 4 shows a function of a heterodimer of transcription 
factors, BMAL1/CLOCK, upon a vector pCH3 containing 
mouse Period 2 gene upstream region. 

FIG. 5 shows a result of continuous measurement of 
luminescence from a Suprachiasmatic nucleus Section, car 
ried out for 10 days after commencement of the measure 
ment. 

FIG. 6 shows a part of the graph shown in FIG. 5 
expanded only in Vertical direction. 

FIG. 7 shows a result of continuous measurement of 
luminescence from a liver Section, carried out for 10 days 
after commencement of the measurement. 

FIG. 8 shows a result of continuous measurement of 
luminescence from a lung Section, carried out for 10 days 
after commencement of the measurement. 

FIG. 9 shows a result of a continuous measurement of 
luminescence from an eyeball, carried out for 10 days after 
commencement of the measurement. 

FIG. 10 shows a result of continuous measurement of 
luminescence from a pCH3-transfected culture cell, carried 
out for 4 days after commencement of the measurement. 

FIG. 11 shows a result of continuous measurement of 
luminescence from a pTM15-transfected culture cell, carried 
out for 5 days after commencement of the measurement. 

FIG. 12 shows basal activities from various upstream 
regions of mouse Period 2 gene and functions of a het 
erodimer of transcription factors, BMAL1/CLOCK, upon 
vectors containing the same regions. 

FIG. 13 shows a result of continuous measurement of 
luminescence from a pCH3-D3-transfected culture cell, car 
ried out for 6 days after commencement of the measurement. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The present invention is explained below in detail. 
DNA of the Present Invention 
The DNA of the present invention contains (a) a sequence 

consisting of nucleotides at positions 7,463 to 7,931 in the 
nucleotide sequence represented by SEQ ID NO:1, (b) a 
Sequence consisting of nucleotides at positions 6,417 to 
7,931 in the nucleotide sequence represented by SEQ ID 
NO:1, (c) a sequence consisting of nucleotides at positions 
5,429 to 7,931 in the nucleotide sequence represented by 
SEQ ID NO:1, (d) a sequence consisting of nucleotides at 
positions 4,415 to 7,931 in the nucleotide Sequence repre 
sented by SEQ ID NO:1, or (e) a sequence consisting of 
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6 
nucleotides at positions 3,820 to 6,068 in the nucleotide 
sequence represented by SEQID NO:2, and shows a Period2 
gene promoter activity. 
The term “Period 2 gene promoter activity” as used herein 

means a promoter activity which maintains at least a basal 
promoter activity as a DNA consisting of a Sequence con 
sisting of nucleotides at positions 4,415 to 7,931 in the 
nucleotide sequence represented by SEQ ID NO:1 (that is, 
having at least 50% of the activity of the basal promoter 
activity of a DNA consisting of a Sequence consisting of 
nucleotides at positions 4,415 to 7,931 in the nucleotide 
sequence represented by SEQ ID NO:1, preferably having 
substantially the same level of basal promoter activity of the 
DNA or Superior to that) and is also enhanced by BMAL1/ 
CLOCK heterodimer on transcriptional activity (namely to 
contribute to oscillatory expression). 
The term “basal promoter activity” as used herein means 

a promoter activity when a predetermined period of time 
(e.g., 48 hours) is passed under no stimulus condition, and 
the term “no Stimulus condition” means Specifically condi 
tions in the absence of a BMAL1/CLOCK heterodimer as 
shown in Example 3. Also, the above “BMAL1/CLOCK 
heterodimer' is transcription factors which controls each 
transcription of the Period 1 gene, Period2 gene and Period3 
gene. 

Although the method for judging whether or not a certain 
DNA shows “Period 2 gene promoter activity” is not par 
ticularly limited, it can be judged, for example, by Verifying 
that it is Substantially the same as or Superior to the promoter 
activity of the DNA consisting of a Sequence consisting of 
nucleotides at positions 4,415 to 7,931 in the nucleotide 
sequence represented by SEQ ID NO:1, through the mea 
surement of basal promoter activity in the absence of the 
BMAL1/CLOCK heterodimer as shown in Example 3, and 
further verifying whether or not it shows dose-dependent 
transcriptional activation by a BMAL1/CLOCK het 
erodimer. 
The desirable DNA of the present invention includes a 

DNA consisting of a Sequence consisting of nucleotides at 
positions 7,463 to 7,931 in the nucleotide sequence repre 
sented by SEQ ID NO:1, a sequence consisting of nucle 
otides at positions 6,417 to 7,931 in the nucleotide sequence 
represented by SEQ ID NO:1, a sequence consisting of 
nucleotides at positions 5,429 to 7,931 in the nucleotide 
sequence represented by SEQ ID NO:1 or a sequence 
consisting of nucleotides at positions 4,415 to 7,931 in the 
nucleotide sequence represented by SEQ ID NO:1, or a 
DNA consisting of a Sequence consisting of nucleotides at 
positions 3,820 to 6,068 in the nucleotide sequence repre 
sented by SEQ ID NO:2. However, any DNA is included in 
the DNA of the present invention, so long as the DNA 
contains a DNA consisting of a Sequence consisting of 
nucleotides at positions 7,463 to 7,931 in the nucleotide 
Sequence represented by SEQ ID NO:1, a Sequence consist 
ing of nucleotides at positions 6,417 to 7,931 in the nucle 
otide sequence represented by SEQ ID NO:1, a sequence 
consisting of nucleotides at positions 5,429 to 7,931 in the 
nucleotide sequence represented by SEQ ID NO:1 or a 
Sequence consisting of nucleotides at positions 4,415 to 
7,931 in the nucleotide sequence represented by SEQ ID 
NO:1, or a Sequence consisting of nucleotides at positions 
3,820 to 6,068 in the nucleotide sequence represented by 
SEQ ID NO:2, and has a Period 2 gene promoter activity. 
AS is shown later in Example 1, the Sequence consisting 

of nucleotides at positions 4,415 to 7,931 in the nucleotide 
sequence represented by SEQ ID NO:1 is an upstream 
region of the mouse Period 2 gene and, as is shown later in 
Example 3, has a Period 2 gene promoter activity. 
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AS is shown later in Example 1, the DNA consisting of a 
Sequence consisting of nucleotides at positions 3,820 to 
6,068 in the nucleotide sequence represented by SEQ ID 
NO:2 is an upstream region of the human Period 2 gene. 
From the experimental results on mouse genes (Examples 1 
and 3 which are described later), it was found that the mouse 
DNA showing promoter activity (namely the DNA consist 
ing of a Sequence consisting of nucleotides at positions 
4,415 to 7,931 in the nucleotide sequence represented by 
SEQ ID NO: 1) is a DNA resulting from the elimination of 
the region containing conserved segments (IV, V, VI and 
VII) in the first intron of Period2 gene from the DNA 
containing the human/mouse Seven conserved Segments. 
Accordingly, it is considered that a human DNA correspond 
ing to the DNA resulting from the elimination of the region 
containing conserved segments (IV, V, VI and VII) in the 
first intron of Period2 gene from the DNA containing the 
human/mouse Seven preserved regions, namely the DNA 
consisting of a Sequence consisting of nucleotides at posi 
tions 3,820 to 6,068 in the nucleotide sequence represented 
by SEQID NO:2, also has a Period2 gene promoter activity. 

Although not particularly limited, the DNA of the present 
invention can be prepared, for example, by (1) using poly 
merase chain reaction (PCR) method or by (2) Screening a 
phage library. 
(1) Polymerase Chain Reaction (PCR) Method 
When the DNA of the present invention is prepared using 

the PCR method, a primer set capably of amplifying the 
DNA of the present invention is firstly designed based on the 
information on each nucleotide Sequence represented by 
SEO ID NO:1 or 2. 

In the case of a DNA of the present invention containing 
a Sequence consisting of nucleotides at positions 4,415 to 
7,931 in the nucleotide sequence represented by SEQ ID 
NO:1, which is the mouse Period 2 gene promoter, a primer 
Set is designed based on the information on the nucleotide 
sequence represented by SEQID NO:1 in such a manner that 
the amplified product contains the Sequence consisting of 
nucleotides at positions 4,415 to 7,931 in the nucleotide 
sequence represented by SEQ ID NO:1 but does not contain 
in and after the conserved segment IV (position 8,534). Also, 
in the case of a DNA of the present invention containing a 
Sequence consisting of nucleotides at position 3,820 to 6,068 
in the nucleotide sequence represented by SEQ ID NO:2, 
which is the human Period2 gene promoter, a primer Set is 
designed based on the information on the nucleotide 
sequence represented by SEQID NO:2 in such a manner that 
the amplified product contains a Sequence consisting of 
nucleotides at positions 3,820 to 6,068 in the nucleotide 
sequence represented by SEQ ID NO:2 but does not contain 
in and after the conserved segment IV (position 6.531). 

The DNA of the present invention can be obtained by 
carrying out PCR using the thus designed respective primer 
Set and a genomic DNA as the template. 
(2) Phage Library Screening Method 
When the DNA of the present invention is prepared by 

Screening a phage library (e.g., Maniatis, T. et al., Molecular 
Cloning A Laboratory Manual, Cold Spring Harbor 
Laboratory, NY, 1982), a probe which can screen phage 
clones containing the DNA of the present invention is firstly 
designed base on the information on each nucleotide 
sequence of SEQ ID NO:1 or 2. 

In the case of a DNA of the present invention containing 
a Sequence consisting of nucleotides at positions 4,415 to 
7,931 in the nucleotide sequence represented by SEQ ID 
NO:1, which is the mouse Period2 gene promoter, a probe 
is designed based on the information on the Sequence 

15 

25 

35 

40 

45 

50 

55 

60 

65 

8 
consisting of nucleotides at positions 4,415 to 7,931 in the 
nucleotide sequence represented by SEQ ID NO:1. Also, in 
the case of a DNA of the present invention containing a 
Sequence consisting of nucleotides at positions 3,820 to 
6,068 in the nucleotide sequence represented by SEQ ID 
NO:2, which is the human Period 2 gene promoter, a probe 
is designed based on the information on the Sequence 
consisting of nucleotides at positions 3,820 to 6,068 in the 
nucleotide sequence represented by SEQ ID NO:2. 
A phage clone containing the DNA of the present inven 

tion can be obtained by Screening a phage library using the 
thus designed respective probe. The DNA of the present 
invention can be obtained by treating the thus obtained 
phage clone with appropriate restriction enzymes and then 
purifying a DNA fragment of interest using an appropriate 
purification means (e.g., agarose gel electrophoresis). 
Construct and Cell of the Present Invention 
The construct of the present invention contains the DNA 

of the present invention and a reporter gene. AS the reporter 
gene, a gene encoding a known reporter protein which can 
be used as an index of gene expression in the cells can be 
used. The reporter protein includes luciferase, Secretion type 
alkaline phosphatase (SEAP), green fluorescent protein 
(GFP), chloramphenicol acetyltransferase (CAT), 
f-glucuronidase (GUS), f-D-galactosidase, aequorin and 
the like. According to the construct of the present invention, 
it is preferable to use a luciferase gene as the reporter gene. 

According to the construct of the present invention, 
arranging positions of the DNA of the present invention and 
a reporter gene are not limited, So long as the reporter gene 
is arranged in a downstream position of the DNA of the 
present invention and under control of the promoter activity 
of the DNA of the present invention. Also, the construct of 
the present invention is not particularly limited, So long as 
the construct contains at least the DNA of the present 
invention and a reporter gene, but it is preferable that it 
further contains a vector region. 

Although the construct of the present invention is not 
particularly limited, a construct of the present invention 
further containing a vector region in addition to the DNA of 
the present invention and a reporter gene can be prepared, 
for example, by introducing the DNA of the present inven 
tion into a multi-cloning Site of an appropriate reporter 
vector (namely, a vector containing a reporter gene). The 
reporter vector includes a vector pGL3-basic containing a 
gene encoding luciferase (Promega), a vector pSEAP2-basic 
containing a gene encoding SEAP (Clontech), and a vector 
pd1EGFP containing a gene encoding labile type GFP 
(Clontech). 
More specifically, the construct of the present invention 

can be prepared by introducing the DNA of the present 
invention obtained by using the PCR method into a multi 
cloning Site of a reporter vector. 

Also, the construct of the present invention can be pre 
pared by introducing the DNA of the present invention, 
which has been prepared by treating a phage clone obtained 
by Screening a phage library with appropriate restriction 
enzymes and then purifying it using an appropriate purifi 
cation means (e.g., agarose gel electrophoresis), if necessary 
further Subjecting to a blunt-ended treatment, into a multi 
cloning site of a reporter vector. For example, in the case of 
a phage clone containing a sequence consisting of nucle 
otides at positions 3,820 to 6,068 in the nucleotide sequence 
represented by SEQ ID NO:2, which is the human Period2 
gene promoter, the construct of the present invention con 
taining the human Period 2 gene promoter can be prepared 
by treating the phage clone with appropriate restriction 



US 6,977,157 B2 

enzymes (e.g., a combination of a restriction enzyme 
AorS1HI which cuts at position 3,513 position and a restric 
tion enzyme PshBI which cuts at position 6,447), obtaining 
a 2,935 bp DNA fragment by purifying it using an appro 
priate purification means (e.g., an agarose gel 
electrophoresis), Smooth-ending the DNA fragment and then 
introducing it into a multi-cloning Site of a reporter vector. 
A deletion construct containing the DNA of the present 
invention can be prepared, for example, by treating a longer 
DNA among the DNAS of the present invention obtained by 
the above method with appropriate restriction enzymes and 
purifying the digest by an appropriate purification method 
and then subjecting the thus obtained DNA fragment of 
interest to Self-ligation. More specifically, it can be obtained 
by the method described in Example 10. 

The cell of the present invention contains the construct of 
the present invention. Although not particularly limited, the 
cell of the present invention can be prepared by transforming 
an appropriate host cell (preferably a eucaryote) with the 
construct of the present invention (preferably, a construct of 
the present invention further containing a vector region in 
addition to the DNA of the present invention and a reporter 
gene). 
The host cell of eucaryote includes cells Such as 

vertebrate, insect and yeast, and examples of the Vertebrate 
cells include mouse NIH 3T3 cell, monkey COS cell 
(Reference 37), Chinese hamster ovary cell (CHO) dihydro 
folate reductase deficient Strain (Reference 38), mouse L 
cell, mouse A9 cell, monkey BS-C-1 cell and the like, but it 
is preferable to use mouse NIH3T3 cell. 

The construct of the present invention can be incorporated 
into a host cell by, for example, a DEAE-dextran method 
(Reference 39), a calcium phosphate-DNA coprecipitation 
method (Reference 40), a method using commercially avail 
able transfection reagents e.g., Lipofectamine 2000 
(GIBCO-BRL), FuGENETM6 Transfection Reagent (Roche 
Diagnostics), electroporation (Reference 41) or the like. 
The cell of the present invention can be cultured in 

accordance with a conventional method. AS the medium 
which can be used in the culturing, various generally used 
media can be appropriately Selected in response to the host 
cell employed. For example, in the case of the NIH 3T3 cell, 
a medium prepared by supplementing DMEM (Dulbecco's 
modified Eagles medium) with glucose (final 
concentration=4.5 g/l) and fetal bovine Serum (final 
concentration=10%) can be used. 
Transgenic Animal of the Present Invention 
The transgenic animal of the present invention is not 

particularly limited, So long as the animal is transfected with 
the construct of the present invention, but it can be prepared 
based on a conventionally known method (e.g., Reference 
35), except that the construct of the present invention is used 
as the DNA to be transfected. Specifically, it can be prepared 
based on the procedure described later in Example 4. 

Also, the term “animal’ as used herein means an animal 
excluding human (namely non-human animal), and 
examples include mammals excluding human (e.g., rat, 
mouse, dog, cat, monkey, pig, cattle, sheep, rabbit, goat, 
dolphin or horse), birds (e.g., domestic fowl or quail), 
amphibia (e.g., frog), reptiles, insects and the like, and rat 
and mouse are preferred, and rat is particularly preferred. 
Screening Method of the Present Invention 
The Screening method of the present invention can be 

carried out using the cell of the present invention, a Supra 
chiasmatic nucleus Section or peripheral tissue of the trans 
genic animal of the present invention or the transgenic 
animal of the present invention itself. Although the test 
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Substance to be used in the Screening is not particularly 
limited, examples include commercially available com 
pounds (including peptides), various known compounds 
(including peptides) registered in chemical file, compounds 
obtained by combinatorial chemistry techniques (Reference 
31), culture Supernatants of microorganisms, natural com 
ponents derived from plants and marine organisms, animal 
tissue extracts or compounds (including peptides) prepared 
by chemically or biologically modifying the compounds 
(including peptides) Selected by the Screening method of the 
present invention. 

According to the Screening method of the present inven 
tion which uses the cell of the present invention, a Substance 
which controls expression of the Period2 gene, namely a 
Substance which modifies its transcription activity, can be 
Selected by allowing the cell of the present invention to 
contact with a Substance to be tested and measuring the 
reporter activity (namely, a reporter assay). 
When the cell of the present invention is allowed to 

contact with a Substance to be tested, a cell into which the 
construct is temporarily or stably introduced is prepared and 
drug (namely Substance to be tested) Stimulation is carried 
out. A substance which can control expression of the Period2 
gene can be Screened by carrying out a reporter assay after 
a predetermined period of time of the drug (namely Sub 
stance to be tested) Stimulation. 
The reporter assay can be carried out by a known assay 

method in response to the kinds of a reporter protein to be 
used. For example, when a firefly luciferase is used as the 
reporter protein, luciferin can be used as its chemical Sub 
Strate for luciferin-luciferase luminescence, and when a 
Renilla luciferase derived from sea pansy is used, 
coelenteradin can be used as its chemical Substrate for 
luciferin-luciferase luminescence. Also, when SEAP is used, 
CSPD disodium 3-(methoxyspiro(1,2-dioxetane-3,2'-(5'- 
chloro)tricyclo3.3.1.13.7decan)-4-yl)phenyl phosphate 
and MUP(4-methylunbellifery phosphate) can be used as its 
chemical Substrates for the respective luminescent and fluo 
rescent assay. A luciferase assay is preferred as the reporter 
assay, and the luciferase assay can be carried out preferably 
under the conditions described in Example 3 which is 
described later. 

All of the Substances which enhance expression of the 
Period2gene and the substances which inhibit the same are 
useful as agents improving rhythm disorders, and when a 
substance which inhibits expression of the Period 2 gene is 
Screened, the Screening can be effected by an assay in the 
coexistence of a known Period 2 gene transcription activat 
ing factor such as BMAL1/CLOCK heterodimer. A synchro 
nizing factor during daytime has a property to accelerate 
transcription or release the transcription inhibition 
(transcription acceleration as a consequence) of the Period2 
gene, and it can Synchronized the circadian rhythm when 
reacted in daytime and causes phase shift when reacted in 
night. Also, a Synchronizing factor during night has a 
property to inhibit transcription or release the transcription 
acceleration (transcription inhibition as a consequence) of 
the Period gene, and it has been confirmed that it can 
Synchronized the rhythm when reacted in night and causes 
phase shift when reacted in daytime. Accordingly, an agent 
which accelerates transcription of the Period 2 gene can 
Synchronize the rhythm when taken during the day, and on 
the contrary, an agent which inhibits transcription of the 
Period2gene can Synchronize the rhythm when taken during 
the night. 

According to the Screening method of the present inven 
tion which uses the cell of the present invention or a 
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Suprachiasmatic nucleus Section or peripheral tissue of a 
transgenic animal, a Substance which controls expression of 
the Period 2 gene can be selected by allowing the cell of the 
present invention or a Suprachiasmatic nucleus Section or 
peripheral tissue of a transgenic animal to react with a 
Substance to be tested and measuring the OScillatory expres 
Sion. 

There is a report Stating that oscillatory curves with 
circadian cycle can be obtained by continuous measurement 
of luminescence level from a Suprachiasmatic nucleus Sec 
tion or peripheral tissue, under culturing, of a mPer1:luc 
transgenic rat using a photomultiplier tube detector 
(Photomal) (Reference 28). When the oscillation of lumi 
neScence from a Suprachiasmatic nucleus Section or periph 
eral tissue of a transgenic animal harboring a construct 
containing a DNA showing Period 2 gene promoter activity 
and a reporter gene is continuously measured using this 
method, and the oscillation of the luminescence becomes 
Stable, a Substance to be tested (e.g., a Substance to be tested 
Such as a candidate for an improving agent of biological 
rhythm Screened by the Screening method of the present 
invention which uses the cell of the present invention) is 
allowed to act upon the above Suprachiasmatic nucleus 
Section or peripheral tissue of a transgenic animal on one 
hand, and, as a control, a Solvent e.g., dimethyl Sulfoxide 
(DMSO) or the like alone of the substance to be tested is 
allowed to act upon the Suprachiasmatic nucleus Section or 
peripheral tissue on the other hand, and the measurement is 
continued. AS the transgenic animal, a transgenic rat is 
desirable. Phase shift (positional change in Oscillation peak 
or bottom), namely time delay or time advance of oscillatory 
expression, can be evaluated by comparing the oscillatory 
curve of luminescence obtained from the group treated with 
a Substance to be tested (e.g., a biological rhythm disorder 
improving candidate Substance to be tested) with the oscil 
latory curve of luminescence obtained from the untreated 
control group. A Substance which controls expression and/or 
oscillatory expression of the Period2gene can be Selected by 
Screening Substances showing ideal phase shift in this man 
ner. In addition, the above Screening can also be carried out 
using the cell of the present invention, that is, a cell into 
which a DNA prepared by ligating an upstream Sequence of 
the mouse Period2 gene with a reporter gene is introduced, 
instead of a Suprachiasmatic nucleus Section or peripheral 
tissue, and Synchronizing the cells. The cells can be Syn 
chronized by Stimulation with high concentration Serum or 
dexamethasone (DEX), but preferably can be synchronized 
by the method described in Example 6. 

For example, a Substance which controls expression and/ 
or oscillatory expression of the Period2gene can be Selected 
by carrying out the continuous measurement of lumines 
cence level from a Suprachiasmatic nucleus Section or 
peripheral tissue (e.g., liver, kidney, lung or eyeball) of a 
transgenic rat (mPer2:luc transgenic rat) prepared by intro 
ducing into a rat a DNA in which an upstream Sequence of 
the mouse Period 2 gene is ligated with a luciferase gene, by 
the method described in Example 5 which is described later, 
and evaluating the phase shift by comparing the oscillation 
curves of luminescence level obtained from the test 
Substance-treated group with those obtained from the 
untreated group (control). When it is carried out by the 
method described in Example 5, it is possible to evaluate the 
function upon the rhythm of Substances to be tested, by 
changing one Suprachiasmatic nucleus Section to a fresh 
medium to which a solvent (e.g., DMSO, etc.) alone is added 
as a control, and the other to a fresh medium to which a 
substance to be tested dissolved in a solvent (e.g., DMSO, 
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etc.) is added, at a stage of from the 3rd to 9th day after 
commencement of the measurement during which the oscil 
latory expression is observed, and comparing the oscillation 
after addition of the Substance to be tested with that of the 
control. Also, regarding peripheral tissues, it is possible to 
carry out Screening of Substances to be tested by changing 
medium of, for example liver, lung and eyeball, to a medium 
containing a Substance to be tested (a solvent alone in the 
case of control) in the same manner, during the 4th and 5th 
days after commencement of the measurement, during the 
1st to 5th days after commencement of the measurement and 
during the 1st to 3rd days after commencement of the 
measurement, respectively, during which the oscillatory 
expression is observed. 

Also, as shown in the following Example 5, in peripheral 
tissues, OScillation rhythm occurred Several times and then 
attenuated by intercellular de-synchronization (cf. FIGS. 7 
to 9), and it is possible to obtain an agent showing a function 
to improve attenuated locomoter activity rhythm and/or 
Sleep rhythm in the aged by Screening an agent which 
inhibits this attenuation. 

Also, when a large peripheral tissue (e.g., liver, lung, etc.) 
is used in the Screening, it is desirable to a peripheral tissue 
Section. 

According to the Screening method of the present inven 
tion which uses the transgenic animal of the present 
invention, a Substance which controls expression and/or 
oscillatory expression of the Period2gene can be selected by 
administering a Substance to be tested to the transgenic 
animal of the present invention and measuring oscillatory 
expression in the Suprachiasmatic nucleus of the animal. 

Specifically, a substance to be tested (e.g., a substance to 
be tested Such as a biological rhythm improving agent 
candidate Screened by the Screening method of the present 
invention which uses the cell of the present invention) is 
administered to a transgenic animal harboring a construct 
containing a DNA showing the Period2 promoter activity 
and a reporter gene. When luciferase is used as the reporter 
protein, it is possible to Screen a compound by evaluating its 
function upon oscillation of the rhythm center Suprachias 
matic nucleus, by the use of a method in which luciferin is 
Supplied from the vertex into the vicinity of the Suprachi 
asmatic nucleus through a capillary and the luminescence 
level is simultaneously and continuously measured through 
a micro-optical fiber inserted into just above the Suprachi 
asmatic nucleus while keeping the individual alive 
(Reference 42). 

EXAMPLES 

The present invention is Specifically described based on 
examples, but they do not limit the Scope of the present 
invention. Also, unless otherwise indicated, these were 
carried out in accordance with known methods (e.g., 
Maniatis, T. et al., Molecular Cloning A Laboratory 
Manual, Cold Spring Harbor Laboratory, NY., 1982; and 
Hille, B., Ionic Channels of Excitable Membranes, 2nd Ed., 
Sinauer Associates Inc., MA, 1992). 

Example 1 
<Preparation of Mouse and Human Period 2 Upstream DNA 
Sequences and Comparative Analysis> 

Preparation of a mouse Period 2 upstream Sequence was 
carried out by a Screening using a mouse genomic DNA 
phage library and using Genome Walker Kit (Clontech). 

Firstly, polymerase chain reaction (PCR) was carried out 
by preparing a primer Set which can amplify a fragment 
between a position 218 and a position 723 in mouse Period2 
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gene cDNA from the reported sequence of mouse Period2 
gene (GenBank AFO36893), namely a forward primer con 
Sisting of the nucleotide Sequence represented by SEQ ID 
NO:3 a sequence at positions 218 to 239 in the mouse 
Period2 gene cDNA (GenBank AFO36893) and a reverse 
primer consisting of the nucleotide Sequence represented by 
SEQ ID NO:4a sequence complimentary to the sequence at 
positions 702 to 723 in the mouse Period2 gene cDNA 
(GenBank AFO36893)). In this case, the above PCR was 
carried out using a Taq polymerase (AmpliTaq Gold; 
Applied BioSystems) as the enzyme and repeating 40 times 
of a cycle consisting of incubation at 95 C. (10 minutes) 
and subsequent incubation at 94°C. (15 seconds), 60° C. (30 
seconds) and 72 C. (1 minute). 

Using the thus obtained amplified fragment (505 bp) as 
the probe, Screening from a mouse genomic DNA phage 
library was carried out. As a result, a clone containing the 
first intron of the mouse Period2 gene 6.0 kb upstream from 
the Second eXon was obtained. When a Sequencing reaction 
was carried out on the thus obtained phage DNA using a 
DNA sequencing reagent (BigDye Terminator Cycle 
Sequencing FS Ready Reaction Kit; Applied Biosystems) in 
accordance with its manufacture's instructions and then the 
DNA nucleotide Sequence was analyzed using a DNA 
sequencer (ABI PRISM 377; Applied Biosystems), a 
Sequence consisting of nucleotides at positions 10,104 to 
17,004 in the nucleotide sequence represented by SEQ ID 
NO:1 was obtained. 

Next, in order to obtain a further upstream Sequence from 
the phage DNA sequence, preparation of the upstream 
Sequence was carried out using Genome Walker Kit 
(Clontech). Libraries MDL1 to MDL5 attached to the kit 
were used as the template of the Genome Walker Kit, and a 
Taq DNA polymerase (Advantage Genomic polymerase 
Mix; Clontech) was used as the enzyme for PCR. 

Firstly, using AP1 attached to the kit and a first primer 
consisting of the nucleotide Sequence represented by SEQ 
ID NO:5 (a sequence complimentary to a sequence consist 
ing of nucleotides at positions 13,005 to 13,034 in the 
nucleotide sequence represented by SEQ ID NO: 1) as a 
primer set, PCR was carried out in the presence of 5% 
dimethylsulfoxide (DMSO) by repeating 7 times of a cycle 
consisting of 94° C. (2 seconds) and 72 C. (3 minutes) and 
Subsequent 36 times of a cycle consisting of 94° C. (2 
seconds) and 67 C. (3 minutes) and then finally incubating 
at 67 C. for 4 minutes. Next, using 1 ul of 50 times diluted 
Solution of the thus obtained reaction product as the template 
and using AP2 attached to the kit and a Second primer 
consisting of the nucleotide Sequence represented by SEQ 
ID NO:6 (a sequence complimentary to a sequence consist 
ing of nucleotides at positions 12,429 to 12,458 in the 
nucleotide sequence represented by SEQ ID NO: 1) as a 
primer Set, PCR was carried out by repeating 5 times of a 
cycle consisting of 94° C. (2 seconds) and 72 C. (3 minutes) 
and Subsequent 24 times of a cycle consisting of 94 C. (2 
seconds) and 67 C. (3 minutes) and then finally incubating 
at 67° C. for 4 minutes. 
A sequence consisting of nucleotides at positions 9,870 to 

12,458 in the nucleotide sequence represented by SEQ ID 
NO:1 was obtained by Sequencing analysis of the amplified 
band obtained by the above two step PCR. Based on this 
Sequence, a primer Set for obtaining a further upstream 
Sequence, namely a first primer consisting of the nucleotide 
sequence represented by SEQ ID NO:7 (a sequence com 
plimentary to a Sequence consisting of nucleotides at posi 
tions 10,103 to 10,132 in the nucleotide sequence repre 
sented by SEQ ID NO: 1) and a second primer consisting of 
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the nucleotide sequence represented by SEQ ID NO:8 (a 
Sequence complimentary to a Sequence consisting of nucle 
otides at positions 10,021 to 10,050 in the nucleotide 
sequence represented by SEQ ID NO:1), were prepared. 
The above two step PCR was repeated except that a first 

primer consisting of the nucleotide Sequence represented by 
SEQ ID NO:7 and a second primer consisting of the nucle 
otide sequence represented by SEQ ID NO:8 were used 
instead of the first primer consisting of the nucleotide 
sequence represented by SEQ ID NO:5 and the second 
primer consisting of the nucleotide Sequence represented by 
SEQ ID NO:6, and sequencing analysis of the thus obtained 
amplified band was carried out to obtain a Sequence con 
sisting of nucleotides at positions 9,146 to 10,050 in the 
nucleotide sequence represented by SEQ ID NO:1. 

Subsequently, in order to obtain further upstream 
Sequences one by one, the above procedures, namely prepa 
ration of first primer and second primer, two step PCR and 
Sequencing analysis of obtained amplified band, were 
repeated. Combination of the first primer and Second primer 
used in each two step PCR was, 

a combination of a first primer consisting of the nucle 
otide sequence represented by SEQ ID NO:9 (a sequence 
complimentary to a Sequence consisting of nucleotides at 
positions 9,355 to 9,384 in the nucleotide sequence repre 
sented by SEQ ID NO:1), and 

a Second primer consisting of the nucleotide Sequence 
represented by SEQ ID NO:10 (a sequence complimentary 
to a Sequence consisting of nucleotides at positions 9,307 to 
9,336 in the nucleotide sequence represented by SEQ ID 
NO:1); 

a combination of a first primer consisting of the nucle 
otide sequence represented by SEQ ID NO:11 (a sequence 
complimentary to a Sequence consisting of nucleotides at 
positions 7,838 to 7,857 in the nucleotide sequence repre 
sented by SEQ ID NO:1), and 

a Second primer consisting of the nucleotide Sequence 
represented by SEQ ID NO:12 (a sequence complimentary 
to a Sequence consisting of nucleotide Sequences at positions 
7.818 to 7,837 in the nucleotide sequence represented by 
SEQ ID NO:1); and 

a combination of a first primer consisting of the nucle 
otide sequence represented by SEQ ID NO:13 (a sequence 
complimentary to a Sequence consisting of nucleotides at 
positions 2,234 to 2,263 in the nucleotide Sequence repre 
sented by SEQ ID NO:1), and 

a Second primer consisting of the nucleotide Sequence 
represented by SEQ ID NO:14 (a sequence complimentary 
to a Sequence consisting of at positions 2,134 to 2,163 in the 
nucleotide sequence represented by SEQ ID NO:1), and 
used in this order. 

Also, a further upstream Sequence was not able to be 
obtain by the two step PCR using primers designed based on 
a Sequence consisting of nucleotides at positions 8,918 to 
9,336 in the nucleotide sequence represented by SEQ ID 
NO:1, which was obtained as a result of the Sequencing 
analysis of a DNAband amplified by the two step PCR using 
a combination of the first primer consisting of the nucleotide 
sequence represented by SEQ ID NO:9 and the second 
primer consisting of the nucleotide Sequence represented by 
SEQ ID NO:10. Accordingly, in order to obtain a further 
upstream Sequence, the two Step PCR was carried out using 
a combination of a first primer consisting of the nucleotide 
sequence represented by SEQ ID NO:11 and a second 
primer consisting of the nucleotide Sequence represented by 
SEQ ID NO:12, which had been designed based on the first 
eXOn Sequence. 
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AS a result of the analysis So far carried out, a Sequence 
consisting of nucleotides at positions 1 to 17,004 in the 
nucleotide sequence represented by SEQID NO: 1 (however, 
excluding a Sequence consisting of nucleotides at positions 
7,858 to 9,145) was obtained. In order to compensate the gap 
between the first exon and the first intron, which corresponds 
to the undetermined Sequence consisting of nucleotides at 
positions 7,858 to 9,145, two step PCR (nested PCR) was 
carried out using a mouse genomic DNA as the template and 
using a Taq DNA polymerase (Advantage Genomic poly 
merase Mix; Clontech) as the enzyme. Using a forward 
primer consisting of the nucleotide Sequence represented by 
SEQ ID NO:15 (a sequence consisting of nucleotides at 
positions 7,516 to 7,545 in the nucleotide sequence repre 
sented by SEQ ID NO: 1) and a reverse primer consisting of 
the nucleotide sequence represented by SEQ ID NO:16 (a 
Sequence complimentary to a Sequence consisting of nucle 
otides at positions 9,063 to the 9,092 in the nucleotide 
sequence represented by SEQ ID NO:1) as a primerset, the 
first PCR was carried out in the presence of 5% DMSO by 
incubating at 95 C. for 1 minute, repeating 35 times of a 
cycle consisting of 94° C. (15 seconds), 60° C. (30 seconds) 
and 68 C. (5 minutes) and then finally incubating at 68 C. 
for 10 minutes. The second PCR was carried out under the 
same conditions as in the first PCR, except that a forward 
primer consisting of the nucleotide Sequence represented by 
SEQ ID NO:17 (a sequence consisting of at positions 7.556 
to 7,585 in the nucleotide sequence represented by SEQ ID 
NO:1) and a reverse primer consisting of the nucleotide 
sequence represented by SEQ ID NO:18 (a sequence com 
plimentary to a Sequence consisting of positions 8,977 to 
9,006 in the nucleotide sequence represented by SEQ ID 
NO:1) were used as a primer set. 
A 1.4 kbp DNA fragment was obtained as a result of the 

above two step PCR, and by its Sequence analysis, it was 
able to compensate the gap between the first exon and the 
first intron. 

The nucleotide sequence represented by SEQ ID NO:1 
was obtained by Summarizing all of the above analyzed 
results. It was found that the first exon (positions 7,736 to 
7.857), the second exon (positions 16,158 to 16,396) and the 
first intron (positions 7,858 to 16,157) are included in the 
nucleotide sequence represented by SEQ ID NO:1, and that 
the translation start Site of the mouse Period 2 is present in 
the Second exon (position 16,176). Also, the transcription 
start site is present at position 7,736 (cf. the following 
Example 2). 

Since it is expected that a region important for the 
regulation of gene expression is conserved between Species 
when upstream Sequences of mouse and human genes are 
compared, an attempt was made to obtain an upstream 
sequence of the human Period2gene (GenBank NM-00389). 
AS a result of the retrieval of a draft Sequence from a net 
BLAST 2; National Center for Biotechnology Information 
(NCBI), a clone containing an upstream region of the 
human Period 2 gene (GenBank AC013400.5; 188.2 kbp; 
phase 1) was found. 

Since there was a gap between the first intron and the 
second exon in this draft sequence clone AC013400.5, PCR 
was carried out using a human genomic DNA (Clontech) as 
the template. Using a forward primer consisting of the 
nucleotide sequence represented by SEQ ID NO:19 (a 
Sequence consisting of nucleotides at positions 14.577 to 
14,606 in the nucleotide sequence represented by SEQ ID 
NO:2) and a reverse primer consisting of the nucleotide 
sequence represented by SEQ ID NO:20 (a sequence com 
plimentary to a Sequence consisting of nucleotides at posi 
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tions 15,855 to 15,884 in the nucleotide sequence repre 
sented by SEQ ID NO:2) as a primer set and using a Taq 
DNA polymerase (AmpliTaq Gold; Applied Biosystems) as 
the enzyme, the above PCR was carried out by incubating at 
95 C. for 10 minutes and then repeating 40 times of a cycle 
consisting of 94° C. (15 seconds), 60° C. (30 seconds) and 
72° C. (2 minutes), and the DNA sequence of a DNA 
fragment containing the gap (about 1.2 kbp) was analyzed. 
On the other hand, since it was found thereafter that a new 

clone (GenBank AC012485.13; 168.7 kbp; phase 3 com 
plete Sequence) was registered on the net, a region of 17,112 
bp (a sequence complimentary to positions 35,354 to 52,465 
in the GenBank AC012485.13) corresponding to the 17,004 
bp of the above mouse genomic Sequence was extracted 
from the clone GenBank ACO12485.13 and shown as SEQ 
ID NO:2. From the analysis of the thus obtained upstream 
Sequence of the human Period 2 gene, it was found that the 
human translation Start Site is also present in the Second eXon 
Similar to the case of mouse. Thus, Sequence information on 
the about 17 kbp upstream from the Second eXon extending 
about 17 kbp of the mouse Period2gene and human Period2 
gene was obtained. 
The thus obtained Sequence information on the upstream 

regions extending about 17 kbp of the mouse Period 2 gene 
and human Period 2 gene was Subjected to homology com 
parison analysis (analyzing conditions are default values) 
using BLAST 2 SEQUENCES VERSION BLASTN2.2.1 
Aug. 1, 2001 program of NCBI. A region having a high 
Expect accuracy of e-3 or less was defined as positive in 
preservation ability. Results of the analysis are shown in 
FIG. 1. As shown in FIG. 1, it was found that seven 
fragmentarily conserved segments (I to VII) are present in 
before and after the first exon between human and mouse. 

Respective Sequences in the conserved Segments are 
shown in FIG. 2. In FIG. 2, the symbol “H” indicates human 
Sequence, the Symbol “M” indicates mouse Sequence and the 
“” between human sequence and mouse sequence indicates 
a position where the kind of base coincided between human 
and mouse. 
By Summarizing all results of the above analysis, it was 

found that the first intron (positions 6,069 to 16,461) and the 
Second exon (positions 16,462 to 16,710) are contained in 
the nucleotide sequence represented by SEQ ID NO:2, and 
the human Period 2 translation start Site is present at position 
16,481. 
When an upstream region DNA fragment is obtained by 

PCR using a genomic DNA as the template, there is a 
possibility of causing a gene mutation. An attempt was made 
to clone a phage containing an upstream region DNA 
fragment having no mutation from 1x10° phage particles in 
accordance the manufactures instructions of a mouse 
genomic phage library (Clontech). 

In order to prepare a probe, a primer consisting of the 
nucleotide sequence represented by SEQ ID NO:17 and a 
primer consisting of the nucleotide Sequence represented by 
SEQ ID NO:18 were designed based on the mouse Period2 
gene upstream Sequence information obtained in the above. 
Using a mouse genomic DNA (Clontech) as the template 
and using a Taq DNA polymerase (Advantage Genomic 
DNA polymerase Mix; Clontech) as the enzyme, PCR was 
carried out by incubating at 95 C. for 1 minute and then 
repeating 35 times of a cycle consisting of 95 C. (15 
seconds), 60° C. (30 seconds) and 68 C. (2 minutes), 
thereby obtaining a DNA fragment of 1.4 kb. 
The thus obtained DNA fragment was cloned into the 

EcoRV site of a plasmid (pBluescript; STRATAGENE) and 
amplified. This plasmid was Subjected to restriction enzyme 
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Not/Sal treatment and then to an agarose gel electrophore 
sis to obtain a DNA fragment for probe. Next, the DNA 
fragment for probe was labeled using IO-PdCTP 
(Amersham Pharmacia Biotech) in accordance with the 
manufacture's instructions of a labeling kit (BcaBEST 
Labeling Kit; Takara Shuzo). As a result of the Screening of 
the mouse genomic phage library using this probe, a clone 
containing six conserved Segments between human and 
mouse was obtained. This phage clone in a large amount was 
prepared, and the phage DNA containing the upstream 
region was extracted using Phage DNA Extraction Kit 
(QIAGEN) in accordance with the manufacture's instruc 
tions. 

In order to obtain a DNA fragment containing Seven 
conserved regions, the thus obtained phage genome was 
digested with restriction enzymes EcoT221 and Nhe and 
then Subjected to an agarose gel electrophoresis to extract 
and purify a band of a 6.4 kb DNA fragment. The nucleotide 
Sequence of the above DNA fragment is a Sequence con 
sisting of nucleotides at positions 4,415 to 10,877 in the 
nucleotide sequence represented by SEQ ID NO:1. Blunt 
ending of the purified DNA fragment was carried out using 
DNA Blunting Kit (Takara Shuzo). 

Since a luciferase vector pGL3-basic (Promega; to be 
referred to as pCL3-b hereinafter) is a reporter vector having 
no promoter Sequence, it can evaluate the promoter activity 
of upstream fragments. A vector pCH1 was prepared by 
digesting this vector pGL3-b with a restriction enzyme SmaI 
and then inserting the mouse upstream fragment which had 
been blunt-ended in advance. Subsequently, a vector pCH3 
in which the conserved segments (IV, V, VI, VII) in the first 
intron were removed from the vector pCH1 was prepared by 
subjecting the vector pCH1 to a treatment with restriction 
enzymes, XhoI and SnaBI, removing the DNA fragment 
including the conserved segments (IV, V, VI, VII) by an 
agarose gel electrophoresis and then carrying out Self 
ligation. The upstream region Sequence of the mouse 
Period 2 gene in the vector pCH3 corresponds to a sequence 
consisting of nucleotides at positions 4,415 to 7,931 in the 
nucleotide sequence represented by SEQ ID NO:1. 

Example 2 
<Identification of Transcription Start Site of Mouse 
Period2> 
Whether or not the vector pCH1 and vector pCH3 

obtained in Example 1 containing the mouse Period 2 gene 
upstream region fragment contain a promoter region can be 
Verified by examining the presence of the transcription start 
Site. In order to identify the transcription Start Site, an 
attempt was made to identify a cap site using a mouse total 
brain cDNA library prepared by an oligo-cap method 
(Reference 32, Reference 33). 

Since an adapter consisting of the nucleotide Sequence 
represented by SEQ ID NO:21 is attached to the cap site, a 
primer consisting of the nucleotide Sequence represented by 
SEQ ID NO:22 (a sequence consisting of nucleotides at 
positions 1 to 21 in the nucleotide Sequence represented by 
SEQ ID NO:21) and a primer consisting of the nucleotide 
sequence represented by SEQ ID NO:23 (a sequence con 
Sisting of nucleotides at positions 11 to 30 in the nucleotide 
sequence represented by SEQ ID NO:21) were prepared for 
the adapter. For the mouse Period2 gene, on the other hand, 
a primer consisting of the nucleotide Sequence represented 
by SEQID NO:24 a sequence complimentary to a sequence 
consisting of nucleotides at positions 439 to 459 in the 
mouse Period2 gene cDNA (GenBank AFO36893)), a 
primer consisting the nucleotide Sequence represented by 
SEQ ID NO:25 a sequence complimentary to a sequence 
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consisting of nucleotides at positions 377 to 398 in the 
mouse Period2 gene cDNA (GenBank AFO36893) and a 
primer consisting of the nucleotide Sequence represented by 
SEQ ID NO:26 a sequence complimentary to a sequence 
consisting of nucleotides at positions 300 to 319 in the 
mouse Period2 gene cDNA (GenBank AFO36893) were 
prepared. 
When a nested PCR containing the first PCR which used 

the primer consisting of the nucleotide Sequence represented 
by SEQ ID NO:22 and the primer consisting of the nucle 
otide sequence represented by SEQ ID NO:24 and the 
second PCR which used the primer consisting of the nucle 
otide sequence represented by SEQ ID NO:23 and the 
primer consisting of the nucleotide Sequence represented by 
SEQ ID NO:25 was carried out, a DNA fragment of 414 bp 
containing the cap Site was obtained. Also, when another 
nested PCR containing the first PCR which used the primer 
consisting of the nucleotide Sequence represented by SEQ 
ID NO:22 and the primer consisting of the nucleotide 
sequence represented by SEQ ID NO:24 and the second 
PCR which used the primer consisting of the nucleotide 
sequence represented by SEQ ID NO:23 and the primer 
consisting of the nucleotide Sequence represented by SEQ 
ID NO:26 was carried out, a DNA fragment of 335 bp 
containing the cap Site was obtained. 
AS a result of the Sequence analysis of these DNA 

fragments, it was found that the transcription Start Site is 
present in 8,440 bp upstream (nucleotide at position 7,736 in 
the nucleotide sequence represented by SEQID NO: 1) from 
the translation start site (nucleotide at position 16,176 in the 
nucleotide sequence represented by SEQ ID NO:1). Based 
on this, it was confirmed that the transcription start site is 
contained in the constructed vector pCH1 and vector pCH3, 
the vector pCH1 has nucleotides of -3.321 to +3,142 (when 
the transcription start site is defined as "+1) in the mouse 
Period 2 gene, and the vector pCH3 has nucleotides of 
-3.321 to +196 in the mouse Period2 gene. 

Example 3 
<Analysis of Promoter Activity and Enhancer Activity of the 
Upstream Region of Mouse Period2 Genes 
A mouse cultured cell line NIH3T3 was inoculated at 

1x10 cells per well into a 6 well plate on the day before a 
luciferase assay. Using Lipofectamine 2000 (GIBCO-BRL) 
as the transfection reagent and using 1 lug of each of various 
reporter vectors and 20 ng of an internal control vector 
(PRL-SV40; Promega), transfection was carried out in 
accordance with the manufacture's instructions. AS the 
reporter vectors, the vector pCH1 and vector pCH3 obtained 
in the above Example 1, a vector pGL3-b having no pro 
moter activity (Promega) as a negative control and a vector 
pGL3-promoter in which the SV40 promoter is connected to 
the upstream of luciferase gene (Promega; to be referred to 
as pCL3-p hereinafter) as a positive control were used. 

Also, the luciferase gene contained in vectors other than 
the internal control vector (PRL-SV40) (namely vector 
pGL3-b, vector pCH1, vector pCH3 and vector pGL3-p) is 
a firefly origin, while the luciferase gene contained in the 
internal control vector (PRL-SV40) is a sea pansy origin. 

After a lapse of 48 hours from the transfection, the cells 
were washed once with phosphate buffered saline (PBS) and 
then the assay was carried out using an assay kit (Picka Gene 
Dual Reporter ASSay Kit; Nippon Gene) in accordance with 
the manufactures instructions. The luminescence measure 
ment was carried out using Microtiter Luminometer 
(Dynatech Laboratories). 
The results are shown in FIG. 3. In FIG. 3, “BLK' means 

an amount of luminescence in the host cell not treated with 
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transfection. Also, the "luciferase relative activity 
(normalized)” shown in FIG. 3 means a value normalized 
based on the expression level of luciferase originated from 
the internal control vector (PRL-SV40). As shown in FIG.3, 
basal promoter activity of the vector pCH1 was a low 
activity (7% of the vector pGL3-p), while the vector pCH3 
showed a promoter activity of 55% of the vector pGL3-p. 

In order to evaluate whether or not the vector pCH3 which 
contains the first exon upstream three conserved SegmentsS 
(I, II and III) among the conserved seven sevens (from I to 
VII) is functional, whether or not the reporter activity of 
pCH3 is enhanced by a BMAL1/CLOCK heterodimer, 
which act as a trans-acting factor for Period, was examined. 

That is, transfection was carried out using Lipofectamine 
2000 (GIBCO-BRL) by adding 25 ng, 50 ng or 250 ng of 
each of pCl-neo-Bmal1 and pC1-neo-Clock, together with 
the vector pCH3 (10 ng). Also, the vector pCl-neo-Bmal1 
and vector pCl-neo-Clock have been prepared by introduc 
ing mouse Bmal1 or mouse Clock, respectively, into a 
pCl-neo Vector (Promega) (Reference 34), and the mouse 
Bmal1 and mouse Clock are expressed constitutionally in 
cultured cells. Also, in carrying out the above transfection, 
0.5 ng of pRL-CMV (Promega) was added as an internal 
control, and the DNA to be transfected was adjusted with the 
pCl-neo Vector (Promega) to a total amount of 1 lug. 

After a lapse of 48 hours from the transfection, lumines 
cence level was measured using an assay kit (Pica Gene 
Dual Reporter ASSay Kit; Nippon Gene) in the same manner 
as the above procedure. 
The results are shown in FIG. 4. The “BLK in FIG. 4 has 

the same meaning as the “BLK' shown in FIG. 3. As shown 
in FIG. 4, dose-dependent transcriptional activation by the 
BMAL1/CLOCK heterodimer was confirmed. Based on this 
result, it was found that the thus constructed luciferase 
vector containing the upstream region of mouse Period2 
gene is functional. 

Example 4 
Preparation of mPer2:luc Transgenic Ratd 

Since it is considered, based on the results of in vitro 
experiments carried out in the above Example 3, that the 
vector pCH3 contains sufficient elements for showing an 
intrinsic activity of the Period 2 gene expression, an attempt 
was made to prepare an mPer2:luc transgenic rat using this. 

Firstly, in preparing a gene-introduced rat, Sequences 
originating from the vector itself (e.g., replication origin ori, 
ampicillin resistance gene, etc.) were removed by treatment 
with restriction enzymes, Sal and Mlul, and Subsequent 
agarose gel electrophoresis. Purification of the fragment of 
interest was carried out using OIAquick Gel Extraction Kits 
(QIAquick; QUIAGEN), and after carrying out its phenol/ 
chloroform treatment, a DNA solution (concentration=75 
ngful) was prepared by dissolving it in 100 ul of sterile TE 
buffer 10 mmol/l Tris-HCl (pH 8.0), 1 mmol/l EDTA (pH 
8.0). The above DNA fragment contains a sequence con 
sisting of nucleotides at positions 4,415 to 7,931 in the 
nucleotide sequence represented by SEQ ID NO:1 and a 
gene encoding luciferase. 

In order to prepare a transgenic rat, Wistar rats were 
purchased from Charles River Japan. The transgenic rat 
preparation operation was carried out basically based on a 
known method (Reference 35), and micro-injection of the 
DNA Solution for injecting into rat pronucleus Stage fertil 
ized eggs was carried out in the following manner. 

That is, sexually matured Wistar rats of 8-weeks-old were 
reared under conditions of 12 hour light-dark cycle (from 
4:00 to 16:00 was used as the light period), 23+2 C. in 
temperature and 55+5% in humidity, and the hormone 
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treating day was Selected by observing Sexual cycle of 
females by vaginal Smear. Firstly, 150 IU/kg of a pregnant 
mare serum gonadotropic hormone PMS Zen-yaku 
(pregnant mare Serum gonadotropin; PMSG); Nippon Zen 
yaku was intraperitoneally administered to female rats to 
carry out SuperoVulation treatment, 75 IU/kg of a human 
chorionic gonadotropic hormone Puvelogen (human chori 
onic gonadotropin; hoG); Sankyo Zoki was administered 
48 hours thereafter, and then crossing was carried out by 
allowing them to lodge with males. After a lapse of 32 hours 
from the hCG administration, pronucleus Stage fertilized 
eggs were collected by Oviduct perfusion. The mKRB solu 
tion (Reference 36) was used for the oviduct perfusion and 
culturing of eggs. After removing cumulus cells by carrying 
out an enzyme treatment of the collected fertilized eggs at 
37 C. for 5 minutes in mKRB Solution containing 0.1% 
hyaluronidase (Hyaluronidase Type I-S, Sigma), the eggs 
were washed three times with mKRB Solution to remove the 
enzyme and then stored in a CO incubator (5% CO., 37°C., 
saturation humidity) until the DNA injection operation. The 
DNA solution prepared in the above was injected into male 
pronuclei of the thus prepared rat fertilized eggs. The 
injection operation was carried out for 525 embryos, and 
among Survived 431 embryos, 420 morphologically normal 
embryos were transplanted into o Viducts of 
pseudopregnancy-induced allomothers. 

In order to examine whether or not exogenous DNA 
(including luciferase gene) was introduced into the rats, a 
primer consisting of the nucleotide Sequence represented by 
SEQ ID NO:27 a sequence consisting of nucleotides at 
positions 410 to 432 in the cloning vector pGL3-b (GenBank 
U47295) and a primer consisting of the nucleotide sequence 
represented by SEQ ID NO:28 a sequence complimentary 
to a Sequence consisting of nucleotides at positions 980 to 
1,000 in the cloning vector pGL3-b (GenBank U47295) 
were designed as PCR primers for the luciferase gene. 
Introduction of exogenous DNA (including luciferase gene) 
can be verified by the presence or absence of a DNA product 
(591 bp) amplified by the PCR using these primers. 
A total of 65 rats were born by the transplantation of 420 

embryos. At the time of 3-weeks-old, about 1 cm of the tail 
tip of each born individual was cut out using a Surgical knife 
and dissolved by adding 800 ul of a lysis solution and 
Shaking overnight in a 55° C. constant temperature bath. In 
this case, the above lysis buffer was prepared by dissolving 
actinase E and protease K, both to a final concentration of 10 
mg/ml, in a lysis buffer a Solution containing, as final 
concentrations, 50 mmol/l Tris-HCl (pH 8.0), 100 mmol/l 
EDTA (pH 8.0), 100 mmol/l NaCl and 1% SDS). 

Subsequently, phenol treatment was carried out twice, and 
the upper water layer after centrifugation was collected and 
transferred into a tube containing isopropanol. After mixing, 
the thus formed filamentous genomic DNA was wound with 
the tip of a processed glass micro-pipette, Soaked in 70% 
ethanol for 5 minutes and then in 100% ethanol for 5 
minutes and finally dissolved by soaking in TE, thereby 
preparing genomic DNA of each individual. 
The PCR which used the genomic DNA of each indi 

vidual as the template was carried out using a Taq DNA 
polymerase (Roche Diagnostics) by incubating at 94° C. for 
1 minute and then repeating 40 times of a cycle consisting 
of 94° C. (30 seconds), 57°C. (30 seconds) and 72° C. (60 
seconds). As a result, it was found that 8 of the 65 born rats 
were mPer2: Luc transgenic rats. 

In addition, at the time of 7-weeks-old, about 5 mm of the 
tail tip of each of the 8 mPer2: Luc transgenic rats was cut out 
using a Surgical knife. Aluciferin Solution was applied to the 
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cut Surface, and, turning up the cut Surface, the luminescence 
was measured using a photomultiplier tube detector 
Photomal (model name LM-300Y2); Hamamatsu 
Photonics). In this case, the above luciferin solution was 
prepared by adding HEPES (pH 7.2; final concentration=10 
mmol/l), penicillin antibiotic (final concentration=25 U/ml), 
Streptomycin antibiotic (final concentration=25 ug/ml), 
sodium bicarbonate (NaHCO; final concentration=0.3 g/l) 
and luciferin Cat. E1601 (Promega); final concentration= 
0.1 mmol/l) to a Phenol Red-free DMEM medium (cat. 
13000-054; GIBCO-BRL). 
As a result, tails of 4 of the 8 rats showed 923 cps, 4,392 

cpS, 1,122 cpS and 865 cps, respectively. Since these lumi 
neScence levels were significantly high compared to the 
around 100 cps of the control (tail of wild type rat), it was 
confirmed that 4 animals of the mPer2: Luc transgenic rat in 
which the luciferase functions in the living body were 
obtained. 
Among these 4 female transgenic rats (FO), the line 

showing the highest level of luminescence from tail (4,392 
cps) was crossed with a wild type male, and 11 F1 rats (5 
males and 6 females) were obtained. 

Example 5 
<Operation of Continuous Measurement of Luminescence 
Levels from Suprachiasmatic Nucleus Section and Periph 
eral Tissues (Liver Section, Lung Section and Eyeball) of 
mPer2:luc Transgenic Ratd 

Since the F1 rats obtained in Example 4 are cross-breeds 
of wild type and hetero transgenic rat, wild type and hetero 
transgenic rats are included in their legitimate F1 children. 
In order to Select transgenic rats to be Subjected to the test 
in this Example from the above F1 rats, tails of the above F1 
rats (namely, the F1 rats obtained by the crossing of the line 
having the most highest tail luminescence with a wild type, 
prepared in Example 4) were cut off at the time of 6-weeks 
old, and whether or not they show luminescence was exam 
ined in the same manner as in Example 4. As a result, it was 
found that F1 transgenic rats showing Significant lumines 
cence were 8 animals (4 males and 4 females). Each of 
Suprachiasmatic nucleus Section as a rhythm center and 
peripheral tissues (liver Section, lung Section and eyeball) 
was prepared from one female (7-week-old) among these 8 
transgenic rats in accordance with the following procedure, 
and real time oscillation measurement was carried out. 

Firstly, preparation of Suprachiasmatic nucleus Sections 
was carried out in the following manner. That is, the 
transgenic rat was anesthetized under diethyl ether and 
Sacrificed by cervical dislocation, both eyes were excised to 
block input by light and then excision of total brain was 
carried out. Unnecessary temporal part, frontal lobe and 
cerebellum among the total brain were excised, and the 
resulting brain was fixed on an ice-cooled Slicer table with 
an adhesive (Alon Alfa 201; Toa Gosei). The brain fixed on 
the slicer table was filled with Hanks buffer 1xEHanks Buffer 
(GIBCO-BRL, cat. 14060-057) and 10 mmol/l HEPES (pH 
7.2) (GIBCO-BRL, cat. 15630-080) in final concentrations), 
and preparation of Sections (400 um in thickness) was 
carried out using a slicer (Microslicer DTK-1000; Dohan E 
M) while ice-cooling. A section containing the Suprachias 
matic nucleus was Selected by observing under a Stereo 
scopic microscope (SMZ645; Nikon). Preparation of the 
Suprachiasmatic nucleus Section was carried out by cutting 
out the Suprachiasmatic nucleus alone located under the 
third cerebral Ventricle from this Section using a Surgical 
knife under the Stereoscopic microscope. 
On the other hand, 1.2 ml of a luciferin-containing 

measuring medium prepared by adding 10 mmol/l HEPES 
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(pH 7.2) (GIBCO-BRL, cat. 15630-080), 0.1 mmol/l 
luciferin potassium salt (Promega), antibiotics (25 U/ml 
penicillin and 25ug/ml streptomycin; GIBCO-BRL) and 0.3 
g/l NaHCO (Wako Pure Chemical Industries), to respective 
final concentrations, to Phenol Red-free DMEM 
(Dulbecco's modified Eagle's medium; GIBCO-BRL, cat. 
13000-054) was added to a 35 mm dish, and a membrane 
filter (MiliCell CM; Millipore; cat. PICMORG50) was 
floated on the medium. The Suprachiasmatic nucleus Section 
prepared in the above was put on this membrane filter to 
which the medium was Supplied from the bottom, and a slide 
glass cover (40 mmx50 mm; Matsunami Glass Industry) 
was put on the 35 mm dish and the Space between them was 
Sealed by applying a silicon grease compound (Toray Dow 
Coming) to prevent drying of the medium during the culture. 
Continuous measurement of luminescence level (real time 
monitoring) was carried out by Setting the 35 mm dish 
containing Suprachiasmatic nucleus Section prepared in this 
manner on inside of an photomultiplier tube detector (LM 
300Y2; Hamamatsu Photonics) connected to a computer. 
The continuous measurement of luminescence level was 
continued for 20 days, and the measuring medium was 
exchanged only once during the period (on the 10th day after 
commencement of the measurement). 

Regarding the peripheral tissues, each of the liver, lung 
and eyeball was excised from the transgenic rat. Thereafter, 
regarding the liver and lung, tissue Sections of about 1 mm 
Square were prepared using a Surgical knife and the follow 
ing measurement was carried out. Regarding the eyeball on 
the other hand, the following measurement was carried out 
using the excised tissue as Such. A medium was prepared by 
adding a growth enhancing agent B-27 additive (50x) B-27 
Supplement (50x); GIBCO-BRL to a final concentration of 
2% (1x) to the same above luciferin-containing measuring 
medium used for the culturing of Suprachiasmatic nucleus 
Section, each peripheral tissue (liver Section, lung Section or 
eyeball) was directly put into the medium and Sealed with a 
cover glass, and then continuous luminescence measurement 
was carried out using the photomultiplier tube detector in the 
Same manner as the case of the Suprachiasmatic nucleus 
Section. The luminescence measurement was continued for 
20 days, and the measuring medium was exchanged only 
once during the period (on the 10th day after commence 
ment of the measurement). 

Results of the continuous luminescence measurement of 
the Suprachiasmatic nucleus Section during the first 10 days 
(namely from the commencement of the measurement until 
the lapse of 10 days) are shown in FIG. 5 and FIG. 6, and 
results of the continuous luminescence measurement of the 
peripheral tissues (liver Section, lung Section and eyeball) 
during the first 10 days are shown in FIG. 7, FIG. 8 and FIG. 
9, respectively. In FIG. 5 to FIG. 9, the abscissa shows the 
number of days from the commencement of the measure 
ment (the measurement starting day was expressed as day 0), 
and the ordinate shows luminescence (cpm). Also, FIG. 6 
shows a part of the graph shown in FIG. 5 expanded only in 
Vertical direction. 
As shown in FIG. 5 and FIG. 6, luminescence quantity of 

the Suprachiasmatic nucleus Section showed an oscillation 
peak after about 9 hours on the 3rd day from the commence 
ment of the measurement, and the oscillation rhythm was 
found thereafter at intervals of about 24 hours. Also, this 
oscillation continued until on the 20th day after the com 
mencement of the measurement. 
As shown in FIG. 7, luminescence quantity of the liver 

Section showed oscillation peaks after about 18 hours on the 
3rd day and after about 18 hours on the 4th day from the 
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commencement of the measurement, but the OScillation was 
not observed thereafter due to its attenuation. In addition, 
since the oscillation rhythm recovered to 4 times by the 
medium exchange on the 10th day after commencement of 
the measurement, it is considered that the attenuation of 
oscillation rhythm is not due to death of cells but due to 
de-Synchronization among cells. 
AS Shown in FIG. 8, the luminescence quantity of the lung 

section showed a total of 5 oscillation rhythms after the 
commencement of the measurement, though accompanied 
by rapid changes. 
As shown in FIG. 9, the luminescence quantity of the 

eyeball showed an oscillation rhythm having a peak after 
about 14 hours on the 1st day of the commencement of the 
measurement, and the oscillation rhythm was observed three 
times thereafter though the oscillation was Small. 

Thus, though there are differences in the oscillation phase 
and continuing frequency of Oscillation among respective 
tissueS of the Suprachiasmatic nucleus and peripheral tissues 
(liver, lung and eyeball), the oscillation rhythm after about 
24 hours was observed in all of the tissues. It is considered 
that Screening of a Substance capable of controlling expres 
Sion of the Period2gene becomes possible by the continuous 
Period 2 gene expression monitoring System which uses the 
transgenic rat of the present invention or its Suprachiasmatic 
nucleus Sections or peripheral tissues. 

Example 6 
<Confirmation of Oscillation-inducing Ability of Mouse 
Period 2 Promoter in Cultured Cell Lines 

It has been reported that when a rat cultured cell Rat-1 is 
Stimulated with high concentration horse Serum or DEX, a 
group of cells are Synchronized, and clock genes and a group 
of genes controlled by the clock genes Start the 24 hour 
interval expression oscillation all at once, which continues 
for Several days and then attenuates (Reference 2). 
An attempt was made to introduce the above pCH3 

construct prepared by connecting a mouse Period2 gene 
upstream region to a luciferase vector, transiently into the 
Rat-1 cell, to carry out DEX stimulation thereafter, to 
change the medium to a medium containing luciferase and 
then to measure luminescence therefrom real time using the 
above ultra-weak emission counter. Its illustrative method is 
described below. Firstly, the Rat-1 cell (purchased from 
ATCC: designation=Rat1-R12; ATCC number=CRL-2210) 
was cultured and maintained at 37 C. under an atmosphere 
of 5% CO in a 225 cm flask (Iwaki) charged with 2 ml of 
a medium prepared by adding antibiotics in respective final 
concentrations (100 U/ml penicillin and 100 ug/ml strepto 
mycin; GIBCO-BRL) to Phenol Red-containing DMEM 
(cat. 11965-092) containing 10% FBS (fetal bovine serum; 
JRH Bioscience). The Rat-1 cell was inoculated at 1.2x10° 
cells per well into a 35 mm dish (Falcon) on the day before 
the transfection, and the culturing was continued using 2 ml 
of the above medium containing 5% FBS. On the next day, 
1 tug of the pCH3 construct was Subjected to transfection 
using a transfection reagent Lipofectamine 2000 (GIBCO 
BRL) in accordance with the manufactures instructions 
attached thereto. Three hours after the transfection, the 
medium was exchanged with 2 ml of fresh above medium 
containing 10% FBS to continue the culturing. Sixteen hours 
after the transfection, the Stimulation was started by chang 
ing the medium to the above medium (containing 10% EBS) 
containing 0.1 umol/l at final concentration of DEX 
(SIGMA; cat. D-8893). After 2 hours of the DEX 
Stimulation, the medium was exchanged with 2 ml of a 
luciferin-containing measuring medium (the above medium 
(containing 10% FBS) containing 0.1 mmol/l at final con 
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centration of luciferin potassium salt (Promega)). After 
addition of the luciferin-containing measuring medium, this 
was covered with a slide glass, Sealed using a Silicon grease 
compound and arranged in the ultra-weak emission counter 
connected to a computer, and then continuous luminescence 
measurement (real time monitoring) was carried out. 
The results are shown in FIG. 10. The abscissa in FIG. 10 

shows the number of days from the commencement of the 
measurement (the measurement starting day was expressed 
as day 0), and the ordinate shows luminescence quantity 
(cpm). As shown in FIG. 10, oscillation of the luminescence 
was observed at intervals of 24 hours. Based on this, it was 
confirmed that the mouse Period2 gene upstream region 
claimed by us (positions 4,415 to 7,931 in the nucleotide 
sequence represented by SEQ ID NO:1) has the oscillating 
ability also in cultured cells. Accordingly, it is considered 
that Screening of a Substance capable of changing the 
oscillation in cultured cells is possible by the use of this 
region. 

Example 7 
<Construction of Construct pTM15 in Which Human 
Period 2 Upstream Sequence is Connected to Luciferase 
Vectors 
From the results of mouse promoter activity analyses of 

Example 3 and Example 5, it was Suggested that the regions 
I to III among the Seven conserved Segments are considered 
to be Sufficient for the oscillation. Accordingly, in order to 
obtain a DNA fragment containing human I to III regions 
(nucleotides at positions 3,820 to 6,068 in the nucleotide 
sequence represented by SEQ ID NO:2), PCR was carried 
out using a human genomic DNA (Clontech) as the template 
and using a Taq polymerase (Advantage-GC Genomic poly 
merase Mix, Clontech) as the enzyme. Using a forward 
primer consisting of the nucleotide Sequence represented by 
SEQ ID NO:29 (a sequence consisting of nucleotides at 
positions 3,644 to 3,671 in the nucleotide Sequence repre 
sented by SEQ ID NO:2) and a reverse primer consisting of 
the nucleotide sequence represented by SEQ ID NO:30 (a 
Sequence complimentary to a Sequence consisting of nucle 
otides at positions 6,402 to 6,429 in the nucleotide Sequence 
represented by SEQ ID NO:2), the PCR was carried out by 
incubating at 94 C. for 1 minute, repeating 35 times of a 
cycle consisting of 94° C. (15 seconds), 58 C. (30 seconds) 
and 68 C. (4 minutes) and then finally incubating at 68 C. 
for 10 minutes. As a result of the PCR, a DNA fragment of 
2.8 kbp was obtained. In general, nucleotide A is added to 
the 3'-terminal of a PCR fragment amplified by Taq 
polymerase, So that, in order to carry out efficient cloning of 
a DNA fragment to which A is added, an attempt was made 
to prepare a cloning vector in which nucleotide T is added 
to the SmaI site of the luciferase vector pGL3-basic. That is, 
the pGL3-basic was digested by treating it with the restric 
tion enzyme SmaI and then Subjected to 1% agarose gel 
electrophoresis, and the digested vector was extracted from 
the gel, added to a PCR Solution containing Taq polymerase 
(Roche Diagnostic) and incubated at 70° C. for 2 hours for 
addition of oligonucleotide T to the SmaI cut site. The 
PGL3-basic TA vector prepared in this manner can clone a 
PCR fragment efficiently into the SmaI site. A reporter 
vector pTM15 was prepared by inserting the 2.8 kbp. PCR 
fragment obtained by the above PCR into the PGL3-basic 
TA vector. The Sequence of the upstream region moiety of 
the human Period2gene in the vector pTM15 corresponds to 
nucleotides at positions 3,644 to 6,429 in the nucleotide 
sequence represented by SEQ ID NO:2 and contains the 
conserved segments I to III (positions 3,820 to 6,068 in the 
sequence represented by SEQ ID NO:2). 
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Example 8 
<Identification of Human Period2 Transcription Start Sites 

Although it was found in Example 2 that the transcription 
Start Site of mouse Period 2 is present inside the conserved 
Segments I to III, there is no information regarding the 
transcription Start Site of human Period2. Accordingly, in 
order to identify the transcription start Site of human 
Period2, an attempt was made to identify the cap region 
using a human cerebellum cDNA library prepared by oligo 
cap method (total RNA to be used as the source was obtained 
from Clontech (cat. 64035-1); Reference 32 and Reference 
33). That is, when a nested PCR containing the first PCR 
which used a primer consisting of the nucleotide Sequence 
represented by SEQID NO:22 and a primer consisting of the 
nucleotide sequence represented by SEQ ID NO:31 a 
Sequence complimentary to a Sequence consisting of nucle 
otides at positions 480 to 501 in a human Period 2 gene 
cDNA (GenBank NM-003894.1) and the second PCR 
which used a primer consisting of the nucleotide Sequence 
represented by SEQID NO:23 and a primer consisting of the 
nucleotide sequence represented by SEQ ID NO:32 a 
Sequence complimentary to a Sequence consisting of nucle 
otides at positions 122 to 143 in the human Period2 gene 
cDNA (GenBank NM-003894.1) was carried out, two DNA 
fragments of 209 bp and 323 bp containing the cap region 
were obtained. As a result of the Sequence analysis of these 
two DNA fragments, it was found that the first exon of the 
Period 2 gene exists in two kinds (to be called exon 1A and 
exon 1B for convenience) which independently connect to 
the second exon (nucleotides at positions 16,462 to 16,710 
in the nucleotide sequence represented by SEQ ID NO:2). 
The exon 1A is positions 5,625 to 5,773 in the nucleotide 
sequence represented by SEQ ID NO:2, and the exon 1B is 
positions 5,806 to 6,068 in the nucleotide sequence repre 
sented by SEQ ID NO:2. Thus, it was found that there are 
two human Period 2 gene transcription Start Sites, and they 
are present at positions 5,625 (exon 1A) and 5,806 (exon 1B) 
in the nucleotide sequence represented by SEQ ID NO:2. 
Based on this, it was confirmed that transcription start Sites 
are contained in the thus constructed vector pTM15. 

Example 9 
<Confirmation of Oscillation-inducing Ability of Human 
Period 2 Promoter in Cultured Cell Lines 
AS a result of examination on the oscillation-inducing 

ability of the human Period 2 promoter vector pTM15 in 
cultured cell by the Same method of Example 6, Significant 
oscillation shown in FIG. 11 was confirmed. The abscissa in 
FIG. 11 shows the number of days from the commencement 
of the measurement (the measurement starting day was 
expressed as day 0), and the ordinate shows luminescence 
quantity (cpm). Since DNA fragment containing the human 
Period 2 gene upstream region claimed by us (positions 
3,820 to 6,068 in the nucleotide sequence represented by 
SEQID NO:2) showed the oscillating ability also in cultured 
cells, it is considered that Screening of a Substance capable 
of changing the oscillation in cultured cells is possible by the 
use of this region. 

Example 10 
<Preparation of Deletion Construct in Which Mouse Period2 
Upstream Sequence is Connected to Luciferase Vector> 

It was revealed that the vector pCH3 obtained in Example 
1 (contains a sequence of nucleotides at positions 4,415 to 
7,931 in the nucleotide sequence represented by SEQ ID 
NO:1), containing a mouse Period2 gene upstream region 
fragment having three conserved segments (I, II and III) of 
upstream of the first eXon, has strong promoter activity as 
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26 
shown in FIG. 3 of Example 3 and is transcription-activated 
by a Period transcription activation factor BMAL1/CLOCK 
heterodimer as shown in FIG. 4. In order to find that a region 
important for the basal promoter activity of the mouse 
Period 2 gene and a region important for the transcriptional 
activation by BMAL1/CLOCK heterodimer are present in 
which of the three conserved Segments, conserved Segment 
deletion constructs were prepared and examined. Firstly, a 
deletion construct consisting of a shorter nucleotide 
Sequence containing all of the conserved Segments I, II and 
III (correspond to Sequences consisting of nucleotides at 
positions 5,932 to 6,043, 6,087 to 6,179 and 7,518 to 7,735, 
respectively, in the nucleotide Sequence represented by SEQ 
ID NO: 1) was prepared. The above vector pCH3 was 
Subjected to a treatment with restriction enzymes, Mull and 
Ball, and the digested DNA fragment was removed by an 
agarose gel electrophoresis. A vector pCH3-D1 was pre 
pared from the vector pCH3 by self-ligation of the thus 
deletion DNA fragment-deleted product. In the vector 
pCH3-D1, the Sequence of the upstream region moiety of the 
mouse Period2gene corresponds to a Sequence consisting of 
nucleotides at positions 5,249 to 7,931 in the nucleotide 
sequence represented by SEQ ID NO:1 (a nucleotide 
sequence of -2,487 to +196 when the transcription start site 
is defined as “+1'). Next, a deletion construct in which the 
preserved regions I and II were deleted was prepared. The 
vector pCH3 was subjected to a treatment with restriction 
enzymes, Mull and EcoRI, and the digested DNA fragment 
was removed by an agarose gel electrophoresis. A vector 
pCH3-D2 was prepared from the vector pCH3 by carrying 
out self-ligation of the thus deletion DNA fragment-deleted 
product. In the vector pCH3-D2, the sequence of the 
upstream region moiety of the mouse Period 2 gene corre 
sponds to a sequence consisting of nucleotides at positions 
6,417 to 7,931 in the nucleotide sequence represented by 
SEQ ID NO:1 (a nucleotide sequence of -1,319 to +196 
when the transcription start site is defined as “+1”). In 
addition, in order to construct a vector mainly containing the 
conserved segment III alone, the vector pCH3 was subjected 
to a treatment with Mull/BstXI restriction enzymes, Mull 
and BstXI, and the digested DNA fragment was removed by 
an agarose gel electrophoresis. A vector pCH3-D3 was 
prepared from the vector pCH3 by carrying out Self-ligation 
of the thus deletion DNA fragment-deleted product. In the 
vector pCH3-D3, the Sequence of the upstream region 
moiety of the mouse Period2gene corresponds to a sequence 
consisting of nucleotides at positions 7,463 to 7,931 in the 
nucleotide sequence represented by SEQ ID NO:1 (a nucle 
otide sequence of -273 to +196 when the transcription start 
site is defined as “+1”). 

Example 11 
<Analysis of Promoter Activity and Enhancer Activity of 
Deletion Constructs of Mouse Period 2 Upstream Region> 
A mouse cultured cell line NIH3T3 was inoculated at 

1x10 cells per well into a 6 well plate on the day before a 
luciferase assay. Using Lipofectamine 2000 (GIBCO-BRL) 
as the transfection reagent and using 1 lug of each of various 
reporter vectors and 20 ng of an internal control vector 
(PRL-SV40; Promega), transfection was carried out in 
accordance with the manufacture's instructions. AS the 
reporter vectors described above, the vector pCH3-D1, 
vector pCH3-D2 and vector pCH3-D3 obtained in the above 
Example 10, a vector pGL3-b having no promoter activity 
(Promega) as a negative control and the vector pGL3 as a 
positive control were used. 

Also, the luciferase gene contained in vectors other than 
the internal control vector (PRL-SV40) (namely vector 
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pCH3-D1, vector pCH3-D2, vector pCH3-D3 and vector 
pCH3) is a firefly origin, while the luciferase gene contained 
in the internal control vector (PRL-SV40) is a sea pansy 
Origin. 

Forty-eight hours after the transfection, the cells were 
washed once with phosphate buffered saline (PBS) and then 
the assay was carried out using an assay kit (Pica Gene Dual 
Reporter ASSay Kit; Nippon Gene) in accordance with the 
manufactures instructions. The luminescence was measured 
using Microtiter Luminometer (Dynatech Laboratories). 

The results are shown in FIG. 12. In FIG. 12, “BLK” 
means an amount of luminescence in the host cell not treated 
with transfection. Also, the “luciferase relative activity 
(standardized)” shown in FIG. 12 means a value standard 
ized based on the luciferase expression quantity originated 
from the internal control vector (PRL-SV40). As shown in 
FIG. 12, the basal promoter activity of the vector pCH3-D1 
and vector pCH3-D2 showed a promoter activity of about 
60% of the vector pCH3. The basal promoter activity of the 
vector pCH3-D3 showed a promoter activity of about 80% 
of the vector pCH3. Based on the above, it was suggested 
that the region carrying out basal promoter activity of the 
mouse Period is present in a Sequence consisting of nucle 
otides at positions 7,463 to 7,931 in the nucleotide sequence 
represented by SEQ ID NO:1. When the fact that the 
transcription Start Site and the conserved Segment III are 
contained in this region is taken into consideration, it is 
considered that the conserved Segment III is important for 
the basal promoter activity. 

Next, a region necessary for the Period 2 to undergo 
transcriptional activation by the trans-acting factor BMAL1/ 
CLOCK was examined. 

Transfection was carried out using Lipofectamine 2000 
(GIBCO-BRL) by adding 250 ng of each of pCI-neo-Bmal1 
and pCI-neo-Clock together with 10 ng of the above vector 
pCH3-D1, vector pCH3-D2, vector pCH3-D3 or vector 
pCH3. In carrying out the transfection, 0.5 ng of pRL-CMV 
(Promega) was added as an internal control, and the DNA to 
be transfected was adjusted with the pCl-neo vector 
(Promega) to a total amount of 1 ug. 

Forty-eight hours after the transfection, the measurement 
of luminescence level was carried out using an assay kit 
(Pica Gene Dual Reporter Assay Kit; Nippon Gene) in the 
Same manner as in the above procedure. 

The results are shown in FIG. 12. The “BLK in FIG. 12 
has the same meaning as the “BLK' shown in FIG. 4. As 
shown in FIG. 12, transcriptional activity of all of the vector 
pCH3-D1, vector pCH3-D2, vector pCH3-D3 and vector 
pCH3 was enhanced 5.0 times, 5.6 times, 7.1 times and 5.6 
times, respectively, by the co-transfection of Bmal1 gene 
and Clock gene, So that it was considered that they received 
transcriptional activation by the BMAL1/CLOCK het 
erodimer. Based on this result, it was Suggested that the 
Sequence important for the mouse Period 2 to undergo tran 
Scription activation by the transcription activation factor 
BMAL1/CLOCK heterodimer is present in a sequence con 
sisting of nucleotides at positions 7,463 to 7,931 in the 
nucleotide sequence represented by SEQID NO:1. Since the 
conserved Segment III is contained in this region, it is 
considered that a responsive element, on which the BMAL1/ 
CLOCK heterodimer functions, is present in the conserved 
Segment III. 

Example 12 
<Analysis of Oscillation-inducing Ability of Mouse Period2 
Upstream Region Deletion Construct> 
AS a result of the measurement of oscillation-inducing 

ability in cultured cells using the vector pCH3-D3 prepared 
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28 
in Example 10, carried out by a method similar to that in 
Example 6, significant oscillation shown in FIG. 13 was 
confirmed. The abscissa in FIG. 13 shows the number of 
days from the commencement of the measurement (the 
measurement starting day was expressed as day 0), and the 
ordinate shows luminescence quantity (cpm). Since a DNA 
fragment containing only the conserved segment III 
(corresponds to a sequence consisting of nucleotides at 
positions 7,463 to 7,931 in the nucleotide sequence repre 
sented by SEQ ID NO:1) among the mouse Period2 gene 
upstream region showed the oscillating ability in cultured 
cells, it is considered that a Sequence important for the 
oscillatory expression is present in the conserved Segment 
III of mouse Period2 and that screening of a substance 
capable of changing the oscillatory expression in cultured 
cells is possible by the use of this region. 

INDUSTRIAL APPLICABILITY 

A System for the Screening of Substances capable of 
controlling expression of biological clock genes can be 
constructed by using the Period 2 gene promoter of the 
present invention, the construct of the present invention 
containing this promoter and a reporter gene, the cell of the 
present invention, the transgenic animal of the present 
invention or its Suprachiasmatic nucleus Sections or periph 
eral tissues. Substances Selected by this Screening System are 
useful as candidate Substances of agents for improving 
circadian rhythm disorders (e.g., sleep disturbance, depres 
Sion or abnormal behavior of patients with Senile dementia, 
caused by abnormal circadian rhythm). 
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30 
Free Text in Sequence Listing 

Explanation of “Artificial Sequence” is described in the 
numerical entry <223> in the following Sequence Listing. 
Specifically, the nucleotide Sequence represented by the 
sequence of SEQ ID NO:21 in the Sequence Listing is an 
adapter Sequence of oligo cap. The nucleotide Sequence 
represented by the sequence of SEQ ID NO:22 in the 
Sequence Listing is a Sequence consisting of nucleotides at 
positions 1 to 21 in the nucleotide Sequence represented by 
the sequence of SEQID NO:21 in the Sequence Listing. The 
nucleotide Sequence represented by the Sequence of SEQID 
NO:23 in the Sequence Listing is a Sequence consisting of 
nucleotides at positions 11 to 30 in the nucleotide Sequence 
represented by the sequence of SEQ ID NO:21 in the 
Sequence Listing. The nucleotide Sequence represented by 
the sequence of SEQ ID NO:27 in the Sequence Listing is 
a Sequence consisting of nucleotides at positions 410 to 432 
in the cloning vector pGL3-b (GenBank U47295). The 
nucleotide Sequence represented by the Sequence of SEQID 
NO:28 in the Sequence Listing is a Sequence complimentary 
to a Sequence consisting of nucleotides at positions 980 to 
1,000 in the cloning vector pGL3-b (GenBank U47295). 
Although the invention has been described in the above 

based on Specified embodiments, modifications and 
improvements obvious to those skilled in the art are included 
in the Scope of the present invention. 

<160> NUMBER OF SEQ ID NOS: 32 

<210> SEQ ID NO 1 
&2 11s LENGTH 17 OO 4 
&212> TYPE DNA 

<213> ORGANISM: Mus sp. 

<400 SEQUENCE: 1 

gcc.ggctggit aaaaagttat ttittcaaatt aaaaccatac ttatactata caaatgtatt 60 

atatacaaaa catacataca cacatataaa gttatatttgtttitttacaa ttatttattt 120 

gtgttgttgttgt gtttatgtgt gcctacatct gcactitatgt gcc.catgtct accaccalaat 18O 

citagggg to a gagacitatcc tittgg gaatc aacttittctt coat catgttg ggtoctogggg 240 

tggaacticag go agittaggit ttgatggtac atgcatttcc cc actdaac C atctoacggg 3OO 

ccctacatala aaatttagala aatgtaaaga agaaatcat g tttc.cctata tttcacagag 360 

gaaggatgta aaattggggt ttctotttct gotttgcttt ttaagtatat gctacacaga 420 

gacaggtgac gtacacacct togctgttaaa gtgaacticgt tittagaagaa tagcttgcaa 480 

acctgggttt citcagoccaa tatagocttic aagg taggtg tttcagatgg aggcct tcca 540 

tggcaa.gctt togctitcc ttg gotcc togga cq gagaacag aacaag acat to caag acto 600 

citgat citttg accocaaggt calaccatctg aggccagaat ggcc aggttg gaccaggott 660 

gtgacitctga gtggtoagct agtgcatcag aagggtggga agtggataaa ggaaac acco 720 

aatgacttct gtcaaccitcc actocccc.gc citcaccocac tocctg.ccgc caattaccac 78O 

tgcc.ctg.cga cagggtotcc ct cagoctoc gttgccittga gaga acatat tdtgttcticc 840 

aagagtagala gtggtgtc.ca citccttgtca citgcaa.caca to caaagctic to attctgtt 9 OO 

gttgcacct g c gcto cagag aaatctgagt coaagggg.ca caaggtotcc at gaccttga 96.O 





to acaatggg 

tgcaca acca 

tgat catgag 

atttgg gaat 

aggattaagt 

cacagotttg 

titcggtotca 

acctittgatt 

atgttagggg 

aagaaggaga 

ggacittctag 

aag cctittct 

gataacaaac 

atagg tatgg 

tacatagagg 

gggaatcacc 

gattaccata 

Caccitcagat 

tggtgtcact 

agttggttta 

aactgattat 

tgtgggaaat 

gggcatttct 

cittcccagtg 

cagagccaaa 

citactic cagg 

tatattitc.cc 

ggaggttgta 

aatata cata 

aggcattggg 

tagtgcatca 

aaactgtgag 

gtotcagaaa 

ccalacticcica 

atctoagtca 

tgcatagoat 

to agggctga 

gttittggittt 

gatacagtgt 

cittcctgctg 

taacct gtgc 

citcatgctg.c 

gtottgttgcg 

alagagatggC 

tgcagt caag 

gccitcctgct 

titccitcaggg 

gagggaagga 

citgaggtgac 

gaaaatccita 

ccittgtgagg 

aatgaaatca 

aggattacct 

atcaccitcag 

toagtcatag 

aacatalaagg 

atagaggatc 

ttggacacaa 

taaggagaaa 

cactgttact 

agttgactitc 

ccaattacct 

atagoatgtt 

ttatagoagg 

to Caaggatc 

accagotctg 

galaccitctga 

CaCaCaaaaa. 

tgttatatoa 

ccittggacac 

agatatgagt 

accittgatcc 

gaactgtcat 

agc cattggc 

ggcago: aaat 

agagatagitt 

ccago accoa 

aaaaatccala 

33 

gag agaatat 

cittittoctitt 

agacaaaggit 

aaggagcagt 

acgttagtgc 

gcaggtoott 

ttcttctgtg 

catgaaaggc 

gag cagagaa 

tittcttgggg 

tggcttagag 

gaagaagatt 

cittcagacat 

tag acatgga 

acatggaggg 

aggat cacct 

tdaccitcaga 

accitcagaca 

cgtgitatgta 

aagtttacitt 

ttittggtota 

atgactgaaa 

aaaacctic ct 

ggtaaccitat 

attitcaccitt 

aatcatctoa 

gtgtttgagc 

gggalaccaca 

ttittaagaaa 

gacatgaggg 

agttgtc.ttg 

ggccacaaaa 

acaacticaat 

ccacatgact 

tgtc.cittata 

agttittagtc 

tag cagittaa 

tgtgg cagot 

accgggtgtg 

to cagaga.ca 

cc.caggctot 

catcggtggc 

ggggatacgc 

caa.gcacgac 

aatggccata 

to acco aggt 

citacattcct 

gctgtcattc 

acacatgagt 

gatagtgaga 

citcatatatg 

ggaggat CaC 

ggatcaccitc 

tdaccitcaga 

cagacatgga 

taatggalaga 

tgcatgcagg 

agtttcatca 

ggg CCCC tag 

tag caagggC 

C gagagggag 

ccitaggaccc 

totttaatgt 

gagtatgggg 

gacgtgggac 

acttagccct 

tacatggtgt 

ataaaagtaa 

acactica aga 

tgacaaaatg 

ccctdgaaag 

toccaagttc 

accocatc.ccc. 

accotgaaac 

tgg gaggagg 

aaatacatat 

cacaacaatc 

gtggc gCacg 
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gtocgttgga 

gtagggtgga 

atgattoctg 

atacaccittg 

to citgtgagt 

gcc atcc.gtg 

taaataccct 

gatgctactic 

agtaccacta 

agalagaggat 

tdag ccctitt 

gggat cactt 

cittaaacttg 

aga Catggag 

tatgatcacc 

ggatcacctic 

ttacctcaaa. 

tgttgcctittc 

ttgtaacaaa 

ttctgaaggc 

aagtgat cac 

citattitcaca 

acticcitccala 

acaggtgttt 

gatcaccitgg 

agtttatagt 

toggtgttgg 

acagatatac 

gtgatacagg 

Catggggagc 

tottcctgtg 

aatctoaaac 

ccaaagcttg 

caccaaaaga 

ttgatgctitc 

cittittittaaa. 

tgcctttacg 

tatalacticala 

cctittaatcc. 

gcttggacitt 

gC9g.cgaggg 

ccacattgag 

tacagotgtg 

gtggggcaat 

aatatgalacc 

gttagtgact 

cacgacatct 

acaatgctogg 

aggacaa gag 

actaatagga 

caaac at gag 

aaagattatc 

gatcaccitca 

ttaga catag 

aga catggaa 

tatggagaat 

accittagctg 

tgcacaaggc 

ttcagttcat 

tgtaccagoa 

gtoccitttaa 

ggcct cacca 

gaaga cattc 

agtgtggaga 

ttgaacgtga 

tgtcatttitt 

atgcagt caa 

gcattgcctc 

accitcgtagg 

ggc.ccctitca 

cctggaaaga 

atctacago a 

cacaacticitt 

aatctottct 

aactgttgttct 

gaggacticag 

gcc agtgtgg 

cago acticgg 

342O 

3480 

354. O 

3600 

3660 

372 O 

378 O. 

384 O 

39 OO 

396 O 

4020 

408 O 

414 O 

4200 

4260 

4320 

4.380 

4 440 

4500 

45 60 

4680 

474. O 

4800 

4860 

4920 

4.980 

5040 

5 160 

5220 

528 O 

5340 

5 400 

546 O 

552O 

558 O 

5640 

5700 

34 
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SEQ ID NO 10 
LENGTH 30 
TYPE DNA 

ORGANISM: Mus sp. 

SEQUENCE: 10 

gcagggittitc acaaacttct cacatcttag 

<400 

SEQ ID NO 11 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Mus sp. 

SEQUENCE: 11 

cgctitcgc.cg cqtcaa.ccc.g 

<400 

SEQ ID NO 12 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Mus sp. 

SEQUENCE: 12 

cgc.gtotgtc. ccttgctcgg 

<400 

SEQ ID NO 13 
LENGTH 30 
TYPE DNA 

ORGANISM: Mus sp. 

SEQUENCE: 13 

ccitagt catt gotiago acto cagttactag 

<400 

EQ ID NO 14 
ENGTH 30 
YPE DNA 

RGANISM: Mus sp. 

SEQUENCE: 14 

agagcggtgg caatggcaat gaCagtgaag 

<400 

EQ ID NO 15 
ENGTH 30 
YPE DNA 

RGANISM: Mus sp. 

SEQUENCE: 15 

gc gcaa.gagc gcgcago atc titcattgagg 

<400 

SEQ ID NO 16 
LENGTH 30 
TYPE DNA 

ORGANISM: Mus sp. 

SEQUENCE: 16 

caccalagatg acagtgacag ataactgcag 

<400 

SEQ ID NO 17 
LENGTH 30 
TYPE DNA 

ORGANISM: Mus sp. 

SEQUENCE: 17 

US 6,977,157 B2 
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30 

20 

20 

30 

30 

30 

30 
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gc galacatgg agttcCatgt gcgtottatg 30 

<210> SEQ ID NO 18 
&2 11s LENGTH 30 
&212> TYPE DNA 

<213> ORGANISM: Mus sp. 

<400 SEQUENCE: 18 

agtc.cctggc tittcttagat to caacaacg 30 

<210 SEQ ID NO 19 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 19 

gcc.ggacgca cct tcactitt gtggcaaatg 30 

<210> SEQ ID NO 20 
&2 11s LENGTH 30 
&212> TYPE DNA 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 20 

agcactgata atcaac acco ggcctgtggg 30 

<210> SEQ ID NO 21 
&2 11s LENGTH 30 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: an adaptor 

sequence of an oligo cap 

<400 SEQUENCE: 21 

agcatcgagt cqgccttgtt gocct actgg 30 

<210> SEQ ID NO 22 
<211& LENGTH 21 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: the 

sequence of the 1st to 21st bases in the base 
sequence of SEQ ID NO: 21 

<400 SEQUENCE: 22 

agcatcgagt cqgccttgtt g 21 

<210> SEQ ID NO 23 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: the 
sequence of the 11th to 30th bases in the base 
sequence of SEQ ID NO: 21 

<400 SEQUENCE: 23 

cggc cittgtt goccitactgg 20 

<210> SEQ ID NO 24 
<211& LENGTH 21 
&212> TYPE DNA 

<213> ORGANISM: Mus sp. 
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<400 SEQUENCE: 24 

tgcgtoagct ttggcagact g 21 

<210> SEQ ID NO 25 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Mus sp. 

<400 SEQUENCE: 25 

totgtcatca tagtctgaa go 22 

<210> SEQ ID NO 26 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Mus sp. 

<400 SEQUENCE: 26 

cattgtcg to goagtcactg 20 

<210 SEQ ID NO 27 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 

<223> OTHER INFORMATION: Description of Artificial Sequence: the 
sequence of the 410th to 432nd bases in cloning 
vector pGL3-b (GenBank U 47295) 

<400 SEQUENCE: 27 

tittataatga acgtgaattg citc 23 

<210> SEQ ID NO 28 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: the 

sequence complementary to the sequence of the 
980th to 1000th bases in cloning vector pGL3-b 
(GenBank U47295) 

<400 SEQUENCE: 28 

cg tatttgtc. aatcagagtg c 21 

<210 SEQ ID NO 29 
&2 11s LENGTH 2.8 
&212> TYPE DNA 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 29 

to cittacaag cagggatgca gtgagatg 28 

<210 SEQ ID NO 30 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 30 

aggcaaaggg gcgaac atta gagggtot 28 

<210> SEQ ID NO 31 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 
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<400 SEQUENCE: 31 

tottgtctgc agg gaggtgg ac 

SEQ ID NO 32 
LENGTH 22 
TYPE DNA 

ORGANISM: Homo sapiens 

<400 SEQUENCE: 32 

aaattcc.gcg tatccattca to 

What is claimed is: 
1. An isolated DNA which maintains a basal promoter 

activity and has a promoter activity transcriptionally 
activated by a BMAL1/CLOCK heterodimer, which com 
prises the nucleotide Sequence described in the following 
(a), (b), (c) or (d): 

(a) a sequence consisting of nucleotides at positions 7,463 
to 7,931 in the nucleotide sequence represented by SEQ 
ID NO:1, 

(b) a sequence consisting of nucleotides at positions 6,417 
to 7,931 in the nucleotide sequence represented by SEQ 
ID NO:1, 

(c) a sequence consisting of nucleotides at positions 5,249 
to 7,931 in the nucleotide sequence represented by SEQ 
ID NO:1, and 

(d) a sequence consisting of nucleotides at positions 4,415 
to 7,931 in the nucleotide sequence represented by SEQ 
ID NO:1. 

2. A DNA according to claim 1, which consists of the 
nucleotide sequence described in (a), (b), (c) or (d). 

3. A construct which comprises the DNA according to 
claim 1 or 2 operably linked to a reporter gene. 

4. A cell which comprises the construct according to claim 
3. 

5. A method for Screening a Substance which controls 
expression of Period 2 gene, comprising the Steps of: 

allowing the cell according to claim 4 to contact with a 
Substance to be tested, and measuring activity of the 
reporter gene. 

6. A transgenic rat or mouse transfected with the construct 
according to claim 3, and wherein the Suprachiasmatic 
nucleus and/or peripheral tissueS of the rat or mouse exhibit 
the function of reporter gene expression. 

7. The transgenic rat according to claim 6. 
8. A method for Screening a Substance which controls 

expression and/or oscillatory expression of Period 2 gene, 
comprising the Steps of: 

15 

25 

35 

40 

45 

50 

22 

22 

allowing the cell according to claim 4 to react with a 
Substance to be tested, and 

measuring activity of the reporter gene for oscillatory 
expression of the Period2 gene. 

9. A method for Screening a Substance which controls 
expression and/or oscillatory expression of Period 2 gene, 
comprising the Steps of: 

administering a Substance to be tested to the transgenic rat 
or mouse according to claim 6, and 

measuring activity of the reporter gene in the Suprachi 
asmatic nucleus of the animal for oscillatory expression 
of the Period2 gene. 

10. A method for screening a substance which controls 
expression and/or oscillatory expression of Period 2 gene, 
comprising the Steps of: 

allowing a Suprachiasmatic nucleus Section or peripheral 
tissue of the transgenic rat or mouse according to claim 
6 to react with a Substance to be tested, and 

measuring activity of the reporter gene for oscillatory 
expression of the Period2 gene. 

11. The transgenic rat or mouse according to claim 6, 
wherein the reporter gene is one member Selected from the 
group consisting of a gene encoding luciferase, a gene 
encoding Secretion type alkaline phosphatase (SEAP), a 
gene encoding green fluorescent protein (GFP), a gene 
encoding chloramphenicol acetyltransferase (CAT), a gene 
encoding f-glucuronidase (GUS), a gene encoding f-D- 
galactosidase and a gene encoding aequorin. 

12. The transgenic rat according to claim 7, wherein the 
reporter gene is one member Selected from the group con 
Sisting of a gene encoding luciferase, a gene encoding 
Secretion type alkaline phosphatase (SEAP), a gene encod 
ing green fluorescent protein (GFP), a gene encoding 
chloramphenicol acetyltransferase (CAT), a gene encoding 
f-glucuronidase (GUS), a gene encoding f-D-galactosidase 
and a gene encoding aequorin. 
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