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DESCRIPTION SEQUENCE CAPABLE OF ACCELERATING GENE
EXPRESSION AT MODERATELY LOW TEMPERATURE Technical Field
The present invention relates to mild low temperature response elements
accelerating the transcription or the translation of a gene at mild low
temperatures. 10 Background Art Various pharmaceuticals and assay
reagents such as monoclonal antibodies, growth factors and clotting
factors have been produced by biotechnology. Generally, at a low
temperature of 10-15C, correcLASIBIHHIG 6fheterologous recombinant
protein is promoted and degradation of the protein by processes is
inhibited (Baneyr, F., In vitro folding of recombinant proteins in

. icthia cqli,,In-Manual of | lal microbiology and biotechnology,
b%r??ﬁ%&er%%%g& . %IS?@@%%%&&GM B, 6T RSN Pillss, AT
vAashingiorn DhiC .+ PRHSL1999). Accordingly, when recombinant
proteins are produced by bacteria, cultivation at low temperatures below
20C is effected, instead of at 37C. In this case, since protein synthesis is

generally lowered at low temperature, possible low vie-, of a desired
Teroteinanay Beedrd This problem is G by us'ng -he promoter of cold. so

protein CspA gene and. 5' untranslated region (UTR) of Cspk mRNA in
an The present invention relates to mild low temperature
response elements accelerating the transcription or the

translation of a gene at mild low temperatures.

Background Art

Various pharmaceuticals and assay reagents such as
monoclonal antibodies, growth factors and clotting factors
have been produced by biotechnology.

Generally, at a low temperature of 10-15°C, correct
folding of heterologous recombinant protein is promoted and
degradation of the protein by proteases is inhibited
(Baneyx, F., In wvitro folding of recombinant proteins in
Escherichia coli. In Manual of industrial microbiology and
biotechnology, 2nd ed., (Demain, A. L. Davis,J.E.,Altas,
R.M., et al., Eds.) ASM Press, Washingtonn D. C., pp.551-
1999). Accordingly, when recombinant proteins are produced
by bacteria, cultivation at low temperatures below 20°C 1is
effected, instead of at 37°C. In this case, since proﬁein

synthesis is generally lowered at low temperature, possible

low yield of a desired protein may occur. This problem is
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expression vector of a desired protein (Baneyx, B. and Mujacic, M.,
Cold-inducible promoters for heterologous 5 protein expression, Methods

in Molecular Biology, 205, 1-18, 2001). However, postrranslational
modification in bacteria is significantly, different from that in mammalian
cells. Especially for pharmaceuticals,Lglycosylation state is 10 important

for therapeutic effects. Therefore, mammalian cells, particularly Chinese
hamster cell lines, are used for producing protein pharmaceuticals. It is
snecessarysto uncrease proteinyielddm order toseduceprodugtioneast Cspa
with the cell cultivation. When usual cultivation at 37C 15 is effected, there
d%8r disadvantage that since eellstdie Lafter rAPIE)growth tié termidurihg an
which cells survive and produce the desired protein is short. Therefore,

Ak "aitemptto FEStHain cif gréwthSaid Rdve REMS StRvivéTar A tongdr-  and
ime period is effected by the additi n of cell 20 rrowth 'vrng}ibitors, the )
MUF&J%&, ﬁ., &?ig. ﬁ? db@ BE?ﬁ%t% ? 4 ologous

. . [SYNS
expression of cell-cycle inhibitory gene € cultivation athmﬁdlfow

plemperatures (30+32¢) . ato (see Schatz SM.efal., Bigtechnol. Bipeng, o
20031, Nov. 433-438) Among them, the cultivation at mild low

2temperature 25 has the characteristics as fo'llow,,. 1) Cella survive and
produce recombinant proteins fora longer time period than the cultivation

at 376L2EThe activigy ofproteelyticenzymeds foweretto reducetheria is
degradation of desired Protein_s; - .
significantly different from that in mammalian cells.
Especially for pharmaceuticals, glycosylation state is
important for therapeutic effects. Therefore, mammalian
cells, particularly Chinese hamster cell lines, are used
for producing protein pharmaceuticals. It 1s necessary to
increase protein yield in order to reduce production cost
with the cell cultivation. When usual cultivation at 37°C
is effected, there is a disadvantage that, since cells die
after rapid growth, the term during which cells survive and
produce the desired protein is short. Therefore, an
attempt to restrain cell growth and have cells survive for
a longer time period is effected by the addition of cell
growth inhibitors, the expression of cell-cycle inhibitory
gene p27, the cultivation at mild low temperatures (30-
32°C) , etc. (see Schatz SM et al., Biotechnol. Bioeng,
2003, Nov. 433-438).

Among them, the cultivation at mild low temperature

has the characteristics as follows:
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5 3) Glycosylation and isoprotein patterns are similar to those cultivated

at 37C, and sialylation is rather better than that cultivated at 37C; 4) A
possible improvement in correct folding of desired proteins as in bacteria

10 (Kaufmann H, Mazur X, Marone R,-Bailey JE, Fussengger M., Biotech
Bioeng., 2001 Mar. 20, 72(6):592-602; Yoon SK, Song JY, Lee GM.,
Biotech Bioeng., 2003 May 5, 82(3):289-98). regard to crucial yield. of
recombinant protein, since cell survive terms is extended, total yield is

often 15 iReteasedy However,the spedificroductivity of proteiroper eell for
per unit time varies for unknown reasons, possibly depending on kinds of
“celPkitits offhe disiredprotein, Bnel Gthefst Theteare many Eases in

which2t e ﬂgecific tproqluctivity is rather lower than that at 37C, which is 20
problématic (KatGfmann H, MazuP XOMarone & BaileYIE, Fusséhisgget ©©

iot Bj , 1 Mar..20, 72(6):592- 602;.Yoon SK, Song JY,
ﬂ%lg%%ﬂ%oﬁfﬁl%g%eoﬁ%%%oé% %I%?/l %%%Z%)O §§'—1§§). Since gene

expression coptiel mechapism-differept from.that sn.baca, celd shock. 5 1.
prote-n CspA 25 promoter and 5' unt_anslated region (Ucli) of CspA

tm, Nghinskacteriarcannot dbeatsed it mamamalianseells, 1tis amobject ofthge »
present invention to provide a method for increasing protein production
band total-yield perfceftupériomit icheaat IBW Ptemperature. 5

4) A possible improvement in correct folding of
desired proteins as in bacteria
(Kaufmann H, Mazur X, Marone R, Bailey JE, Fussengger M.,
Biotech Bioeng., 2001 Mar. 20, 72(6):592-602; Yoon SK, Song
JY, Lee GM., Biotech Bioeng., 2003 May 5, 82(3):289-98) .

In regard to crucial yield of recombinant protein,
since cell survive terms is extended, total yield is often
increased. However, the specific productivity of protein
per cell per unit time varies for unknown reasons, possibly
depending on kinds of cell, kinds of the desired protein,
and others. There are many cases in which the specific
productivity is rather lower than that at 37°C, which is
problematic (Kaufmann H, Mazur X, Marone R, Bailey JE,
Fussenegger M., Biotech Bioeng., 2001 Mar. 20, 72(6):592-
602; Yoon SK, Song JY, Lee GM., Biotech Bioeng., 2003 May.
5, 82(3):289-98). Since gene expression control mechanism
is different from that in bacteria, cold shock protein CspA

promoter and 5' untranslated region (UTR) of CspA mRNA in
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Disclosure of Invention The inventor of the present application. previously
found and reported the cold shock proteins Cirp (cold inducible
RNA-binding protein) the genomic DNA sequence of 10 which is shown as
SEQ ID No:l, and Rbm3 (RNA-binding4motif protein 3) (Fujita J., Cold
shock response in mammalian cells, J. No- Microbiol. Biotechnol., 1999
Nov,l1(2):243-55). Now, the present invention has been made based on
that the gene expression control sequences capable of 15 accelerating
hrariseription are found: on 5 Sidentorthiempiamater of these protein genes.
That is, the present invention relates to a mild low temperature
transctiptiof cohtroFelgftent Eomprisinee haicleotidesetience: 2@ rovide a
m)gg%%@(G 7Xe wherein x represents t, g, or a; X6 represents g, a or C; X-

represents ¢, a; or t;, aho x& repréSents CPAAMN" t 101 netkotigeal vield
cl tary to the sequence. The term "mild low
%ﬁ;ﬁgggjgﬁe%{%&%%%teo 3%2 (iggmg%rrnﬁﬁ%ﬁeagfj 15-36C, preferably a
temperature of 30-34C and most preferably a temperature of 32C. The
term "m.ld low temperature transcription control element" refers to a
huctéotide seguernceseapalle of acceleraing the transcription of a gene
specifically at mild low 5 temperatures. The mild low temperature
transctiption. eonirobelernént bf the presentinvenption functions as-avi ously

found and reported the cold shock proteins Cirp (cold
inducible RNA-binding protein) the genomic DNA sequence of
which is shown as SEQ ID No:1, and Rbm3 (RNA-binding motif
protein 3) (Fujita J., Cold shock response in mammalian
cells, J. Mol Microbiol. Biotechnol., 1999 Nov,1(2):243-55) .

Now, the present invention has been made based on that
the gene expression control seguences capable of
accelerating transcription are found on 5' side to +the
promoter of these protein genes.

That 1s, the present invention relates to a mild low
temperature transcription control element comprising
nucleotide sequence:

XiccceXeXqXg

wherein x; represents t, g, Or a; Xg represents g, a
or c; Xy represents ¢, a, or t; and xg represents c, a and
t, or a nucleotide seqguence complementary to the sequence.

The term "mild low temperature" herein refers to a

temperature of 15-36°C, preferably a temperature of 30-34°C
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mild low temperature specific enhancer in the transcription of a gene. The
mild low temperature 'transcription control element 10 of the present
invention can exhibit its function when it is used alone. However, it is
preferable to use it in connection of 2-50, preferably 2-10 of the same or
different elements. When the elements are used in connection, the same

or different elements may be directly 15 connected, or may be connected

via any number and kind of nucleotides. The connected mild low
Sefhperature rrarscription cohtrobelentents are refefred to as<milddow"mi1d
temperature transcription control enhancer" in the present specification.
The miTGHEWARHPerattfe tahsERpton S0bRel sléfient ahd the aild to a
low, é%nggglrature transcrigtion contro| ;nhancer of the present invention

ave no relation 16 the distance & promater. Thé‘b?&é@rﬁa}.ﬁ\}éﬁion the
delates 19 gvegtor comprising #@%é“”d low JSEpEAle TABCTIRON 1o

. 1
control element or 25 the mildlow temperature transcription contro

renhancer 6 glescribedmove; The Qf@ﬁenttwggg%@ﬁ%@t_esttpanscription
mammalian cells transformed by the vector. The present invention relates

ctord: nrethodl. fore Btscreeningea mite: low: temiperature dranseriptioncontrak =
element comprising:

mild low temperature specific enhancer in the transcription

of a gene.
The mild low temperature transcription control element

of the present invention can exhibit its function when it

is used alone. However, 1t 1s preferable to use it in
connection of 2-50, preferably 2-10 of +the same or
different elements. When the elements are wused in

connection, the same or different elements may be directly
connected, or may be connected via any number and kind of
nucleotides. The connected mild low temperature
transcription control elements are referred to as "mild low
temperature transcription control enhancer" in the present
specification. The mild low temperature transcription
control element and the mild low temperature transcription
control enhancer of the present invention have no relation
to the distance from a promoter.

The present invention relates to a vector comprising
the mild low temperature transcription control element or

the mild low temperature transcription control enhancer
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1) providing a gene capable of accelerating transcription at a mild low
temperature, particularly preferably at a cultivation temperature of 32C;
10 2) cloning a part of the gene ranging from the 1.5- xilobase 5' to
transcription initiation site to the 3' end, of the first exon of the gene; 3)
inserting the cloned nucleotide sequence with an appropriate promoter
into a vector expressing a reporter 15 gene; 4) transforming mammalian
cells with the said vector; 5) cultivating the cells at a mild low temperature
GSTDIC 16 express-the reporter gene to identify the nucleotide sequence
capable of accelerating the 20 transcription of the reporter gene at a mild
low termperatife:dhd. 6)Shdrtentty thesrdiestide sequensetbipes  cells
tigggrt%g inrlléo t%e v«%%teor Iror t@e nucleotide sequence capable_ of
acce?era]flngdthekfranscripﬁgn of the reporter gene to 25 is ntify '--no

nuclegtide sequence necessary. for accelerating the %rgnsclzaripti%tg of (’ghe

13 : . for
reporter gene at the mild low temper.a':ure. The present invention recilates

slerasiethed far inpraving-a m%J%‘é‘iei’ﬂﬁ%@tur@i%%@%%%iwggoqpm@!n%rol
element comprising: 1) synthesizing a mutated nucleotide sequence in
ewhicknt comprising:

1) providing a gene capable of accelerating
transcription at a mild low temperature, particularly
preferably at a cultivation temperature of 32°C;

2) cloning a part of the gene ranging from the 1.5-
kilobase 5' to transcription initiation site to the 3’ end
of the first exon of the gene;

3) inserting the cloned nucleotide sequence with an
appropriate promoter into a vector expressing a reporter
gene;

4) transforming mammalian cells with the said vector;

5) cultivating the cells at a mild low temperature or
37°C to express the reporter gene to identify the
nucleotide seguence capable of accelerating the
transcription of the reporter gene at a mild low
temperature; and

0) shortening the nucleotide sequence to be inserted
into the vector for the nucleotide sequence capable of

accelerating the transcription of the reporter gene to

identify the nucleotide sequence necessary for accelerating
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one or two nucleotides in a mild low temperature transcription control

element are substituted with other nucleotides; 10 2) incorporating the

mutated nucleotide sequence with an appropriate promoter into a vector

expressing a reporter gene; 3) transferming mammalian cells with the

said vector; 4) cultivating the cells at a mild low temperature or 15 37C to

express the reporter gene to identify the nucleotide sequence capable of

accelerating the transcription of the reporter gene at the mild low
Uetnperatlfs ITHe irvientoF hasfartherfound a gene expressiore 20 contrdlow
ts%%téence capable of accelerating translation at mild low temperature in

{85 ihttHiisiated region (UTR) of the Cirp gene mRNA. That is, the

resent invention relates to a mild low temperature translation control ,
2Ieme%econ‘ﬁ:)grles?r?(jl the 25 nucleotide S%%%%ﬁg& 8 I%ﬁ):tcgdcgc&‘et%\ ga for

18@6tH 994y 0 10: ggcae gqt@%c-t@ﬁ@agﬁg@ an%%gEﬂgpr&Q&Q Cage: o1
ggctg cc (SEQ ID NO:23) placed 5' to a coding sequence and 3'to a

epromoter cbhe term nmtld low temperature translation control 5 element”
herein refers to an element accelerating translation of transcribed mRNA
specificalpyatpild lowng a mutated nucleotide sequence in which

one or two nucleotides in a mild low temperature
transcription control element are substituted with other
nucleotides;

2) incorporating the mutated nucleotide sequence with
an appropriate promoter into a vector expressing a reporter
gene;

3) transforming mammalian cells with the said vector;

4) cultivating the cells at a mild low temperature or
37°C  to express the reporter gene to identify the
nucleotide sequence capable of accelerating the
transcription of the reporter gene at the mild low
temperature.

The inventor has further found a gene expression
control sequence capable of accelerating translation at
mild low temperature in the 5’ untranslated region (UTR) of
the Cirp gene mRNA.

That 1is, the present invention relates to a mild low
temperature translation control element comprising the

nucleotide sequence:
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temperature. When the mild low temperature translation control element
is transcribed, it forms the 5'untranlated. region (UTR) of mRNA. 10 The
term "mild low temperature response element” herein means the mild low
temperature transcription control elemen and/or the mild low temperature
translation control element. Effect of the Present Invention 15 The
present invention can accelerates the transcription and the translation of
a gene at mild low temperatures. Brief Description of Drawings is a
aséhematic Yiewr representirig pCAT3hasie 920 vector. MCStepresentsactc
multl -cloning site. CAT represents a coding sequence of chloramphenicol
ORERItrahSterase TPA répresents afpoljadenyiation signal ‘defivedfrom
irus. Amar represents a |C|II|n res s ce gene. 25'Fig. 2isa
p?(}:{]ign%/atfjc véw%epr(gsent ing p%‘?%% promote G Vector ME& fepresents
a muithgloning:gite. 540 promoterigplesenis a pamates fderiyed g, o,

SV40 virus. CAT represents a coding sequence of chloramphenicol
caeetyliransferase: BA repeesents a palvadenylationssignal 5 deriveddrom; o

SV40 virus. Amp represents an ampicillin resistance gene.
translation of transcribed mRNA specifically at mild low
temperature. When the mild low temperature translation
control element is transcribed, it forms the 5'untranlated
region (UTR) of mRNA.

The term "mild low temperature response element"
herein means the mild low temperature transcription control
element and/or the mild low temperature translation control

element.

Effect of the Present Invention

The present invention can accelerates the
transcription and the translation of a gene at mild low
temperatures.

Brief Description of Drawings

Fig. 1 1is a schematic view representing pCAT3 basic
vector. MCS represents a multi-cloning site. CAT
represents a coding sequence of chloramphenicol
acetyltransferase. PA represents a polyadenylation signal
derived  from SV40 virus. Amp® represents ampicillin

reslstance gene.

Fig. 2 is a schematic view representing pCAT3 promoter
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Fig. 3 is a schematic view representing pcDNA 3. 1 (+) vector
(Invitrogen). MCS represents a multi-cloning site. Firefly luciferase
encoding sequence is inserted between 10 EcoRV and Xbal of the
multi-cloning site. Complementary DNA (cDNA) for 5' untranslated region
(UTR) of Cirp mRNA is inserted between Kpnl and BamHI of the
multi-cloning site Best Mode for Carrying Out the Invention Examples of
the mild low temperature transcription 15 control element of the present
ViR¥eftion inclitfe’, butds estdimited fo, téecegeto(SEQND NO©i2)e gecce SV40
%:ﬂéSE ID NO:9), acccc gee (SEQ ID NO:10), tccce gtc (SEQ ID
p% 1Y tectE b ISES ID N1 edcee 925 (SES 10 Nev'213V§§c go- rus -
c9ga (SEQ IDNG:22) and ggggg doa (SEQ 1B NO:7) 20 () Preparation of |,
mild low temperature response element The mild Iow temperature
atransgriptioncontrol ele menL, 1he mildlovtem RELALLE LANSCHRtON o, o1
control enhancer and the mild low temperature translation control element
defrthecpresentinvention cambe.prepared, farexample; via a:80'x82% 11141
synthesis method by phosphoroamydide method or via a solid 10
reyhithéesis methoaeby hydrogen phosphonate method, using four kings of
deoxyribonucleotide with protective groups (see, for example,
Cligoriudeotide Synthesis: SR Practical SppFeacH; I1BL PrasspcDNA 3.1 (+)
v?é5c'81 83-115 (1984 ‘; Org. Chem., 49, 5 2139 (1984); Tetrahedron
Le&?ﬁ?}i@gff§§§%%evah &%nrepresents a multi-cloning site.

Firefly luciferase encoding sequence 1is inserted between
EcoRV and Xbal of the multi-cloning site. Complementary
DNA (cDNA) for 5' untranslated region (UTR) of Cirp mRNA 1is
inserted between Kpnl and BamHI of the multi-cloning site

Best Mode for Carrying Out the Invention

Examples of the mild low temperature transcription
control element of the present invention include, but is
not limited to, tcccc gec (SEQ ID NO:2), gcccece gcecc (SEQ ID
NO:9), acccc gcc (SEQ ID NO:lO), tcecece gte (SEQ ID NO:11),
tccee get (SEQ ID NO:12), tccce gaa (SEQ ID NO:21), ggcgg
gga (SEQ ID NO:22) and ggggg gga (SEQ ID NO:7)

(1) Preparation of mild low temperature response element

The mild low temperature transcription control element,
the mild low temperature transcription control enhancer and
the mild low temperature translation control element of the
present invention can be prepared, for example, via a solid

synthesis method by phosphoroamidide method or via a solid
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Lett.,22, 1859-1862; Tetrahedron Lett., 21, 719-722; J. Am. Chem. Soc.,
103, 3185-319- (1981). Nowadays they can be easily synthesized with
commercially available DNA synthesizers (for example, manufactured by
Applied 10 Biosystem). (ii) Promoter toobe used Prokaryote promoters,
eukaryote promoters and virus promoters can be used as promoters.
Mammalian promoters and virus promoters are preferred. Examples of
preferred 15 promoters include mouse thymidine kinase promoter (TK), -
Seytbhietafoiftis (CMVY proitbtsrcand8vapipremeteFigiii} Codings ing four

Seggené:? %enes to. be expressed are not limited, and the nucleotide

“S8Glienté encoding &y Brotém catrbe ddad. B8 v Vectsr t6 beiged (e
eZbe mild Loy iempergiure Jiansaripion contigy element, o he midlow, , o
temperature transcription contro enhancer_ of the present invention, a
nproreter andrthe coding sequence encoding;a protein;to be expressed 4o,
are linked 25 together and inserted into a vector. The expression vector il
2for prakaryote; calt anderkasyctecell c,arrbe used. BExaraplesoft rahedron
preferred vector include, but not limited ' to, pCMV (Invitrogen), pCAT3
Lpromoter vetfor {Pidhegay andapSv2aediadtor. 21, 719-722; J. Am.

Chem. Soc., 103, 3185-3191 (1981). Nowadays they can be
easily synthesized with commercially available DNA
synthesizers (for example, manufactured by Applied
Biosystem) .

(1i) Promoter to be used

Prokaryote promoters, eukaryote promoters and virus
promoters can be used as promoters. Mammalian promoters
and virus promoters are preferred. Examples of preferred
promoters include mouse thymidine kinase promoter (TK),
cytomegalovirus (CMV) promoter and SV40 promoter.

(1ii) Coding Seguence

Genes to Dbe expressed are not limited, and the
nucleotide sequence encoding any protein can be used.

(iv) Vector to be used

The mild low temperature transcription control element
or the mild low temperature transcription control enhancer
of the present invention, a promoter and the coding
seqguence encoding a protein to be expresseﬁ_ are linked

together and inserted into a vector. The expression vector
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5 (v’ ~) Host cell to be used Host cells are transfected with the vector. It is
preferred to use mammalian cells as host cell. Examples of preferred
mammalian cell are human cell lines such as 293, 293T, 0-205, Huh-7,
HeLa cell; monkey cell lines such as 1{0,COS-7 and Vero cell; mouse cell
lines such as NIH/3T3, Balb/3T3, B-6, Hepal-6 and Chinese hamster cell
lines such as CHO. The methods for the transfection include calcium
phosphate method, lipofection method and electroporation 15 method.
Tpér example; i five cafeium phiosphatekmethod: calcitm chieride selutioned .
containing DNA (vector) is added dropwise to phosphoric acid solution
EWitHEstiring? ‘REFTEF precipitatioh Contaiing BNAealciuim phosphateds to
rmed. When the solution i ed host cell, the 20 precipitation of
pfé%“\l(};\-cé ciim phosphate e%?ep?ls%ldntoD ho&tCéits vihPiagocytosieEodthat and
pBNA ja-transfected into cells. (vi) Cultivation condition The host cell rs tv
to at a mild low temperature. 25 It is unnecessary to use special medium
(as culiyre mediumo12 Usdalkimedium for mammal cell _tivation can be
used. Typical example of the medium is Dulbecco's modified Eagle's
medidims(D-MEM) supplementeds with 1% fetahcalhe vector. It is

preferred to use mammalian cells as host cell. Examples of
preferred mammalian cell are human cell lines such as 293,
293T, U~-208, Huh-7, Hela cell; monkey cell lines such as
COS-7 and Vero cell; mouse cell lines such as NIH/3T3,
Balb/3T3, B-6, Hepal-6 and Chinese hamster cell lines such
as CHO.

The methods for the transfection include calcium
phosphate method, lipofection method and electroporation
method. For example, in the calcium phosphate method,
calcium chloride solution containing DNA (vector) is added
dropwise to phosphoric acid solution with stirring.
Refined precipitation containing DNA-calcium phosphate is
formed. When the solution 1is added to host cell, the
precipitation of DNA-calcium phosphate enters into host
cells via phagocytosis so that DNA is transfected into
cells.

(vi) Cultivation condition

The host cell is cultivated at a mild low temperature.

It is unnecessary to use special medium as culture medium.
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serum (ECS) (Invitroger, ). 5 The present invention relates to a method for

screening a mild low temperature transcription control element

comprising: 1) providing a gene capable of accelerating transcription at a

mild low temperature, particularly 10 preferably at a cultivation

temperature of 32C; 2) cloning a part of the gene ranging from the 1.5-

kilobase 5' to transcription initiation site to the 3' end of the first exon of

the gene; 3) incorporating the cloned nucleotide sequence with 15 an
Uapproprizité promoterinto@rvector exptessing aireporten gene; 4be used.

transforming mammalian cells with the said vector; 5) cultivating the cells
T4Pa Tild 10w tEHpératire or- B7to BREreE thé Fepdttergarieteidentifiitheed
E%O fgplqeo%%%%e%uenég ﬁﬁ@gblg of accelerating the transcription of the

Feporter gene ata mild 170w teripEFatars; ahd 6) &horteninythe Atierotioe’ ©

sseqiience-to be inserted érgatg {the vector for the nucleotide sequence
capable of 25 accelerating the transcription of the reporter gene to 13

identify.the nue-kegride sequancepecessaryforaccelerating fhey g £y
transcription of the reporter gene at the mild low temperature.

screening a mild low temperature transcription control
element comprising:

1) providing a gene capable of accelerating
transcription at a mild low temperature, particularly
preferably at a cultivation temperature of 32°C;

2) cloning a part of the gene ranging from the 1.5-
kilobase 5' to transcription initiation site to the 3’ end
of the first exon of the gene;

3) incorporating the cloned nucleotide sequence with
an appropriate promoter into a vector expressing a reporter
gene;

4) transforming mammalian cells with the said vector:;

5) cultivating the cells at a mild low temperature or
37°C to express the reporter gene to identify the
nucleotide sequence capable of accelerating the
transcription of the reporter gene at a mild low
temperature; and

6) shortening the nucleotide sequence to be inserted
into the wvector for the nucleotide sequence capable of

accelerating the transcription of the reporter gene to
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The gene capable of accelerating transcription at mild 5 low temperature
can be obtained by cultivating mammalian cells at 37C and at mild low
temperature, preferably at 32C and applying DNA chip (microaray) or

cDNA subtraction method (see, for example, Moody, D.E., Genomic
techniques: An overview of methods for study of gene expression, J. 10
Anim. Sc-'., 79(E. Suppl.): E128-E135. 2001) to the RNA extracted
therefrom. Prokaryote promoters, eukaryote promoters and virus

iptomoténs car beussethas prometersnMammakarspromaters -anchVisus « ing
promoters are preferred. Examples of preferred. 15 promoters include, but

G hotiAited tonot8e thymitiife KiRRSE PRemMGter TNy, cytdmegalovirus. ow
t@mM\EQQ%rPQter and SV40 promoter. Reporter gene is a gene encoding
pro?e‘ln capa%[e of being easily detected, and include, but is not limited to,

2C lugierase gene and shloramphenicol geetylransierase gene. Veclors, |

NnscCl 1lpn gt om
for prokaryote cell and eukaryote cell can be used. Examp sof pre?erre

vectordaglude: butis ngtlimjted d9. HCMY (I@,ﬂtreg@ﬁh PEATS promoter s

vector (Promeaa) and pSV2-neo vector. 25 Host cells are transfected

awith sheavecior. dt isdd preferrertto Use mampwhian.ceb,|.s@sdiastael ¢ . ot
Examples of preferred mammalian cell are human cell lines such as 293,
329§E49905PP&WPW9Hé@@cémﬁﬂoﬁkéyCewﬁwagSMdWaﬁNA.subtraction

method (see, for example, Moody, D.E., Genomic techniques:
An overview of methods for study of gene expression, J.
Anim. Sci., 79(E. Suppl.): EI28-E135. 2001) to the RNA
extracted therefrom.

Prokaryote promoters, eukaryote promoters and virus
promoters can be used as promoters. Mammalian promoters
and virus promoters are preferred. Examples of preferred
promoters include, but is not limited to, mouse thymidine
kinase promoter (TK), cytomegalovirus (CMV) promoter and
SV40 promoter.

Reporter gene 1is a gene encoding protein capable of
being easily detected, and include, but is not limited to,
luciferase gene and chloramphenicol acetyltransferase gene.
Vectors for prokaryote cell and eukaryote cell can be used.
Examples of preferred vector include, but is not limited to,
pCMV  (Invitrogen), pCAT3 promoter vector (Promega) and
pSVZ2-neo vector;

Host cells are transfected with the vector. It 1is
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COS-7 and Vero ce'l_I; mouse cell lines such as NIH/373, 5 Balb/3T3,

B-6, Hepa--6 and Chinese hamster such as CHO The methods for the

transfection include calcium phosphate method, lipofection method and

electroporation method. For example; in the calcium phosphate me™_hoa,

calcium chloride solution containing DNA (vector) is added 10 dropwise to

phosphoric acid solution with stirring. Refined precipitation containing

DNA-calcium phosphate is formed. When the solution is added to host

P £6if, thé Spredipitation srRALcdIciGm-pRosphate ehters into hdstatellsviao £

Q%g%)gtgsis so than DNA is transfected into 15 cells. It is unnecessary

Pio use Special medidm as Culturé e dithf: Ustiat mettitiih Fortammalian 3

»eelkcultivation 1 C gg7ljlseg typi Ile;xaml of meﬁdiﬂ is Dulbecco's
mod’ifie%l Eagle'zfﬂr%wedium (SiﬁhﬁEhﬁ%%upplrenrﬁ%%ﬁte@a ﬁlﬁ?%ﬂ%ﬁéﬁ'ﬁ calf 20 #°

cserum (SQS)(Invitrogen); the fatio; of the amount ofthereporter.gepe, /513
product expressed at a mild low temperature, preferably at 32C, to that at
B37C/moke thart ], theonucleotidel sequepese canhe-an ephancercapable
of accelerating the 25 -,.al cr pion gene specifically at mil -ow
températurel 5 Pe nuélentide isequenee sdpablewf actelerating thelcium
transcription of the gene at a mild low temperature is shortened to obtain

pQQﬁm@Qﬁﬁteﬂﬁﬁﬁa Teth%@&ﬁ@ﬁgﬁon method and electroporation

method. For example, 1in the calcium phosphate method,
calcium chloride solution containing DNA (vector) is added
dropwise to phosphoric acid solution with stirring.
Refined precipitation containing DNA-calcium phosphate is
formed. When the solution is added to host cell, the
precipitation of DNA-calcium phosphate enters into host
cells wvia phagocytosis so that DNA is transfected into
cells.

It 1s unnecessary to use special medium as culture
medium. Usual medium for mammalian cell cultivation can be
used. A typicél example of medium is Dulbecco's modified
Eagle's medium (D-MEM) supplemented with 10% fetal calf
serum (FCS) (Invitrogen).

If the ratio of the amount of the reporter gene
product expressed at a mild low temperature, preferably at
32°C, to that at 37°C is more than 1, the nucleotide
sequence can be an enhancer capable of accelerating the

transcription of gene specifically at mild low temperature.
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control element of the present invention. That it is an 5 enhancer can be

confirmed by confirming that the nucleotide sequence complementary to

the mild low temperature transcription control element can also

accelerate the transcription of gene at a mild low temperature. The

present invention relates to a method for 10 improving a mild low

temperature transcription control element comprising: 1) synthesizing a

mutated nucleotide sequence in which one or two nucleotides in a mild
Tiotv tefipetatiiré dranseription eontrolaalement arefsubstittted withiother the

15 nucleotide; incorporating the mutated nucleotide sequence with an .
téﬁﬁ‘r%%ﬁé?etb%no‘fg irfto%a ettt expressingld fepofter geR@S3)ature is

nsforming.mammalian cells with the said vector; 20 4) cultivating the

SE:ge%ll sj% a%nae ﬁ?lcti Tow tg;trrcﬁ%grataﬂrem(%rE i 16 expross the reporter GaRs 16 -PE+on

cidentify the ) nucleotide-seguence capable of acgelerating the _transcription, |

of the reporter gene at the mild low temperature. 25 T_he mutated
ehueleotide i which ene or twe dusleotigles -6rninthermild low temperature o

transcription control element are substituted with other nucleotides can be
ssynthesized @asgesaribedaahbovero the mild  low  temperature
transcription control element can also accelerate the
transcription of gene at a mild low temperature.

The ©present invention relates to a method for
improving a mild low temperature transcription control
element comprising:

1) synthesizing a mutated nucleotide sequence in which
cne or two nucleotides in a mild low temperature
transcription control element are substituted with other
nucleotide;

2) incorporating the mutated nucleotide sequence with
an appropriate promoter into a vector expressing a reporter
gene;

3) transforming mammalian cells with the said vector;

4) cultivating the cells at a mild low temperature or
37°C  to express the reporter gene to identify the
nucleotide sequence capable of accelerating the
transcription of the reporter gene at the mild low

temperature.

The mutated nucleotide in which one or two nucleotides
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Prokaryote promoters, eukaryote promoters and virus 5 promoters can he
used as promoters. Mammalian promoters and virus promoters are
preferred. Examples of preferred promoters include mouse thymidine
kinase promoter (TK), cytomegalovirus;(CMV) promoter and SV40 _
promoter. Reporter gene is a gene encoding protein capable of 10 being
easily detected, and includes luciferase gene chloramphenicol
acetyltransferase gene. Vector for prokaryote cell and eukaryote cell can
1he GSEd. Exampléy of préfefredvesctor inclade, butiis motlimited 1o, pCMVn t
Invitrogen), pCAT3 promoter vector (Promega) and pSV2-neo 15 vector.
a&l%stséle%é afrglﬁaer%féf&é&‘ withtfé vE&orapPist prsferréd tdGsesynthesized
_ | Il host cell. Examples of preferred mammalian cell are
dh@uagé@n%:!}e%l%%és%giﬁeés 293, 293T, U-20S, Huh-7, HeLa cell; monkey

cell lines.such 88 20 COSZandVera.cell, mouse celllines such as, .
NTH/3T3, ggrb/BTS, B-6, Hepal-6 and Cﬁilgrr?ese h;bmster sﬁch as CHO. """

rFheumethods:for the transfection incluge ealeium phasphateanethodyorers
lipofection method and electroporation method. For example, in th(_a

agglciuit phosphrate meethod,'2 _pealcienrehloridesalution conta_miRg erred
DNA (vector) is added 17 dropw_se to phosphoric acid solution with st i

PO prétipitation BeREMing DNAdéaleiutiipresphatecisoformed.TX) ,

ion is added to host cell, the
c$@5%2555%¥93%s %CWW% promoter and SV40 promoter.

Reporter gene 1s a gene encoding protein capable of

being easily detected, and includes luciferase gene
chloramphenicol acetyltransferase gene. Vector for
prokaryote cell and eukaryote cell can be used. Examples

of preferred vector include, but is not limited to, pCMV

(Invitrogen), pCAT3 promoter vector (Promega) and pSV2-neo
vector.

Host cells are transfected with the vector. It 1is
preferred to use mammalian cells as host cell. Examples of

preferred mammalian cell are human cell lines‘such as 293,
293T, U-20S, Huh-7, Hela cell: monkey cell lines such as
COS-7 and Vero cell; mouse cell lines such as NIH/3T3,
Balb/3T3, B-6, Hepal-6 and Chinese hamster such as CHO.

The methods for the transfection include calcium
phosphate method, lipofection method and electroporation
method. For example, in the calcium phosphate method,

calcium chloride solution containing DNA (vector) is added
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precipitation of DNA_-calcium phosphate enters into host 5 cells via
phagocytosis so that DNA is transfected into cell. It is unnecessary to use
special medium. as culture medium. Usual medium for mammalian cell
cultivation can be used. Typical example of the medium is Dulbecco's
modified Eagle's medium (D-MEM) supplemented with 10% fetal calf 10
serum (_d )(Invitrogen). If the ratio of the amount of the reporter gene
product expressed at a mild low temperature, preferably at 32C, to that at
d37EC'is fiore than Dltheseegtience éande avenhancer capable oftirring.
accelerating the transcription of 15 gene specifically at a mild low

“fempitature “That tha FSeGuencs is'ah ethanbér can e eonfitfrietrby e 1o
irming that _the nucleatic € sequence complementary to the mild low
e T e #e{eéjres%%t fiéntigrratso  ©7e

: n _1s
temperature transcription control element Ofat

paccelerates the, transcription of gene at a, 2Q mild low feperature. The, .

present invention also relates to a mild -ow temperature translation
ceantrolelemeint gemprisingsthes nupleotidgsequeneeactegedert s nir o ce11.
taggaagctt ggatgtgtgt agcgcegctgt cttccegetc 25 gegtcaggga cctgeccgac
tcagciggctgscc YSEEX B N(:23)1$ placedspdo a=codingisequenee and Sure
to a proiimoter. Prokaryote promoters, eukaryote promoters and virus
TSfoMBterd 84 belteHEs promaterMammalianlpromotersvand on can be

used. Typical example of the medium is Dulbecco's modified
Eagle's medium (D-MEM) supplemented with 10% fetal calf
serum (FCS) (Invitrogen).

If the ratio of the amount of the reporter gene
product expressed at a mild low temperature, preferably at
32°C, to that at 37°C is more than 1, the sequence can be
an enhancer capable of accelerating the transcription of
gene specifically at a mild low temperature. That the
sequence is an enhancer can be confirmed by confirming that
the nucleotide sequence complementary to the mild low
temperature transcription control element of the present
invention also accelerates the transcription of gene at a
mild low temperature.

The present invention also relates to a mild low
temperature translation control element comprising the
nucleotide sequence:
actcgcgect taggaagcett gggtgtgtgt ggcgegetgt cttccecgetce

gcgtcaggga cctgcccgac tcagcggctg cc (SEQ ID NO:23)
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virus promoters are preferred. Examples of preferred 5 promoters include
mouse thymidine kinase (('TK) promoter, cytomegalovirus (CMV)
promoter and SV40 promoter. The mild low temperature transcription
control element or mild low temperatuye transcription control enhancer of
the present invention, and a promoter can be used together with the 10
mild low temperature translation contro- element of the present invention.
Vectors for prokaryote cell and eukaryote cell can be used. Examples of
Ppreferfed Vettor incladeé noutss mot Himited: tb, tMV (kvitragen) epCAT3
promoter vector 15 (Promega) and pSV2-neo vector. Host cells are
transfECRIATIR tie VOIS0 1S Spreferrbatgtise niamimalian cellsas hostus
cell. (I)Eﬁ(sarr%ples ofgpreferred mammalian cell are human cell lines such as

P3931°293T, 0208 HURS, HeL& CAF rionkey Giiiifes Buchagrog ers and
+COSs7 and yero cell; @pgsepqgéléi es such as >y£|r/n?’-5h3e Balb/3T3, B-6’rreﬂ
; rred

Hepal-6 and Chinese hamster such as CHO. The m ods for théQrefe

piransfeetion include calciym, phosphate metbod, lipafectiopmethod and, -
electroporation method. For example, in the calcium phosphate method,

c25 calciumchioride solutipncontaining BNA (vectorpissadded-19 The mild
dropwisc to phosphoric acid solution with s’i-ring. Refined precipitation
LeohtaifTriecDNALES cibhe pREspivateds formed Wheh¢he solution isiadderbw

to host cell, the o
Temperature transcription control enhancer of the present

invention, and a promoter can be used together with the
mild low temperature translation control element of +the
present invention.

Vectors for prokaryote cell and eukaryvote cell can be
used. Examples of preferred vector include, but is not
limited to, pCMV (Invitrogen), PCAT3 promoter vector
(Promega) and pSV2-neo vector.

Host cells are transfected with the vector. It is
preferred to use mammalian cells as host cell. Examples of
preferred mammalian cell are human cell lines such as 293,
293T, U-208, Huh-7, Hela cell; monkey cell lines such as
COS-7 and Vero cell; mouse cell lines such as NIH/3T3,
Balb/3T3, B-6, Hepal-6 and Chinese hamster such as CHO.

The methods for the transfection include calcium
phosphate method, lipofection method and electroporation
method. For example, in the calcium phosphate method,

calcium chloride solution containing DNA (vector) is added
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precipitation of DNA-calcium phosphate enters into host 5 cell via
phagocytos-s so that DNA is transfected into cell. It _s unnecessary to
use special medium as culture medium. Usual medium for mammalian
cell cultivation can be used. Typical exagmple of the medium is Dulbecco’s
modified Eagle's medium (D-MEM) supplemented with 10% fetal calf 10
serum (Invitroaen). Example Example 1 Assuming "a" of "actcgc of the
transcription start site of Cirp gene to be +1, the Cirp gene spanning 15
theriteteotides -970: (970 nudleotidesi5! to theltraniseription start site) 101 ng.
+56 (within the first exon), and fragments thereof deleted on 5' side (see .
RrabiBay weré Gheerted into tW@ﬁﬁﬂF@l@ﬁ%g%‘@fﬁd@Am@-baﬁgﬁﬁ is
Promega). The vectar has ch_oramphenicol acetyltransferase )
%err%egsgtge-&\;e%%?ter%éane?%gﬁ]fél-S.éBg/@%%d?éﬁ of theplashids the

wete: ga-dgansfacted with,0.5-1.009/35-mm, dish, of ODMB:L.acZ (which s

i S8 o host
(3-galactosidase expression vector and sed to correct for fransfettion 1°°

cefficiency) inte humancellling 293,25 The t@ﬁi@%&%@'@é‘%&é‘ffﬁg‘éidggu .

into two groups. 20 One cu' cultivated at 32C and the other at _ .
Medium wias D:MEMesupptemented.with 103 FGS. After 86:hours, calls: e
were recovered by centrifugation
medium. Usual medium for mammalian cell cultivation can be
used. Typical example of the medium is Dulbecco's modified
Eagle's medium (D-MEM) supplemented with 10% fetal calf
serum (Invitrogen).
Example
Example 1

Assuming "a" of M"actcgc + + + " of +the transcription
start site of Cirp gene to be +1, the Cirp gene spanning
the nucleotides -970 (970 nucleotides 57 to the
transcription start site) to +56 (within the first exon),
and fragments thereof deleted on 5' side (see Table 1) were
inserted into the multi-cloning site of PCAT3-basic vector
(Promega). The vector has chloramphenicol acetyltransferase
(CAT) gene as the reporter gene.

Then 2.5-5.0ug/35-mm dish of the plasmids were co-
transfected with 0.5-1.0pg/35-mm dish of CDM8-LacZ (which
is PB-galactosidase expression vector and used to correct

for transfection efficiency) into human cell line 293.

The transfected cells were divided into two groups.
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and whole cell lysate was prepared. The amount 5 chloramphenicol

acetyltrnsferase (CAT) protein produced at each temperature was

determined using C;AT ELISA kit (Roche Diagnostic), and

P-galactosidase activity was determined usingp-galactosidase assay kit

(Stratagere). The transcription accelerating activity of each fragment is 10

shown in Table 1. The transcription accelerating activity was calculated

by dividing CAT protein mass by galactosidase activity. Table | 15
OTfanseriptiohtaccelerating activity of 5Usidé fragrent of Cirp gehomelGirp. um
enome CAT/Lac Z S'side 32C 37C 32C/37C ratio fragment -970"-56

Y5 0070:005 10664 Lo 1718204956 E040.009 1.1960.008 2.345

-8507+56 2.5180.007 1.2500.010 2.015 -790°-+56 2.0140.003 |
1.211%%(3?0@9r 1.%6%6?‘3?56“ -§6‘3%.f§86‘6?0%‘§ 1 34650072 0766 orgation

20080010 1.1800,007 1702 -520.+56 2.2510.003 1..4810.011 1.520
".430°+56 2.298+0.010 }1.6400.008 3.4832%%%%6%’6 2.7%‘%:00(?:5,“0“““ o

c3650£042:0000220(-56,.0:042-0:003:0.1230,002 0,366. 271 1+ quced at

each temperature was determined using CAT ELISA kit (Roche
Diagnostic), and p-galactosidase activity was determined
usingPB-galactosidase assay kit (Stratagene) . The
transcription accelerating activity of each fragment 1is
shown in Table 1. The transcription accelerating activity
was calculated by dividing CAT protein mass by B~

galactosidase activity.

Table 1

Transcription accelerating activity of 5' side fragment

of Cirp genome

Cirp genome CAT/Lac 7

5'side 32°C 37°C 32°C/37°C ratio
fragment

-970~+56 2.007+£0.005 1.173+£0.004 1.711
-910~+56 2.804+£0.009 1.19640.008 2.345
-850~+56 2.518+0.007 1.250£0.010 2.015
~790~+56 2.014£0.003 1.211+£0.009 1.604
-720~+5¢ 2.586+0.009 1.246%£0.007 2.076
—620~+56 2.008%£0.010 1.180+0.007 1.702
-520~4+56 2.251+£0.003 1.4814+0.011 1.520
—430~+56 2.2984£0.010 1.6404+0.008 1.402
—340~456 2.729£0.003 1.36520.004 2.000
-220~+5¢ 0.045+0.003 0.123+0.002 0.366
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The data at 21, hours after transfection_ was similar this result. From.
these data, it is considered that basic promoter 5 for gene transcription
may exist at -220 to 0 of the genomic gene and an enhancer accelerating
transcription in response to 32C may-gexist at -340 to -220. Example 2 10
Example 1 was repeated except that human cell line 293'_, U-2 OS, or
Huh-7, monkey cell line COS-7, or mouse cell line NIH/3T3, Balb/3T3,
B-6 or Hepal-6 was used in place of human 293 as host cells, and similar
results were obtained. 15 Example 3 Various deletion mutants derived
from the nucleotides -340 to -240 of the Cirp gene were prepared and
inserted’ int&tHe rdlti-clonitiySife GFpEATS prombfet vettorgo® Similar

+ (Promega), (Fig. 2) This vector has the promoter of SV40. As in Example
after %e gene transfer by DNA transfection with calcium phosphate

methed using-human 293 cells, franscription.aceelerating activity was, .

measured at 32C. pCA- 3 promoter vector containing no insert was used
£35 agjarmnegativercontrol {meek) 22, Dataat 36 heurs after transfectign arey, ¢
shown. The transcription accelerating activity was calculated by
genomic gene and an enhancer accelerating transcription in

response to 32°C may exist at -340 to -220.

Example 2

Example 1 was repeated except that human cell line
293T, U-2 08, or Huh-7, monkey cell line COS-7, or mouse
cell line NIH/3T3, Balb/3T3, B-6 or Hepal-6 was used in
place of human 293 as host cells, and similar results were

obtained.

Example 3

Various deletion mutants derived from the nucleotides
=340 to -240 of the Cirp gene were prepared and inserted
into the multi-cloning site of pCAT3 promoter vector
(Promega) (Fig. 2). This vector has the promoter of SV40.
As in Example 1, after the gene transfer Dby DNA
transfection with calcium phosphate method using human 293
cells, transcription accelerating activity was measured at
32°C. pCAT 3 promoter vector containing no insert was used

as a negative control (mock).



[@2]

10

15

dividing CAT protein mass by (3-galactosidase activity (Table 2). Table 2
Transcription accelerating activity- of 5' side fragment of Cirp genome
Mutant with CAT/Lac Z deletion in -340 to -220 320C 37C 320C/370C

0 0.299 -340"-220 2.6290.008
0.5920.004 4.441 340"--290 4.0640.015 0.6540.010 6.215 -290" -220
2.41910.008 0.5490.008 4.406 - - - - - -------- -310"--260 2.0890.011

vatic range mock 0.2260.012 0.7570.01

0.5400.003 3.869 340 310j7.6970.008 4.2110.037. 1.828
-310"1299 18.2340.01% 2106401074 3.9901:20024+:260 16:2176:0%dn .

The

6.2810.030 1.627 -260"--220 9.6810.011 3.8440.011 X2.519 10 It is
CEGHSITErad from thess FesUIsTthal the?é ate ‘érhantérs in 2gendmicd by

fragments, (? %to -290,
dlvgdl § ZCPQS

on
in response

ompari

Qe%%d -260 to -220, which accelerate transcription

ng the nudieotide Settiente WithiA thé to v =Y

(fragments, common sequence of tccce gee (SEQ ID NO:2) has been

found.

Table 2

Transcription accelerating activity of 5°'

Cirp genome

side fragment of

Mutant with CAT/Lac Z

deletion in

-340 to -220 32°C 37°C 32°C/37°C ratio
range

mock 0.226+0.012 0.757£0.010 0.299
-340~-220 2.629%£0.008 0.592%£0.004 4.4471
-340~-290 4.064+£0.015 0.654£0.010 6.215
-290~=220 2.419+0.008 0.549+£0.008 4.4006
-310~-260 2.089x0.011 0.540+0.003 3.869
-340~-310 7.697+0.008 4.211£0.031 1.828
-310~-290 8.234+0.015 2.0064+0.017 3.990
-290~-260 10.217+40.011 ©.28140.030 1.627
—260~=-220 9.68140.011 3.844%+0.011 2.519

It 1is considered from these results

enhancers in 2 genomic fragments,

-220,

-310 to =290,

that there are

and -260 to

which accelerate transcription in response to 32°C.

Comparing the nucleotide sequence within the two fragments,

common sequence of tcccc gec

Example 4

Three molecules

of

ten

(SEQ ID NO:2)

nucleotides

has been found.

containing tcccc
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15 Example 1 Three molecules of ten nucleotides containing tcccc 3 gcc

found above were connected in series to fora. a sequence tccc cgccg

ttccc cgcecq ttcee ceceeg (SEQ ID NO: 3). The sequence was inserted into
the multi-cloning site of pPCAT3 promoter vector as in Example As a
negative control, 5 pCAT3 promoter vector containing no insert was used
(mock). As positive controls, pCAT3 promoter vector containing Cirp
genome from -340 to -220 as an enhancer and pCAT3 promoter vector
JEohtaining S\WPa0 enfiancerwereased. The sesule obtainéd at:24 hoursence
after transfection into 293 cells is 10 shown in Table 3. Table 3 Enhancer
"CATILACT 32CTE20CI3762 Fatis Tmsek 62200.003706770.042 0325  The
2V43 0.9080.003 1,3710.010 0.662_ttcccegeeg 6.6220.020 1,6030.009
5 eccBines (cbiog: 1320 & 5200 SI0 M T 416,017 478857

p@%@@rS J‘éc:'t%?ecﬂ%engg is&%ﬁﬁﬁéncﬁr’ th%éevgrsﬁé%ié Clt@% control,
PCAT3 promoter vector containing no insert was used (mock).
As pbsitive controls, pCAT3 promoter vector containing Cirp
genome from =340 to -220 as an enhancer and pCAT3 promoter
vector containing SV 40 enhancer were used. The result
obtained at 24 hours after transfection into 293 cells is

shown in Table 3.

Table 3
Enhancer CAT/Lac Z
32°C 37°C 32°c/37°C

ratio

mock 0.220£0.003 0.677+£0.012 0.325

SV40 0.908+0.003 1.371£0.010 0.662

ttceccegecg 6.622+0.020 1.603+£0.009 4.132

ttcecececgeceg

ttccecegeeg

-320 - =220 6.991£0.031 1.461+£0.017 4.786

Example 5

If & sequence 1s an enhancer, the reverse-directed
sequence should be also effective. Three molecules of ten
nucleotides containing cggcg gggaa (SEQ ID NO:4) which is a
reverse directed sequence of a sequence comprising tcccce

gcc, were connected in serles to form a sequence cggcg
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sequence should be also effective. Three molecules of ten nucleotides
containing cggcg gggaa (SEQ TD NO:4) which Is a reverse directed
sequence of a sequence comprising recec gcc, were connected in series

to form, a sequence cggcg 24 gggaa cggcg gggaa cggcg gggaa (SEQ ID
NO:5). The sequence was inserted into the multi-cloning site of pCAT3
promoter vector to carry out an experiment similar to Example 4. 1__ this
case, the ratio of 32C/37C was 3.83, 5 demonstrating that the sequence

99 &mild oW Iemperature dranserptien conttolienhéancer. Example 6cAuence
sequence tcccc gecte ceege ¢(SEQ ID NO:6 )obtained 10 by connecting
"o mBRSuiEs of 8 nticiedtidds tdeet Gee(SEO D NO:2¥ fourilin measeter

Vcé‘légggn&r)n%m series was inserted jnto the multi-cloning site of pCAT3

promoter vector ahd an experifient sitilar (o Example ® was @trisd out.
In this; case the ra&igs%fﬁzct/ggc was 2051_’ Od@m%r}st@}ipgo at %g S:[he3 ey

sequence is a mild low temperature transcription control enhancer.

cExamplerZ Thige molecules of-8 pueleotides.9ggag;gga (SEQ IR,20 -« re
NO:7), the sequence of which is found about 260 nucleotides to the

ttramscriptionistartsitetofdiuman KBM genome (Gen Bank N7011568),
were connected in series to form a sequence ggggg ggagg 99ggg agggyg
ggga (SEQ ID NO0:8). The

Example 6

A sequence tcccc gccte ccecge c(SEQ ID NO: 6 ) obtained
by connecting two molecules of 8 nucleotides tcccc gcc (SEQ
ID NO:2) found in mouse Cirp genome in series was inserted
into the multi-cloning site of pCAT3 promoter vector and an
experiment similar to Example 4 was carried out. In this
case, the ratio of 32°C/37°C was 2.51, demonstrating that
the sequence 1s a mild low temperature transcription

control enhancer.

Example 7

Three molecules of 8 nucleotides ggggg gga (SEQ 1ID
NO:7), the sequence of which is found about 260 nucleotides
5' to the transcription start site of human RBM genome (Gen-
Bank NT 011568), were connected in series to form a
seguence ggggg ggagg g99g9gg agggg ggga (SEQ ID NO:8). The
sequence was inserted into the multi-cloning site of pCAT3

promoter vector and an experiment similar to Example 4 was
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sequence was inserted into the multi-cloning size of pCAT3 25 promoter
vector and an experiment similar to Example 4 was 25 carried out. In this
case, the ratio of 32C/37C was 2.52, demonstrating that the sequence is
a mild low temperature transcription control enhancer. 5 Example 8 Three
molecules of 1.0 nucleotides containing one or two base-substitutions
(see the table below) in the sequence tccce gee (SEQ ID NO:2) found
above were connected 10 in series to form a sequence. The sequence
Sfasifsertad into the same vector as in Example 4, and 293 cells were
transfected by the vector. After 24 hours, CAT/LacZ was measured and

the miltl low frahscripfion actBferatiig (Enharicery activity of respeétive - 52,

ts was shown in the 15 table below, defining the ratio of 32"- 13"C’
dg]sﬁl (%%v%r?éﬁa“ﬁé% [Pﬁ)‘%mgpe? VeCtor containing ﬁo(%i[hlget 8Y udsd S HbIE 4-©

ckawdemperature transcription accelerating (enhancer) 20 activity of
mutant with one base-substitution Element nucleotide sequence Enhancer

activity wild typetccec gcc (SEQ ID NO:2) 3.89 mutant Ig Scccc gee (SEQ
ID NO:9) 3.60 mutant la Acccc gcc (SEQ ID NO:10) 3.74
Example 8

Three molecules of 10 nucleotides containing one or
two Dbase-substitutions (see the table Dbelow) in the
Sequence tcccc gcc (SEQ ID NO:2) found above were connected
in series to form a sequence. The sequence was inserted
into the same vector as in Example 4, and 293 cells were
transfected by the wvector. After 24 hours, CAT/LacZ was
measured and the mild low transcription accelerating
(enhancer) activity of respective mutants was shown in the

table below, defining the ratio of 32°C /37°C as 1 when

pCAT3 promoter vector containing no insert was used.

Table 4

Low  temperature transcription accelerating (enhancer)

activity of mutant with one base-substitution

Element nucleotide sequence Enhancer activity
wild type tcecee geec (SEQ ID NO:2) 3.89
mutant 1g Gceee gec (SEQ ID NO:9) 3.60
mutant la Accce gcc (SEQ ID NO:10) 3.74
mutant 7t tccecece gTe (SEQ ID NO:11) 3.63
mutant 8t tccee geT (SEQ ID NO:12) 4.08
mutant 6a tccee Acce (SEQ ID NO:13) 2.14
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mutant 7t tcccc gTc (SEQ ID NO:11) 3.63 ,mutant 8t tcccc acT (SEQ ID
NO:12) 4.08 mutant 6a. tcccc Acc (SEQ ID N0:13) 2.14 26 ata:. 6¢crc cc
Ccc;S'QID'NO: x.41127 ronof1.00 Table 5 Low temperature
transcription accelerating enhancer) agtivity of mutant with 2
base-substitutions Element nucleotide sequence Enhancer activity wild
type tccee gcc (SEQ TD NO'2) 3.89 mutant 12 GAccc gcc (SEQ ID

AAAAA ~FO-1D Mr\ 168) 107 mutant-34-tcAAc

) O ”Il IIL LO tA .LU} ottt t—oO4a—to//
mﬁ-lt)f‘#gl:?\dln NQ: 19\ 1.4 mm@?f‘(zt'% tr‘r‘&g (1(‘(‘ (S % I%) NO:18) 0.35

“Ritant’s6 teccA Tec (SEQ ID NO:19) 1.07 mutant 67-t66cc TAc (SEQ ID

NO:20) 1.66 mutant 78 tcccc gAA (SEQ ID N0:21) 3.69 control 1.00 5
The mutants with a replacement of the first base by C or A, a
Tegplacement of the seventh base by T, and a replacement of the eighth
base by T exhibit the similar transcription accelerating activity to wild type
Lsegueheartd Althoagh theareplacementof the-sixthebase by A or<C lowersr)

activity of mutant with 2 base-substitutions

Element nucleotide sequence Enhancer activity
wild type tccee gee (SEQ ID NO:2) 3.89
mutant 12 GAccc gcc (SEQ ID NO:15) 1.76
mutant 23 tAAcc gcc (SEQ ID NO:16) 1.07
mutant 34 tcAAc gTc (SEQ ID NO:17) 1.47
mutant 45 TcchAA gcc (SEQ ID NO:18) ~0.35
mutant 56 tcccA Tec (SEQ ID NO:19) 1.07
mutant 67 tccee TAc (SEQ ID NO:20) 1.66
mutant 78 tccece gAA (SEQ ID NO:21) 3.69
control 1.00

The mutants with a replacement of the first base by G
or A, a replacement of the seventh base by T, and a
replacement of the eighth base by T exhibit the 'similar
transcription accelerating activity to wild type sequence.
Rlthough the replacement of the Sixth base by A or C lowers
the activity compared with wild type sequence, they show
significant activities. The mutant 78, having replacements
of the seventh and eighth bases by AA, has the séme degree
of transcription accelerating activity as the wild type.

Accordingly, a seguence cﬂfrtcccc gcc 1s a sequence
showing transcription accelerating activity, and the

seqguence:
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the, activity compared with wild type sequence, they show significant
activities. The mutant 78, having replacements of the seventh and eighth
bases by AA, has the same degree of transcription accelerating activity
as the wild type. 15 Accordingly, a seguence of tecec gcc is a sequence
showing transcription accelerating activity, and the sequence: t(or g or
a)ccccg(or a or c)c(or a or t)c(or a or t) can have transcription
accelerating activity. Since they are enhancers, the sequence
compleffiéntary totheft cer example; ggegd ggaeSEQ DING:@R) a5 or t)
complementary to tccce gcc (SEQ ID NO:2) can also be used. Example 9
CBitefly icifeF 426 CONA €XGiséd Foht 6613 5asiE (HiEsmid (Promega) was
inserted into the ernuItj-g!eongenrg.‘;nsitecelé)g(be een EcoRV and Xbal) of
PcDNA3.T (+)vector (Invitrogen) having cytomedafdvirlis (CRMVYpromioter =
+fheng NA dfragme pondj he +1 to +8 cleotides (7a" - -
of "actgﬁpﬁ]ouse@girp %ﬁgg?gﬁon p!f%gc?lt%% (mﬁ%&) beigrsggassoélr%ed gt\]c? bégl
cthpobirptmRNA,CLS actcacgeet taggaageit §ggtgigtgh goegeactgt ysed.
cttcccgcete gegtcaggga cctgeccgac tcageggcetg cc (SEQ ID NO:23) was
inserted into the multi-cloning site (between Kpnl and BamHI) of
pcDNA3.1 (+) vector (Invitrogen) . Control is a plasmid having no insert
E pnl and BamHI. 20 Then 2.5-S.0pg/35-mm dish of these
masn%giggﬁgcoluciferase cDNA excised from pGL3-basic
plasmid (Promega) was inserted into the multi-cloning site

(between EcoRV and Xbal) of pcDNA3.1 (+)vector (Invitrogen)

having cytomegalovirus (CMV) promoter. Then, a cDNA
fragment corresponding to the +1 to +82 nucleotides ("a" of
"act s * +" of mouse Cirp transcription product (mRNA) being

assumed to be +1) of Cirp mRNA,
actcgcgect taggaagctt gggtgtgtgt ggcgcgcectgt cttcecgetc
gcgtcaggga cctgcecceccgac tcagcggctg cc (SEQ ID NO:23)
was inserted into the multi-cloning site (between KpnI and
BamHI) of pcDNA3.1 (+) vector (Invitrogen). Control is a
plasmid having no insert between Kpnl and BamHI.

Then 2.5-5.0pg/35-mm dish of these plasmids were co-
transfected with 0.5-1.0pg/35mm-dish of pRLTK plasmid
(which 1s renila lucuferase expression vector and used to
amend efficiency of each transfection) into human cell line
293T which had been cultivated for one day. The

transfected cells were divided intoc two groups. One is
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transfected with 0.5-1.0ng/35nm-dish of pRLTK plasmid (which is renila
lucuferase expression vector and used to amend efficiency of each
transfection) into human cell line 293T which had been cultivated for one
dav. The 25 transfected cells were divided into two groups. One s 28
cul_iva-red at 32C and the other at 37C. Medium was D-MEM
supplemented with 10: FCS. After 36 hours, cells were recovered by
centrifugation and whole cell lvsate was prepared. The firefly and renila 5
Cluferasedctivities weredeternined- bising2Dual A €iferade Reporterkit-MEM
(Promega). Translation accelerating activity of each fragment is shown in
STEBIEE. FHe ffadiation Yacdéiérating activity is shown as a value of firefly
luciferase actiyjty divided by renila luciferase activity. 10 Table 6 | ,
Trans a%%%rag:%lg%%lﬁa’ac%%ﬁ; of 570 ﬁtrarr?scfgge%trée/%i(?ry (CFR)of Cifg =+ o
=ARNAS! unranslated Evefy Jucilerase/Renia lugilerase Jegion ATRLAT
32C 37C 32C/37C ratio Cirp mRNA absence 3.52 6.08 X0.58 presence
1602:2¥1 4,78 d5iThe abeve sesultishews thatthe ameunt of protein rerase
produced at 32C is increased by a factor of 1.7 when 5'UTR
Reporter kit (Promega). Translation accelerating activity

of each fragment is shown in Table 6. The translation
accelerating activity 1s shown as a value of firefly

luciferase activity divided by renila luciferase activity.

Table 6

Translation accelerating activity of 5' untranslated region

(UTR) of Cirp mRNA

5' untranslated Firefly luciferase/Renila luciferase
region (UTR) of 32°C 37°C 32°C/37°C ratio
Cirp mRNA

absence 3.52 ©6.08 0.58

presence 6.02 7.71 0.78

The above result shows that the amount of protein
produced at 32°C is increased by a factor of 1.7 when 5'UTR
of Cirp mRNA is present in the vector compared with that in
its absence, and that the amount is equal to the amount
produced at 37°C in «cells transfected with plasmids

containing no 5'UTR of Cirp mRNA.
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of Cirp mRNA is present in the vector compared with that in its absence,
and that the amount is equal to the amount produced at 37C in cells
transfected with plasmids 20 containing no 5'UTR of Cirp mRNA. LLOYD
WISE CL IMO 1- A mild low temperature transcript-on control element
consis~ing of a nucleotide sequencer E XICCCCXB6X7X8 wherein xi )
represents t, g, or a; X6 represents g, a, or C; X, represents c, aidrq:”lQéN’SE
represents , a or t, or a nucleotide sequence complementary to the
nucleoside sequence IC 2. The mi d low temperature transcription control
element of .Claim wherein the nucleotide sequence is gcc (SEQ ID NO:2)
The mild low temperature transcriptiofi:édfitrol element of _laim 1,

wherein the nucleotide sequence is 1E gcccc gee (SEQ ID NO:9) 4. The
mild low temperature transcription control element of Claim wnereln the
nucleotide sequence _s acccg.gee ( ID.NO:10) E. The mild low =
temperature transcription@é;or%[ﬁjdglIl %Ose%?]nen% %H@I%%rﬁ Uvherefffription

micteotidessequenceds ieees gicy(SERQ 1D 6, The mild;low temperature
transcription control
XiCcccXexyXg
wherein X, represents t, g, or a; X represents g, a, or c;
¥7 represents ¢, a or t; %3 represents c, a or t,
Or a nucleotide sequence complementary to the nucleotide
sequence

2. The mild 1low temperature transcription control
element of Claim 1, wherein <the nucleotide sequence 1is
tceee gee (SEQ ID NO:2)

3. The mild low temperature transcription control
element of Claim 1, wherein the nucleotide sequence 1is
gccece gec (SEQ ID NO:9)

4. The mild low temperature transcription control
element of Claim 1, wherein the nucleotide sequence is
acccc gcc (SEQ ID NO:10)

S. The mild low Temperature <transcription control
element of Claim l,' wherein the nucleotide Sequence 1is
tceece gte (SEQ ID NO:11)

6. The mild low temperature transcription control

‘ = . 4
element of Claim 1, wherein the nucleotide sequence is

tccce get (SEQ ID NO:12)

7. The mild low temperature transcription control
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element Of Claim _ wherein! the nucleotide sequence is t,_ccc act (SEQ

- D NO: 12 r~ 2- The mild low temperature transcription control 30

LLOYD WISE element of Claim 1, wherein the nucleotide sequence is

tccce gaa ;SEQ ID NO:21) 8. The n,-Id lo temperature transcription

control element of Claim 1, wherein the - nucleotide secuence is WISE

gga (SEQ ID N0:22) 9. The mild low temperature _ransc-Iption control

element of Claim wherein the nucleotide sequence is ggaag gaa (SEQ ID

NO:7))) 10. A mild low temperature _ransc-_pr_on control 10 enhancer
in.identlca, . Cr different mild low temperature =rar_scription control

gg%%n@tts of Ia?%l 1are i:bnn"é%?erdeff ATHiTd 160 temperattireSequence  is

gr@g%ri%@%n @g@gﬁollgnﬁéquelr)wherein identical or different mild low 15

_emperature transcription control elements of Claim 1 are connected via

other @.C!eQH@e(ﬁhﬁlﬁeCt@BWm@éiﬁmﬂQ@ﬂ@ loé’\f!’ﬁ{gg%r%w;eo . control
transcription control element of any one of Claims 1-9 or the mlldIfow
temperdture fransariptionicontkolenhancefiof nucleotide sequence is
ggcygg gga (SEQ ID NO:22)

9. The mild low temperature transcription control
element of Claim 1, wherein the nucleotide sequence 1is
ggggyg gga (SEQ ID NO:7)

10, A mild low temperature Lranscription control
enhancer wherein identical or different mild low
Cemperature transcription control elements of Claim 1 are
connected

11. A mild low temperature transcription control
enhancer wherein identical or different mild low

temperature transcription control elements of Claim 1 are

connected via other nucleotide(s).

12. A vector comprising the mild low temperature
Cranscription control element of any one of Claims 1-9 or
the mild low temperature transcription control enhancer of

Claim 10 or 11.

13. A mammalian cell transformed with the wvector of
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20 Claim 10 or L.I. 13. A mammalian cell transformed with the vector of
Claim =_ 31 L'O DWISE 14. mild low temperature translation control
element comprising the nucleotide sequence: actcgcgcct taggaagctt
gggtgtgtgt agcgcgctgt cttccogetc gogtcaagga cctgeccgac tcageggcetg cc
ISEQ ID NO:23) located 5' to code sequénce and 3' to promoter. ISAp | D WISE
vector comprising the mild low temperature translation control element- of
Claim. 14. 16. A mammalian cell transformed with the vector of Claim 15
1C

14. A mild low temperature translation control element
comprising the nucleotide Seqgquence:
actcgecgect taggaagett gggtgtgtgt ggcgecgetgt cttcceocgete
gcgtcaggga cctgcccgac tcagcggctg cc (SEQ ID NO:23)
located 5' to code sequence and 3' to promoter.

15. A vector comprising the mild low temperature
translation control element of Claim 14.

16. A mammalian cell transformed with the wvector of

Claim 15.



