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1 DESCRIPTION SEQUENCE CAPABLE OF ENHANCING THE
EXPRESSION OF GENE UNDER MODERATELY LOW
TEMPERATURE 5 Technical Field The present invention relates to mild
low temperature transcription control elements (oligonucleotides)
enhancing the transcription of a gene at mild low temperatures, and ]G an
enhancer comprising the mild low temperature transcription control
elemen-s. The present invention also relates to a method for assaying
and purifying mild ?ow temperature transcription control factors (proteins)
using mild low temperature trar?&%ﬁf;%ﬁ%%ﬁﬁol elements. 15 Background
Art Various pharmaceuticals and assay reagents such as monoclonal
antibodies, growth factors and clotting factors have been produced by
dhigrethnalogy RO-Genesallyaba tovtemperature of 40:15C woreehs  UNDER
folding of heterologous recomb-nant protein is promoted and degradation
MfiRepratein hyprateaseistinRibited (3aneyx, F., In vitro folding of
recombinant proteins in Escherichia coll. In Manual of industrial
microbiology and 25 biotechnology, 2nd ed., (Demain, A. L.

Davis,J.E.,Altas, 2 R.M., et al., Eds.) ASM Press, Washingtonn D. C.,
ical Field

The present invention relates to mild low temperature
transcription control elements (oligonucleotides) enhancing
the transcription of a gene at mild low temperatures, and
an enhancer comprising the mild low temperature
transcription control elements. The present invention also
relates to a method for assaying and purifying mild low
temperature transcription control factors (proteins) using

mild low temperature transcription control elements.

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 1is 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,
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1999). 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 5 synthesis is generally lowered at low
temperature, possible low yield of a desired protein may occur. This
problem is solved by using the promoter of cold shock protein CspA
gene and 5' untranslated region WTR) of CspA mRNA in an expression
vector of a desired protein {Baneyx, F. and i0 Mujacic, M., Cold-inducible
1%romoters for heterologous protein expression, Methods in Molecular

iBlogy, 205 1:18, 59601). FidWevér postransiatiBAafmBdification’in °P - 51~
Be)ria isz}éigg if@?""ﬁ‘“)ﬂ diﬁ%ﬁgkfr%@égﬁhi{lﬂ@g@rg@jsapeci%”sc“ b2 produced
| | :

specially for pﬁarlmgceyu’tica S, glycosylation state Is important for
thergpeytic effects, Therefore, mammalian celis.particwady Chingse2o°c is
hamster cell lines, are used for producing protein pharmaceuticals. It is
fecessany 1o iinerease protein yield in.ordentotreduce peaduction cosp2@®@tein
with the cell cultivation. When usual cultivation at 37C is effected, there is
aydisadvaiage thian sineeloells die zfer sapid YrowsnRRe dratr duringssible
which cells survive and produce the desired protein is short. Therefore ‘
BAY attdmpt i festraftt EeiF §rovRR And HavB%eIs Stvive for 25% Roriger o™ S
gir&evggriog is effected Q?/‘nthe additiQCn %f ceg 3 C%r?glvﬂggl%hi itors, t

e.
. . . S A
expressmn%f &eslf-rclffrcle %lb%roym%eﬁe pf tfie cultivation at ﬁﬁlﬁ%\}vn Csp

ggﬂge@%ﬁe%QSQNmianslated region (UTR) of CspA mRNA in an
expression vector of a desired protein (Baneyx, F. and
Mujacic, M., Cold-inducible promoters for heterologous
protein expression, Methods in Molecular Biology, 205, 1-18,
2001y .

However, posttranslational modification in bacteria is
significantly different from that in mammalian cells.
Especially for pharmaceuticals, glycosylation state 1is
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. 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
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32C), etc. (see Schatz SE et al., Biotechnol. Bioeng, 2003, Nov.
433-438). 5 Among them, the cultivation at mild low temperature has the
characteristics as follows: 1) Cells survive and produce recombinant
proteins for a longer time period than the cultivation at 37C; 2) The
activity of proteolytic enzyme is lowered to to reduce the degradation of
desired proteins; 3) Glycosylation and isoprotein patterns are similar to
those cultivated at 37C, and sialylation is rather better than that cultivated

at 37C; 4 ossible impro vement in correct foldi f 15 desired
%8%@%‘ gélﬂ?Bé&ten% (I{; tmanh B Mazi égo%e B Baifey - P EoTy

q':e%sée ager M., Biotech Bineng,,, 2001 M@El?cp 12(6):592:802;. Ygon SK, 30—

Song JY, Lee GM., Biotech Biceng., 2003 May 5, 82(3):289-98). In regard

39 cxugial yield-of rqe@@blee@taqretem 20s=ince cehh%e%\&ﬁ%ms IS iceng,
extended, total yield is often increased. However the specific productivity

af proteiv perLed-perainit time varies for unknown reasons, possibly
depending on kinds of cell, kinds of the desired protein, and others. There
are maaypeasestiaiivhich the spedific’ 25 bduttivifyis fathérloweripanpa ture
that at 37 C" which is 4 problematlcéKaufmann H, Mazur X, Ma--one R,

il R- CRaSE&STSIget MC Bidtech Bioéhy: s 2001 Mar. 20, 72(6):592-
602; Ypm%§§180n %yi%gegﬂé Bgn%gagm¥g@dﬁ%¥%awéyprote1ns for

a longer time period than the cultivation at 37°C;

2) The activity of proteolytic enzyme 1is lowered to
reduce the degradation of desired proteins;

3) Glycosylation and isoprotein patterns are similar
to those cultivated at 37°C, and sialylation 1is rather
better than that cultivated at 37°C;

4) A possible improvement 1in <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):582-602; Yoon SK, Song
JY, Lee GM., Biotech Bioceng., 2003 May 5, 82(3):289-98).

In regard to crucial yield of recombinant protein,
since cell survive terms 1s 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 1in which the specific

productivity is rather lower than that at 37°C, which is
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5, 82(3):289-98). Since gene expression control mechanism 5 is different
from. that in bacteria, cold shock protein CspA promoter and 5'
untranslated region (UTR) of CspA mRNA in bac_eria cannot be used in
mammalian cells. On the other hand, a yeast which is the simplest
eukaryote has been used as a model of a human in bio- 10 scientific study
by the following reasons: a yeast has all fundamental functions as an
eukaryote although the genome size thereof is as small as 13 million
base pairs; more than 30% of yeast genes has introns; 15 amino acid

REgheRte bf Jeast§end i Righly cdhdéived Xwith fhé RRGwihunkdnttey  JE,
omologous gene to normally .express huma e in yeast; an
o e oo e el

unctionaf analysisis easy %Idgy 0 io

&é@ert%@ﬂo@'&%ons%négvﬁiil Radf Nig, 20Roperts, kg Waller P, 2003 may.

pubiished by Garland Science, New York, 2002). Thus, fungi'including

yeasts @ wehl as oglls fropy eukaryetes eagerdedisnansthandungic f0fan i sm
example, plants, roundworms, insects, fishes, amphibians, and birds are

P5 cbnsideredtio becablé te tarry cur post-translationalsh anédificatienin CspA
proteins like mammalian cells by appropriate supplementation of genes

REFSTeRSary shd prodfute Préteirisat 16k CLMire (€RiperafuresPin MRNA in

addition, when genetic engineering technicue is used, it would be
bacteria canfiot be u%eg gngmammaigan cef&s.

On the other hand, a vyeast which is the simplest
eukaryote has been used as a model of a human in bio-
scientific study by the following reasons:

a yeast has all fundamental functions as an eukaryote
although the genome size thereof is as small as 13 million
base pairs;

more than 30% of yeast genes has introns;

amino acid sequence of yeast gene is highly conserved
with the known human homoclogous gene to normally express
human gene in yeast; and

functional analysis is easy (Molecular Biology of the
Cell,4th edition, Alberts B, Johnson A, Lewis J, Raff M,
Roberts, K, Walter P, published by Garland Science, New
York, 2002).

Thus, fungi including vyeasts as well as cells from
eukaryotes closer to humans than fungi, for example, plants,
roundworms, insects, fishes, amphibians, and birds are

considered to be able to carry out post-translational
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5 poss=ble to obtain eukaryote individuals containing eukaryote cells
subjected to gene modification and to produce protein. Non-patent

literature I: Kaufmann H, Mazur X, Marone R, Bailey JE, Fussenegger M.,
Biotech Bioeng., 2001 Mar. 20, 10 72(6):592-602; Non-patent literature 2:
Yoon SK, Song JY, Lee GM., Biotech Bioeng., 2003 May. 5,

82(3):289-98; Non-patent literature 3: Fujita J., J. Mol. Microbiol.

Biotechnol., 1999 Nov 1(2): 243-55 15 Non-patent literature 4: Molecular
Biology of the Cell,4th edition, Alberts B, Johnson A, Lewis J, Ralf M,

TR REARBlter @,fpublﬁﬁ%ﬁeﬁféalra%ﬂ@cien@,nﬁé\;v%k, 286215 PY
Disclosure of Inventioqzo Prgtaalglm Io Bg fSolved -t is agsobjgct of the

. . n . enes eécesgar and
apﬁgggﬁtﬁﬁ@eﬁtlonst%)pﬁjros%ee a “method tor mc?easmg the amount of =~

protein.produced;per cell per,upit time-and ofglyield ataaild low, aggition,
temperatures. It is also an object of the present invention to 25 provide a
wnethod, for-assayirg and geirifying middiew 6. temperaigkedtyanseriptionld be
control factors (proteins). Means for Solving Problem As disclosed in the
pendlingl mterriationadipatent 5 applicationcPCT/IP2005/008885)cthiet aining
present inventor has found a gene expression control sequence which
et Y AR enfi8RceEr atTiftd F6i 3Empefatursd Gefdtréd o 58 MifFlowrnd  to

produce protein.

Non-patent literature 1: Kaufmann H, Mazur X, Marone R’,
Bailey JE, Fussenegger M., Biotech Bioeng., 2001 Mar. 20,
721(6):592-602;

Non-patent literature 2: Yoon SK, Song JY, Lee GM., Biotech
Bioceng., 2003 May. 5, 82(3):289-98;

Non-patent literature 3: Fujita J., J. Mol. Microbiol.
Biotechnol., 1999 Nov 1(2): 243-55

Non-patent literature 4: Molecular Biology of the Cell, 4th
edition, Alberts B, Johnson A, Lewis J, Raff M, Roberts K,

Walter P, published by Galrand Science, New York, 2002

Disclosure of Invention

Problem to Be Solved

It is an object of the present invention to provide a
method for increasing the amount of protein produced per
cell per unit time and total yield at mild low temperatures.

It is also an object of the present invention to

provide a method for assaying and purifying mild low
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temperature transcription control element). The example of the sequence
is a nucleotide sequence of: 10 tccccgoc or a sequence complementary
to the sequence. The present inventor has further carried forward the
study on mild low temperature transcription control elements. As a result,
in has been found that a nucleotide 15ssequence of: X_lcccX5X6X7
wherein X1 represents c, t, or a; X5 represents g, ¢, a, or t; X6 represents
c, t, a, or g; and X7 represents c, a, g or t, 20 specifically enhances
transcription of gene at mild low temperature. That is, the present
qﬁ%%tr‘é?é%eg 6 P IORF 16 peRAtGrePtarf&Tiption cORfrol Eidhienits
consisting of a nucleotide sequence of: 25 X1cccX5X6X7 wherein Xl
represents c, t, or a; X5 represents g, c, a, ort; X6 represents c, t, a, or g;

g X7 Fepresgnts; ¢,y apg Q5 1,.9f @ nucleotide sequence complementary

nce. e term "mild low temperature transcription control
element’ refers ta asaucleatide seguensercapable oh aceeletatingthe patent

transcription of a gene specifically at mild low temoeratu:res. The term
dmildilowttémperatGre” her€inTéfdrsi6a) , the present inventor has
found a gene expression control sequence which acts as an
enhancer at mild low temperatures (referred to as mild low
temperature transcription control element). The example of
the sequence is a nucleotide sequence of:

tccecegece
or a sequence complementary to the sequence.

The present inventor has further carried forward the
study on mild low temperature transcription control
elements. As a result, it has been found that a nucleotide
sequence of:

X1lcccXbXeX7

wherein X1 représents ¢, t, or a; X5 represents g, ¢,
a, or t; X6 represents ¢, t, a, or g; and X7 represents c,
a, g or t,
specifically enhances transcription of gene at mild low
temperature.

That is, the present invention relates to mild low
temperature transcription control elements consisting of a

nucleotide sequence of:

XlcccX5X6X7
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10 temperature of 15-36C, preferably a temperature of 3C-34C and most
preferably a temperature of 32C. The mild low temperature transcription
control element functions as a mild low temperature specific enhancer for
transcription of genes. 15 The mild low temperature transcription control
element of the present invention can exhibit its function when it is used
alone. However, it is preferable to use it in connection of 2-35C,

preferably 2-100 of the same or different elements. When the elements

are used in 20 connection, the same or different elements may be directly
connetedlr B tnallbe 8BRREGBE Viatany murbefand any Rinbeofnts 9, ¢/
nucIeotides.XT e connected mild low temperature, transcription control . .
leRénts’ars Feferfed 0 as "mild low térhoeratitre transcription '
ae’nhgng%r"to,r only "enhancer" in 25 the present specification. The mild low
temperature 8 transcription enhancer of the present invention excludes

sucleotide seguense ywhich goptainsgnlythe nueleotidet sequenceefnce .
cceegcec, ceeegte, ccecgct or cecegaa which follow 3' to t; the nucleotide
sequemte: ofteecogcowhith Bofellove B tters; trrhes nucteotider sSequerice @pntrol
ccccgec which follow 3' to a; the nucleotide sequence of ggcgggg or
YHeB85§ Whicteprecede at FtermittsHEAMa lovi S@RTiETsturéapable  of
transcription control elements. The mild low t{zmgerature tranggrli%tlon

r

2ohifroFdiBMeN 10"and the 16 temperaturd traiscfiptisn Skivancer of the =©

mild low temperatures.

The term "mild low temperature" herein refers to a
temperature of 15-36°C, preferably a temperature of 30-34°C
and most preferably a temperature of 32°C. The mild low
temperature transcription control element functions as a
mild low temperature specific enhancer for transcription of
genes.

The mild low temperature transcription 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 2-350, preferably 2-100 of the same or
different elements. When the elements are used 1in
connection, the same or different elements may be directly
connected, or may be connected via any number and any kind
of nucleotides. The connected mild low temperature
transcription control elements are referred to as "mild low
temperature transcription enhancer" or only "enhancer" in

the ©present specification. The mild low temperature
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present invention have no relation to the distance and the direction from a
promoter. The term "mild low temperature transcription control factor
;protein)” refers to a protein which is activated at 15 mild low temperature

and binds to mild low temperature transcription control elements or

enhancer to control, in many cases, acgelerate the transcription of gene
present at the neighborhood of the elemen-. The present invention relates

to a vector comprising 20 the mild low temperature transcription control
element or the mild low temperature -ranscription enhancer described

‘abdVve CThE ptedentiRVeREGH refitestd Rulkdiyseydelld tidHsfoPRedBi- L udes
the vector. 25 The present invention relates tp eukarygtes 9 transformed

BY1hS ector. AS Showin EXample herhiatt mitd fol temperattire = © 92
ragseription sahancer.gan be Stably, Integrated info.cel Ghromosame. s cn

present invention relates to a method for assaying 5 mild low

temperatute trapsaription contrl facters dproteing)and the regulatont: which
substances thereof. The method comprises: incubating double-stranded
DINA probg'containing mild lowdempetatarestsansoription contratcgee which
elements with protein 10 solution to be assayed; measuring the amount
6P mileMowstemperature the nucleotide sequence of ggcgggg or

ggggggg which precede a at 3'terminus as mild low
temperature transcription control elements.

The mild low temperature transcription control element
and the mild low temperature transcription enhancer of the
present invention have no relation to the distance and the
direction from a promoter.

The term "mild low temperature transcription control
factor (protein)" refers to a protein which is activated at
mild low temperature and binds to mild low temperature
transcription control elements or enhancer to control, in
many cases, accelerate the transcription of gene present at
the neighborhood of the element.

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

The present invention relates to eukaryote cells
transformed by the vector.

The present invention relates to eukaryotes
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transcription control factors specifically bound to mild low temperature
transcription control elements by detecting the DNA probe bound to the
proteins. 15 The activity of a regulatory substance is assayed by
quantifying t'he change of the amount of mild low temperature
transcription control factors bound to the DNA probe. The present
invention relates to a method for 20 purifying mild pow temperature
transcription control factors. The method comprises: incubating
double-stranded DNA probe containing mild low temperature transcription

ottt eleMenR Xy thpriteht Solutidhs 25 GBiRIniAY miia W ehpetdtufe ter
tr.alngcrliption control : factogcsrproteins)% pecificall){f bound to mIilld kl)oew fabl
lTtl"émpera%rett%nr]f)secﬁ‘[El) ion Control eleme sl; Anhd S0 éaﬁlncgerrnilcf fow shabLy
fgw&gtyg% transcription control factors. 5 Effect of the Present Invention

The present invention cart accelerates the transcription of a gene at mild
low temperatees nAceerding taothe presentsinventionailtblowror assaying

temperature 10 transcription control factors (proteins) and regulatory
rsuibdtandestheréefcarrbe assayingorrparified tBrief Descriftion.of factors
Drawings

(proteins) and the regulatory substances thereof.

The method comprises:

incubating double-stranded DNA probe containing mild
low temperature transcription control elements with protein
solution to be assayed;

measuring the amount of mild low fLemperature
transcription control factors specifically bound to mild
low temperature transcription control elements by detecting
the DNA probe bound to the proteins.

The activity of a regulatory substance 1s assayed by
guantifying the change of the amount of mild low
temperature transcription control factors bound to the DNA
probe.

The present invention relates to a method for
purifying mild low temperature transcription control
factors. The method comprises:

incubating double-stranded DNA probe containing mild
low temperature transcription control elements with protein

solution;

obtaining mild low temperature transcription control
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Fig. ' is a schematic view representing pCAT3 promoter 15 vector. MCS
represents a multi-cloning site. SV 40 promoter represents a promoter
derived from SV40 virus. CAT represents a coding sequence of
chloramphenicol acetyltr.ansferase. PA represents a pclyadenylatior
signal derived from SV40 virus. Amor represents amnicillin 20 resistance
gene. Fig. 2 is a schematic view representing pcDNA 3.1(+) vector
(Inv_trogen). MCS represents a multi-cloning site. Firefly luciferase
encoding sequence is inserted between EcoRV and Xbal of the
RGECASNing &1t Y el low 88 t6mperatdrertranS&ition cbftrol ™19 1ow
tenhance}rtis integrated 5' ,11t to CMVIptrom?ter Neor represe ts G418
rSSRtICe §éne. Fig 3 Tepresenits 3 TRSTIt of S81Thtt aséay Proteins
extracted, from mouse Balb/3T3 cells cultured.at 37C(1. lang) or 32C2n+ o1
lane) for 8 hours were analyzed by gel 3 shift assay us=ing
82-PAEP-labeled oligonucleotides 5'- ttccccgeccgacggatccag-3' as a probe
to detect mild low temperature transcription control factors bound to the
mild low temperature transcription control element or enhancer. 10 Best
Mode for Carrying Out the Invention Examples of the mild low temperature
Fafrefipfidn tcontior efhént6FtRB pkéSent invention include, but is not
limited :0: ccccgtt, ccccgcea, ccccégcg, cceegtt, ccecgtc, cccgg&a, cccc%tg,

15 ccctyt, cccgéﬁcs,ec‘?:gcgaa}@ Céyat’ Becegat®BeccgdS Ceecdga,”

transcription of a gene at mild low temperatures.

the

According to the present invention, mild low temperature

transcription control factors (proteins) and regulatory

substances thereof can be assaying or purified.

Brief Description of Drawings

Fig. 1 is a schematic view representing pCAT3 promoter
vector. MCS represents a multi-cloning site. SV 40
promoter represents a promoter derived from SV40 virus. CAT
represents a coding sequence of chloramphenicol
acetyltransferase. PA represents a polyadenylation signal

derived from SV40 virus. Amp”©

represents ampicillin
resistance gene.

Fig. 2 1is a schematic view representing pcDNA 3.1 (+)
vector (Invitrogen). MCS represents a multi-cloning site.
Firefly luciferase encoding sequence 1is inserted between

EcoRV and Xbal of the multi-cloning site. A mild low

temperature transcription control enhancer is integrated 5'
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occecggg, cceeggt, teeceeec, ceceecca, cceeeeg, cececect, ceeecte, ceeecca,
cceectg, cccecct, cceceeac, ceccecaa, ceceeecag, ceceeeat, cececcgge, ceeeeea,
ccceegg, ceeceggt, cceccace, ccccaca, ccccacg, ccccact, ceeeate, ceccata,
ccceatg, ccccatt, ccccaac, ccccaaa, 20 ccccaag, ccccaat, cececage,
ccccata, ccccagg, ccccagt, ccectac, cceette, teeegec, teeegeg, teeegeg,

tccegct, teeegte, teeegta, tceccgeg, ceeegtt, tcecegac, tecegaa, teeegag,

tcccgat, tccegge, tcecgga, tceeggg, teeeecc, teececea, teeeecg, teeecect,
tcccecce, tcccgta, tCCCCtg, ECCCCtt, tccccac, tcececaa, tccpcag, tcccecat, 25
fecdl¥, RECHEE SEccAtaCted@IR S RRRAC, Fécbatc Seccata M t8&cHiy,

teccatr, fcceaac,
accegto: decedta®

acccaaa, tccca
Se

AL aée

ag teogaat, occage
Ccgct, accegte

g

c, logeaga, o
, “acccgta, acccg

%%ﬁoteins

tc?gécc

C,

BLLeaaG, AFCCARR, AGRE0RT, A6C6PatsACCRA00, ALY, ACCEaqY:,  37°C (1

acccggt, acccccc, accccca, acccccg, 5 accccca, accccte, accccca,

B8£6eatg,aCcCeelt, (acqecat s ae0CCaa, r AGECER, A€ CGACE: ACGEATHza6eCCRGT, gel
acccact, acccatc, acccaaa, acccang,accosb-,acccaac,acccaaa,

slccCaag cacceqat, .gcoogce,s Ygegady,-dgogghgsdgacdggy ttcybggt ides
9999999, 99cggga, tgcggga, gacggga, tggggga, and ggegggt. 10 (i.)
Preparation of Mifth LemEemperatsre Trarsefipfion teonftslFERmedid @

5 -

low

The mild low temperature transcription control element, and the mild Jow

TSBEATE FancHplioh dhhafter S the® 15 HEsEHInvEtish &h be®

mild

EE‘%P""%% for example, via a salid. synthesis method py phiosphcroamigide. .

metho

or via a solid

Best Mode for Carrying Out the Invention

Examples

of the mild low temperature

control element of the present invention include,

not limited to:

cceccgoce,
ccecegtt,
ccccgygg.
cccececta,
cccecgce,
cccecact,
ccceccaad.,
cccctec,
tccegtg,
tceccecgga,
tccecta,

tcececge,

cceccegea,
ccccgac,
cceceggt,
cccectg,
ccccecga,
cccecatce,
ccccaat,
tccegece,
tcecegtt,
tcececggas
tceectg,

tcececacce,

ccccecgeg.,
cceccgaas,
ccecececec,
cccecett,
ccececcgygs
ccccata.
ccccagce,
tccecgcean
tcececgac,
tceecece,
tceeett,

tcccaca,

ccecget,
cccecgad.,
ccceeca,
ccccecac,
cccecegt,
cceccatyg.,
ccceccagas
tccecgeg,
tcccgaa,
Tccececea,
tcceccecac,

tcccacg,

ccecegte,
cceccgat,
ccececedg,
cccecaa,
ccccace,
cccecatt,
ccceccagg.,
tceceget,
tcecegag.
tccececg,
tcececaa,

tcccact,

cccegta,
ccecggc,
ccecececet,
cccececag,
ccccaca,
ccccaac,
cccecagt,
tcecegte,
tccegat,
tceceecet,
tcecececag,

tccecate,

transcription

but is

ccecegtyg.,
ccccggas,
cccececte,
ccceceat,
cceccacg,
ccccaaa,
cccctac,
tcecegta,
tccecgge,
tccececte,
tcceceat,

tccecata,
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synthesis method by hydrogen phosphonate method, using four kinds of
deoxy.ribonucleotide with protective groups (see, for example,
Oligonucleotide Synthesis: A Practical 20 Approach, IRL Press,

35-81,83-115 (7.984); J. Org. Chem., 49, 2139 (1984); Tetrahedron Lett.,

27, 469 (1986); Tetrahedron Lett.,22, 1859-1862; 'Tetrahedron Lett., 21,
719-722; J. Am. Chem. Soc., 103, 3185-3191 (1981). Nowadays they can

be easily synthesized with commercially available DNA 25 synthesizers

(for example, manufactured by Applied 13 Biosystem) (ii) Promoter to Be
IR POk &1y B blomb i s 28Gkary 6 pRgmotérs Grivirts ProfoterS a9
can be used as promoters. Mammalian promoters 5 and virus romoters
HrE préferred BXdmples s pteterrdd pr ﬁ%te%ﬁﬁ%ﬁnﬁ%‘m’%ﬁ%gQﬁymi&ﬁgcgtc‘
kinase_pro ), C alayj \Y r 4
Sombier, (1 Couifg Soduence Gancs t be xprosced ars not imted 2™
Andthg-10:nuclectide sequerer encedingtany pratetnccan dedised. Nercccg,
coding RNAs can be expressed as well. (iv) Vector to Be Used The mild

dow demperature dranscription tconteot etement crthe hild fow teraperattre caa,
transcription enhancer of the 15 present invention, a promoter and the
xodirepSeqaeNcE 6AcodMYCa BrotefiTirBE expressetFare R idgethercatas

and into a vector. The expression vectors for
acccatg, acccatt, acccaac. acccaaa, acccaag, acccaat, gcccccc,

ggcgggg. agcegggg. gacgggyg. ttcgggg. ggggggyg. ggcggga, tgcggga.

gacggga. tggggga. and ggcgggt.

(i) Preparation of Mild Low Temperature Transcription

Control Elements

The mild low temperature transcription contreol element,
and the mild low temperature transcription enhancer of the
present invention can be prepared, for example, via a solid
synthesis method by phosphoroamidide method or via a solid
synthesis method by hydrogen phosphonate method, using four
kinds of deoxyribonucleotide with protective groups (see,
for example, Oligonucleotide Synthesis: A Practical
Approach, IRL Press, 35-81,83-115 (1984); J. Org. Chem., 49,
2139 (1984); Tetrahedron Lett., 27, 469 (1986); Tetrahedron
Lett.,22, 1859-1862; Tetrahedron Lett., 21, 719-722; J. Am.
Chem. Soc., 103, 3185-3191 (1981). Nowadays they can be
easily synthesized with commercially available DNA

synthesizers (for examnple, manufactured by Applied
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inserted prokaryote cells and. eukaryote cells can be used. Examples of
preferred vector include, but not limited to, pCMV 20 (Invi'_rogen), pCAT3
promoter vector (Promega) and pSV2-neo vector. (v) Host Cell to Be

Used Host cells are transfected with the vector. It is preferred to use
eukaryote cells, in particular mammaliars 25 cells as host cells. Examples

of preferred mammalian cell 14 are human cell lines such as 293, 293T,
U-20S, Huh-7, Hela ; monkey cell lines such as COS-7 and Vero; mouse

cell lines such as NIH/3T3, Balb/3T3, B-6, Nepal-6 and Chinese hamster
Refidinessuch as CHO. 5 The methods for the transfecti.on include

phosphate method, lipofection method, retrovirus method and
Joration-methed—Foréxample, in -he calcium phosphate method,
calclurp, shiofige solulion gapiauing DA, Ayselon s added dopuise Qs -y
phosphoric acid solution with 10 stirring. Fine precipitation containing
DNAsalcium -phosphatg ds formed JVhepthe solutionisnaddedto festoters
ce-_1, the precipitation of DNA-calcium phosphate enters into host cells
atalphagocytasiso that DNAds trarsfecteddinto cellsmb5 €w) Caltivatidrerred
Condition The host cell is cultivated at a mild low temperature. Itis
RinPEeESSary toiseisiseciaPmedliuagédlitie meditmse 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. Non-
coding RNAs can be expressed as well.

{iv) Vector to Be Used

The mild low temperature transcription control element
or the mild low temperature transcription enhancer of the
present invention, a promoter and the coding seguence
encoding a protein to be expressed are linked ﬁogether and
inserted into a vector. The expression vectors for
prokaryote cells and eukaryote cells can be used. Examples
of preferred vector include, but not limited to, pCMV
(Invitrogen), pCAT3 promoter vector (Promega) and pSV2-neo
vector.

(v) Host Cell to Be Used

Host cells are transfected with the vector. It is
preferred to use eukaryote cells, in particular mammalian

cells as host cells. Examples of preferred mammalian cell
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Usual medium for mammalian cell cultivation can be used. Typical

example of the medium is Dulbecco's modified 20 Eagle's medium

(D-MEM) supplemented with 10% fetal calf serum (FCS) (Tnvitrogen).

The present invention relates to a method for assaying mild low

temperature transerirtion control factors.4The method comprises: 25
incubating double-stranded DNA probe containing mild 15 low

temperature transcription control elements with protein solution to be
assayed; measuring the amount of mild low temperature transcription

Tontrél 1Eetrs By detectiig the Hotble- 25 strafded BRA prolbE Botdnd tgUR =7
them. The activity of gtgr;altory substance is assayed by quantifying the

Ehangé &?Hé%%ocuenﬁt f if&elsows?é:rﬁpgrsatgé Faai\sacrrli%ltigﬁ ]E%hft)r/%? Sctorse !
Powng ta the DS REahes 49, Flisty BiiAalidopugeotife, camiginiimildi nese
ow temperature transcription control elements and complementary
strandare prepared-aceosding ta£onventional method. The terminus of
oligonucleotide prepared is labeled, for example, with biotin, and the
labeled 15 oligonuickestidés are anaealeddo bhtcdoubde strandédde calcium
Al_c-rnative_y, it is also possible to label oligonucleotides after they are
Phade tatblerstiared; of &P iretdsublésiranded bfigoniciéstdes thod and

without Iabeling to be , .
electroporation method. For example, in the calcium

phosphate method, calcium chloride solution containing DNA
(vector) is added dropwise to phosphoric acid solution with
stirring. Fine ©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.
Usual medium for mammalian cell cultivation can be used.
Typical example of the medium 1is Dulbecco's modified
Fagle's medium (D-MEM) supplemented with 10% fetal calf
serum {(FCS) (Invitrogen).

The present invention relates to a method for assaying
mild low temperature transcription control factors.

The method comprises:

incubating double-stranded DNA probe containing mild
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detected at the last step. Commercially available gel 20 shift assay
(EMSA: electrophoretic mobility shift assay) kits (PIERCE, Molecular.
Probes) can be utilized. Then, double-stranded oligonucleotides are
mixed with mild low temperature transcription control factors (proteins), or
occasionally protein solution which is carsidered to 25 contain the
controlling substances thereof, for example, 16 nuclear extracts to react
double-stranded oligonucleot.ides with mild low temperature transcription
control factors (proteins). Then oligonucleotides, proteins and
bligohgslestides beurid &3 protéins are separdied by uEirydyefith protein
elctrophoresis, for example, rolyacrylamide gel elctrophoresis. Free
BhgndcBotifeare555iHGEd at the lower part since they move fast in

the gel, whereas oliggnuclectides bound fq. proteins,appear at the upper
part sf%ﬁ%%stﬁéfﬁ rrﬁlovqunr‘o(?’/vly. ‘mg%%d Iovﬁemp%%t%re 1%)‘t’qrans%ﬁg§§ jarure
contralfactors are detegted as proteins spegificallydoundto thene  double-
oligonucleotides. For example, when cligonucleotide is labeled with biotin,
polyacadamiden getisoblottedda atdylem ssembrane after electrophoresis,

and then proteins and oligonucleot_ides transferred are 15 cross-linked to

the mePhsrarre-asingtultraviolet. skhel biotin viaelimprobilized &n thesayed Dby
membrane is specifically bound to peroxidase-labeled streptoavidin, and
BHATight bydhe YBEctioRAfIY henfifuminéScentdstate fofbe ™49 Low
detected after exposure to X-ra¥1film.

femperature anscriptioh control factors bound to the DNA
probe.

First, DNA oligonucleotide containing mild low
temperature transcription control elements and

complementary strand are prepared according to conventional
method. The terminus of oligonucleotide prepared 1is
labeled, for example, with Dbiotin, and the labeled
oligonucleotides are annealed to be double stranded.
Alternatively, it is also possible to label
oligonucleotides after they are made double stranded; or to
use double-stranded oligonucleotides without labeling to be
detected at the last step. Commercially available gel
shift assay (EMSA: electrophoretic mobility shift assay)
kits (PIERCE, Molecular Probes) can be utilized. Then,
double-stranded oligonucleotides are mixed with mild low
temperature transcription control factors (proteins), or
occasionally protein solution which 1is <considered to

contain the controlling substances thereof, for example,
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20 When the above kit of Molecular Probes' is used, oiigonucleotides

bound to proteins can be detected by incuba-ing non-labeled
oligonuclectides with proteins, subjecting thern to elecrophoresis, and
staining the gel with dye in situ. From the amount of o-igonucleoti'des 25
specifically bound to protein, the amountsof mild low 17 temperature
transcription control factors is measured. It is also possible to assay the
activity of a regulatory substance by quantifying its effect on the amount

of low temperature transcription control factors. 5 The present invention
TeRiES0 £HSRGH for tpuripmymirtPleR miperaliitetranseAptoiresmraiies

factors. The method comprises: incubatin%double-stranded DNA prohe
r

"Eohtainfhy fild" 18 10w Eiparatdre ridsitipton-contidl elehents with™ ="
pigtein, splution: oblaiying mid lgw tegpcialie Ia0seripiof.oniiph s and
y h

ctors ;proteins; specifically bound to mil low temperature transcription

sonyehelements.and 13 isolating mildJew:tegperaturetransceiptiony using
control factors. First, DNA oligonucleotide containing mild low

demperature trapisctiptidrs controbelementsmanice complehyertagylehdine  gel
thereof are prepared according to 20 conventional method. Then, the
nggm@@é@mﬁﬁggepm@@ee oligonucleotides are positioned at

the lower part since they move fast in the gel, whereas
oligonucleotides bound to proteins appear at the upper part
since they move slowly. The mild low temperature
transcription control factors are detected as proteins
specifically bound to the oligonucleotides. For example,
when oligonucleotide is labeled with biotin, polyacrylamide
gel is blotted to a nylon membrane after electrophoresis,
and then proteins and oligonucleotides transferred are
cross—linked to the membrane using ultraviolet. The biotin
label immobilized on the membrane is specifically bound to
peroxidase-labeled streptoavidin, and emits light by the
reaction with chemiluminescent substrate to be detected
after exposure to X-ray film.

When the above kit of Molecular Probes’ 1s used,
oligonucleotides bound to proteins can be detected by
incubating non-labeled oligonucleotides with proteins,
subjecting them to elecrophoresis, and staining the gel
with dye in situ. From the amount of oligonucleotides

specifically bound to protein, the amount of mild low
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are immobilized, for example, by linking to carriers. For example,
oligonucleotide is biotinylated and annealed to complementary chain to
become double stranded, which is linked to avidinylated magnetic beads.
Then, immobilized 25 double-stranded oligonucleotides and a protein

solution 18 possibly containing mild low-temperature transcription control
factors, for example, size-fractionated nuclear protein extracts are mixed

to allow contact of double- stranded oligonucleotides with mild low
temperature 5 transcription control factors. Then, double-stranded
PPg6AAaCIEERAESIRIE BOLRE Rl P feRtderafifd OFanstiipfiGiregntol: 1t
factors are recovered, for example, with magnet when ma%ne;ic bead

e HetPasRatiiers: “After exténsive washing of the béads, speciﬁggﬁljlator Y
DouDOARBrolsnel S TigiondeTerabie dispsdinion SonkelEIar ow

proteins), are eluted and purified. If necessary, mild low temperature
HanseHption contral=actoris: ithes purified aising-ael elctrophoresis and
column chromatography. The amino acid sequence and the mild low 15
temperatare trarnsesiption cantzaldfactor gere gar be dentified fromltloel  for
purified protein. The present invention is further explained in detail
pefetrfng fdexahiple. However thBRREsentiAventica 2§ Giotirifsd to grertrol

examples. 20 Example |
factors.

The method comprises:

incubating double-stranded DNA probe containing mild
low temperature transcription control elements with protein
solution;

obtaining mild low temperature transcription control
factors (proteins) specifically bound to mild low
temperature transcription control elements; and

isolating mild low temperature transcription control

factors.
First, DNA oligonucleotide containing mild low
temperature transcription control elements and

complementary chain thereof are prepared according to
conventional method. Then, the oligonucleotides prepared
are immobilized, for example, by linking to carriers. For
example, oligonucleotide 1is biotinylated and annealed to
complementary chain to become double stranded, which is
linked to avidinylated magnetic beads. Then, immobilized

double-stranded oligonucleotides and a protein solution
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An cligonucieotide prepared by connecting three of eight bases

containing tcccegcc in series (tccccgcectecccgectececgec) (SEQ IC NO:1),

or an 25 oligonucleotide prepared by connecting three of eight bases 19

in series in which t of 5' terminus of tccccgcec is changed. to other base

was inserted into the multicloning site of gpCAT promoter vector

(=Promega). This vector had the promoter of SV40 and chloramnhenicol
acetyltransferase 5 (CAT) gene as a reporter protein. pCAT promoter

vector which had no insert was used as a negative control. Each 2.5-5.0

B35 A disttohthese lasmitsiwas evirafsfesteddhtorisumanaelidinertion
293 with 0.5-1.0 /t g//3 5 mm dish of CDM8-LacZ (which is a
S@Nctadidasadxpréasing 30 nREATIR afRd was Gsed G amendthgtadhctear
transfection efficier%%y, ATCC)mThe géa sfecte Jg&US Vé’%%ecgic\:/jcde% 'pto o

roteln, extra ar Xe O
arts and one paﬁ was cuﬁure& af anda other part was culture

al 31Gqdhe jum,usedas DsMEM, supplemented 13 with 19%’&5%ture

After 36 hours, cells were recovered by centrifugation and total cell
sateswepe preparednihieamogateb chlorampleniegl acetyltrarsferasended
(CAT) protein produced at respective temperature was determined using
CATD ELIZA «itt20lRochevDiagnostiesyand then@lgalactbsidase {Eaggyrature
activity was determined using P-galactosidase assay kit (Stratagene).
TRt it B5MourS afe SHowit BEIOWS Thdfscritfengpred, for example,

with magnet when magnetic beads are wused as carriers.
After extensive washing of the beads, specifically bound
proteins i.e., mild low temperature transcription control
factors (proteins), are eluted and purified. If necessary,
mild low temperature transcription control factor is
further purified wusing gel elctrophoresis and column
chromatography. The amino acid seqguence and the mild low
temperature transcription control factor gene <can Dbe
identified from the purified protein.

The present invention 1is further explained in detail
referring to example. However, the present invention 1is

not limited to the examples.

Example 1

An oligonucleotide prepared by connecting three of
eight bases containing tccecegece in series
(tccecegectececccegectecoeegec) (SEQ ID NO:1), or an

oligonucleotide prepared by connecting three of eight bases
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activity was determined by dividing the amount of CAT protein by
f3-galactosidase activity. The ratio of 25 transcriptional activity at 32C/
transcriptional activity 20 at 37C obtained with pCAT promoter vector with

no insert was supposed to be 1. The mild low temperature trancription
enhancing (enhancer) activity of each vagiant is shown in Table 1. 5 Table
Mild Low Temperature Transcription Enhancing (Enhancer) Activity of
Variant in Which the First One Base is Mutated (Element Base Sequence
(Enhancer Activity Wild type Ot tccccgece IS .8 Variant Oc Cccccgec 4.5
Varimt Gz Ateccget 85 tVarfant Ogreeecdyee 575 contatdT Vidrighisnged
in which the first base was changed to C, A or G exhibited almost same
RildbWEE MR Fsture® franstiplioR enfardng - A&ivity a5 WilPpad THiste  °F

f%%LT _10 shows that mild Ioty(\é%empg%rg(t)lrjnre tga}rlscrie ion control elemeﬁgié the

t .
Kunctional enough when itis cceegee coer%lstlng &t 7 hucleotides. Whan

Heggegecgticoecgcegiiscceged(SEQIPND-2nwas usedippjace ohthee rase
mild low temperature transcription 15 enhancer tccccgcectccccgectceccegcec
(SEQ IDNQ), similar resyltsrwere optainedn. pCAT promoter vector
which had no insert was used as a negative control.

Fach 2.5-5.0 u g .35 mm dish of these plasmids was co-
transfected into human cell line 293 with 0.5-1.0 pg./ 35
mm dish of CDM8-LacZ (which is a galactosidase-expressing
plasmid and was used to amend the each transfection
efficiency, ATCC)

The transfected cells were divided into two parts and
one part was cultured at 32°C and the other part was
cultured at 37°C. The medium used was D-MEM supplemented
with 10% FCS.

After 36 hours, cells were recovered by centrifugation
and total c¢ell lysates were prepared. The amount of
chloramphenicol acetyltransferase (CAT) protein produced at
respective temperature was determined using CAT ELIZA kit
(Roche Diagnostics) and the B-galactosidase (LacZ) activity
was determined using B-galactosidase assay kit (Stratagene).

The data at 36 hours are shown below. Transcriptional
activity was determined by dividing the amount of CAT

protein by B-galactosidase activity. The ratio of

transcriptional activity at 32°C/ transcriptional activity
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Example 2 It was found that even if the first base in eight 20 bases is any

of T, C, A and G, the change has no effect on 21 the mild low

temperature transcription enhancing activity. Accordingly an

oligonucleotide was prepared by connecting three of oligonucleotide
containing eight bases in series in whigly T, C, A, G was attached to the 5'
side of base 5 sequence of tcccgcece, accecgcec, geocgcc, ccccgct,

respectively, and was inserted into she multicloni.ng site of pCAT

promoter vector (Promega), and mild low temperature transcription
énhancing Aefidity’ fas redsurédto dbtamtheTresaf shbwh i Tabfe 2-nsert
W‘I(;{rgnscgigtion:%Ie tivi% wag éLO dftermineg}? divic{iﬁg thelg;pour%teof C@'EI; ure
protein bf 3! galactoSidase activity. Theratio oﬁranscriptlonal activi y a\f
326/ dranscriptional activity, at 37G obtained with PCAT, PromOEI MECHO 1 5 ant
with no insert was assumedto be 1. In addition, as a positive control,
sthreeefimild typealh tcccegec were connected in series and the ratio of
32C/37C was amended to be 5 to give mild low temperature transcription
Tihaacihg activity of each variant. Table 2 Effect of First One Base on

il toy Temperature 20 transeription Enhancing{EnanGer) ACviy . co v

?

ement base sedyence enhanearactiviy Wild type 01 teceedce 9. Qutated

Base Sequence Enhancer Activity
Wild type 0Ot tcceecgec 5.8
Variant Oc Cceccececgcece 4.5
Variant Oa Accccgcec 5.5
Variant Og Gceecgece 5.5
control 1.0

Variants in which the first base was changed to C, A
or G exhibited almost same mild low temperature
transcription enhancing activity as wild type. This fact
shows that mild low temperature transcription control
element 1is functional enough when it 1s ccccgcce consisting
of 7 nucleotides.

When ttccccgccgttceccccgecgtteccegecg (SEQ ID NO:2) was
used 1in place of the mild low temperature transcription
enhancer ftccccecgectcceccgectcececegee (SEQ ID NO:1), similar

results were obtained.

Example 2
It was found that even 1f the first base in eight

bases is any of T, C, A and G, the change has no effect on




Variant Gc CTCccgcc 4.6 Variant Oalt ATcccgece 4.8 Variant Galt

GTcccgece 4.9 Variant Otla tAcccgCce 13.1 Variant Ocla CAcccgcec Variant

Cala IAAcccgcc 2.9 22 Variant Ogla GAcccgcec 2.8 Variant Otlg tGeecgece

1.1 Variant Oclg CGccecegece 11.0 Variant Oalg AGcecogec 1.1 Variant

Ogig GGccecegeo 1.2 Variant Otit tcccegel 4.8 Variant Oc7t CocccacT 4.8

Variant Oa7t AccccgcT 5.2 Variant Og7t GeeeegeT 5.0 negative control

1.0 was confirmed again that a difference, T, C, A or in the first base of

mild low temperature transcription control element 8 bases, for example,
Eﬁgity.

tEEccee, UokMot TEFEE the Acthity AEESRITHGY, Rild v tetApéra
transcription enhancer could be formed, based on '7 baseg, or example,. .
g cc é%BEQCﬁ:? -1ng

ReEegEtMStead Bt 8 haste Wi e ¢

CoctEécchiciceey
laas used I place.oh e abaveJpid law lemperayle UBOSIIOION i es
enhancer 10 tccecgcctcceccgcectececeegec (SEQ D NO: 1) similar results
werg,gbtainedl, ¢, A, G was attached to the 5' side of base
sequence of tcccgec, accegec, gcccgcec, cccegcet, respectively,
and was inserted into the multicloning site of pCAT
promoter vector {(Promega), and mild low temperature
transcription enhancing activity was measured to obtain the
result shown in Table 2. Transcriptional activity was
determined by dividing the amount of CAT protein by B-
galactosidase activity. The ratio of transcriptional
activity at 32°C/ transcriptional activity at 37°C obtained
with pCAT promoter vector with no insert was assumed to be
1. In addition, as a positive control, three of wild type
tcccecgec  were connected in  series and the ratio of
32°C/37°C was amended to be 5 to give mild low temperature
transcription enhancing activity of each variant.

Table 2

Effect of First One Base on Mild Low Temperature

transcription Enhancing (Enhancer) Activity

Element base sequence enhancer activity
Wild type Ot tccccgece 5.0
Variant 0Otlt tTcccgece 5.1
Variant Oclt CTcccgcec 4.6
Variant 0Oalt ATcccgcc 4.8
Variant 0Oglt GTcccgece 4.9
Variant Otla tAcccgcc 3.1
Variant Ocla CAcccgcc 3.0
Variant Oala AAcccgcce 2.9
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Example 3 One base c of the first, second, third, or fourth from 15 the 5'
terminus was chanced to t, a or g, '.:t was added to the 5' side, and g or =
was added to the 3' side of the seven ease sequence ccccgcec to make it
ten bases. Three of the ten bases were connected in sereies and inserted
into multicloning site of pCAT promotep yector (Promega) Then, 23
procedure similar to example 2 was carried out to give the result
represented in Table 3. Table 3 Effect of One Base Mu--at-ion of the First,

\Pcbugilrl.llt b""f or—5Fourt I@cgg Lélé(lylllu tow-Temperatuge Transcription

\%% anein go&-fdnanuel) A %Y;IE}ICEE&I&UIIL base SequeTge EnhancerActivity

AL

.\J]\évrufaweogﬂéugw 5-0°Varamt [ ALcegee 13:0 lelcill‘tolg Gceecgee Tt

\ya?rldélﬁtl IOLé gbb 51V lﬁgl&éggbé-g,bgbb I3—Var

4

4D

\Yﬁlflél}lgl b(tk-%éjbb 1.Z V(il{%&éléjg%(?bbgbb 12

Variant 0Oc7t CcccegeT

Variant 0a’t AcccegeT

\y%flcjilﬁé b@%ﬁgu’ N i vaa@l&lc%%&i/-\egbb -0 Variar t%g ctcGegeT 13
8
8
2
0

(€28 RO NI N

Variant 0g7t GeceecegeT

negative control 1.0

t was confirmed again that a difference, T, C, A or G,
in the first Dbase of mild low temperature <transcription
control element 8 bases, for example, tccccgcec, does not
affect the activity. Accordingly, mild low temperature
transcription enhancer could be formed, based on 7 bases,
for example, ccecgec instead of 8 bases. When
ccecgeccceoegecccecgee (SEQ ID NO: 4) was used in place of
the above mild low temperature transcription enhancer
tceceegectececegectecececgee (SEQ ID NO: 1), similar results

were obtalined.

Example 3

One base ¢ of the first, second, third, or fourth from
the 5' terminus was changed to t, a or g, tt was added to
the 5' side, and g or t was added to the 3' side of the
seven base sequence ccccgcece to make 1t ten bases. Three of
the ten bases were connected in series and inserted into

multicloning site of pCAT promoter vector (Promega). Then,
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Variant 4g cccGocc 1.2 Variant 4t cccTgec 1.1 negative control ----_, -

1.0 The variant in which the first base was changed to T had the similar

mild low temperature transcription 10 enhancing activity to wild type. The
variant in which the first base was changed to A had a somewhat lower

mild low temperature transcription enhagcing activity compared to wild

type, whereas the variant in which the first base was changed to G had a

low activity. The variant in which the 15 second, third or fourth base was
changed to A, G, or T had a ].ow activity. 24 Example 4 Mild low
remperhtire anscription @nhanBingactivitp vaseexamihedWihdrpotd ve the
more_base was mutated in addition to change of the first base C of

tREEgde toePIFRANS S ofigoriidietide: containing three variants in series
%e%féctiyely: a variant in which the fifth base was changed to A, C, or T in
add o variation of the first base to T, respectively; 10 a variant in

which the sixihpasewas phanged 1o A:G e T Anadditiontoyayiationafy -
the first base to T, Tespectively; a variant in which the seventh base was
ebanged 1o Ae GyrorvT inladditiondapariation of thestirst bage tod dhhancing
respectively;

(Enhancer) Activity

Element base sequence Enhancer Activity
Wild Type ccccgeco 5.0
Variant la Acccgec 3.0
Variant 1lg Gcecegeco 1.1
Variant 1t Tccegece 5.1
Variant Z2a cAccgcec 1.3
Variant 2g cGeegeca 1.0
Variant 2t cTccgec 1.1
Variant 3a ccAcgcec 1.0
Variant 3g ccGegeca 1.3
Variant 3t ccTecgec 1.2
Variant 4a ccchAgee 1.2
Variant 4g cceGgee 1.2
Variant 4t cccTgcece 1.1
negative control 1.0

The wvariant in which the first base was changed to T
had the similar mild low temperature transcription
enhancing activity to wild type. The variant in which the
first base was changed to A had a somewhat lower mild low
temperature transcription enhancing activity compared to
wild type, whereas the variant in which the first base was
changed to G had a low activity. The wvariant in which the
second, third or fourth base was changed to A, G, or T had

a low activity.
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was incorporated into the multi-cloning site of pPCAT3 promoter vector
(Promega) as in Example 3 to give the following result shown in Table 4.
Table 4 20 Mild Low Temperature Transcription Enhancing (Enhancer)
Activity of Two-Base Variants. Element Base Secuence 'Enhancer Activity
wild type ccccgee 5 . 0 Variant [tSa Tccgécc 2.1 Variant info TcccAcc 2.3
Variant I*5t TcccAcc 1.6 Variant 1t6a ccccgec 2.1 Variant [tég TccegCe
2.0 25 Variant Itét Tccegee 3.1 Variant it7a cccgcA 2.8 Variant It7g
TccegeG 2.6 Variant It7t TceegeT 2.6 negative control 1.0 When one
Fragewasiation existed in addition to variation of the first base to T, mild
low temperature transcription enhancing activities of variant of the fifth 5

base t8€ A o Varlaitiof e Sikth Base o°F /R b & VAt ot fife activty

sexenth hase 1g AyG or T.were lowered compared with that of Wil e, , <
but had significant activities. 10 rExamp?e 5

change of the first base C of ccccgeec to T. That 1is,
cligonucleotide containing three variants in series
respectively:

a variant in which the fifth base was changed to A, C, or T
in addition to wvariation of the first base to T,
respectively;

a variant in which the sixth base was changed to A, G, or T
in addition to wvariation of the first base to T,
respectively;

a variant in which the seventh base was changed to A, G, or
T in addition to wvariation of the first base to T
respectively;

was incorporated into the multi-cloning site of pCAT3
promoter vector (Promega) as in Example 3 to give the
following result shown in Table 4.

Table 4

Mild Low Temperature Transcription Enhancing (Enhancer)

Activity of Two-Base Variants.

Element Base Seqguence Enhancer Activity
wild type cccecgeco 5.0
Variant 1tba TccchAcc 2.1
Variant 1tbc Tcccelcc 2.3
Variant 1tbt TcecceTcce 1.6
Variant 1tb6a TcccecghAc 2.1
Variant 1tég TccegGe 2.0
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From the above results, a nucleotide sequence of: XlcccX5X6X7 wherein
X1 represents c, t, or a; X5 represents g, c, a, or t; X6 represents c, t, a, or
g, X7 represents c, a, g, 15 ort, was mild low temperature transcription
-control element, an oligonucleotide sequence in which they were
connected was enhancer, and nucleotigle sequence complementary to
these was considered to have mild low temperature transcription 20
enhancmg activity. Accordingly, three molecules of single oligonucleotide

a nunlantida. o
OTTecurn fcreotiGe-SeagUence VVIIIbII LU bUIIIUIIIlfeg q! d|d ||Ct CO“IGH“
a;ﬂlanhuﬁcé% chg‘ .

o =~ vralal vt toaranarot ruatioin gy | LA s et

Ul LILRAULL® i VvV ICTTI CIG.I.J UATSLITOTOIIMT CUITtToOr ©igi el SCUUCTIITCT WCEIT
V2 L IO T L CMPETAtHE: JEiRf Lo comt A Al

UIII.IUbLEU IIr-SCTICS, Clllu VWCITCT 11 b\d pUlaLcU LAY ALV AY | \Q UIIIULUI VﬁblUl
variant ltTa oo o e Scgent NS
Troricya I Al CAdAIT IC U UL I lIIC IUIIUVVIII ITH L DllUVVll ||| |dU|C

eyl ot U 8 10 A

. AJIC O IVII LUVV ICIIIJCIQLUI Irrartscit }JLIUII |:||||C il Ig Elllldllel}
Actinsibvse ~Af N N7 AAillL L T

HLLIVILy- Ul vVdll U%D V ||d.|| S Z 1 ViU Cavv UIIIPUIC‘.LUI | lﬁ.llbbllpuull
fegative \

hfancing \l:lllloulbcu Activity-ofVarious-Variant Uabc basebasebase

sequence activity sequence activity sequence activity sequence activity

ccccgece 5.0 ccecgeA 3.5 Cecegeo 2. 7 ceceegeT 5.1 cccchc 4.9
ccocgPASE cBEYTE 2 FocckgTratgon  existed addition to

variation of the first base to T, mild low temperature
transcription enhancing activities of variant of the fifth
base to C, A or T; variant of the sixth base to T, A or G;
variant of the seventh base to A, G or T were lowered
compared with that of wild type, but had significant

activities.

Example 5

From the above results, a nuclectide sequence of:

X1lcccXbXeXT

wherein X1 represents ¢, t, or a; X5 represents g, ¢,
a, or t; X6 represents ¢, t, a, or g, X7 represents ¢, a, g,
or t,
was mild low temperature transcription control element, an
oligonucleotide sequence in which they were connected was
enhancer, and nucleotide sequence complementary to these
was considered to have mild low temperature transcription
enhancing activity. Accordingly, three molecules of single

oligonucleotide containing a nucleotide sequence which



ccccgcec 4.5 ccccgAA 4.8 ceeegTG 2.2 ceeegeT 3.0 ceecegGe 2.0 cececcgGA

2.1 cccecgGG 2.0 ceecegGT 2.1 ccecCcec 2.9 cceeCcA 2.3 cceecCceG 2.9
ccccCcT 2.8 eeceCTe 2,3 ecceCTA 2.0 ecccCTG 2.0 ceccCTT 2.2

ccccCAc 2,2 ccccCAA 2.0 cececCceG 2.0 cecccCAT 2.1 ceecCGe 3.1

ccccCGA 2.5 cceccCGG 2.4 ceecCceT 2.85ccccAcc 2.9 ccccAcA 1.9

ccccAcG 1.9 cceccAcT 2.2 ccccATce 2.1 cecccATA 2.0 ccccATG 1.9

cccegTT 2.1 ccccAAcC 2. 1 ccccAAA 2. 1 ccccAAG 2. 1 ccccAAT 2.0

ccecAGc 2.1 ccccAGA 2.1 ccccAGG 2.0 ccccAGT 2.0 ccccTAc 1.5
@RBEPARCE3 eéccT Bt NP ec&IREAL Te@cdces. I'FeecgeA™2 gemperature

TcccAcG 2.6 TeeegeT 2.6 TeceegTce 3.1 TcecgTA 2.9 TeecATG 2.5 ,
TetRGFT 2 PEccGRE LT cc%g%rfl‘eﬁ% Téggﬁfﬁécfo FEeSgATIIgected in

TceegGe 2.0 T.cccgAA 1.4 Tc cc ec,
ﬁ'%]éé%?:G 25}551 %’cglc%rc@r 2i§' %%%%%%%t;ég T%%%%CA%%Tgccggﬁé%%r vector
Tseetd 2.0 I6ccGACEL Onp eecCAAZ 0 JiseeGAG A TeeaGAT &Y result
TceeCGe 1.9 TcecCGA 1.3 TeecAcc 2.1 TeecgceA 1.9 TeecAcG 2.0
JeceAcT2.@dleceATc 2.0 TcccATA 1.9 TcccATG 1.9 TcecCTT 2.0

TcccAAcC 1.9 TcccAAA 2.0 TcccAAG 2.0 TcccAAT 2.1 TcecAGe 1.9
TekeéAGA 1.4 TcecAcG 1.2 TeecTec 1.6 TcecTcA L2 TeeeTTG 1.1

TcecTeT 1.1 Tcec
AbeEacAC ACEL

ACCGCOCA C

gggg%Tgyz.O qFé:(lnguz.O acrcfgé\g S2.4 AcccgAA 2.0 AcccgAG 1.9



AcccgcA 1.4 AccegGG 1.4 AcccgGT 1.4 AcccCcec 3.0 AcccCcA 1.9
AcccCcG 2,3 AcccCcT 1.9 AcccCTc 2.1 AcccCTA 2.0 AceccCTG 2.1
AcceCTT 2.0 AcccCAc 1.5 AcccCAA 1.4 AcceCAG 1.3 AcceCAT 1.3
AcccCGc 1.2 AcccCGA 1.4 AccecCGG 1.3 AcccCGT 1.2 AcccAcc 1.9
AcccAcA 2.1 AcccAcG 1.9 AcccCcT 1.97AcccAAc 2.2 AccoATA 1.9
AcccATG 1.9 AcecATT 2.2 AcccAAc 2.0 AcccAAA 1.9 AcccAAG 2.0
AcccAAT 2.0 AcccAGc 1.3 AcccAGA 1.1 AcccAGG 1.1 AcccAGT 1.2
Acecch 1.1 AcccTcT 1..0 AechTe 1.0 AcccTGc 1.0 Gcccgcc 1.1

C‘iam:mﬂ:_‘ial'_@yltgggg 4, 5 agcgggg 4.4 gacgggg 4.0 ttcgggg 3. 9 9999998

23sg9cggga 4,0 tgoggea 2.1 gacgggg 8atggggga 1.9 ggeeagt 3.0 wild
tﬁW&O negputivee cARPHIY .0 sgumesm IHEAHoveseausnient g Vity

setpgedtee ofSXdcceX5XBXFedvhereih X1 istesied tdde ¢, setcslt may be
a; %5°F§°desfréd to be°@°b€irt“may"‘rfe cor %f“éi?&asmﬁ@lyt X%Cféns deg Ped
to °!§°°5A6ut n&aé/ be t of & %caqually 9; °X“/°§§Gde5|£e51 to bEC, ﬁpt mgylhe

aac%cgc or %leotldecc%@éuencg gomplemeniary to these §&%@nce iSg
re@@gﬁ'rzed te shave mildJew temperature dsadracription enhagedng activiy.

10:&xamaple 6 4t was expevted from Example&thatthe nucleotide 2.1
segaeitce cdmalnlng twer€¥ccgde Was mélet 4644 ten?pératur@ccCGT 2.8
ccochAce 2.9 ccccAcA 1.9 ccocheG 1.9 ccecAceT 2.2
ceccATe 2.1 ccecATA 2.0 ccccATG 1.9 ceccATT 2.1
cecchhe 2.1 ccccAAA 2.1 ccecchAG 2.1 ccecAAT 2.0
ccecAGe 2.1 ccecAGA 2.1 ceccAGE 2.0 ceccAGT 2.0
ccecTAe 1.5 ccccTAA 1.3 ceeeTGe 1.1 ceceelTee 1.5
Teecgee 5.1 TcecgeA 2.8 Teeegel 2.6 TceegeT 2.6
TeeegTe 3.1 TeecpTA 2.9 TeeegTG 2.5 TecegTT 2.4
TeecgAe 2.1 TeceghAl 2.5 TeccgAG 2.0 TceeghAT "2.9
Tceegle 2.0 TcecgGA 1.4 TeeegGG 1.5 Tecelee 2.5
TeeeCceA 2.5 TeeeCel 2.9 TeeeCeT 2.3 TeeeCTe 2.2
TeceCTA 2.2 TeeeCTG 1.9 TeeeCTT 2.0 TeceChe 1.9
TeceCAA 2.0 TeceCAG 2.0 TeecCAT 2.1 TeeeCGe 1.9
TeceCGA 1.3 TececAce 2.1 TececAcA 1.9 TeechAeG 2.0
TeechAeT 2.0 TcechTe 2.0 TeccATA 1.9 TeecATG 1.9
TeecATT 2.0 TcechAce 1.9 TcechAA 2.0 TeccAAG 2.0
TeccAAT 2.1 TecehAGe 1.9 TcecAGA 1.4 TcecAGG 1.2
TeeceTece 1.6 TeceTcA 1.2 TceeTeG 1.1 TceeTeT 1.1
TeeeTTe 1.2 TeceTAc 1.2 TeeeTGe 1,0 Acccgee 3.0
Acccgeh 2.9 Acccgel 2.2 AcccgeT 1.9 AccegTe 2.2
AcccgTA 2.1 AcccglG 2.0 AcecgTT 2.0 AcccgAc 2.4
AcccghAA 2.0 AcccgAG 1.9 AccegAT 2.1 AccegGe 1.6
AccegGA 1.4 AccegGh 1.4 AcccgGT 1.4 AcccCece 3.0
AcccCcA 1.9 AcceCeG 2.3 AcceCeT 1.9 AcceCTe 2.1
AcccCTA 2.0 AceceCTG 2.1 AcceCTT 2.0 AcccCAc 1.5
AcccCAA 1.4 AcccCAG 1.3 AcccCAT 1.3 AcceClGe 1.2
AcceCGA 1.4 AcecCGG 1.3 AcceCGT 1.2 AcccAce 1.9
AcccAcA 2.1 AcccAceG 1.9 AcceAeT 1.9 AcccATe 2.2
AcccATA 1.9 AcccATG 1.9 AcccATT 2.2 AcccAAce 2.0
AcccAAA 1.9 AcccAAG 2.0 AcccAAT 2.0 AcccAGe 1.3
AcccAGA 1.1 AcccAGG 1.1 AcccAGT 1.2 AcccTece 1.1
AcceTeT 1.0 AcceTTe 1.0 AcccTGe 1.0 Geoegee 1.1
GeeegTe 1.2 GeecgeA 1.3 GeeegGe 1.3 GeeeCec 1.5
GeeeTee 1.2 Geeehcee 1.1 EECERER 4.5 BECEELE 4.4
gacggge 4.0 ttcggge 3.9 EEEEERE 2.0 ggegega 4.0
tgcggea 2.1 gacggga 3.0 tgggega 1.9 gegcgegt 3.0

wild type (cccegee)
negative control 1.0

o
o
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transcription enhancer. Acccraingly, firefly luciferase cDNA was inserted
into multicloning site (between EcoRV and 15 Xbal) of pcDNA3.I(+) vector
(In-vitrogen) having a CMV promoter and two of ttccccgecg caagacaaac
gggtcgggaa cgcggaagtg ggtcagctcc gcctccaaat cagcetgtcce cgectcctag
tcgctag(SEQ ID NO: 3) were incorporated in series 5' to the CMV
promoter. 20 Then 5.0 g/60 mm dish of this plasmid was transfected into
the human cell line U-20S, and the cells were cultured in the presence of
G418 (I_nvitrogen) at 37C for 3 weeks to have this plasmid integrated
into chromosome to become a stably expressing cell clone. The cultured
cells were 25 divided into two parts and cultured at 37C for 2 days 29

before o8 patt waLEIfured A 328 4 tH GiheT partwas cufttred &8¢ 7

7C.QT.he dium used.was 10% léCS + D-MEI\@. %ellg were r covgr,ed)f|5 ;
Vfa}f/ecre“njtﬁfu%]gtiolnsatd}SsF%(ijﬁér% after ‘the g[:e'mrg)erlratu’re cﬁangnelf1 %n%%otal’ce e

aysatesqwers Sprepaned: Firefly lyciferase activity,produced ateach ; x6 is
temperature was measured using Dual-Luciferase Reporter Assay kit
{Bramega)t.ol hegesulbistshawyn ind abled: Firefly duciferasa actjvity is x7 is
shown as activity per unit weight of extracted protein. 10 Table 6
Jeanseriptiore Eftancing Petivitpaf Mitd Léw Tempearatuge Transeriptiopotide

Enhancer Integrated into Chromosome Recovered Firefly luc=.f erase
SRAviRCe complementary to these sequence 1s recognized to

have mild low temperature transcription enhancing activity.

Example 6

It was expected from Example 5 that the nucleotide
sequence containing two ccccgec was mild low temperature
transcription enhancer. Accordingly, firefly luciferase
cDNA was inserted into multicloning site (between EcoRV and
Xbal) of pcDNA3.1(+) vector (Invitrogen) having a CMV
promoter and two of
ttccccgecg caggacaaac  gggtcgggaa cgcggaagtg ggtcagetcec
gcctccaaat cagetgtccce cgectcectag tegetag(SEQ ID NO: 3)
were incorporated in series 5' to the CMV promoter.

Then 5.0 pg/60 mm dish of this plasmid was transfected
into the human cell line U-208, and the cells were cultured
in the presence of G418 (Invitrogen) at 37°C for 3 weeks to
have this plasmid integrated into chromosome to become a
stably expressing cell clone. The cultured cells were

divided into two parts and cultured at 37°C for 2 days
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Time (per protein weight) 32C 37C ratio of 32C/37C 0 hour 6500 )6500 1

48 hour i26904 3116 8.63 This result shows that even when ir.il_d low
temperature transcription enhancer was stably integrated into 15
chromosome and different low temperature transcription control elements
were connected via other nucleotide segyence, transcription at 32C was
enhanced and the amount of protein produced was increased. 20

Example 7 When proteins are produced in mammalian cells, there 30 is a
possibility that two protein-expressing genes are cloned into a single
exprassiorngedter Thiss tothet5'r sidef ndikf lBveteinférateher part was
transcription enhancer in the vector used in Example 5 expressing firefl

fUtiferd<eds Gridet tontrol of CMV BomBter SRCthEF MY Srofioter tval —MEM-
é\d??d in the reverse d ecthnkgdirection fro][::n 3'to.511 to exéaénine its
S . 1 ho

effect on'ioci~erase @xpression? Like Eg(gmp\fg °p; the véctors were - atter

trapsfected into, the-buman gell dine Uy, 205, apd the cells were, divided.into, o
two parts with one 10 part cultured at 32C and the other at 37C. It was

faunsh that the extra<CMY promotes i the reverse orientatiodiat sl at each
upstream did not decrease the expression, but rather increased the
tramperiptionrand proteimproduction at32® Dual-Luciferase Reporter
Assay kit (Promega). The result 1s shown 1in Table 6.
Firefly luciferase activity 1s shown as activity per unit
welght of extracted protein.

Table 6

Transcription Enhancing Activity of Mild Low Temperature

Transcription Enhancer Integrated into Chromosome

Recovered Firefly luciferase activity
Time (per protein weight)
32°C 37°C ratio of
32°Cc/37°C
0 hour 6500 6500 1
48 hour 26904 3116 8.63

This result shows that even when mild low temperature
transcription enhancer was stably integrated into
chromosome and different low temperature <transcription
control elements were <connected wvia other nucleotide
sequence, transcription at 32°C was enhanced and the amount

of protein produced was increased.

Example 7

When proteins are produced in mammalian cells, there
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by about 5-"10%. From this, mild low temperature i5 transcription

enhancer can be applied to vectors simultaneously producing two proteins
from reverse oriented promoters. Example 8 20 Gel Shift Assay Mouse
3alb/3T3 fibroblast was cultured in D-MEM supplemented with 10% FCS

at 37C for 24 hours. Part of it was cultuygd at 32C and the remainder at

37C for B hours before preparing nuclear protein extracts by conventional

25 method (John David Dignani, Russell M. Lebovitz, and Robert 31 u,
Roeder, Accurate transcription initiation by RNA polymerase Il in a

soluble extractlisiolated frofernanymalian rodelén Nerleie AeidsoReggnes  are
1983, 11:1475-1489). Oliaonucleotide 5'-ttccccgccgacggatccag-3' (SEQ
TBOENO: 5 Was Rbeled by usiePER poNTclEstide kinase @i gamma*e >’
3-P ATP and purified with Sephadex 50 column_(pmersham Bioac ence
SR el M S L e R S
{SEQID NQ:6) tohe azprohe ,with specific activity of @&'z@@%y]/nguéQferase
0.1 nano gram of this probe and 0.5 micro gram of poly (dI-dC) were

mixed with fuelear proteinextriaetsanick incubatedhat20€Mthepromoter was

composition of this binding buffer was 10 mM Tris (pH7.5), 100 mM NacCl,
2amd EDT A, HO% eglycerol)d After 8O eminutesy ¢he igactibnanixturetwas ') to
15 subjec~::ed to 4% polyacrylamide gel electrophoresis and the

examine its effect on luciferase expression. Like Example
6, the vectors were transfected into the human cell line U-
208, and the cells were divided into two parts with one
part cultured at 32°C and the other at 37°C. It was found
that the extra CMV promoter in the reverse orientation at
5' upstream did not decrease the expression, but rather
increased the transcription and protein production at 32°C
by about 5-10%. From this, mild low temperature
transcription enhancer can be applied to vectors

simultaneously producing two proteins from reverse oriented

promoters.

Example 8

Gel Shift Assay

Mouse Balb/3T3 fibroblast was cultured in D-MEM
supplemented with 10% FCS at 37°C for 24 hours. Part of it
was cultured at 32°C and the remainder at 37°C for 8 hours

[}

before preparing nuclear protein extracts by conventional

method (John David Dignani, Russell M. Lebovitz, and Robert
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gel was dried at 80C, exposed to X ray film to detect proteins bound to

the mild low temperature transcription control elements, i.e. mild low
temperature transcription control factors (Figure 3). 20 Industrial

Avalilability The present invention can be widely used "or producing

proteins. MCSLLP 32 Claims 1. A mild {ow temperature transcription

control element which is selected from the group consisting of: 5 ccccgcc,
cceegcea, ceceegeg, ceceegcet, ceeegte, ceeegta, cccecg~g, ccccgtt, ccecgac,
ccccgaa, cceegag, ceceegat, ccececggce, cceccgga, cceecggg, ceceegat,
@cccdtesdedocca Asceeged cecedect NecteeRt Ictecetalnédebrttg Yecedty  RNA
cceccecac, cccecaa, ceceeecag, cceecat, cceceege, ceceeega, CCCé%% : cccccgdthan

RRLEHSE TDcada, Teclacy” 18 bEcact "déithtc! BEceatEC e
Seepalt, cqocang, coceang, cgeeaag, ceeeaat GAGCAGE, 93G0A0A, C0Coagy,
cccécagt, tcccgec, fccegea, toceged, teeegct, teeegte, teecgta, teeegtg,

tceegtl) 11eGEgRG, 1eCRand. cCegag, Heecgal Ae6eaaRy 4166Ceeg - tPCCCCaSEQ 1D
tccceeg, teceect, tecegte, teeecta, teeectg, teeegtt, teeceac, 15 tececaa,
teccaag weeccat teccegc, tgCccaes, ieccada, teetaeg,cleocattjdcckatcase and
toccata, tcccatg, teceatt_, tcccaac, tecccaaa, tcccaag, ccccaat, teeeagc,
gecttec, ‘acEcgokT Accegod, aceeydd,: ageeget deccdtepaectyyta, attegtgolumn

acccgtt, acccgac, acccgaa, ) . )
(Amersham Bioscience) before it was subjected to annealing

with 5’ -ctggatccgtcggeggggaa-3' (SEQ ID NO:6) to be a probe
with specific activity of 5X105cpm/ng.

0.1 nano gram of this probe and 0.5 micro gram of poly
(dI-dC) were mixed with nuclear protein extracts and
incubated at 20°C (the composition of this binding buffer
was 10 mM Tris (pH7.5), 100 mM NaCl, 2 mM EDTA, 10%
glycerol). After 30 minutes, the reaction mixture was
subjected to 4% polyacrylamide gel electrophoresis and the
gel was dried at 80°C, exposed to X ray film to detect
proteins bound to the mild low temperature transcription
control elements, i.e. mild low temperature transcription

control factors (Figure 3).

Industrial Availability

The present invention can be widely used for producing

proteins.



acccgag, accogat, acccggc, acccccce, accecca, accececg, accecct, 20
accocto, accccta, acccatg, acccctt, acccacc, acccaca, acccacg, acccact,
acccatc, acccaca, acccatg, acccatt, acccaac, acccaaa, acccaag, acccaat,
ggcgggg, agcgggy, ggcggag, ttcgggy, 999999y, ggcggga, tgcggaa,
gacggga, tggggga, and ggcgggt. 25 2. #emild low temperature
transcription enhancer in which identical or different, mild low temperature
transcription control elements of Clairm4iafe connected, provided that mild
low temperature transcription control element excludes nucleotide
sequence which contain only 30 nucleotide sequence of ccccgcc, cccegtc,
cccegct or céccgaa MCSLbR 33 whichrfotlows3' totty aucleotigde sequencentrol
o1 seesaec Wiie felowsh (o.gcnudlsalids seauence, 0 4960999 oy ot
ggcgggg which precede a at 3'terminus as mildlow t%mperature

transgiiption contolelements;dy 3. Acnid dow temperature transeriptiorccccgtyg,
enhancer in which identical or different, mild low temperature

HaRSENtion E6ATCIBleffAtS BRCIAIT T4 corfiBEtéd via®oHagIc: ccccgaa
888'@@868'8 fs&dggggtova@%%H@\mﬁgé%ég\te&&%@%? t%&{;e@ncccccm\

contr ement excludes nucleotide sequence which contain only
Adeleotide saguence oberaegee, ceengie.eeccgetaeeccgaadwhiah
follow 3' to t; nucleotide sequence of ccccgec which follow 3' to a;
POEGtige Steenee of §ee§6§ orygteedg whithGreCede aCCaca.

MCSLLP

cceccat,

ccececacg,
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25

30

ccccact,
ccccaad,
tccegea,
tccecgac,
tceceecg,
tccececaa,
tcceact,
tcccaag.
acccgcet,
acccgag,
accccte,
acccact,

acccaad,

ggcggda.

2.

which

cccecatce,
ccccaat,
tccegeg.,
tceccgaa,
tceceecet,
tccecaqg,
tcececatce,
tcccaat,
acccgte,
acccgat,
accccta,
acccatc,

acccaat.

tgcggga.

identical

ccecata,
ccecage,
tceeget,
tccecgag,
tceecte,
tcceceat,
tceccecata,
tccecage,
acccgta,
acccgge,
acccctyg,
acccata,
ggcgggg.

dacggga.

or

cceceatg,
ccccaga,
tcecegte,
tcecegat,
tcecececta,
tceceege,
tcececatg.
tcectece,
acccgtg,
acccccce,
accccett,
acccatg,
agcggggs

tggggga.

different,

ccccecatt,
cceccagdg,
tccegta,
tcececgge,
tceceetyg,
tcccacce,
tcececatt,
acccgcec,
acccgtt,
accccca,
acccacc,

acccatt,

gacgggg.

ccccaac,
cceccagt,
tccegtyg,
tccececce,
tccecett,
tcccaca,
tccecaac,
acccgcea,
acccgac,
acccccyg,
acccaca,

acccaac,

ttcgggg,

and ggcgggt.

mild

low

ccccaaa,
tcecegec,
tccegtt,
tcceceea,
tcccececac,
tcececacyg,
tcccaaa,
accecgeg,
acccgaa,
acccccet,
acccacqg,

acccaaa,

gg9999gg9.

A mild low temperature transcription enhancer in

temperature

transcription control elements of Claim 1 are connected,

provided that mild low temperature transcription control

element

nucleotide sequence of ccccgceg,

excludes

nucleotide

cceegte,

sequence which contain only

ccceget or ccccgaa
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15 at 3'terminus as mild low temperature transcription control elements.

4. A mild low temperature transcription enhancer in which identical or MCSLLP

different, mild low temperature 20 transcription control elements of Claim
1 are connected, the mild low temperature transcription enhancer having
nucleotide sequence of: ttccccceceg caggacaaac gggtcgggaa cgcggaagtq
ggtcagctcc gcctccaaat cagcetgtcece cgoctcctag tcgetag (SEQ ID NO:3) 25
wh Acrectorlcomprizingomild jow terhperature tsangcription contraletementvhich

%1} Haim ]i,or &nild low [temperature tresmscrigtioré egl%anceé of any 81‘r

aims 2-4. 30°6. A eukaryotic cel??rans?ggtea%y the vector of Claim 5.0 22999
WHGEShLPp 84 de decukaryote trahsfected by the vectorlof Clagw 5. t8&mfeerature
{'}%thg% E%r slsgxingomitld CI)olw lemperature transcrip_tion control factor or
regulatory substance ‘B thereo comprising: incubating double-stranded

DNA probe containing mild low temperature transcription control

elements of,Claim & with, proteip, solition do he.assayed, measuringmilde r  in
low temperature transcription control 10 factors by detecting the
dobble-strafged DNA probé bodhid e fiserh, mild  low  temperature

transcription control elements of Claim 1 are connected via
other nucleotide residue, provided that mild low
temperature transcription control element excludes
nucleotide sequence which contain only nucleotide sequence
of cccecgece, cccegtce, ccccget or ccccgaa which follow 3' to
t; nucleotide sequence of ccccgec which follow 3' to a;
nucleotide sequence of ggcgggg or ggggggg which precede a
at 3'terminus as mild low temperature transcription control

elements.

4, A mild low temperature transcription enhancer in
which identical or different, mild low  temperature
transcription control elements of Claim 1 are connected,
the mild low temperature transcription enhancer having
nucleotide sequence of:
ttccceocgeecg  caggacaaac  gggtcgggaa cgcggaagtg ggtcagetcee
gcctccaaat cagctgtccc cgectcecctag tegectag (SEQ ID NO: 3)

5. A vector comprising mild low temperature
transcription control element of Claim 1, or mild low

temperature transcription enhancer of any of Claims 2-4.

6. A eukaryotic cell transfected by the vector of
Claim 5.
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9. A method for purifying mild low temperature transcription control

factors comprising: 15 incubating double-stranded DNA probe containing MCSLLP

mild low temperature transcription control elements of Claim | with

protein solution; obtaining mild low temperature transcription control

factors specifically bound to the mild logutemperature 20 transcription
control elements; and isolating mild low temperature transcription control
factors7. A eukaryote transfected by the vector of Claim 5.

8. A method for assaying mild low temperature
transcription control factor or regulatory substance
thereof comprising:

incubating double-stranded DNA probe containing mild
low temperature transcription control elements of Claim 1
with protein solution to be assayed;

measuring mild low temperature transcription control
factors by detecting the double-stranded DNA probe bound to
them.

9. A method for purifying mild low temperature
transcription control factors comprising:

incubating double-stranded DNA probe containing mild
low temperature transcription control elements of Claim 1
with protein solution;

obtaining mild low temperature transcription control
factors specifically Dbound to the mild low temperature
transcription control elements; and

isolating mild low temperature transcription control

factors.



