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I | L1l | ||||||||||||||||||||||||DESCRIPTIC]\I
* CAPABLE OF ACCELERATI NG GENE

EEJ w M MODERATELY LOW TEMPERATURE 5 Techni cal
Fie e _present invention raglates to mld | ow

terrper Whe response el enents accel erating the
transcrlptlon or the translation of a gene at mld

10 Background Art Various
'&mﬂ’ﬁ mﬂmm IF and assayggeageftgysuch as nonocl onal
es romh factors and clotting factors have

been pr ed by bi ot echnol ogy. Generally, at a | ow
tenperature of 10-15C, correct 15 folding of
go nbi Hant g pr amt d %‘5"%‘
%@%ﬁ@%ﬁ o%ﬁPﬁ%%%e pC?%t eAQ&E%E%gE;[ggses |§:ei nni i%sesolION AT
&9@@( n ng of reconbi nant proteins
in sc Iéfi% | aT%%%ERA?%%EnuaI of industrial
m crobi ol ogy and biotechnol ogy, 2nd ed., (Demain, A
L. Davis,J.E.,Altas, 20 RM, et al., Eds.) ASM Press,

hi ngtonpn, D, ,C., pp.551- 1999). Accordingly, when
ﬁé@%ﬁ%ﬁnﬁl—%}—%tei ns are produced by bacteria,
cultivation at | ow tenperatures below 20C is
ef f ect’sd, PFREEBEI 18Rt 197CrolRtas S dekld sipgetemperature
protein synt hesis is generally | owered at | ow
%%ﬁﬁﬁﬁ%ﬁt} Wﬁﬁﬁﬁ peécelerating 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 aed clotting factors
have been produced by biotechnology.

Generally, at a low temperature of 10-15°C, correct
folding of heterologous recombinant protein is promocted and
degradation of the protein by proteases is inhibited
(Baneyx, F., In vitro 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). Accerdingly, when recombinant proteins are produced
by bacteria, cultivation at low temperatures below 20°C is
effected, instead of at 37°C. In this case, since protein
synthesis is generally lowered at low temperature, possible

low yield of a desired protein may occur. This problem is
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pro
sho

low yield of a desired protein may occur. This
blemis 2 solved by using the pronoter of cold
ck protein CspA gene and 5 untransl ated region

(UTR) of CspA nRNA in an expression vector of a

des
Col
exp

ired protein (Baneyx, F. apd Mijacic, M,
d-induci bl e pronoters for heterologous 5 protein
ression, Methods in Ml ecular Biology, 205, 1-18,

2001) . However, posttranslational nodification in
LaCE &I 1 Byl Sus BlPnikhecatdyodif f grent, fd oahbhat dfbtein cspa

mamal i an cells. Especially for pharmaceutical's,

%g&oaxhag'om@éﬁﬁsi&&@ %gﬁ%ka%mr w%eps‘utdyp&m in an

Shipese prsier sel bel | neg Aredisedo LOL produeld
| ield i .

FREET 1 G P e F P i

' ff d _th i di. sadvant hat __ .

RS (OTSHT 0 VR R OThe't el dab . BhPCHoFel 95, 2

et

hav

ects. Therefore, manmmal cells, '‘particufarl

9
armaceuti cal s. I'S neceéssary to ~incfease’

pr der duce gro uctio

vive and produce the desired protein is short.
kfore, an attenpt to restrain cell growth and
e cells survive for _a |longer tine period s

and

HOFEES: PBrEos hesrblogous

-18,

ef f eI BYL t HROBBRIFRRDh2bEORRE | 9B §i6AF hOPnARDPRGESI 12 is
the expressjon of cell-cycle inhibitory gene p27, the
igniveinhlat difEerontt ehperat thes (30- Bagpaliapc. cells.

(see Schatz SM et al., Biotechnol. Bioeng, 2003, Nov.
Us3=ais)ly Anbey thlearnapeutitcelvati ohyapswipdibow state is
tenperature

important for therapeutic effects. Therefore, mammalian

cells, particularly Chinese hamster cell lines, are used

for

producing protein pharmaceuticals. It is necessary to

increase protein yield in order to reduce production cost

with the cell cultivation.

is effected, there is a disadvantage that, since cells

When usual cultivation at 37°C

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,

gene p27, the cultivation at mild low temperatures

the expression of cell-cycle inhibitory

(30-

32°C) , etc. (see Schatz SM et al., Biotechnol. Bioeng,

2003, Nov. 433-438).

has

Among them, the cultivation at mild low temperature

the characteristics as follows:
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25 has the characteristics as follows: r i 3 1) Cells
survive and produce reconbi nant proteins for a |onger
time period than the cultivation at 37C, 2) The
activity of proteolytic enzyne is lowered to reduce

t he degradation of desired prateins; 5 3)

A ycosyl ation and isoprotein patterns are simlar to
those cultivated at 37C, and sialylation is rather
better than that cultivated at 37C, 4) A possible

| nprovenest15ns6ekh et el dingiele desdhied, prot k@éeé‘ﬁs for
in bacteria 10 (Kaufrmann H, Mazur X, Marone R, Bail ey

gEio£§§§e@9@§rp&@10dBtﬂgﬁcghg'Qﬁfglvagggﬁ Q@r3728
72(6):592-602;" Yoon SK, Song Y, Lee GM, Biotech

Bi oeng %Qogaé\@ o?ré ;pr%et%o%g)tlé neﬁ?%@éd 1tso lowered to

cru0|a yi el t  protein,

suLyLye gr€%%65d5%£$ﬁdgg L9 g%dylel S often 15

|ncreased e’s eC| p?oau%%lvrty of

t r cel unit. tine varies for unknown

Feasont, ERusERut 7 iaenaii nhSORYRFRGS GRCCHS i simiLes

f the deS|r t q others. There. are man
Sascder whrbhiPREeGoets ¢ 2 G 0Bl i 91TV 1atfagndre Tather
| ower than that at 37C, which is_20 problematic
??Eﬁ?ﬁaﬁ%a$1tm%Eu?u%FlKﬁF%ﬁeaP %ﬁ?Fey JE,

Fussenegger M, Biotech Bioeng., 2001 Mar. 20,

72(6)45928 6P25SiRLR SKIPLPWENSNL LéB GRPIIBFbtedplding  of
Bi oeng., 2003 May. 5, 82(3):289-98). Since gene
APt eSd | BFOEDHES 02 S nbhanpesaTia

(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 vyield 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 Bioceng., 2001 Mar. 20, 72(6):592-
602; Yoon SK, Song JY, Lee GM., Biotech Bioceng., 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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is different fromthat in bacteria, cold shock protein
CspA 25 pronoter and 5' untransl ated regi on (UTR) of
CspAnNnRNA Iini t 4 bacteria cannot be used in
manmal i an cells. It is an object of the present
invention to provide a nethod for increasing protein
production and total yield per cell per unit tine at

| ow tenperature. 5 Disclosure of Invention The

i nventor of the present application previously found

BHk & 2Pord £oh dhepeoh de ghOg kPRl el os CGLips(col d
i nduci bl e RNA- bi ndi ng protein) the genomc

DNA
Sequeﬂ§ei§faﬁooﬂﬁ%89 b% %m%@%fﬁﬁéﬁ%gﬂﬁ%g#E%%ﬂg@ghéggyide a

( RNA- bi ndi ng noti protein uita J.,

i.n . [ I o J. bi ol,. .
AFSRISeckn MuBliat, Bebhsy s Bl MELOAL cocqr vieis
' ' d that, th ene
RS AL B P e TR P bR Byt d3 .

accelerating transcription are found on 5 side to the
pronoter of these protein genes. That is, the present

i.nvention re es to.a mldlow tenperature _
SHs i O%| enent conprising nucleotide

or it {GSAESE s08, Bhe oM ASOSNE T BPPASEAESoR, Brebiously
%auéﬂ“jéﬁé r?@%%??@%? ghea ggfd shock proteins Cirp (cold
inducible RNA-binding protein) the genomié 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 sequences capable of
accelerating transcription are found on 5' side to the
promoter of these protein genes.

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

XicccecKXeX Xy

wherein x; represents t, g, or a; Xe¢ represents g, a
or c; X7 represents ¢, a, or t; and Xg represents c, a and
t, or a nucleotide sequence 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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t, or a nucleotide sequence conplenentary to the
sequence. The term"m|Id | ow tenperature” herein
refers to a 25 tenperature of 15-36C, preferably a
tenperature of 30-34C 1 L 5 and nost preferably a
temperature of 32C. The termsm|ld |ow tenperature
transcription control elenment” refers to a nucleotide
sequence capabl e of accelerating the transcription of
a gene specifically at mld low 5 tenperatures. The

Hhd dnb W HeBREEALULE at FaRgelriaRli@n o@ofr%T(g.l | g%vﬁgEeterﬁf "mild

the present invention functions as a

t&pPeERbY mgggiﬁl&gas%@@ RGEL b ot reafa&gr{@w@f?g% to a

13
a gene. The m ow tenperature transcription con

ﬁ\h@f@&idéo Ofs.ehlﬁ%.n%reesené%é%fg@t ;_Ig\%éf\cjzp §$¥éfés§a%£§g the

function when it™ 1s used f
: u it_in _connection_Q -.50, .

€#€$§§a §1§810%§} t fie é%ﬁ%gorSngﬁFéFg Yol eftpnt gnild  low

he el enents_are us [ conpnecti on, the sanme or .
R F e At MR Panl D OSE QR hek! caraBecTipt ion

be, connected via any nunmber and ki nd of ,

T EDE | BASToRhe Contdd cOERTFOL | GWiSSieiat GRBCtions as a
transcription control elenments are referred to as o
m%i@cﬂ?%w?emgﬁﬁﬁﬁ%f%r%p??hﬁ%%r?%??BﬁethPrBheeﬁﬁaﬁééFWPtlon

in the present specification. The mld | ow

?gn%é? ®re transcription 20 control element and the

mld | ow tenperature transcription control enhancer _
of t hE§riesEht lewveprPoRahave hbaperaipphon control element

of the present invention can exhibit its function when it
is used alone. However, it 1is preferable to use it in
connection of 2-50, preferably 2-10 of the same or
different elements. When the elements are wused 1in
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 promoﬁer.

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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to the distance froma pronoter. The present invention
relates to a vector conprising the mld | ow
tenperature transcription control elenent or 25 the
mld |ow tenperature transcription control enhancer 6
descri bed above. The present ignvention relates to
mamal i an cells transforned by the vector. The
present invention relates to a nethod for 5 screening
amld |lowtenperature transcription control el enent

SOIPF 115600abdye Provi ding a gene capabl e of
accelerating transcription at a mld |ow tenperature,

partisubardyesphef e AbLyr dbna ?Hh%’cé@“% LRARALRIYRE cells

of 32C;, 10 2) cloning a part o e gene ranging from

then de Sem&i | a§ﬁ65%e$?0£ranscr|pt|on initiation site
ft

to the 3" en Irst exon of the gene; 3)

i nserfji ng %E?SS%‘E”G%%%%H de ,nggyggce W th ar}nethod for

appropri at pr onot er nto a vector expressing

f
SSPIESs 1P % 00 SISV O 0 €818 o

OMIte erature or 37C to express the reporter
$§¥§? Y& ¥ Yhe nucl eoti de sequence capabl e of
accel ratln th 20 transcription of the reporter gene
at a IdR Jé}ﬁJer & ur &%nd capable accélerating

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 mammélian 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 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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6) shortening the nucl eotide sequence to be inserted
into the vector for the nucl eotide sequence capabl e of
accelerating the transcription of the reporter gene to
25 identify the nucl eoti de sequence necessary for
accelerating 7 the transcription of the reporter gene
at the mld low tenperature. The present invention
relates to a nethod for inproving a mld | ow
tenperature transcription control 5 el enent

SOAPRirSnRGr ibk ivpNt Besizi g rapitatedydye] @t i e mild low
sequence in which one or two nucleotides in a mld

tpd eOpeFat ure transcription control elenent are
substituted with other nucleotides; 10 2)

i ncorpor atpgsthe MutRled el epli de.sequence with pan £,

appropriate pronoter into a vector expressing a

{ﬁ%?égfigvgﬁn%ﬁJ§9 hranstard é&%t%&%nakEgﬁgggkhgigk}gcontrol

ector; 4) cultivating the cée

éfg%é§¥n%§é§#¥§%£§hels 37C to express the reporter

gene to 1 nucl eoti de sequence capabl e of

I ti the .t LpLi f.the.reporter gene :
ot thg i etk e b 6o S TRE T ROEARS SRAGeRaPL Rer vhich
f d ne expression . 20 control sequence capabl e
‘%%¥2c8g|g§aFﬁngg?? ﬁéFé??ﬁn at n?ldmﬁgﬁ téﬁﬁ%rgFSWQGrature

in the 5' untranslated regi on (UTR) of , .
transcription control elément are substituted with other

nucleotides;

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

3) ﬁransforming 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 is, the present invention relates to a mild low
temperature translation control element comprising the

nucleotide sequence:
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the Cirp gene nRNA. That is, the present invention

relates to a mld low tenperature translation control

el ement conprising the 25 nucleotide sequence: 8

actcg cgcct tagga agctt gggtg tgtgt ggcgc getgt cttcc

cgctc gcgtc aggga cctgc ccgag tcagc ggctg cc (SEQ 1D

NGO 23) placed 5 to a coding sequence and 3' to a

pronoter. The term"m|d | ow tenperature transl ation

control 5 element” herein refers to an el enent

BEERY @t ENTradgansyStt O LEQASEr fbe C“S@@?t cttce cgcte

sptg%fi%glly a(%ém'l% |OW@g e<'?rpe(|?<:|:1§ur%%jJ %\hen the mld J
d CARGERAL €L T BBGAEAL £ 08c CORLE Q! &1 eEBH T1hHSNO: 23

dt’%scrl ed, i?gfo(?@rr(% t he Sg%n&?(?an act:ed?3 r(ggllon UTR;

©Of a SENA + 10, The g gy " t Lge}rhe déxl‘?cﬁ‘pﬁrawf&a%}féﬁSBé?.

el emrent” herein neans ow tenperature

transgrd ptigQn ral el ar t i ..l
| eanfifg i COMAR 16w ST AN e LhE MG i3 control
15 The

SIS e oL BREEPpt | bR art « nE IERARE at Foneaprating
S TrBe 0081 Pibns SEHE: FERS; o Goony gt paits Low
basi c 20 vector., MCS represents a nulti-cloning site,

P TP ent s"AeRodifty glézﬁlenjc%w of SPREFAAMATenF EBRsLation

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 transiation 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
resistance gene.

Fig. 2 is a schematic view representing pCAT3 promoter
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acetyl transferase. PA represents a pol yadenyl ati on

signal derived from SV40 virus. Anpr represents .
anpicillin resistance gene. 25 Fig. 2 is a schematic

view representing pCAT3 pronoter 9 vector. MCS

represents a multi-cloning site. Sv40 pronoter

represents a pronoter derived from SV40 virus. CAT
represents a codi ng sequence of chl oranpheni col

acetyl transferase. PA represents a pol yadenyl ati on

wWohed . 5 deMtyedrép e &YAY Var Usul AIPc168PRESEB L Ee@N  5V40
anpicillin resistance gene. Fig. 3 is a schematic

i b ST @8@HeisRG tRCDNA B-dr{chler VEELQK e[l ”?f&ﬁo%%)o virus.
MCS represents a nulti-cloning site. Firefly

diiel f ebase-gneading seguenge Leqlasek! e het¥reBdipnen: co1
EcoRV and Xbal of the multr-cloning site.

é@%%%f%g%ﬂ f ' | i _

(UR) o (§%%??é%%§ fERNﬁﬁgg}Fg%tgggﬁé?ﬁﬁg%%%g %%9%%§Fflgnal
] - . i B rl\/bd n t | |

T T oArron Eopad BT et | ot PRt ISRpbr ALy Bbioi L Lin

A A Jﬁégi#gh615 control elenment of the present
clu

i nvention i de, but is not limted to, tcccc gcc
SEQ 1D 2)., gccc cc. (SEQ.ID NO 9), acccc gcc
ESES 4&9“8? 1%))5, %[ c%?cz‘?: %l(?sIg&geWDrﬁ@rffge,nt%“@cégc%% 3.1(+)
SEQ ID NO 12), t SEQ I D NO 21), ggcgg. gga '
{253 DG Bt oo B3 SRS g P20 9%y ose.

Preparation of mld |ow tenperature response el ement
Y diPGwieEaser ARFAIrAnSEAUSHicen tBntinglerted between
el enent

EcoRV and Xbal of the multi-cloning site. Complementary
DNA (cDNA) for 5' untranslated region (UTR) of Cirp mRNA is
inserted between KpnI 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 gecec (SEQ ID NO:2), gecce goc (SEQ ID
NO:9), acccc gcec (SEQ ID NC:lO), tcecee gte (SEQ ID NO:11),
teccee get (SEQ ID NO:12), tcccc 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 inventioh can be prepared, for example, via a solid

synthesis method by phosphoroamidide method or via a solid
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the mld |low tenperature transcription contro

enhancer and the mld |low tenperature translation
control elenment of the present invention can be
prepared, for exanple, via a solid 25 synthesis nethod
by phosphoroam di de nethod or yya a solid 10

synt hesi s net hod by hydrogen phosphonate nethod, using
four kinds of deoxyribonucleotide with protective
groups .(see, for exanple, digonucleotide Synthesis:

i - 81683 1984),;
4Rt ok g9 gt L S5 1900 o

T 46 ird Mo LEE LR, ,1862;
Gt o0 T U EorBBS PR (s

£03, %:l’i%ﬁfgg.%g,.l (é?§%‘%}£ué@@?g§¥1§ thf%%«‘r:rgé‘%ﬁﬁ: €381 | ¥ractical

synt hesi z Wth co rcially avai .
Bibeslzersy (Forexormls, ganutact ingg) by dopiledondf, s,
B S Bl B BA 2l bl B roneceon
[ . Ex
B b er oy Tt TEHSERERGAT AL REC kT ndbe. pronBEer I An-
, | ovj d Sv40

P8 sE: TR COMHE- A BEATRIEL RS0, rosean oo
are not limted, and the nucleotide sequence encoding
SRS~ DY ot ISP IFedisedi DD (ioprgesicl tvo bevadd@biige DNA

mld | ow tenperature transcription control elenent
synthesizers (for example, manufactured by Applied

Biosystem) .

(1i) Promoter to be used

Prokaryofe 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.

(iii) Coding Seguence

Genes to be 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
sequence encoding a protein to be expressed are linked

together and inserted into a vector. The expression vector
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or the mld |ow tenperature transcription contro
enhancer of the present invention, a pronoter and the
codi ng sequence encoding a protein to be expressed
are |inked 25 together and inserted into a vector. The
expressi on vector 11 for prokaryote cell and
eukaryote cell can be used. Exanples of preferred
vector include, but not limted to, pCW
(I'nvitrogen), pCAT3 pronoter vector (Pronega) and

RV2-edc yepd 0k . Se{V) Aost @@kér%@t@e gsed Host clLl Sysed.

are transfected with the vector Is preferred to

E%Ehﬁ?ﬂ?abfaﬁr%%lE%é@SJgggofelﬁclggénpb $ Aot lﬁplted to,

preferred manmalian cell are human cell "' nes suc

Esuc% aégﬁb d%%ﬁ%éénd¥€g%§3?gg%n&ﬁ%%;e cgﬁﬁ¥ Cﬁ%%°§%§%§ and
é?* Iﬁgéfg%? %@JblsTS B-6, Hepal -6 and Chi nese
anst

er ce nes such as CHO. The nethods for the

¥ Jscté i,nclude cal cium phosphate nethod,
-L+ﬁ§ie§%+é§£%é¥%éﬂidﬁﬂE%Iectroporation 15 nmet hod. For
exa e, in e cal ci phat.e nethod caIC|um ,
chIgR%H%ZSSFEE?OHHEBngﬁﬁﬁ?% CHRA (Wddt of fei Yekddde It is
dro Wi se to phosphoric_acid solutlon with stirring

HIFLPrieei P e W Lo a‘F‘ﬁHﬂﬁ FRALREF cF okt pho%‘ﬁ‘ﬁ%?ées of
|s formed. When the solution is added to host cel
RIS F §5¢ é&?lﬁﬂ%%&%nceil DRASC AVEREMTSHds pHdtes evi@h sas 293,
into host cells via phagocytosis so that DNA is
Qﬁ%ﬁ5f§52@3,|ﬂﬂhy7 HelLa 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, 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 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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cells. (vi) Cultivation condition The host cell is
cultivated at a mld | ow tenperature. 25 It is
unnecessary to use special nediumas culture nedi um

12 Usual medium for mammal - cell cultivation can be
used. Typical exanple of thejpediumis Dul becco's

nodi fied Eagle's nedium (D-MEM supplenented with 10%
fetal calf serum (FCS) (lnvitrogen). 5 The present
invention relates to a nethod for screening a mld

UOys it enReyiAinlr @ okl ansphb Pt | lefo%ﬁﬂlvﬂﬂﬁmcan be used.
conprising: 1) providing a gene capable of

BRI LT atd Ao 14 anser i phd Oﬂnéélém”1}9 | 91 LERREF 8L UL8y i £ied

particularly = 10 preferably at a cultivation

D R O T Pl e
1LﬁaL# S| fﬁ%fé’é%‘ end of the first exon of

ncorpo 1 ng the cloned nucl eotide

th Qpriate pronoter into a
3:230 C:xgﬁegg?ﬂg aﬁpr %ﬂ 1L%S t FQnsfor Megrod  for
nmanmal i an cell s the sai d vector % cul tivating
FERUTL & 5l ok reRbaratare brrahsetigiep cdgntrol

the reporter gene to identify the 20 nucl eoti de
%%ﬁ%ﬂﬂgéxgﬁ&ﬂﬁ%P?ﬁ accel erating the transcription of

t he reporter gene at a mld | ow .
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 expfess 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 vector for the nucleotide sequence capable of

accelerating the transcription of the reporter gene to
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tenperature; and 6) shortening the nucl eoti de sequence
to be inserted into the vector for the nucleotide
sequence capable of 25 accelerating the transcription
of the reporter gene to 13 identify the nucleotide
sequence necessary for accelenating the transcription
of the reporter gene at the mld |low tenperature. The
gene capabl e of accelerating transcription at mld 5
| ow tenperature can be obtained by cultivating

pasiel fanch&ehh 8186t BdE 38Gudhcal h8cbowat-oMpeLakuEgierating
preferably at 32C and applying DNA chip {m croaray)

%ﬁeC%rx%%&tiwtdnonof”Bctmé)dﬁ%ﬁ%%efrprgg%gn%'te't!é@of b1d  low

E., Genom C techniques: overvi ew of metho or

§éy§a of gene expression, J. 10 Anim Sci., 79(E
Suppl . ) E128-E135. 2001) to the RNA extracted

et o S0me L UELIDLE OF OJ0LEL 55 KA YALRSBLOTR S ae mio
BT SRR BT e (PR i ! 18% iyt ing pagmalian
B o A B B e o
A0 B8Rl BT S 5 BE0 SEGhl subcracon
inclgﬁﬁg?but is not limted to 20 luciferase gene

B QRPhERFcEFaERaey| tMonshteride geR@loNEet spshniques:

f or erokaryote cel | and eukaryote cell can be used.
An overview of methods for study of gene expression, J.

Anim. Sci., 79(E. Suppl.): E128-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 is a gene encoding protein capable of
being easily detected, and include, bﬁt 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
pSV2-neo vector.

Host cells are transfected with the vector. It is
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Exanpl es of preferred vector include, but is not
limted to, pCW (Invitrogen), pCAT3 pronoter vector
(Promega) and pSV2-neo vector. 25 Host cells are
transfected with the vector. It is 14 preferred to
use mammal i an cells as host celd . Exanpl es of

preferred manmalian cell are human cell |ines such as
293, 293T, U 20S, Huh-7, HeLa cell; nonkey cell Iines
such as COS-7 and Vero cell; nouse cell |ines such as

Mt 3hdd T Baldd Iadnm$r Han HePBl 5 62 ando Shi pESE, hméﬁﬂ')les of

such as CHO The nethods for the transfection include

1l fd g phaspiet &, et Pods rbi Refeet in 1methd altdbn as 293,

el ectroporation nethod. For exanple, in the cal cium

Rh@sphal go5et Bgy h7}*ﬁ%ﬂ#”&%%%?”@ﬁ?%ﬁ%“&é?ﬂ lines such as

cont’ai ning DNA (vedétor) 1s addeéd pw se fo
RESPIGRLE R30S oWk AT s PRy wnvns
SRR at O QTCSTNe LT U PROSHATBC Bt o7 60t 1 €O
randiEor AP 18 u fae 1 o raoPhnobetsar pobusecaleium
T S N L A
e of _nediumis Dul becco's nodifjed Eagle's

et (D-NEN) ST ventad bhe h CRYETEt aPheaphatsy method,

serum ( FCS (Invitrogen). If the ratio of the anount of
QQ%§%qﬂxﬁQ rﬂ@%eso ution containing DNA (vector) 1s added

dropwise to phosphoric acid solution with stirring.
Refined precipitation containing DNA-calcium phosphate 1is
formed. When the solution is added to host cell, the
precipitation of DNA-calcium phosphate enters into host
cells via phagocytosis so that DNA is transfected into
cells.

It is unnecessary to use special medium as culture
medium. Usual medium for mammalian cell cultivétion can be
used. A typical example of medium is Dulbecco's modified
Eagle's medium (D-MEM) supplemented with 10% fetal calf
lserum (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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product expressed at a mld | ow tenperature,
preferably at 32C, to that at 37Cis nore than 1, the
nucl eoti de sequence can be an enhancer capabl e of
accel erating the 25 transcription of gene specifically
at mld |low tenperature. 15 The nucl eoti de sequence
capabl e of accelerating the transcription of the gene
at amld lowtenperature is shortened to obtain a
mld |ow tenperature transcription control elenent of

mRe PRESERstiA¥entieentral ddpdiSi&N 3reNhant@leGANMRE  the
confirmed by confirmng that the nucl eotide sequence

ORI SMRRLAY £e thee Mt OMk t &ITPRERLUI &y  temperature is

transcription control element can al so accelerate the

SHANSHIPLEQN e GNE, Aty 38 4T | &y ! Q@m&%;{%r%rlﬁ%gr@raﬂ_ggription

present 1nvention relates to a netho

. g . r ol
Settichoul gy &n a4 d ooy tee';@g%%%ﬁ;lhg%g%%bg: Iea)'f‘]hggmlrto is an

%
Conpri si ng:

SR GO anpcr i Y Gt bt e o G Leotide

el enent are substituted with other 15 nucleotide; 2
SRS O at Fﬂ@lp?ﬁaeﬁgﬁgt‘/ed fcl %Elﬁ dé™sEquertd wi ‘E‘ﬂmpéﬁature
appropriate pronoter into a vector expressing a
‘ﬁ%ﬁb‘r‘:tp%rptlg%e;c%‘)“f?]ans@o%ﬁ%"g refdiral 3570 cefFeShpfate the

the said vector; 20 4) cultivating the cells at a
tr’ﬁalr’dsqrd‘\l?ttlé?fbé?fat‘lﬁ@ At BAELD WXpreyere Rt Y EPort er

gene to identify the .
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
one 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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nucl eoti de sequence capabl e of accelerating the
transcription of the reporter gene at the mld | ow
tenperature. 25 The nutated nucleotide in which one or
two nucleotides 16 in the mld | ow tenperature
transcription control elenment {gare substituted with

ot her nucl eoti des can be synthesized as described
above. Prokaryote pronoters, eukaryote pronoters and
virus 5 pronoters can be used as pronDters Marmmal i an

M OBRECHS 1 ANLYI EURRREQFRLET $ ARG Ji8fa'd, | €$ement
of preferred pronnters I ncl ude nouse thyn1d|ne I nase

iggngﬁﬁétggﬁ%ed Qﬁw%n%%ﬂ@y'BHélgg@yheQr%@%Eﬁeaggnthesized

pronDter eporter gene IS a gene encod
#é%#E 10 being easily detected, and
|nc es u0| erase gene chl oranpheni co

ty f Vect f K t I
R T R P S T SWEEE

ector include, but not limted to, ,
e A n R Reationa et Thefert (b HAfal iy promoters
SV2-neo 15 vector. Host ceIIs are transfected with
%)% VEEDr PIPMOtS T sp AerP RS $ 6 8de némidIR &S f | Brg§erred

host ceII Exanpl es of preferred mammalian cell are
PR 6T | Hr’ichré’sdesu@ﬁu% Joymiggny  Kimags gPuempter (TK),
HeLa cell; nnnkeY cell lines such as 20 COS-7 and Vero

QeI PreGRLREL BeF | (FYRbsPERRPLSE ARt ST40 PBANGEST3,

B-6, Hepal -6 and Chi nese hanster such as CHO
Reporter gene 1is a gene encoding protein capable of

being easily detected, and includes 1luciferase 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 is
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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The nmethods for the transfection include cal cium
phosphat e net hod, |ipofection nethod and

el ectroporati on nmethod. For exanple, in the cal cium
phosphat e nmet hod, 25 cal cium chloride sol ution

contai ning DNA (vector) is added 17 dropw se to
phosphoric acid solution with stirring. Refined
preci pitation contai ni ng DNA-cal ci um phosphate is
fornmed. When the solution is added to host cell, the

Prasiiid at ten @hddWMraalCi uge phoSRRALS 18Rt ergidt Ostirring.
host 5 cells via phagocytosis so that DNA is

Adansdechedcipt @agebh. cdiitd epRAS t QU '
speci al Ir?edicu% ag cul t ucre tdn%a% U%ug:éiﬁégimursna}oosrphate o

e | an gebl qyld 1 wghi,en pan; be 4 Jped %:i-cggglix&%éaglc&lsl, the

exanple of the nmediumis becco's nndi

medi um . pplen it 9 al ¢
seuﬁ#%é%§§§$%6ﬁfrgg%ﬁ?gﬁﬁguﬁ$eg?é$¥%gg% fﬁgﬁg%%u%%%% host
0o t e roduct_.expr ed_at_a mld_|qw,
st e SRR AT R B e Rl faf taTeelsinto cell.
nor e _@an 1, the sequence can be an.e hancgr capabl e
of accel &PatTHY THE ?%ngﬁ?i%??oﬁﬂﬂc gBReium as culture
specifically. at a,mld |owtenperature. That fthe
f%é%ﬂﬁ%ce ?%Xﬁnm%ﬁﬁﬁﬂc PTcIR™BE iT%ed PYL bR TR ngan be
that the nucleotide sequence conplenentary to the o
Y9 | WP S EATR S 19 nelke i PEF oW cHft PBib%FEﬁeﬁt mgglified
the present  invention also accel erates the

st i perdtmof (geieMat sipRenantted owiténpk?at fiekal calf

The present invention also relates to a mld | ow
serum (FCS) (Invitrogen).

If the ratio of the amount of the reporter Igene
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 1is 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 taggaagectt gggtgtgtgt ggcgcgectgt cttccegete

gcgtcaggga cctgcecccgac tcagcggcetg cc (SEQ ID NO:23)
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tenperature translation control elenment conprising the
nucl eoti de sequence: actcgcgcct taggaagctt gggtgtgtgt
ggcgcgetgt cttcccgetc 25 gegtcaggga cctgcecccgac
tcagcggctg cc (SEQ ID NO 23) 18 placed 5 to a coding
sequence and 3' to a pronoter 1gProkaryote pronoters,
eukaryote pronoters and virus pronoters can be used
as pronoter. Mammalian pronoters and virus pronoters
are preferred. Exanples of preferred 5 pronoters

b et ekt €5 TDRLS €a t dydi il NS i d¥3SE 4r1dC) 3 Pr €84 e romoter.
cytomegal ovirus (CW) pronoter and SV40 pronoter. The

M| d ptowy # LIRS Jrdh® tdr@SCELRA OBt 0N ¥ Hhoed £EBAL OF vi rus
mld low tenperature transcription control enhancer

éﬁoﬁ&%éfgfﬁéﬂﬂbe'£@@@téggprémgkékprOﬁgﬁﬁélféﬂ QFoﬂéggrs and

together with the 10 mld low tenperature translation

40ly8 dtfehe RSy | nvent i, @gie\éeCé?f SplQFerred

pr okar ote ce eukaryot e cell can

I: mte to 8§%£{{ﬁgﬁ¥§g;ehyhfg%§%3q%$bnn erq%%ctgromOter’
A N e ?an%@% QrErofefet. usthe mila

I host les o referred
Pmar PR SEPFE ol R PCAPP 139100 Stk 580807 Tild Low
293T, U 20S, Huh-7, Hela cell; mpnkey cell |ines such
HORAFBOEY LRANVEFSPELPP; GRRUSE e inanhRE SdcH iy present

N H 3T3, Bal b/3T3, B-6, Hepal -6 and Chi nese hanster
¥ﬁﬁﬁp§*pq}{pn a promoter can be used together with the

mild low temperature translation control element of the

present invention.

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 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-20S, Huh-7, HelLa 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, 1in the calcium phosphate method,

calcium chloride solution containing DNA (vector) is added
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The nmethods for the transfection include cal cium
phosphat e net hod, |ipofection nethod and

el ectroporati on nmethod. For exanple, in the cal cium
phosphat e nmet hod, 25 cal cium chloride sol ution

contai ning DNA (vector) is added 19 dropw se to
phosphoric acid solution with stirring. Refined
preci pitation containi ng DNA-cal ci um phosphate is
fornmed. When the solution is added to host cell, the

iﬁ&ﬁ%f&éatt@n‘ﬁh&yyhd¥t§|UQ&PBOS%@Td%ﬁﬁﬂer@lﬁmtostlrrlng
host 5 cell via phagocytosis so that DNA is

e ansdeched iiptie a¢elh. céﬂtéfnﬂﬁ@e%ﬁ§3@ icﬁ zﬁpmphate is

speci al nmediumas culture nedium Lbua

I an I t an. pe
gggﬁ%%e ofﬁﬁﬁé gg%%u%?ﬁgg%ﬁ%b 1302 Fle cell the

ecco’ s nom

ser uﬁﬁtf an\@/{)gen) B&g%gtl%qu%xghggé%%ggis%% nrgS " ajrntq‘ host

" " of the t ription tart_site_of
L °1%°C>?‘ﬁ%5?$f’%o;€%%tsla% nrﬁgtrirss?ﬁsted "Pnto cell.
nucl tldes -970 %Ieotldes 5' %n . 1t
trans i pti of ST A ?Si‘,“ri’e) % 01586 S@ﬁ‘?ﬁ ?‘ﬁglfli;rsazs culture
) d ts thereof delete n 5 _side (see
i) Vel R OJFn‘P%““P%lﬁﬁlF?félSHFﬁgvéFiL@noFan be
1§%$T3 baS|c vector Pronme The vector has

Br anpRHF bl S SRR t?%n‘g‘r%}% gelunoigCRT}bgere’ gsmodified

t he reporter gene. Then 2.5-5.0p. g/ 35-nm di sh of the
R His Mpeiac o{D-MEM) supplemented with 10% fetal calf

serum (Invitrogen).

Example
Example 1

Assuming "a" of "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 2.5-5.0ng/35-mm dish of the plasmids were co-
transfected with 0.5-1.0pg/35-mm dish of CDM8-LacZ (which
is B-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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15

transfected with 0.5-1. Opg/ 35-nm di sh of CDMB-LacZ
(which is R-gal act osi dase expression vector and used
to correct for transfection efficiency) into hunman
cell line 293. 25 The transfected cells were divided
into two groups. 20 One is cytivated at 32C and the
ot her at 37C. Medium was D MEM suppl enented with 10%
FCS. After 36 hours, cells were recovered by
centrifugation and whole cell |ysate was prepared.

dhe agount tefrat2qChlOr apphenineolacetyhttngherase .  Medium
(CAT) protein produced at each tenperature was

84 &5 IR Wi T\ GAT. L) S, ki 6 (Reghe  Di agnostic),

and R-gal actosi dase activity was determ ned

usi n%@@éﬁ%@%cﬂ?ﬁﬁea@éﬁi’s kx'»léré S%%?ngﬁgs) ﬁyngntritfugation

transcription accelerating activ eac fragman

iy 1350000 40 Tebl g T,y SpBEELBLSY SCEELET RIS oo

activity was cal T pro SS

R- | act osi dase,_activity. Tabl 15 Transcripti.on
G oL R PEh s B Bal e S0 pRo688ed ac
enone Cr enone CAT/lLac Z 5'side 32C 37C 32C/ 37C
G o CHPSEAERTS . 695 ISEE TR PG50 (05101, YRl bESR 1K3% 1 (Roche
-9107-+56 2.8040.009 1,1960.008 2.345  -850"-+56 ,
%&%ﬂ&&f?ﬁfﬁr1.2@§o. Igaé§91851dase activity was determined

usingB-galactosidase assay kit (Stratagene). The
transcription accelerating activity of each fragment is
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 Z

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 1.196+0.008 2.345
-850~+56 2.518+0.007 1.250+£0.010 2.015
~790~+56 2.014+£0.003 1.211x+0.009 1.664
-720~+56 2.586+0.009 1.2461£0.007 2.076
-620~+56 2.008+0.010 1.180+£0.007 1.702
-520~+56 2.251+0.003 1.481+0.011 1.520
-430~+56 2.298%£0.010 1.640£0.008 1.402
-340~+56 2.729+0.003 1.365%£0.004 2.000
-220~+56 0.045+0.003 0.123+0.002 0.366
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-7907-+56 2.0140.003 1.2110.009 1.664 -720"-+56
2.5860. 009 1.2460.007 2.076 -620"-+56 2.0080.010
1.1800. 007 1.702 -520' +56 2.2510.003 1.4810.011
1.520 -430" +56 2.2980.010 1.6400.008 1.402 340"-+56
2.7290. 003 1.3650.004 2.000 =2£3207-+56 0.0450.003
0.1230.002 0.366 21 The data at 24 hours after
transfection was simlar this result. Fromthese
data, it is considered that basic pronoter 5 for gene
transcription may exist at -220 to O of the genomc
gene and an enhancer accelerating transcription in

respofse Het32G ey excslr At 5 £ B340 tt?an%%@ct@éﬁnm 25imilar

10 Exanpl e 1 was repeated except that human cel I ne
293, rd&21OS, or Huh-7, nonkey cell line COs-7, or
nousé: cell line NIFV3T3 Bal b/ 3T3, B-6 or Hepal -6 was

used g0 PLRACES Ofipuman 23% Aﬁ%g%f§%|§ha@nga .€1%§5moter

results were —obtained. arious

d h I d
ﬁ? %1?18 S’éneg\%grre %ntgﬁgrrggcaﬁ%#%§2ﬁ Q?ht ?he %%t the
r onot er vector

TGS S gR P A ] TR 1314 ot BFoBtPtion in

rgggénse to 32°C may exist at -340 to =-220.

Example 2

Example 1 was repeated except that human cell line
293T, U-2 0S, or Huh-7, monkey cell line CO0OS-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, afte: the gene transfer by 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).



As in Exanple 1, after the gene transfer by DNA
transfection with cal ci um phosphate nethod usi ng human

293 cells, transcription accelerating activity was
nmeasured at 32C. pCAT 3 pronoter vector containing no
insert was used 25 as a negapipve control (nock). 22

Data at 36 hours after transfection are shown. The
transcription accelerating activity was cal cul ated by

di vi di ng CAT protein mass by R-gal actosidase activity
(Tablgat . o BabligodrdT arseki RidL AcGel & ahbBd shown.  The
activity of 5 side fragnent of G rp genonme Mt ant
L A6 7 adebebbanihg ~ 3401400220, C HCulaced by
32C/37Cratio range nock 0.2260.012°0.7570. 010 0. 299

B3AU 522 - 6 0. : 4a4 = 242290 -
a8 D150 65207 010" 6. 315" - 2008 - 33b°3 41682008 =oTLTIEY
@k§%%91g03 4.406 -310"--260 2.0890.011 0.5400. 003

. -'340"--310 7.6970.008 4.2110.031 1.828

-3107--290 8.2340.015 2.0640.017 3.990 -290"-260
10.2170. 011 6.2810.030 1.627

Table 2

Transcription accelerating activity of 5' side fragment of

Cirp genome

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 4,441
-340~=-290 4.064+0.015 0.654+0.010 6.215
—290~=220 2.4194£0.008 0.549+0.008 4.406
-310~-260 2.089+0.011 0.540+£0.003 3.869
-340~-310 7.697+£0.008 4.211+£0.031 1.828
-310~-290 8.234+0.015 2.064+0.017 3.990
-200~-260 10.217+0.011 6.281+0.030 1.627
-260~=-220 9.681+£0.011 3.844+£0.011 2.519

It is considered from these results that there are
enhancers in 2 genomic fragments, -310 to -290, and -260 to
=220, which accelerate transcription in response to 32°C.
Compariﬁg the nucleotide sequence within the two fragments,

common sequence of tcccec gec (SEQ ID NO:2) has been found.

Example 4

Three molecules of ten nucleotides containing tcccc
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-260"--220 9.6810.011 3.8440.011 2.519 10 It is
considered fromthese results that there are enhancers
in 2 genonmic fragnments, -310 to -290, and -260 to
-220, which accelerate transcription in response to
32C. Conparing the nucl eoti de3sequence within the two
fragnments, common sequence of tcccc gcc (SEQ | D NO 2)
has been found. 15 Exanple 4 Three nol ecul es of ten
nucl eoti des contai ning tcccc 23 gcc found above were

SNBSS dBbReniEse tE AR M &4 SEQUSHEL s tEECELHCEIsequence
ttccc cgeccg ttcece cgeecg (SEQ ID NO 3) The sequence

V@S d négéégc thRb tcfbecdé}‘)('{t E&EEbEQgS'(ts%d’fIIBCﬁ@ 3) The

pronDte tor as In As "a negative

ér?ée %a@%@e?ﬁég‘)&ﬁ_‘coy%%oﬁmﬁ t—%l%r%%%osi@éeék pCAT3

used ositive controls
C f 4Q to
SR BRHRCAE GHET HSP 01 g gbhecn

er_were us The result obtained at 24 hour,s
m RN %tV T %t‘?-?n%o%%l%lefﬂ?s“?smi%r ho%R FRed (mock) .
Tabl e 3. Table 3 hanc T/Lac Z 32C 37C 32(C/ 37C
ARSItk P00l DoP o BT R POt ot 3%eCt ey pontaining Cirp
0'9080'99%n1L§Z&0t819290662

genome as an enhancer and pCAT3 promoter

vector containing SV 40 enhancer were used. The result
obtained at 24 hours after transfection into 293 cells 1is

shown in Table 3.

Table 3
| Enhancer CAT/Lac 7Z
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
ttccecgecg 6.622+0.020 1.603+0.008% 4.132
ttceceecgeceg
ttceceecgeeg
-320 - =220 6.991+0.031 1.461+0.017 4,786
Example 5

If a sequence 1is 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 tcccc

gcc, were connected in series to form a sequence cggcg
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ttccccgecg 6.6220. 020 1. 6030.009 4.132 ttcccecgeceg
ttccccgecg -320 - -220 6.9910.031 1.4610.017 4.786
Exanple 5 15 If a sequence is an enhancer, the
reverse-directed sequence should be also effective.
Three nol ecul es of ten nucl egii des cont ai ni ng cggcg
gggaa (SEQ ID NO 4) which is a reverse directed
sequence of a sequence conprising tcccc gcc, were
connected in series to forma sequence cggcg 24 gggaa

) g9de §§§&8 @%9@@ G95Ral DSNQ S Ndes seqUERE esequence

was inserted into the nmulti-cloning site of pCAT3

%Hé”@ﬁ§%rté@ciﬁfptQh@ahﬁﬂﬂ¥ﬂbEﬁhﬂﬁ@“ﬁﬂﬂgﬂgfg?@if@rpkgmoter
Exanple 4. In this case, the ratio of 32C/ 37C was

wddr o eMPAStEal i g LHal - {Ren SegURNELr! 8o apRhhd1b0W,

tenperature transcription control enhancer. Exanple 6

A sequencg, { £ccg, goct Ctﬁécgfax‘?i(?EQékD %?é/é?b&ai ned .83,

10 by connecting two nol ecul es of nucl eotides tcccc

S | ¢ q i . . .

SRRt B s BB AR R HRNPAY ek Etacune
ronot er vector_an eriment simlar to Exanple

£ &

d an__.ex
FEETRTIYY CWETh FRELTCREse, the ratio of 320 37C

was 2.51, denonstrating that 15 the sequence is a mld
| ow tenperature transcription control enhancer.

Example 6

A sequence tcccc gcecctc cccge c(SEQ ID NO:6 )obtained
by connecting two molecules of 8 nucleotides tcccc gcc(SEQ
ID NO:2) found in mouse Cirp genome 1in 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 1is 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
sequence ggggg gg9agg 99ggyg 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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Exanpl e 7 Three nol ecul es of 8 nucl eotides ggggg gga
(SEQID 20 NO7), the sequence of which is found
about 260 nucleotides 5 to the transcription start
site of human RBM genonme (CGen Bank NT 011568), were
connected in series to formapzssequence ggggg ggagg
09999 agggg ggga (SEQ ID NGO 8) The sequence was
inserted into the nulti-cloning site of pCAT3 25
pronoter vector and an experinent simlar to Exanple 4
WaS- 2y sarried out. In this case, the ratio of

32C/ 37C was 2.52, denonstrating that the sequence is

a mlgd, | qw tserfp@g%éuret éraf‘é»@[’épt'@” §§ﬂ%9b°c was 2.52,

enhancer. 5 Exa 8 Three nol ecu gs 0 _ _
e r%"#ad%w"%%”mﬁ% Vi Ened (fa e HI o (bR atuze

4}%&%%&9 foynd. above were conpected 10 in series to

guence. e se uence was inserted into the
samne vector as in Exanple 4, and 293 cells were
transfected by the vector. Adter 24 hours, CAT/LacZ

s neasured and the mld |ow transcription
éggﬂﬁiﬁéging (enhancer) activity of respective
mutants was shown_in the 15 table bel ow, definin

ot h RS SoEolaPBIS8 Pandh THHES heRbt EORGALALRG one o

contai ning no insert was used. Table 4 ,
two base-substitutions (see the table below) in the

sequence tcccc gec (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 tccce geec (SEQ ID NO:2) 3.89
mutant lg Gcecee gec (SEQ ID NO:9) 3.60
mutant la Acccc gce (SEQ ID NO:10) 3.74
mutant 7t tccce gTc (SEQ ID NO:11) 3.63
mutant 8t tcecce gecT (SEQ ID NO:12) 4.08
mutant 6a tccee Acc (SEQ ID NO:13) 2.14
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Low tenperature transcription accel erating (enhancer)
20 activity of nmutant with one base-substitution

El ement nucl eoti de sequence Enhancer activity wld
type tcccec gecc (SEQID NGO 2) 3.89 nutant ig Geoceec gcec
(SEQ ID NO9) 3.60 nutant |aggcccc gecc (SEQ I D NGO 10)
3.74 nmutant 7t tcccc gTc (SEQ ID NGO 11) 3.63 nutant

8t tcccc gcT (SEQ ID NO 12) 4.08 nutant 6a tcccc Acc
(SEQ 1D NO13) 2 14 26 mutant 6¢ tccce Cec (SEQ LD

\

NEFARy 6C27 |oHF®ICaAC OOSETaHP V& L 1 @mpel at ur e

te@PsE1 1 pt1on accel erating (enhancer) acatiogty of
—frut-ant—wth—2—base-subst+tutions—Herent—nucteotide
sequence Enhancer activity wld type tcccc gcc (SEQ
ID NO2) 3.89 nutant 12 GAccc gcc (SEQ ID NO 15) 1.76
Taib bt 523 t AAcc gcc (SEQ ID NO 16) 1.07 nutant 34
tcAAc gTc (SEQ ID NO 17) 1.47 nmutant 45 tccAA gcc

1SEQ kRmMNArk&hr@ 35t rantant pbboh CCR I Ha¥H@d D (enhancer)
NG 19) 1.07 nutant 67 tcccc TAc (SEQ I D NG 20) 1.66

é;@tﬁﬁit]%f CRG€a S { BEQ | B DO 2 s 8i 69ci6RBt rol 1. 00

Element nucleotide sequence Enhancer activity
wild type tccece gecec (SEQ ID NO:2) 3.89
mutaht 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 tccBAA gcc (SEQ ID NO:18) 0.35
mutant 56 tcccA Tcc (SEQ ID NO:19) 1.07
mutant 67 tccecec TAc (SEQ ID NO:20) 1.66
mutant 78 tccce 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 acti&ity to wild type sequence.
Although 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 same degree
of transcription accelerating activity as the wild type.

Accordingly, a sequence of tcccc gcc 1s a sequence
showing transcription accelerating activity, and the

seqguence.
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The nmutants with a replacenent of the first base by G
or A a replacenent of the seventh base by T, and a
repl acenent of the eighth base by T exhibit the
simlar transcription accelerating activity to wild
type sequence. 10 Al though the-repl acenent of the
sixth base by Aor Clowers the activity conpared
with wild type sequence, they show significant
activities. The nutant 78, having replacenents of the

sevent h, ang §£9§¥8c98§@§rb¥ bA chagothg same) eqe&ee or t)

of transcription accelerating activity as the W

LyPenado €9 égfg§%¥on aésgyspgeleg %ee&elg cis a

sequence ranscri ption ac erating activity,

and t@fncéeggggc%nxg7enﬂ%§éegs9r5@ CE& Qﬁcé %omplementary

c)c(ora or can have transcription

accel atlng ctlv tgypf%nce eﬁ%g:%gxnhanggés f@e NO:22)

sequence conp amen anpl ggcog

BRI Lo of Qo' BECTCRIL (EaamoPLU8 Rl Gy 4150 Be used.

| uci ferase cDNA excised from pG@.3-basic plasmd
(Pronega) was inserted into the nulti-cloning site 10

%betmeen EcoRV and Xbal) of pcDNA3.1 (+)vector
en) havi ng cytonegal ovirus (CW) pronoter.

Then, a cDNA fragnent corresponding to the +1 to +82
nuc|e6%¥@§gy("&uqﬁfer@ﬁg CBNR¢ ﬁﬁ@§§q§rpfrom pGL3-basic

transcription product (nRNA) being assunmed to be +1)
pfagnig fRRAMega) was inserted into the multi-cloning site

(between EcoRV and Xbal) of pcDNA3.l1l (+)vector (Invitrogen)
having cytomegalovirus (CMV) promoter. Then, a cDNA
fragment corresponding to the +1 to +82 nucleotides ("a" of
"act * ¢ *" of mouse Cirp transcription product (mRNA) being
assumed to be +1) of Cirp mRNA,
actcgcecgect taggaagcett gggtgtgtgt ggcgcgetgt cttcecgetce
gcgtcaggga cctgcccgac tcagcggectg cc (SEQ ID NO:23)
was inserted into the multi-cloning site (between KpnI and
BamHI) of pcDNA3.1l (+) vector (Invitrogen). Control is a
plasmid having no insert between KpnI and BamHI.

Then 2.5-5.0ug/35-mm dish of these plasmids were co-
transfected with 0.5-1.0ug/35mm-dish of pRLTK plasmid
(which 1is renila lucuferase expression vector and used to
amend efficiency of each transfection) into human cell line
2937 which had been cultivated for one day. The

transfected cells were divided into two groups. One 1is
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15 actcgcgcct taggaagctt gggtgtgtgt ggcgcgcet gt
cttcccgectc gcgtcaggga cctgcccgac tcagecggetg cc (SEQ
ID NO 23) was inserted into the multi-cloning site
(between Kpnl and BanHl) of pcDNA3.1 (+) vector
(I'nvitrogen) . Control is a pbasm d having no insert
bet ween Kpnl and BanH . 20 Then 2.5-S. Qpg/ 35- nm di sh
of these plasm ds were co- transfected with

0.5-1. Oug/ 35mm di sh of pRLTK plasmid (which is renila

dUIGU I R LXPTETSI Y vied oSl arseshy to. amBddum was D-MEM
efficiency of each transfection) into human cell |ine

AP0 M rohhagh heerpgukdd vated for one day. The 25
transfected cells were divided into two groups. One is

28 clddd valed, Al 32Cands ther ot het ol r 34 Gy Medh UM ¥aSat ion
D- MEM  suppl emented' wth 10% FCS. After 36 %ours

ﬁq{ﬂsl“ﬁ’ld’ﬂ ecélel.col % %%ngt | Ofh e afgrg“gﬂ/eaﬁgl benila

ate was prep y and teni
%fiuais?eea?%él'e lp#eport “Ea ?eet{%fﬁ‘ln’é%%) US40 Rpabrpyoiterase
BT e TPhRbra on GE0RAS Fﬁgatcac‘c%’wrﬁm% activity
aﬁ“veasﬁsb%%%m“rﬁa%ail%fi%% el'gé‘ﬂf%?{ *%.30. i Srgenslation
a;l'qré% sl atl on accel er atl E%I\TACt i vit rg{?slsét gggé?lgﬁt St;edflrefly

lucj fer ase/ Rem I a I u0| ferase
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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region (UTR) of 32C 37C 32C/37C ratio G rp nRNA
absence 3.52 6.08 0.58 presence 6.02 7.71 0.78 15 The
above result shows that the anmobunt of protein

produced at 32C is increased by a factor of 1.7 when
5'UTR of Cirp nRNA is present2g n the vector conpared
with that in its absence, and that the anount is
equal to the anobunt produced at 37C in cells
transfected with plasmds 20 containing no 5 UTR of
Crp nRNA. 29 CLAIMS 1. AmaiMs| ow tenperature
transcription control elenment conprising a nucleotide
sequence: 5 xlccccX6x7X8 wherein x1 represents t, g,
or a; x6 represents g, a, or c; X7 represents c, a or

t; X81Iepaesantiy Cld%‘“témpé%a@uP@Cl@95h98r§§g98ﬂcecontrol
conpl enmentary to the nucl eotide sequence

éﬂérﬁeﬂm@%érﬁﬁ??é%?rg aﬁepéseagy 9g 581%59! el ement of

Claiml1, wherein nucl eot1 de se uence Is tcccc gcc

(SEQ ID NO 2) 3, T | ow t enperature _
transcrlptlon coht%%% ég%nent of Claim1, wherein the

Qyehept e pamegnl o, 15 ggece 96e (SEQIBNO D £ or o,
X7 represents ¢, a or t; xg represents ¢, 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
tccece geec (SEQ ID NO:2) |

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

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

5. The mild low temperature transcription control
element of Claim 1, wherein the nucleotide sequence is
tcecee gte (SEQ ID NO:11)

6. The mild low temperature transcription control
element of Claim 1, wherein the nucleotide sequence 1is
tceccee gct (SEQ ID NO:12)

7. The mild low temperature transcription control
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el ement of Claim1, wherein the nucleotide sequence is
acccc gcc (SEQ ID NO'lO) 5. The mlId | ow tenperature
transcription control 20 element of Claiml1, wherein
t he nucl eoti de sequence is tcccc gtc (SEQ ID NO 11)

6. The mld |ow tenperature trsgnscription contro

el ement of Caim1l1, wherein the nucl eotide sequence is
tcccc get (SEQID NO 12) 25 7. The mild | ow
tenperature transcription control 30 elenent of Claim

éieM@@Eadftb@aﬁﬁchﬁouﬁﬁ%ﬁﬁﬂyeﬁﬁ@'ﬁhci&&@fd@a%ééﬁgace
D NO 21) 8. The nmiTd low tenperature transcriptio

Lot Lo n{pof m 1, wherein the nucl eotide
sgquen‘%aeau Sg@@ gcg%c%’;'% (SEQ I D NO 22) 9. The m I d

IOMItganf u%ﬁjk{aQ§ﬁf|Q%g%% %%%&f tr%h%%? & on control

Claimil, erei'n theé nucle € sequence gga

7)., 10, | ow te eratur anscrl on
ST U EaRdhcat wibiestTe GERE: cartEed %?‘?l?er Hee
mld | ow e anscription control elenents
¥I°Y FH 1 §$@ £§ #ée%% d 11. Anild | ow tenperature
trans rlptlon cg%#l enhancer wherei n identical or
diffe ent T | &Y Py t@ﬁﬂ@@é@&Féetréﬁé&FFﬁﬂP&ﬁon control

control elenents of . Caim1 are connected via other ,
%%?Idﬁ? ;lalnl 1, wherein the nucleotide sequence 1is

99999 gga (SEQ ID NO:7)

10. A mild 1low temperature transcription control
enhancer  wherein identical or different mild low
temperature 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).

l12. A vector comprising the mild low temperature
transcription 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 vector of
Claim 12

14. A method for screening a mild low temperature
transcription control element comprising:

1) providing a gene capable of accelerating
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12. A vector conprising the mld | ow tenperature
transcription control elenment of any one of Clains 1-9
or the mld |owtenperature transcription control
enhancer of 20 Claim 10 or 11. 13. A nmanmalian cel
transformed with the vector ok, Caim12 14. A nethod
for screening a mld |low tenperature transcription
control element conprising: 25 1) providing a gene
capabl e of accelerating 31 transcription at a mld

1 O d emer P(Sﬁ”gtéz%afa%)lﬁml%uyt earatq.w%'v;%f@fcularly at a

tenperature of clonlng part o

{5&“@%@5% ?% gbgfe 5 to transcription

|n| |on Si end ~5 of the first exon of
t he ne |ncorpor the cl oned_nucl eot i _
sequgﬁcecmﬁﬂgaﬁ R PPt ot et 'S e 1.5

ressin re orter transforn1 ,
SLTTESs R ¢ he Eaﬁawééggﬂ—?n o155 SR Y e 8
glls a mld |lowtenperature or 37C to express
epdhe l@%%ee¥%nd%¥aF% a9fRf eoti de sequence capabl e
of accelerating the transcrlftlon of the reporter
gene &t BNFRrPERAtéRFertdtur elonnd GRcIReLLEs pqUrRnce with
nucl eoti de sequence to be inserted 15 into the vector
3D IRRMPEIAEHOHURP DT | Het 8equBREEOL neERESAPYNFoOR reporter

accel erating the transcription of the
gene;

4) transforming mammalian cells with the said vector;

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

6) shortening the nucleotide sequence to be inserted
into the wvector to identify the nucleotide sequence
necessary for accelerating the transcription of the
reporter gene at mild low temperature.

15. A method for improving a mild low temperature
transcription control element comprising:

1) synthesizing a mutated nucleotide sequence in which
one or two nucleotides in the 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
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reporter gene at mld |ow tenperature. 15. A nethod
for inproving a mld |low tenperature transcription
control elenment conprising: 20 1) synthesizing a
nmut at ed nucl eoti de sequence in which one or two
nucl eotides in the mld | ow tgpperature transcription
control element are substituted with other
nucl eoti de; 2) incorporating the nutated nucl eotide
sequence with 25 an appropriate pronoter into a

.0r expressing a reporter 32 gene; 3) transform ng
mamal i an cells with the said vector; 4) cultivating

the cgl lis s foMd fly | RNASTPER aLLH £5 %1F§7&%°s§¥8r€éétor;

the reporter gene to 1dentify the 5 nucleotide

SeQUENCE. NECEFSA o fgﬁeaggﬁmh_?:j%}ti g rr'ilhﬁ:l fév@n’é&ﬁﬂag‘ééeﬁre or

of the reporter gene at ow tenperature.

ﬁdéj !@3\’ tggﬁ?%@surec ter an?%@&%@@rcog%ggl ecloenem?ntify the

conpri Si ng € nucl eot’i de guence: actcgcgcc

t aggaagctt gggt ot gt gt ggcgcget gt cttccegetce .
Iﬁ%%%%%%ﬁ%% c%%ﬁgg%ﬁg% tgﬁﬁﬁgﬁﬁﬁ' ccfP§EQ Pﬁcﬁéﬁfgflng the
| aced 5'. to a cadi sequence_and 3' to a rom)ter..ld 1
RIS RE T coftpri ity (REOTIFaY | oR S Ehpetht ufe Mild  low

transl ati on control element of Caiml1l6 15 18. A
AU Tel |l transformed with the vector of Caim

17 :
16. A mild low temperature translation control element

comprising the nucleotide sequence:
actcgcgcct taggaagctt gggtgtgtgt ggcgcgetgt cttcecccgetce
gcgtcaggga cctgcccgac tcageggetg cc (SEQ ID NO:23)
ﬁlaced 5' to a coding sequence and 3' to a promoter.
- 17. A vector comprising the mild low temperature
translation control element of Claim 16
18. A mammalian cell transformed with the vector of

Claim 17



