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DESCRI PTI ON SEQUENCE CAPABLE OF ENHA
EXPRESSI ON OF GENE UNDER MODERATELY LOW T
Technical Field The present invention rel aﬁ@ﬁ)@ﬂm mm

| ow tenperature transcriptiorn control el

(ol i gonucl eoti des) enhancing the transcription'8fa

gene at mld | ow tenperatures, and 10 an enhancer

conprising the mld | ow tenperature transcription

control elenents. The preseARIPAVEOHti on al so rel ates

to a nethod for assaying and purifying mld | ow

tenperature transcription control factors (proteins)

using mld |low tenperature transcription contro

BEQUEBNCE. CARABAEK @Fo UG I Nf&r TidusEPPRIE patelit PEalcENE UNDER
and assay reagents such as nonocl onal anti bodies,
YODRRATEATt DO @ARMPERATURAQ factors have been

produced by biotechnol ogy. 20 Generally, at a | ow
tenperature of 10-15C, correct folding of

het er ol ogous reconbi nant protein is pronoted and
teghadatiiomiefidt he protein by proteases is inhibited
(Baneyx, F., In vitro folding of reconbinant proteins

in Esebeprelieatcddvedtidvnual aods i bdustitallow temperature
m cr obi ol ogy and 25 bi otechnol ogy, 2nd ed., (Denain,
Arahscbapits od. EonAlrtas e lehentlsOLHAlilgdnhldd ddt3kkd]) enhancing
N

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 1inhibited
(Baneyx, F., In vitro folding of recombinant proteins 1in
Escherichia coli. In Manual of industrial microbiology and

biotechnology, 2nd ed., (Demain, A. L. Davis,J.E.,Altas,
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*Gl30002* 2 R M, et al., Eds.) ASM Press,
Washi ngtonn D. C, pp.551- 1999). Accordingly, when

reconbi nant proteins are produced by bacteria,

cultivation at | ow tenperatures below 20C is

effected, instead of at 37C. fn this case, since

protein 5 synthesis is generally |owered at | ow
tenperature, possible lowyield of a desired protein

ﬁ% occur. This problemis solved by using the
Folbrotef ot - coﬁ@ssﬁoéﬁmbr%¥%$%rC@Bﬁhlﬁéﬁ@nén&JS' » PP.551-
untransl ated region (UTR) of CspA nRNA in an
B essifoir amstisil of i fesi sempr Bt nPTBafe)R, 2Fe mRAgAuced
10 Mujacic, M, Cold-inducible pronmoters for
metkeacb%@oms C‘ﬁ)iﬂ@t%@ﬁléﬁpﬁésép@’n temrreosa 9 Nptbew| 3 “C is
Bi ol ogy, 205, 1-18, 2001 However, posttransl ationa
afpfi i asht | orS terdaef erFadiSC si g fﬁftlaﬁtql@s%hfﬁeﬁ@ﬁtpro’ﬁeln
fromthat in manmalian cells. 15 Especially for
pharheecieuti ca e g yepsidea ron st atewi seimpportane, f ppssible
therapeutic effects. Therefore, mammalian cells,
ar tyceldréy €hidmesecHampséricemay ioesyr areThsedprbbiem is
produci ng protein pharmaceuticals. It is necessary to
solcveedseyprtieiqn yhel draomaraer ofo celicehpradustotorin CspA
cost 20 with the cell cultivation. Wen usua
aed | wati 6 ain370isisted f eeyédn tHEIR isfaCspA mRNA in an
di sadvantage that, since cells die after rapid
o ds 1 dihe vieertardupitnga Whiletti reel | pretevinve (Radeyx, F. and
produce the desired protein is short. Therefore, an
Mui{eapt, t aMr estcala-cedbc g bat hpaodohave céblrs $erteirvéogous
for 25 a longer tinme period is effected by the
BestdiOnegfr&esion, Methods in Molecular Biology, 205, 1-18,

2001) .

However, posttranslational modification in bacteria is
significantly different from that 1in mammalian cells.
Especially for pharmaceuticals, glycosylation state 1is
important for therapeutic effects. Therefore, mammalian
cells, particularly Chinese hamster c¢ell 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 1s short. Therefore, an
attempt to restrain cell growth and have cells survive for

a longer time period is effected by the addition of cell



10

15

20

25

3 growmh inhibitors, the expression of cell-cycle
inhibitory gene p27, the cultivation at mld | ow
tenperatures (30- 32C) , etc. (see Schatz SMet al.,

Bi ot echnol . Bi oeng, 2003, Noy. 433-438). 5 Anong

them the cultivation at ml d>I ow tenperature has the
characteristics as follows: 1) Cells survive and

produce reconbi nant proteins for a |longer tinme period

than the cultivation at 37C, 2) The activity of . = |
Iprosttéol Y P ereyfe FBS| BXRFES SLO ?F reffieeCYfke inhibitory
degradation of desired proteins; 3) dycosylation and
Jde5@pr B éi n e t ERAS IHREISNM #ar il t hBYe tERSAdtERsS (30—
at 37C, and sialylation is rather better than that

AN ) vat ek at 3362 HchryrosEMblat | Apr ovdiieritedhnol . Bioeng,
correct folding of 15 desired proteins as in

et e, - (4uf4dthn: H, Mazur X, Marone R Bailey JE,
Fussenager M, Biotech Bioeng., 2001 Mar. 20,

72( 6)AMB9% 60RemYodmeSKeuSphgativn Lae @ Bivt egEhmperature
Bi oeng., 2003 May 5, 82(3):289-98). In regard to

rraudited ghiatakofr Yecomdi manfoptovein, 20 since cell
survive ternms is extended, total yield is often

i ncr dasete 1l Howeverivehensipeciddwuceroeltenpimayt oproteins for
protein per cell per unit time varies for unknown

a4 dasors;  possi e yiodepeadi nigeonukiindstobncek! 37KEnds

of the desired protein, and others. There are many

casex ) nThhi drtiwel tspecktf ipor e qroduct euiciyei S s attreered to
| ower than that at 37C, which is 4

reduce the degradation of desired proteins;

3) Glycosylation and isoprotein patterns are similar
to those cultivated at 37°C, and sialylation is 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):592-602; Yoon SK, Song
JY, Lee GM., Biotech Bioeng., 2003 May 5, 82(3):289-98).

In regard to crucial yield of recombinant pfotein,
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
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probl emati ¢ (Kauf mann H, Mazur X, Marone R, Bailey JE,
Fussenegger M, Biotech Bioeng., 2001 Mar. 20,

72(6):592- 602; Yoon SK, Song JY, Lee GM, Biotech

Bi oeng., 2003 May. 5, 82(3):289-98). Since gene

expression control mechanism® is different fromthat

in bacteria, cold shock protein CspA pronoter and 5'
untransl ated region (UTR) of CspA nRNA in bacteria

cannot be used in manmalian cells. On the other hand,

P glelepgta ke cH Kagi fmeens| Hpl ddazueukar yYesonas BeePaisealy JE,
as a nodel of a human in bio- 10 scientific study by

Hurs et o nY - F eBsorischa Feagrghas 2808 Mardan2dt all2 (6) : 592~
functions as an eukaryote although the genone size

Gter eppon sSHs §anPl Jds I3eniGM i onBidaseh paioesngmpr 2003 May.
than 30% of yeast genes has introns; 15 am no acid
seqiientke: 98 9yRast génecdies durghl yxponserardcomtthlt hechanism
known human honol ogous gene to normal ly express hunan
igerdl e yeast framdtfiamctnopattanabyscslidssbasy protein CspA
(Mol ecul ar Biology of the Cell,4th edition, Al berts
B;ordofers oand, Slewirst thnRaffed] re@DoRoMETRS, € OMbA emRNA in
P, published by Garland Sci ence, New York, 2002).

Bdwiss r faingannoc| vei ngeyeast saasmamebh asitells from
eukaryotes closer to humans than fungi, for exanple,

pl antGp theundwhens, hangects, fdasheswhanphi bé anse aBdmplest
birds are 25 considered to be able to carry out
Posirysansihatd onakn5 usmdli kiscaé i addefl poot @ nBuhbke in bio-
manmal i an cel | s by

scientific study by the following reasons:

a yeast has all fundamehtal 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 homologous 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, fungli including yeasts 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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appropriate suppl enentati on of genes as necessary and
produce proteins at low culture tenperatures. In

addi tion, when genetic engineering technique is used,

it would be 5 possible to obtgin eukaryot e individuals
contai ning eukaryote cells sdbjected to gene

nodi fication and to produce protein. Non-patent

literature 1: Kaufnann H, Mazur X' Marone R, Bailey

JE Fussenegger Bi ot ech Bi , 2001 Mar. 20, 10
meslieh i CEgRB02: o%npﬁ&@ﬁtﬂ% "t andur eMTRdGANSK cgbhg  bv
JY, Lee GM, Biotech Bioeng., 2003 Muy. 5,
%RH%BPQ%@“98S?@ﬁ#?ﬂﬁ%&ﬂt+??er%fur%e@°sFu??tangcesﬁary and
Mol. Mcrobiol. Biotechnol., 1999 Nov 1(2): 243-55 15
INGHLjR MO TS et atfur €0 CWbF @ERI BPBPBRBYYesf t he addition,
Cell,4th edition, Alberts B, Johnson A Lews J, Raff
WieTRoBEPES 1R, SVEIRRe T T plHsIGheHaR byl Balusaitt Sefertuild be
New York, 2002 Disclosure of Invention 20 Problemto .
Bes Sothed O | sohhadbj ecALIAT T dlee pr éPEtvidnadift | oROREaining
provide a nethod for increasing the anount of protein
Prlottcete perel lcel Isyrereantd  thidre gamd t oall fjicgltd ot and  to
mld |ow tenperatures. It is also an object of the

predere pnvention to 25 provide a nethod for assaying

and purifying mld |low 6 tenperature transcription
Nontpotefactots rgpuateei hs) Kaumars: f B S admgXbPr dbdewne R,
As disclosed in the pending international patent

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

72{(6):592-602;

Non-patent literature 2: Yoon SK, Song JY, Lee GM., Biotech
BRioceng., 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 1is 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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5 application (PCT/JP2005/003385), the present

i nventor has found a gene expression control sequence
whi ch acts as an enhancer at mld | ow tenperatures
(referred to as mld low tenperature transcription
control element). The exanpl e®of the sequence is a
nucl eoti de sequence of: 10 tccccgcc or a sequence
conpl ementary to the sequence. The present inventor
has further carried forward the study on mld | ow
temgraratune transeription cont¥oel ferteaent spraseans) .
result, it has been found that a nucleotide 15
sequence of: XlcccX5X6X7 wherein Xl represents c, t,
or a; X5 represents g, ¢, a, or t; X6 represents c,
Mearss foyr SolanthX7Pra@presents ¢, a, g or t, 20

specifically enhances transcription of gene at mld
| ow Aenpdrstiwsed That ishet heepdesent inhheentionnal patent
relates to mld |low tenperature transcription contro
Fhelrerd $i cong PETY/ A 260 5d 003G6I5e ot | Uee seqeerne ofnvédBor has
XlcccX5X6X7 7 wherein Xl represents c, t, or a; X5
feptdsenteng, expragssaror ;cobt repr esgnesace, which artgy;as an
and X7 represents ¢, a, g or t, or a nucleotide
agguence sonpl @denbar tetpetrhits reaquencerSedheot@s mmild low
"mld |lowtenperature transcription contro
temperature transcription control element). The example of
the sequence is a nucleotide sequence of:

tcceccegec
or a sequence complementary to the sequence.

The present inventor has further carried forward the
study on mild 1low temperature transcription control
elements. As a result, i1t has been found that a nucleotide
sequence of:

XlcccX5X6X7

wherein X1 represents ¢, t, or a; X5 represents g, c,
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 1is, the present invention relates to mild low
temperature transcription control elements consisting of a

nucleotide sequence of:

XlccecX5X6X7
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el enment” refers to a nucl eotide sequence capabl e of

accel erating the transcription of a gene specifically

at mld lowtenperatures. The term"mld | ow
tenperature” herein refers to_a 10 tenperature of

15-36C, preferably a tenperatJre of 30-34C and nost
preferably a tenperature of 32C. The mld | ow

tenperature transcription control elenent functions as

a mld lowtenperature specific enhancer for

transtts o bf TeRERBENTEI5CThé 'mi9™d 3 'ow T eFpRT 2E®RES 97 C»
transcription control elenment of the present
dnvent F onXakeBXRFBRE S| F8 ffuncdtri ot whend?d X7 sTgBEgsents ¢,
al one. However, it is preferable to use it in

orthext iton of 2-350, preferably 2-100 of the sane or
different elenents. Wien the elenents are used in 20
comeMdmrtite sampenre diPhet enenepeienPstihy Bequence.
directly connected, or may be connected via any
nunbethantdeany 'Kiindl bfwnieesttiaday.e Theazoehertedn control
mld |lowtenperature transcription control elenents
araneef'er redfeosastoni lad lrow leapde at sieguence capable of
transcription enhancer” or only "enhancer” in 25 the
presentaspegi tiheat t oansThiep i bd |dw ¢ egpercatepecBfically at
transcri pti on enhancer of the present invention

rekbd udes teopéeatudessequence which contains only the

nucl eoti de sequence of ccccgcc, ccccgtc, ccccact or
ccccgaae Whietim  follow 13w t betpetrhé umed| eotiaen segience to a
of ccccgcc which 5 follow 3" to a; the nucl eotide
seguenseuné cecthedoWhi chrefelrbbwy3d'a temperbhere of 30-34°C
nucl eoti de sequence of ggcgggg or

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 1s preferable to use it 1in
connection of 2-350, preferably 2-100 of the same or
different elements. When the elements are used in

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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0g99gggg which precede a at 3'termnus as mld | ow
tenperature transcription control elenents. The mld

| ow tenperature transcription control element 10 and

the mld |low tenperature tran;cription enhancer of the
present invention have no reldtion to the distance and

the direction froma pronoter. The term"ml|d | ow
tenperature transcription control factor (protein)"”
refers to a protein which is activated at 15 mld | ow
ST AU € Tan8"BPRAES Tt P hi IS ofF Eefper dfic@tion excludes
transcription control elenents or enhancer to control,
usd TCasESUSSEe| At t KOt Rdmscr Pptlivontde gereleotide
present at the nei ghborhood of the el enment. The _
TFHBEEE | AfenEFBAIFE) at @SCEBLE, veREBFICONPY siCRECI2@ which
the mld |low tenperature transcription control el enent
forllahed3 ki IF@ 1ow EBApEEAeL tdansedipifon cénhapeeycc which
descri bed above. The present invention relates to
fukaryote &6l 1 thansforiaat ise t pedveetor o225 dhegcc which
present invention relates to eukaryotes 9 transforned

Ind kdve vectbpr. Ps $hewnniinlBEradplee bedetnadt evf gudapgg or
| ow tenperature transcription enhancer can be stably
daaergat edhioho peklcedkr orosoak. Bhcepmésest iawenhiba low
relates to a nethod for assaying 5 mld | ow

temmperatwre transcription control éaenenss. (proteins)

and the regul atory substances thereof. The nethod
conpritsesnild 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 ow 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
transiormed by the vector.

The present invention relates to eukaryotes
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i ncubati ng doubl e-stranded DNA probe containing mld

| ow tenperature transcription control elenments with

protein 10 solution to be assayed; neasuring the

amount of mld |low tenperature transcription contro
factors specifically bound to®mld |ow tenperature
transcription control elenments by detecting the DNA

probe bound to the proteins. 15 The activity of a

regul atory substance is assayed by quantifying the

oo ofed Hey afbunte©fofi | dA$ ofhovenper Bkamele hereinafter,
transcription control factors bound to the DNA probe.

mhed pi eseenprventiren fedatesipol @ nenthedcktar c0 be stably
purifying mld |low tenperature transcription contro
fractprat e Thennet dodl compehnsesmnei ncubat i ng

doubl e- stranded DNA probe containing mld | ow

t enpertae weetemnscmyph £ oon coat avksetenenimsthvotihfor assaying
protein solution; 25 obtaining mld | ow tenperature
miafscrigt i onergriraolurk) fraeiheics iirietrei ngontrol  factors
specifically bound to mld low tenperature

twamserh Pt | omnd comd r obgel eneny ssuandansekathragenitl.d | ow
tenperature transcription control factors. 5 Effect

of thehPresemndd| cveptisasThe present invention can

accel erates the transcription of a gene at mld | ow
tenperatub£S8ing double-stranded DNA probe containing mild

low temperature transcription control elements with protein
solution to be assayed;

measuring the amount of mild low temperature
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 is assayed by
quantifying the <change o©of the amount of mild 1low
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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According to the present invention, mld | ow

tenperature 10 transcription control factors

(proteins) and regul atory substances thereof can be
assaying or purified. Brief Description of Draw ngs

Fig. 1 is a schematic view repriesenting pCAT3 pronoter

15 vector. MCS represents a nulti-cloning site. SV 40
pronoter represents a pronoter derived from Sv40

virus. CAT represents a codi ng sequence of
Eatephfpheliixvieinget yisPeaisticgalsle; PRouesr eseats mild  low
pol yadenyl ati on signal derived from SV40 virus. Anpr
feppesehtseanprebEFint120 reskstanecd egemés iFiegd 2 is a
schematic view representing pcDNA 3.1(+) vector

(1 nvi tsogahingMaES eptesenespe matiutie ckoanagrspteon control
Firefly luciferase encodi ng sequence is inserted

batween. EcoRV and Xbal of the multi-cloning site. A

mld |low 25 tenperature transcription control enhancer

is integrated 5° 11 to CW pronoter. Neor represents

6418 resistance gene. Fig.3 represents a result of ge
BhiféttassayhePrPotekns Iextnacbed from nouse . Bal b/ 3T3

cells cultured at 37C (1 lane) or 32C (2 lane) for 8

hour sThere ghedyazed by igelenTishh ft assay usttglerates the
32- P- ATP- | abel ed ol i gonucl eoti des 5' -
ttenecgepgacggatetaga3d’ @nhed paobe rtiodlet el mMdchdetures.
tenperature transcription control factors bound to the
nctdrdlaw tenpenat wre ddgranschiypht0BngontTIId ebeMBenrature
enhancer. 10 Best Mdyde for Carrying Qut the Invention

Exanptespefohhecshtdol oW erpes at Us ot EARSET idld Otegulatory

substances thereof can be assaying or purified.

Brief Description of Drawings

Fig. 1 1s 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 wvirus. Amp® represents ampicillin
resistance gene.

Fig. 2 1s a schematic view representing pcDNA 3.1 (+)
vector (Invitrogen). MCS represents a multi-cloning site.
Firefly luciferase encoding sequence is inserted between
EcoRV and Xbal of the multi-cloning site. A mild low

temperature transcription control enhancer is integrated 5°'
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control elenment of the present invention include, but

is not limted to: ccccctc, ccccgca, ccccggg,

cccegtt, ccccgtc, ccccgta, ccccgtg, 15 ccccegtt,

ccccgac, ccccgaa, ccccgag, ccccgat, ccccggc, ccccgga,
ccccggg, ccceggt, ccceccce, ccééecca, ccccccg, cccccct,
cccectc, cccccta, ccccctg, cccectc, cccccac, cccccaa,
cccccag, cccccac, cccccgce, cccccga, cccccgg, ccccctt,
ccccacc, ccccaca, ccccacg, ccccact, ccccctc, ccccaca,

tee (OBt praeicat t, NRe cEgRd & ety dH L o edcda@dse gene-
ccccaat, ccccagc, ccccaaa, ccccagg, ccccatt, cccccac, .
cccct&kﬂ-i(ﬁﬁﬂﬁﬁﬁeﬂ%%cﬁcﬁ?S@%Ec@ggge%cébbét,aFEéEgt8¥OtelnS
tcccgta, tcccgtg, tcccgtt, tcccgac, tcccgaa, tcccgag,
epocgited t éseggaroutecBgdd/ Héccggylst ceddared cegcca, C (1
tccceccg, tcccect, tccectc, tccccta, tcccecctg, tcccectt,
ltagedcaer t3¢cécad? teoectad ot c8ecdatur25werecegelyzed by gel
tcccacc, tcccaca, tcccacg, tcccact, tcccatc, tcccaaa,

I £ cocatay, tusceat t 32t€céddc l aedeadhapligopagdeotides 57 -
tcccaat, tcccagc, tcccaga, tccctcc, acccgcc, acccgcea,

tATTTYTY; CArTeYTt ccagtegt cas  atcaytEhe adecgdgteadecotitd low
acccgac, acccgca, acccgag, acccgat, acccggc, acccgga,
tBoUTYo; U BE Cltggt s catetron, cagtecotafaatocechgpubd to the mild
accccct, acccctc, accccta, acccctg, acccctt, accccac,
lancccamerACCLe garameccactioaccoataplaetemegr accegbhnpcer.
acccatc, acccata, acccatg, acccatt, acccaac, acccaaa,
acccaag, acccaat, gcccccc, ggggggg, agcgggg, gacggag,
ttcgggg, 9999999, ggcggga, tgcggga, gacggga, tggggga,
Bk ggs@ggfor 10atiyikgepat atheniakehthidnlow
Tenperature Transcription Control Elenents
Examples of the mild low temperature

transcription

control element of the present invention include, but 1is

not limited to:

ccccgcc, ccccgca, ccccgcg,

cccecgtt,
ccccggg,
cceccecta.
cccccgce,
ccccact.
ccccaag.
ccecctece,
tccecgtyg.,
tccecgga,
tcceccecta.

tccececge,

ccccgac,
ccccggt.,
ccceetg,
ccceccga,
ccccatce,
ccccaat,
tcecegcece,
tccecgtt,
tccecggg.
tcececectqg,

tccecacc.,

ccccgaa,
ccccccece,
cccecett,
ccccecgqg,
ccccata.
ccccagce,
tccecgcea,
tccececgac,
tccececcece,
tccecectt,

tcccaca.

cccecgcet,
ccccgag,
cccccca,
ccceccac,
ccecceccegt,
ccccatg.
ccccagas
tTcccgceg.
tcccgaa.,
tcccecccea,
tcceccac.,

tcececacg.

ccccgtce,
cccecegat,
CCcccccg.,
cccccaa,
ccccacce,
cccecatt,
cceccagg.
tcceget,
tcccgag,
tccececg,
tccceccecaa,

tccecact,

cccecgta.
cccecggce,
cceceect,
cccccag.
ccccaca,
ccccaac,
ccccagt,
tcecegte.
tcccgat,
tccecect,
tccecag,

tccecate,

cccecgtg,
ccccgga.,
cccecte,
cccececat,
cceccacgs
ccccaaa,
cccctac,
tccecgta,
tcccggce,
tccecte.
tcccececat,

tccecata,
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The m|d | ow tenperature transcription contro

el ement, and the mld |low tenperature transcription
enhancer of the 15 present invention can be prepared,

for exanple, via a solid synth33|s nmet hod by
phosphor oam di de net hod or via“a solid synt hesi s

met hod by hydrogen phosphonate net hod, using four

ki nds of deoxyri bonucleotide with protective groups

(see, for exanple, digonucleotide Synthesis:

et calt c2ganppr BaEA22FRLT PFe332 . 35-FF PB- If@cefgsﬁcccag
J. Og. Chem, 49, 2139 (1984); Tetrahedron Lett.

G CABD. GI@S@FP\TéFﬁQEéGFo@CCE@@@>,%EECQQEX}@HQRECt\ acccgte,
Tetrahedron Lett., 21, 719-722; J. Am Chem Soc.,

20391 385BLIL (- 198LFINEwadaygsIt ey Tt e aeasidag. acccgat,
synthesi zed with commercially avail abl e DNA 25

FYTLdES| 26 gdfear aexanple, amanafactareedr &y AFdaEsd 18CCCCCy,
Bi osystem). (ii) Pronoter to Be Used Prokaryote

Pronot er s,caeykaryetecprenvderschod adrust t prremstars accccaa,
can be used as pronoters. Manmalian pronoters 5 and

At Casy Pr enuteercs .apecpreker redcaByamt esa of . pragfarraedacccata,
pronoters include nouse thym di ne ki nase pronoter

{dd&}atg cHanegal .ovicrus aCCWEcpreaDt &rcammg SWrcaat. gccccec,
pronoter. (iii) Coding Sequence Cenes to be expressed

@ eghed. ldqadesy. gaddde. tOcpggbeotjgessequenurga. tgcggga.
encodi ng any protein can be used. Non- codi ng RNAs can

bec g4 ps esseh@se Wahld. gdaggdtector to Be Used The mild
| ow tenperature transcription control el enent

(i) Preparation of Mild Low Temperature Transcription

Control Elements

The mild low temperature transcription control 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 example, manufactured by Applied
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or the mld |ow tenperature transcription enhancer of
the 15 present invention, a pronoter and the coding
sequence encoding a protein to be expressed are |inked
together and inserted into a vector. The expression
vectors for prokaryote cells land eukaryote cells can
be used. Exanples of preferred vector include, but
not limted to, pCW 20 (Invitrogen) , pCAT3 pronoter
vector (Pronega) and pSV2-neo vector. (v) Host Cel
BoBesteed- Host cells are transfected with the vector.
It is preferred to use eukaryote cells, in particular
haiheffemot9b tel Bs dse#lost cel |l s. Exanpl es of

preferred manmalian cell 14 are human cell |ines such

as 29BroRagot¢) 209 mdHHrs, ecldlea votmonkepmoeklrs| iaesd virus
such as COS-7 and Vero; nouse cell lines such as

N ¢ST8y s Bakb/ 333, uBeB, ddepplkoBioandsChi nésemahaast @romoters
cell lines such as CHO. 5 The nethods for the

dnansfeati promalamte £ad cpumfephesiphatexamphesl, of preferred
i pof ecti on nethod, retrovirus nethod and

et eed t ©por atri dnudeet hathsedForhexanphe, kbhntbe cat@hater (TK),
phosphat e nmet hod, cal ci um chl oride sol ution contai ni ng
ONfomé yeTh ot Fub s (addedpdbapwese ahd BVASP Ratone tagi.d

solution with i0 stirring. Fine precipitation

cont pi 0bAgnPNAe gakeicam phosphate is forned. Wien the
solution is added to host <cell, the precipitation of

DNA- caégésim phospbat exprtessd | Are hest: celistWd and the
phagocytosis so that DNA is transfected into cells.
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 1invention, a promoter and the coding sequence
encoding a protein to be expressed are linked together and
inserted into a vector. The expression vectors for
prokaryote cells and eukaryote cells can be used. Examples
of preferred vector include, but not 1limited 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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15 (vi) Cultivation Condition The host cell is

cultivated at a mld | ow tenperature. It is

unnecessary to use special nediumas culture nedi um

Usual medium for manmalian cell cultivation can be

used. Typical exanple of the fediumis Dul becco's

nodi fied 20 Eagle's nmedium (D- MEM suppl enented with

10% fetal calf serum (FCS) (Invitrogen). The present
invention relates to a nethod for assaying mld | ow

2 e@perEraly e cerdanse i npsi o @ontasol 20986t 02 83T Thed 2 hod Huh-7,
conprises: 25 incubating doubl e-stranded DNA probe

Beht ai nihpgkai| dels lioast eppér atsuCeStr/arscr iVptriogn mouse cell
control elements with protein solution to be assayed,;
heassr snght kes aDiUNITof Beld/Baw,t ehpfer afepel -6 and Chinese
transcription control factors by detecting the doubl e-
basstandedl DNAipeebeubbuad €80t.hem The activity of

regul atory substance is assayed by quantifying the
chang&hef mhehadvuntoof rhed lawnstferperat urimclude calcium
transcription control factors bound to the DNA probe.
gBofbhste DBAhoH| gonpelfeotide @entaid)i ngtmdvd due@wmethod and
tenperature transcription control elenents and
cbapteapatacyost r andhatde prepared eaGe@1di,Ng it0 the calcium
conventional nethod. The term nus of oligonucl eotide
prhepphedei methabel et Jiam exianpt de Wsbhubt 6hi Bon@RAdning DNA
the | abel ed 15 ol i gonucl eoti des are anneal ed to be

dowbterst iandeded 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.
Usyal medium for mammalian cell cultivation can be used.
Typical example of the medium is Dulbecco's modified
Eagle's medium (D-MEM) supplemented with 10% fetal calf
serum (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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Alternatively, it is also possible to | abe

ol i gonucl eoti des after they are nmade doubl e stranded;

or to use double-stranded oligonucl eoti des w t hout

| abeling to be detected at the |ast step.

Commercial ly available gel 20hift assay (EMSA

el ectrophoretic nobility shift assay) kits (PlIERCE

Mol ecul ar Probes) can be utilized. Then,

doubl e-stranded ol i gonucl eotides are mxed with mld .
oy teepperbete et FRRRSEEPPLPBNCEBAREPS| SfgBEHES With protein
(proteins), or occasionally protein solution which is
Tohst der edotloe 28sedyi€@di n t he control | i ng substances

t hereof, for exanple, 16 nuclear extracts to react
doublreegsvwahded diligongaicestt desf wimhlidi | ddww temperature
tenperature transcription control factors (proteins).
Thems of i gohot| eotites] pratebns dd s tigonucd edtisdesiouble-
bound to proteins are separated by using 5 ge

et candphiob®si sroberbenadpke, tpelyacryl am de ge

el ctrophoresis. Free ol igonucl eotides are positioned

at theel awarivparg sifnceegheytopye susttdnrd hesgedssayed by
whereas oligonucl eotides bound to proteins appear at
thenuppeinpar tthesi nceat ey move show ymotthe mdd [owld low
tenperature 10 transcription control factors are
tetpeeteduas praneicnsptipeciddrcaldly tounsr4 obdhed to the DNA
ol i gonucl eoti des. For exanple, when oligonucleotide
psobabel ed with biotin, polyacrylamde gel is blotted

to a nylon nenbrane after el ectrophoresis, and then
proternssand abNmgonudlieeinudasdyiansf eepbadaanentd mild low
cross-linked to the nmenbrane using ultraviolet. The
be@peRathabel | wRBIdJIrEed igh t he sBAbFaNe | Selements and
specifically bound to

complementary strand are prepared according to conventional
method. The terminus of oligonucleotide prepared 1is
labeled, for example, with biotin, 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 1s considered to

contain the controlling substances thereof, for example,
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per oxi dase-| abel ed streptoavidin, and emts |ight by

the reaction with chem | um nescent substrate to be
detected after exposure to X-ray film 20 Wen the

above kit of Ml ecular Probes' is used,

ol i gonucl eoti des bound to pro%@ins can be detected by

i ncubating non-| abel ed ol i gonucl eoti des wi th proteins,
subjecting themto el ecrophoresis, and staining the

gel wth dye in situ. Fromthe anmount of . ,
neicilgeriuct otd des 28 $FEEIf it o A pe bt @Phuctpetides
anount of mld low 17 tenperature transcription

widdiit r o 1lact oF s Geunmsastiitesl. tmansicy igts®poserbirelt ofactors
assay the activity of a regulatory substance by
quaritsifndng its efheot owltlenawdgeticies,ow proteins and
tenperature transcription control factors. 5 The

QPriggentc lisneamd onbpehnadt €9 tir & gigthodr € osepgueitiegi iy using
mld |ow tenperature transcription control factors.

gile neflbodopbupeisdes: i Acubatadxrmpmoubl epstlivanded ablide  gel
probe containing mld 10 |ow tenperature

et Ireansh qptd soirs contFiode elodrigoins adieh iglest eekpne  golsuttiigmed  at
obtaining mld | ow tenperature transcription control
frect bose fproeted ns)nspedinfadycahdye bdasd tion mchd lgal, whereas
tenperature transcription control elenents; and 15
dlsioj@tidigeaiddb d dveodredpes ap tivee tnanscpePti o tbat npber part
factors. First, DNA oligonucleotide containing mld

diOWwe 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 oligonuclecotides 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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tenperature transcription control elenents and

conpl enentary chain thereof are prepared according to

20 conventional nethod. Then, the oligonucl eotides

prepared are imobilized, for _exanple, by linking to
carriers. For exanple, oligohicleotide is

bi otinyl ated and annealed to conplenentary chain to

becone doubl e stranded, which is linked to

avi di nyl ated magneti c beads. Then, immobilized 25

R et St T andedn oF F ohtel e6PN8ES land 4 Prootled measured. It
solution 18 possibly containing mld |ow tenperature

vy aRdepi predRLlbEDNthDl 2faeYorsie f Cctavamy e9f a regulatory
size-fractionated nuclear protein extracts are m xed
WP 3 40Ve cbiit astarsfi douls el tst pddged odn géhaclaastirdesof low
wth mld |lowtenperature 5 transcription contro

fermporst uhehy adotibl et 5o apdedrobdl fgohackeot i des with

bound mld | ow tenperature transcription contro

f act oflse ar preeeover edyvefrdri caxanpd batewi t fomagnetmahepd  for
magneti ¢ beads are used as carriers. After expensive

mashf ngnof theédbeadsy spewpkiredalirg bounandOr prot@i nscontrol
i.e., mld lowtenperature transcription contro

factors. (proteins), are eluted and purified. If

necessary, mld |low tenperature transcription contro
Taectoethed fomphesepurified using gel el ctrophoresis

and colum chronmat ography. The ami no acid sequence

and t hensmbdtiow dbuberpertatuded MMAFScH+@ibe onocoat hahg mild
factor gene can be identified fromthe purified

poot ebmpe Theupeesentstavent bancbatiunt keemexplsawieth iprotein
detail referring to exanple. However, the present
sBventben is

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

double-stranded oligonucleotides and a protein solution
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not limted to the exanples. 20 Exanple 1 An

ol i gonucl eoti de prepared by connecting three of eight
bases containing tccccgec in series
(tccccgectcceccgectcecccacc) (SEQ ID NGO 1), or an 25

ol i gonucl eoti de prepared by cdi¥necting three of eight

bases 19 in series in which t of 5 termnus of

tccccgee is changed to other base was inserted into

the nulti-cloning site of pCAT pronoter vector

K ohehga) . cahi sl vieeg ormhbd t hew pirempesptoreSvigaasdription
chl or anpheni col acetyltransferase 5 (CAT) gene as a
¢sEporeler fmotain. FOAT premetler, vedtzer fngwtclondedonuclear
insert was used as a negative control. Each 2.5-5.0 t

wyr ¢35 mmeditsta adfs t bese plasdil do was 100~ teahsfected double-
into human cell line 293 with 0.5-1.0 ug /35 mm

i ssdm ad d COVB-1lgaol (Metvitclvis s awgdlhact nsiidasel@xpr esgipegature
10 plasm d and was used to amend the each transfection

efdn st eney] o ATCCpnThelt r drsftected cel Tsener e ddiubilded tranded
into two parts and one part was cultured at 32C and

¢ hegotherepardewas wetiht ur édwatd 37Gni Tée nidivum weegherature
was D- MEM suppl emented 15 with 10% FCS. After 36

thoa s r Cet 1 snwebatredoviretoby eert ridaugaidan, ao0d example,
total cell lysates were prepared. The anount of

ehtior anpdrend celhaaceimyplbheansf epases( CATy pioé@i les carriers.

produced at respective tenperature was determ ned
ast g GAtehlsliZA kitdshing 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 using gel elctrophoresis and column
chromatography. The amino acid sequence and the mild low
temperature transcription <control factor gene can | Dbe
identified from the purified protein.

The present invention 1s further explained in detail

referring to example. However, the present iInvention is

not limited to the examples.

Example 1

An oligonucleotide prepared by connecting three of
eight beses containing tcceccgece in series
(tcccecgectecceccgectcececegec) (SEQ ID NC:1), or an

oligonucleotide prepared by connecting three of eight bases
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20 (Roche Di agnostics) and the Q gal act osi dase (LacZ2)
activity was determ ned using Q gal actosi dase assay

kit (Stratagene). The data at 36 hours are shown

bel ow. Transcriptional activity was determ ned by

di vi di ng the anount of CAT prlgtei n by 2-gal actosi dase
activity. The ratio of 25 transcriptional activity at

32C/ transcriptional activity 20 at 37C obtained with

PCAT pronoter vector with no insert was supposed to

e ser e H 1 dhiel Femperat trermitEhctf ptForcerRakdi AGanged
(enhancer) activity of each variant is shown in Table

to otirabl ®abeMYals LowsTaRper atiire ThanderitpGloming site of
Enhanci ng (Enhancer) Activity of Variant in Wich the
FiASt OnemBase | $eMuiPAt ed PrEmEeEnt- Badel Sequendter had  the
Enhancer Activity WIld type O Itccccgecc 5.8 Vari ant
orGeieecacet 4. V4 Vareadt CalAcerefesisos vaetaAatr@gsterase
Gceeecgeec 5.5 control 1.0 Variants in which the first

tase) wasnchanget: t ge@orAer Grexkilbi.-t edCAT nustorydier vector
mld |lowtenperature transcription enhancing activity
wasiaon [ ldad ype. iThest fags uiddshews thgetaivedcbowrol.
tenperature transcription control elenent is
functional 2 enosigh when 86 ins déenget carsispilagmiafs was co-
nucl eoti des. Wen ttccccgecgttccccgecgttccccgecg( SEQ
tENEF @)t ¥8Sinto human cell line 293 with 0.5-1.0 u g/ 35

mm dish of CDM8-LacZ (which is a galactosidase-expressing
plasmid and was wused 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 cell 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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used in place of the mld | ow tenperature

transcription

(SEQ ID NO 1), sinil

ar results were obt

15 enhancer tccccgcectccccgect cceccacce

ai ned. Exanpl e

-2 It was found that even if the first base in eight
20 bases is any of T, C, A and% the change has no

effect on 21
enhanci ng activity.

epared by connectin

Accordingly an olig

t he n1|d | ow tenperature transcription

onucl eot i de

three of oligonucleotide

r
%%n?’g A R Teilgivd bases pﬁg”sieﬂr@@otﬁﬁ W P IT, Wt h Anoginsert

5' side of base 5 sequence of

was attached to the

¥@ecgeepraéédlgcc;© gckeéged,- cceccdle,

meisigbct 198l y tempegature

was inserted into the mul-~-icloning site of pCAT
pronoreptvect enhePcomgga)eniandtan)l cedowierpefatacd variant
transcripti on enhancing activity was neasured to

obt ahawehen Febukt 1shown in Table 2. Transcriptiona
activity was 10 determ ned by dividing the anmount of

tmﬁ‘g bteln by 13- galact03|dase act|V|ty The ratlo

af Anal
%é% gaﬁéfﬁgroinhance*)
; tated
ek rW«gﬁ%r vﬁs%ivity
@éhﬁeéb’é@ pﬁ seri es émqq%é‘—q atio of 32 3¥C was
daendetd 0o be 5 to giQreandad | ow t enperatdre
vVeansacei pki on enhangimagceidvity of each yagi ant.

vabien2 Bifect of FlmﬁkyggﬁxBase on MTd 40w

IEApeparure 20 transcriprion Enhanci ng [(Enfiancer)

/-\L,I. I VI I.y

Variants in which the first base was changed o C, A

or G exhibited almost same mild low temperature

ftranscription enhancing activity

shows that mild
element
of 7 nucleotides.
When
used in place of
enhancer
results
Example 2
found

It was

bases is any of T,

low

ttccececgecgttececceccgecgtt

tccceccgectcecceccececgecteccegece

C, A and G,

temperature

the mild low temperature

(SEQ

were obtained.

that even 1if the

as wild type.

transcription

cccecgecg (SEQ ID NO:2)

first

This fact

control

is functional enough when it 1is ccccgcc consisting

was
transcription

ID NO:1), similar

base in eight

the change has no effect on




El ement base sequence enhancer activity WId type O
tcccecgee 5.0 Variant Olt tTcccgee 5.1 Variant Celt
CTcccgeec 4.6 Variant Qalt ATcccgcc 4.8 Variant 0Oglt
GIcccgec 4.9 Variant Ola tAcccgecc 3.1 Variant Ccla
CAcccgec 3.0 Variant QCala AAgécacc 2.9 22 Variant

(gl a GAcccgec 2.8 Variant Olg tCGeececgee 1.1 Vari ant

Oclg CAcccgecc 1.0 Variant QGalg AGcccgec 1.1 Vari ant

Qgl g Gcccgee 1.2 Variant 7t tcccegeT 4.8 Vari ant
eTtmCEdcege T t4r@e rvanirantt TR C Ncricege TeBhancyagi aptivity.
g7t CGcccecgeT 5.0 T I negative control 1.0 It was
rordidimegl ngainn ahiatorandiddterdmceasT prEpakeagt &y cppnecting
the first base of mld |low tenperature transcription

clorg ¢ obf elcdnmn & lrasagle fopnexanphe, etigbd¢cdorsesoes series
not 5 affect the activity. Accordingly, mld | ow
ienpeiahurle ¢€raAscrd ptaonaenbhaheer woutdebe 'f orinkd, of base
based on 7 bases, for exanple, ccccgcc instead of 8

basesncWeh tcccecgee, acccgece, goccgec, ccccget, 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
tcceccgec  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 0Ot tccececgece 5.0
Variant 0Otlt tTcececgcece 5.1
Variant Oclt CTccecgece 4.6
Variant Calt RTcccgcc 4.8
Variant 0glt GTccecgcece 4.9
Variant Otla tAcccgcc 3.1
Variant Ocla CAcccgcece 3.0
Variant Oala | AAccegec 2.9
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15

ccccgecccccgeccecccgec (SEQ ID NO 4) was used in place
of the above mld | ow tenperature transcription
enhancer 10 tccccgcectcccecgectcecccgee (SEQ ID NO 1),
simlar results were obtained. Exanple 3 One base c
of the first, second, third, & fourth from 15 the 5
term nus 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

inaﬁ]?l/@&]j\_gase Sef:] RSSCSE(&CQCC to mak 2| [8 T .en DaS?S.
| | e el U IS VVUI e tconnect CU | I ErTes—daimu
\I}JI'\IJESQ_F tgdo?i\l? EECCC Ccz\i +t o nf nNnCA jjor ot er

1
Ilblll C \JI \CA RN % ST UC Ul |~J\/I_\ T \JIIUt CT
C

\J
Q&%££%E£4%Ebﬁega). ThsHCC59 oy gcedure siditar to

ah@s carri PAGRGFIES give the rdsifit

Yepiesenbeddin Tabl eG8ccTablce 3 Eff ect 9fl -Ghe Base

Ratadnon0oftt he Firstec8egofd, Third or | & SFourth Base

var Muhd tewe Tenper at aeectgamscri ption Enharsi ng

{&Epbaneepd7Activity) Ekepegkthase sequenCQ;Enhancer

VL LYLEYgYErd Type @gggg@gTLb 0~Variant § g ACcCcgce

30— Vartant—g uLL,gLL Variant—tt—|fccecygee 5. &
Vart+ant—2acAcegee 13 Variant 2g—ctecegee 10
Q@\g?E%YGOPOQj%FQEpn 11 \ariant 249 r-r-/\rw‘::lr“(t a)
VAT T UATTU T A>3 I\J\Jﬂ\J\J - - VAT T CATTC A o7 \J\‘:\J\J - U

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

were obtained.

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 ccccgcc to make it ten bases. Three of
the tTen bases were connected in series and inserted into

multicloning site of pCAT promoter vector (Promega). Then,
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Variant 3g ccCGcgcc 1.3 Variant 3t ccTcgecc 1.2

Variant 4a cccAgcc 1.2 Variant 4g cccCgcc 1.2

Variant 4t -4cccTgcc 1.1 negative control 1.0 The
variant in which the first base was changed to T had
the simlar mld Iom1tenperataﬁe transcription 10
enhancing activity to wld type. The variant in which
the first base was changed to A had a sonmewhat | ower
mld |ow tenperature transcription enhancing activity
PESFFAER to M a T § g pRXafifeteds WPiKe CREH AR W whe chive the
the first base was changed to Ghad a |ow activity.
rpfal Marisgite sen i i tHP 4% $econd, third or fourth
base was chanced to A, G or T had a low activity. 24
Tedifpl®e 4 M1d | ow tenperature transcription enhancing
activity was exan1ned mhen one more base was mut at ed

to T. That is, 5 ollgonucleotlde contalnlng three
RaritdntBedan geMiesd Fespeetpyedyura Yapnaariphiehi Ehhancing
the fifth base was changed to A, C, or T in addition
tEnheardeat)i chcofvitre first base to T, respectively 10

- - - . ok
SN o addithon-thOSAEAERSRIGEthet1 ot NS TR
Wild Type cccecgec .0
Variant 1la Acccgcc 3.0
Variant 1lg Gceegec 1.1
Variant 1t Tccegece 5.1
Variant Z2a cAccgcc 1.3
Variant 2g cGecegec 1.0
Variant 2t cTeccgcee 1.1
Variant 3a ccAcgcc 1.0
Variant 3g ccGegec 1.3
Variant 3t ccTcgcece 1.2
Variant 4a cccAgcc 1.2
Variant 4g ccecGgece 1.2
Variant 4t cccTgcec 1.1
negative control 1.0

The variant 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
ftemperature transcription enhancing 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
second, third or fourth base was changed to A, G, or T had

a low activity.
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respectively; a variant in which the seventh base was
changed to A, G or T in addition to variation of the
first base to T 15 respectively; was incorporated
into the nulti-cloning site of pCAT3 pronoter vector
(Pronega) as in Exanple 3 to gfve the follow ng
result shown in Table 4. Table 4 20 M1d Low
Tenperature Transcription Enhanci ng (Enhancer)
Activity of Two-Base Variants. El enment Base Sequence

rA Activity wild type ccccgeec 5.0 Variant |t5a
TcccAcc 2.1 Variant |t5c TcccCecc 2.3 Variant |t5t
| Tccdfidd 1lev Warpanetht8a CTedEHAC L 1on \arhameing ggctivity
TcccgGe 2.C 25 Variant It6t TcccgTec 3.1 Variant |t7a
WECC e ingd wWaeh anne| mpgeTeecge®aE gnutvaiednin| ggdition to
TccecgeT 2.6 I negative control 1.0 Wien one base
aerrig | o eXist édrish adaliei 6n ¢d orardotd ohoofl t he That is,
first base to T, mld |low tenperature transcription
eEnhpnoi g @Ectdyi t icestefindard anthoket hevdrfaht5 base teeries
C, Aor T; variant of the sixth base to T, A or G
respectively:

a variant in which the Zifth base was changed to A, C, or T

T
=
1]

in addition to wvariation of 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 1in 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 Seguence Enhancer Activity
wild type ccececgece 5.0
Variant 1ltba TcccAcc 2.1
Variant 1tbc Tccelcec 2.3
Variant 1t5t TcccTec 1.6
Variant 1t6a TcccgAc 2.1
Variant 1té6g TccecgGe 2.0
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variant of the seventh base to A, Cor T were | owered
conpared with that of wild type, but had significant
activities. 10 Exanple 5 Fromthe above results, a
nucl eoti de seauence of: chc§X5X6X7 wherein X1
represents c, t, or a; X5 rep gsent s g, ¢, a, or t; X6
represents c, t, a, or g, X7 represents ¢, a, g, 15
or t, was mld | ow tenperature transcription contro

EETEN, &L Ol | gonugLgogtde Sequence 1 nswhi Ch They

\/Va\tfle nLtUITLG}’é ed Wds ng:ggfagggr ana nmucte [2| %e Sequence

D

hin
I lé IJ-dVU LLL | U

+ + r\
uupl CTl O U1l bUIIbI aere
\45‘ trvjnk[r—flg H-e—2ZF aniggq:g\gg?nn 2(\ anhAa P IR VIE RV

o
T T \¥2 23 u\;[l Vll.y

derﬁr}ﬁ N s three nDFECUFLs of single

e N
-

I

ollgonucleotlde conf ai ning a nurlentudp sequence which
2612 tciord oreretr of dild not conformto the % | ow

tenperature transcription control el enment sequence
were connected in series, and were incorporated into

pCAT ronmoter vector I. .

obt ai’'h’ the ?%?Io&ﬁﬁg reéglgngg)shomm eEa?abTJée5§d%l srem e

5 Mld LOM/Te erature Transcri Enha cin

(aErTﬂFahlc%r}) °*Ac ]Pmt ot Vg?l Gusp?/a(r%lnan 5 g? C%ﬂlctfaﬁlger ure
qp%%?%§%$o§£%$ﬁ%hé?%érﬁg EQ%%%%n QEQHQPE§£Q 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 Ilowered
compared with that of wild type, but had significant

activities.

Example 5

From the above results, a nucleotide sequence of:

XlcccX5X6X7

wherein X1 represents c, ©, or &; Xb represents g, c,
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
waes considered to have mild low temperature transcription
enhancing activity. Accordingly, three molecules of single

oligonucleotide containing a nucleotide sequence which



base base base base sequence activity sequence
activity sequence activity sequence activity ccccgcc
5.0 ccccgcA 3.5 ccececgeG 2.7 cccegeT 5.1 ccccgTe 4.9
ccccgTA 3.6 ccccgTG 2.8 cccecgTT 4.0 ccccgAc 4.5
ccccgAA 4.8 ccccgAG 2. ccccg@ﬁ 3.0 ccccglx 2.0
ccccgGA 2.1 cceccglG 2.0 cececegGr 2.1 cccecCec 2.9
ccccCcA 2.3 ccccCcG 2.9 ccccCIT 2.8 ccccClc 2.3
ccccCTA 2.0 ccccCTG 2.0 ccccCIT 2.2 ccccCAc 2.2 .
TIPS, 0L cEECAP D, GORECEETT 2. INecfdCael @Y 1 Femperature
ccccCEA 2.5 ccccCGG 2.4 cecccCGl 2.8 ccccAce 2.9 ,
CETRPEA AL DO c COACGOL. 9° EBBEAET L P eRGL cRTFES2, qQonnected in
CCCCATA 2.0 ccccATG 1.9 ccccATT 2.1 «ccccAAc 2.1
LTCEAM 21T CEREAAGNZOIPOEEEARAT PnBO PEEEAGPRONoter vector
CCCCAGA 2.1 ccccAGG 2.0 ccccAGI 2.0 ccccTAc 1.5
tlereTage 1. 3scdde TesanpieccecTec oprsinTddeyceoblgwing result
TcccgcA 2.8 TcecegeG 2.6 TceegeT 2.6 TcecgTe 3.1
Jeceey TAN 2T@0TecegTG 2.5 TccegTT 2.4 TcccgAc 2.1
TcccgAA 2.5 TcccgAG 2.0 TcccgAT 2.9 Tcececgle 2.0
TaeiotgGA 1.4 TceccgGG 1.5 TececCeec 2.5 TeccCcA 2.5
TcccCcG 2.9 TeceeCcT 2.3 TcecClc 2.2 TcccCTA 2.2
MeEd CTied. I ehppeGitlu 2 0 ThooeCAci dt Yon TdodE@M i (Enhancer)
TcccCAG 2.0 TcceCcT 2.1 TceceCle 1.9 TcccCGA 1.3
AcccAccy20i TeeccAoA ¥a9idetcsAcG 2.0 TcccAcT 2.0
TcccATc 2.0 TcccATA 1.9 TcccATG 1.9 TcccATT 2.0

1

6

QWOWONO

TcccAAc 1.9 TcccAAA 2.0 TcccAAG 2.0 TcccAAT 2.
TcccAGe 1.9 TcccAGA 1.4 TcccAGG 1.2 TcccTecce 1.
TcccTcA 1.2 TceccTeG 1.1 TceceTeT 1.1



TcccTTe 1.2 TcccTAc 1.2 TcecTGe 1.0 Acccgec 3.0
AcccgcA 2.9 AcccgecG 2.2 AcccgeT 1.9 AcccgTc 2.2
AcccgTA 2.1 AcccgTG 2.0 AcccgTT 2.0 AcccgAc 2.4
AcccgAA 2.0 AcccgAG 1.9 AcccgAT 2.1 AcccgCe 1.6
AcccgGA 1.4 AcccgGG 1.4 Acccgéﬁ 1.4 AcccCcc 3.0
AcccCcA 1.9 AcccCcG 2.3 AcccCcT 1.9 AcccClc 2.1
AcccCTA 2.0 AcccCTG 2.1 AcccCIT 2.0 AcccCAc 1.5
AcccCAA 1.4 AcccCAG 1.3 AcccCAT 1.3 AcccClc 1.2
M CladCldw Tefpeiataf AN { Rarit | Ag Cc(Ef

! __«g' ; ' Aark, 1 N Aples

AYardauad VarlamcccAcG 1.9 AcccAcT 1.9 AcccATc 2.2

A%gsgATA 1.9 Acc%l. 9 Acccﬁ&sse. 2 AcccAAc aO

AGERARA BctdvifCC R Qctiortg AAdeqrentt ABEIAGC Logdence activity
AC@&% 1-5].-0ACCC%gJ:A1 /§C§CA cotegeG ACGCACC J:ccl:gcT 5.1
AC&.QI@II 1-@9ACCC-I;:-E@cg?FAO Ag@CTGCcclchGGC@CgCC lccjchT
GC&QJ\Q 1-425(30009@@!%1:1\3 @@Cg@ccclegQGGCCzCQCC lc(ﬁ:gAT
Coegdme 1.20CcCCAGEegha 1 39CJ990ccAecdc 2000099 4edecT
gac@ege 4.09t1cgg@ecc3r 9 3099909cdeddc 0000gTa 4eddcer
t gegega 2.2.1 gacggeaTt8. 0 2t @0090écdct® 90CEUITt cocOrT W b G
typrcdaiecccgyec) 5.Qcqagat izve conddeadacl. .28 Eemtt hea.
abexegee nucd. eot | deccsaguenaes of XleemX5XeX? whesgidr X1z, 8
i Scademirech. 60 be @ccadk t,1.0Ut naEgchke a;1.¥5 i Scecl@sired
t ocdaerTg but 1may becaatodr @,0o0ccasdcewtal | y1.6; XGedcaTT 5 2.1
desdcerad t @.be c bdskcaamay 2be t oOfccamac ocasi onatdeyatg; Xo

.0
.0
.1
-8

BN WA

| Scdeser ed.t0 be @pcAotit reay be &cecc#BG Or2. g, OlecccAGT 2.0
nuedcemiti del. s sequeredasonpl 2nent aeyTét 0 tlhese sequencel.s
| STacegwogniZed t O TccegeA 2.8 TccegeG 2.6 TcccgeT 2.6
TceegTe 3.1 TceccgTA 2.9 TceegTG 2.5 TccegTT 2.4
TeecghAe 2.1 TccecgAA 2.6 TecegAG 2.0 TceccgAT 2.9
TeeegGe 2.0 TcecgGA 1.4 TceegGG 1.5 TeeeCec 2.5
TeccCeA 2.5 TeeeCceG 2.9 TceeCeT 2.3 TceeCTe 2.2
TeceCTA 2.2 TcceCTG 1.9 TeeeCTT 2.0 TeecCAc 1.9
TcecCAA 2.0 TeecCAG 2.0 TcecCAT 2.1 TceeCGe 1.9
TcecCGA 1.3 TcecAce 2.1 TececAcA 1.9 TecceAceG 2.0
TcecAeT 2.0 TceceATc 2.0 TeccATA 1.9 TeecATG 1.9
TeccATT 2.0 TcccAAc 1.9 TcecAAA 2.0 TeccAAG 2.0
TcccAAT 2.1 TeecAGe 1.9 TcecAGA 1.4 TcecAGG 1.2
TceeTec 1.6 TceeTcA 1.2 TeceeTel 1.1 TeeeTeT 1.1
TeceTTe 1.2 TcccTAce 1.2 TeeceTGe 1.0 Acccgcc 3.0
AcccgcA 2.9 AcccgeG 2.2 AcccgeT 1.9 AcccgTc 2.2
AccegTA 2.1 AccegTG 2.0 AcccgTT 2.0 AcccgAc 2.4
AcccghAA 2.0 AcccgAG 1.9 AcccgAT 2.1 AccegGe 1.6
AcccgGA 1.4 AccegGG 1.4 AcccgGT 1.4 AcccCece 3.0
AcccCcA 1.9 AcceCcG 2.3 AcceCeT 1.9 AcceCTe 2.1
AcccCTA 2.0 AcceCTG 2.1 AcccCTT 2.0 AcccCAc 1.5
AcccCAA 1.4 AcccCAG 1.3 AcccCAT 1.3 AcccCGe 1.2
AcceCGA 1.4 AcccCGG 1.3 AcceCGT 1.2 AcccAcce 1.9
AcccAcA 2.1 AcccAcG 1.9 AcccAceT 1.9 AcccATc 2.2
AcccATA 1.9 AcccATG 1.9 AcccATT 2.2 AccchAAc 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
AceccTeT 1.0 AcecTTc 1.0 AcccTGe 1.0 Geeegee 1.1
GeeegTe 1.2 GeecegcA 1.3 Geceecgle 1.3 GeeeCec 1.5
GeeeTee 1.2 GeecAce 1.1 8ECEREE 4.5 AgCgREL 4.4
gacgege 4.0 ttcggee 3.9 EEEREEE 2.0 ggcgega 4.0
tgcggga 2.1 gacggga 3.0 tggegegga 1.9 ggegggt 3.0

wild type (ccccgee)
negative control 1.0

<2
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have m|d | ow tenperature transcription enhanci ng

activity. 10 Exanple 6 It was expected from Exanple 5

that the nucl eotide sequence containing two ccccgcc

was mld |low tenperature transcription enhancer.
Accordingly, firefly luciferas€ cDNA was inserted

into nmulticloning site (between EcoRV and 15 Xbal) of
pcDNA3. 1(+) vector (Invitrogen) having a CW pronoter

and two of ttccccgccg caggacaaac gggtcgggaa cgcggaagtg

ggt cagctcc gcctccaaat cagctgtccc cgcectcctag

tcgctag(SEQ ID NO 3) were incorporated in series 5'

to t HE @MW Gl es . 2O° ol &2 0SB df sh1eFcKhKk X’
plasm d was transfected into the human cell line

WS n gl the degliredaeie 2@l Cur & in PRk paesdgcerofX> 1s
418 (I nvitrogen) at 37C for 3 weeks to have this

s sistd ot bgr &t et nnay cheorfosoheat o dsgesmenal st abl yX6 is
expressing cell clone. The cultured cells were 25

dh i et ot bet wo Ipat tsagndecdl tow ed, attc®RCifoora 12 ydayis X7 is
29 before one part was cultured at 32C and the ot her
Jegirevistocube uced fatt 3Ty The nedi am usedogwasodl 09mECSotide
+ DDMEM Cells were recovered by centrifugation at 48
dmyrsnad t eompl hmeheaper ataurehedangeguandet dtal reebgnized to
| ysates were 5 prepared. Firefly luciferase activity

o ucEeld atowacdmpé eaperat urenwasipeasuar edhaschgg activity.
Dual - Luci ferase Reporter Assay kit (Pronega). The

result is shown in Table 6. Firefly luciferase

activity is shown as activity per unit weight of

Exdigld egl protein.

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
ttcecececgecyg caggacaaac gggtcgggaa cgcggaagtg ggtcagctcc
gcctccaaat cagctgtccecce cgectcectag tcecgcectag(SEQ ID NO: 3)
were incorporated in series 5' to the CMV promoter.

Then 5.0 ug/60 mm dish of this plasmid was transfected
into the human cell line U-20S8, 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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10 Table 6 Transcription Enhancing Activity of MId

Low Tenperature Transcription Enhancer |ntegrated

into Chronpbsone Recovered Firefly luciferase activity

Time (per protein weight) 32C 37C ratio of 32C/37C O

hour 6500 6500 1 48 hour 269049116 8.63 This result

shows that even when mld | ow tenperature

transcription enhancer was stably integrated into 15
chronosone and different | ow tenperature transcription
teftrel oetepent swaer eutbnmect ed B2 Coteher theclogdtedirdgart was
sequence, transcription at 32C was enhanced and the
anbuatedofatprdt & n privduceddnas iuxrcased. 126 Bxamphke D-MEM.
7 When proteins are produced in manmmalian cells, there
GOllsswarposseddvetydt bat davot prdiganiexpressifhghgaenes after
are cloned into a single expression vector. Thus, to

the Stempidatafren lcthanew,t enped at ubealr ansceli ptliy@ates were
enhancer in the vector used in Exanple 6 expressing
prephkydluci FeraseyS undefeeaptr dcofviOWV prodRiRd at each
anot her CW pronoter was added in the reverse
defpethonredinest imfadioa 3' us tnd' )DULL -ExAHdE4d S Reporter
effect on luciferase expression. Like Exanple 6, the
NEEEOr Sk Mer § plroaRgfzgCt ed THY 0 rh@iirumap caldwd i n@ Urable 6.
20S, and the cells were divided into two parts with

PNeefly luciferase activity 1s shown as activity per unit
weight 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°C/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 via 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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10 part cultured at 32C and the other at 37C. It was

found that the extra CW pronoter in the reverse
orientation at 5 upstreamdid not decrease the
expression, but rather increased the transcription

and protein production at 32C3%y about 5-10% From

this, mld |ow tenperature 15 transcription enhancer

can be applied to vectors sinultaneously producing

two proteins fromreverse oriented pronoters. Exanple

B 2@ Gelsshbfitl iAgsayRRbuseY Bal by STBL 11 bt a3t Ndhagenes are
cultured in D-MEM supplenented with 10% FCS at 37C

¢ben@d Howwos.a Paingofe iexpypasstont wegdoat- 3Piand tchethe S
remai nder at 37C for 8 hours before preparing nucl ear

proe eph mxidadoy hergmmantionataRscnephodn (§ohanbavi dn the
Di gnani, Russell M Lebovitz, and Robert 31 G

Roeder, Woolr dtne Eranpdei pbi opxpressatg orf e RANA luciferase
polymerase Il in a soluble extract isolated from

- umdeal icamtrmauc| ef, ANUC| promAtieds Resothd®88MV promoter was

11:1475-1489). A igonucl eotide
dddetictocgoegaeygatecdgr8ctiSEQ (KDrestNOnS)rwas 3' to 5') to
| abel ed by using T4 pol ynucl eoti de ki nase and
gRAMBn 351 PsAER fard puy i fuedf sw & e Sepbadexibd. collime Example
(Amer sham Bi osci ence) before it was subjected to

apneati ngctwrshwbrectggatcegi-eggdgggganedhu@EQddd]l line U-
NO 6) to be a probe wth specific activity of

5XE 06 Nghe 1@e0.1%5 nadipe gramiafedt hist pr abe angk-®s Swith one
mcro gramof poly (dl-dC) were m xed with nucl ear
pretecnlexteacks @ 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

o\

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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i ncubated at 20C (the conposition of this binding

buffer was 10 M Tris (pH7.5), 100 nM NaCl, 2 mM

EDTA, 10% glycerol). After 30 m nutes, the reaction

m xture was 15 subjected to 4% pol yacryl am de gel

el ectrophoresis and the gel wds dried at 80C, exposed

to Xray filmto detect proteins bound to the mld

| ow tenperature transcription control elenents, i.e.

mld |ow tenperature transcription control factors

¢ Fi gBred8y, 2Rdnduste i akrAvackaprlipty Thel tpragsient by RNA
i nvention can be w dely used for producing proteins.
BRlyGteass 1I Annia dsdlovbtenperedar eisoaasedi prbonmammalian
control element consisting of nucl eotide sequence of:
BuXllecc XSXEXTicwhaeit ésNRXE . f epPB3enld :¢476,-1dB94;. X5
represents g, ¢, a, or t; X6 represents c, t, a or g;

X7 repiegentsleotaideqg 50r-titcaarcgute]eaidade-seBnce (SEQ  ID
conpl enmentary to the sequence. 10 2. A mld | ow
Yenper atawr elébbahsdript i apiagntTol poelyenentoadeer dingase and
to daiml which is selected fromthe group

gamsksti-pg OfTP CCEEECCpuetEagaa, wWiICICYepEEEPCt 50 column
cccecgtc, ccccgta, ccccgtg, 15 ccccget, ccccgac,
CEf€g8RamCBEEEaEeneeqCYRif,or@CCiCygkas CEGEYHated to annealing

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

.O.l 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.
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ccccggg, ccccagt, ccccccc, cccccca, ccccccg, cccccct,
ccccctc, cccccta, cccecgtg, ccccgtt, cccccac, cccccaa,
cccccag, ccccgat, ccccgge, cccccga, ccccggg, cccccgt,
ccccacc, ccccaca, ccccagg, ccccact, ccccatc, cccccta,
ccccatg, ccccatt, ccccaac, ccé€caa, 20 ccccaag,
ccccaat, ccccagc, ccccaga, ccccagg, ccccagt, cccctac,
cccctee, tcccgee, tcccgea, tcccgecg, tcccget, tcccgtce,
tcccgta, tcccgtg, tcccgtt, tcccgac, tcccgaa, tcccgag,
tcccgat, tcccgge, tcccggalled®éggg, tccccece, tccccca,
tcccceg, tccccct, tccecctc, tccccta, tccectg, tccccett,
tccccac, tccccaa, tccccag, tccccat, 25 tccccgc,
tcccacc, tcccaca, tcccacg, tcccact, tcccatc, tcccata,
33 tlkccakg, middcatliow t dovae;atteoraabrareetdpgion control
tcccaat, tcccagc, tcccaga, tccctcc, acccgec, acccgcea,

aloogty, catstygcingactcgicl eontdegbaguascegb§; acccgtt,

acccgac,

acccggg,
accccct,

acccgaa, acccgag,

acccggt,
acccct c,

acccgat, acccgcc, acccgga,
acxtcccx5m68¢cca, acccccg, 5
accccta, acccctg, acccctt, accccac,

acccoadaxsrefCCELgaspaeceate, cacacace, acclacgepaeseacs, g, ¢,

acccat c,
accenag;

&ndt ggcggot .

acccaaa,

acccat g,

acccctt,

acccacec,

acccaaa,

A6ceadlresgoteces, t,Jgcquyydy; agtgggoregacygggy, a, g

ttcgggg, 9999999, ggcggga, tgcggga, gacggga, tggggga,
10 3. Amld lowtenperature
whi ch identical or

transcription enhancer in

i fhereabt ikl debovntenpenpl gmenthi-gnser icpki 68 goenickal
elements of Claim1l are connect ed,

| ow tenperature transcription contro

provided that mld

15 el enent

excl udes nucl eotide sequence which contain only
nucl epti dg seguence, ff Ce&RYSEatCEECIEEanEeeEpet oar

ccCccCcgaa

control

element according to Claim 1 which 1is selected from the

group consisting of:

cccecgcece,
cccegtt,
ccececgygyg.,
ccececta,
cccecge,
ccceccact.,
ccccaag,
ccccectece.,
tccegtg,
tccecgga.
tccecta,

tccecege,

ccccgcea,
ccccgac,
cccecggt.,
ccecectg.,
ccececga,
ccccatc,
ccceccaat,
tccecgece,
tcececgtt,
tcccggg.
tcceectqg,

tcccacc,

cccecgcg,
cccecgaa,
ccccccece,
cccectt,
cccececggs
ccccata,
ccccagce,
tcccgcea,
tcccgac,
tccececce,
tccectt,

tcccaca.

cccegcet,
ccccgag.
cccccca,
cccececac,
ccccecegt,
ccccatg.
ccccaga.,
tccegeg.
tcccgaa,
tcccececea,
tccccac,

tccecacg.

cceccgtce,
ccccgat.,
cccececg,
cccccaa,
ccccacc,
ccccatt,
ccccagg,
tceccgcet,
tcccgag.
tceceeeg,
tccccecaa,

tcccact.

cccegta,
ccccgge,
ccceccect,
cccecag,
ccccaca,
ccccaac,
ccccagt,
tcecegte,
tccecgat,
tcececect,
tccccag,

tcccatce.

cccegtg,
cccegga,
ccccecetce,
cccceecat,
ccccacg,
ccccaaa.
cccctac,
tcccgta,
tcecgge,
tccecte,
tceccecat,

tcccata,
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which follow 3" to t; nucleotide sequence of ccccgcc

which follow 3" to a; nucleotide sequence of ccccgcc

which follow 3' to a; nucl eotide sequence of ggcgggg

or ggggggg which 20 precede a at 3'terminus as mld

| ow tenperature transcriptiomd3control elements. 4. A

mld |low tenperature transcription enhancer in which
identical or different, mld |ow tenperature 25
transcription control elenments of Claim1l are
tcorrecd et ovica t34 tothercnucteotede trestahp, tprandaded tcccage,
that mld low tenperature el enent excludes nucl eoti de
tsefLence twicatrc.cantagncondycagcheod ¢ degsequencsyof. acccgte.,
ccccgcee, cccecgte, cccecget or ccccgaa which follow 3
decdgtaucleeidrde Scsequencecotgeeccgeccodd cladaddaow I'cccgat,
to a; nucleotide sequence of ccccgcc which follow 3

decaggauaeuidgde aseqyenceaotcggeyogec &tc@gagags-ahi ltccccg,
precede a at 3'termnus as mld | ow tenperature

d¢enset | pldrieanteekctel egestsrglladecde i labddc, accccaa,
tenperature transcription enhancer having nucl eotide

SEHHENEE MscddLceedesdatagdaca’aac JggtsggYaiccate, acccata,
cgcggaagt g ggtcagctcc gcctccaaat cagctgtccce

£8664 €861 a4 00t 28 CERQC DalNOc3haldabechuy €@ caat, gececcec,
conprising mld | ow tenperature transcription contro

fé@@@@& AgdAdD %a%g%'g\oﬁtﬁbbgg'\ o%géég@?r@ééﬁ&;a\ tgcggga.
r y of "l ains 3-5.

anscri pt1on ‘enhancer "of an
gacggga. tggggga. and ggcgggt.

3. A mild low temperature transcription énhancer in
which identical or different, mild low temperature
transcription control elements of Claim 1 are connected,
provided that mild low temperature transcription control
element excludes nucleotide sequence which contain only
nucleotide sequence of ccccgce, ccccgtc, ccccgcect or ccccgaa
which follow 3' to t; nucleotide sequence of ccccgcc which
follow 3' to a; nucleotide sequence of ccccgcc 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 ftemperature

transcription control elements of Claim 1 are connected via
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20 7. A eukaryotic cell tansfected by the vector of
Claim 6. 8. A eukaryote tansfected by the vector of
Caim6. 25 9. A nethod for assaying mld | ow
tenperature 35 transcription control factor or

regul atory substance thereof 3donprising: incubating
doubl e- stranded DNA probe containing mld | ow
tenperature transcription control elenents with
protein 5 solution to be assayed; neasuriquyild | ow

emper atnral aqtdder i ptd o wont r glrovigtacr s t mild low
detecting the doubl e-stranded DNA probe bound to
téreprrd0un®. Alemehod evrlpdesfynnglapkddeowsequence which
tenperature transcription control factors conprising:
coubat i ngndpubhecs¢phhded BRAupnobe eént aickicygemi | ¢cccgtce,
| ow tenperature transcription control elenments with

protetn  sol utcongad5 webiahni Aglimhvd Béw tenpérat aueleotide
transcription control factors specifically bound to
seddehow tefiperatagyec twhansier i foililosw cant r do elegnemiug;leotide
and isolating mld | ow tenperature transcription

somtiente faft ofsccgecc which follow 3' to a; nucleotide
sequence of ggcgggg or ggggggg which precede a at
3'terminus as mild low temperature transcription control

elements.

5. A mild low temperature transcription enhancer
having nucleotide sequence of:
ttccccgecg  caggacaaac gggtcgggaa cgcggaagtg ggtcagctcc
gcctccaaat cagctgtccc cgcecctcecctag tcecgctag (SEQ ID NO:3)

6. A vector comprising mild low temperature
transcription control element of Claim 1 or 2, or mild low

temperature transcription enhancer of any of Claims 3-5.

7. A eukaryotic cell tansfected by the vector of Claim

8. A eukaryote tansfected by the vector of Claim 6.

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

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

measuring mild low temperature transcription control

factors by detecting the double-stranded DNA probe bound to

them.

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

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

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

isolating mild low temperature transcription control

factors.



