" SPECI FI CATI ON HI GH EXPRESSI ON VECTOR FOR ANI MAL CELLS TECHNI CAL FI ELD The
present invention relates to a vector DNA for aninmal cells, which realizes
hi gh-1evel production of reconbinant proteins using an animal cell as a
host. The vector of the present invention is particularly useful for
expressing a protein which cannot be produced as an active protein when a
bacterium eukaryotic m croorgankpRCIEICAT®R¢t cell is used as a host.
BACKGROUND ART A | arge nunber of vectors used for production of reconbi nant
protei ns have beenFdetcEEXBRESSHAY CHehORIPRANBEABICEERIRR producti on of
such reconbi nant proteins at high yield in an expression systemin which a
bacteriu eukaryotic m croorganismor insect cell is used as a host.
Fbmever,gﬁﬁHmﬂgﬁéxEHﬂégion systemin which these hosts are used, there may
be probl ems 1 egRy g it Taiiriof 3kl 187a PIABCDRS: (@Maniii GIAY AEIAIEakISS Of
manmal i an proteins may be lost. Thus, for exanple, 1n the case of a protein
havi ng ahigbileyed gireductignt & racpmbliniash ryetsnsdesing as apimak gell 98,2 hpst s The
necessar . : : ;

At hough S, B PE BREpRCmPER A § piieORyR CNT ok MhpRsng 0 pRitohaich,

- pr ot ei nscdgnaoybyprasupsd asoamective nyeteirowhem a pactesipme ewkanypticspreqrgdismorch a
”H”“aliaﬁm&ﬁ%kﬁﬁém%ﬁ%ga%@g9 host. Also, there is a problemregarding the
stability of an Introduced gene in many cases. Exanples of a case of
“produci ng a reconbi nant protein using a mammalian cell as a host include
er yt hr opRiagit GROIART Pat ent Lai d- Open No. 2002-529100) and |IFN-O
(Japanesg g?g%t Lalggggen No. 7-265084). In addition, there have been nmany
reports regar dinigrgsr menber efhvesfors ueddbr palduptiore o6 medonemnantymoicinsndve

ti bod J t L.4- - - : - 217786) .
B scr cst PEm R R R ToE, SHER P Bradtictd 8 sbdHin B bl 200
prot ei n bighrygeld inmmmerpressionedybtermaim whivhst bactemaon, eulayyotierpicrorpgarttismtorf or

the prod %Eét%@li (?J usteﬁ%l'é %Qﬁ#i g%@g%%ﬁgglﬁe %#p?‘%%%%ts&gtemaigiﬁ;l%gggé ?{)]gets lu%r gely

contributes to research ese-agen

devel opnesed, dferamap bt groblhms regaadihg sndidifiéatioawd|proeinduart the ehstactaiisicstad be
easily optai I 0 a L ka I Lal- a

i nese RAHE R prtiElidunSe ol Ty (PRIBAGT O Lape B4 BORETHAUMY n
necessi t yioldgidah actider whizhelepehds @bswmian chaigh-it svekccpagydogirodeeshe aratsin it is
adequat euéiﬁgae{ | @Wmalian cell as a host. Although there is such a requirement, the

productivity of recombinant proteins is generally found to be low in an expression

system in which a mammalian cell is used as a host.  Also, there is a problem regarding
the stability of an introduced gene in many cases.

Examples of a case of producing a recombinant protein using a mammalian cell
as a host include erythropoietin (Japanese Patent Laid-Open No. 2002-529100) and
IFN-B (Japanese Patent Laid-Open No. 7-265084). In addition, there have been many
reports regarding production of a genetically recombinant monoclonal antibody
(Japanese Patent Laid-Open Nos. 7-67648, 6-30788 and 6-217786).

DISCLOSURE OF THE INVENTION

Improvement of productivity of a recombinant protein using a mammalian cell
as a host is not only very important for the production of therapeutic agents or diagnostic
agents, but it largely contributes to research for development of these agents. Thus, the
development of a vector that enables high-level productive strains to be easily obtained,
using, as a host, a mammalian cell, and especially, a Chinese hamster ovary cell (CHO

cell), is considered to be an urgent necessity.
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" high-1evel productive strains producing a | arge nunber of substances of
interest to exist in a small nunber of transformed cells. Thus, it becones
easy to select high-level productive clones. It has been found that the
expression |l evel of a gene differs significantly depending on positions on
a chronmosone (Annu. Rev. Cell Biol., 6, p. 679, 1990). In order to obtain
hi gh-1evel pr Oﬁu@fdel/Qo eheiby 6'§ta1ri hi 5551@0@ prodiRgive s antis tdeduae Yeelow DNA

used in tr ion is tar to.a site on hrom)smavvhlch al | ows
o LeniEhaai atasus e e loheect fage pEbg:of suPRRGEs oF THERPbIReS of

the vectof aEMau AEmbEAbE rapboMRed 2B1IQD) Bifils, f bdddgeRIRASERS seR¥LRIghOBvdlS tO
provi de andgi:(ﬁ‘gqeﬁa on vector which enabl es easy obtainnment of high-Ievel

product i Y& 8CSysing a manmmalian cell, and especially, a Chinese

hamst er ovary Behds 6&HOf&@d thadShe éi@?éssmﬁhﬁvﬂr (£33 %néeﬂenﬁﬁfgré)rﬁgﬂ"ﬁ(y@ﬂ

devel opeg a vector having a nmechanismin which strains wherein a gene
casset t e SeAeNIHRHERPSITRNS Gk Chromaseme; (nguaRpn<Fell Birlwi® ehoa.11988)-a Inhi gh

gene expbRRs tOBbteRMVIEbh-MVel PRJIGBHATRERAE i0fccMsROBE imBbiarf BN AURLIOY IRVAVI Ve
as neonycine-resistant strains. In order to enable targeting to a position

“whi ch al P¥fsinatransfoimagiends dgeted 4p ghsifeor|a gromosRe iEdHallows high geasor t ant

to set tB}@pf@é‘sﬁlﬁﬂ%%IOébﬂsﬁiéﬁhg%e pﬁp&%%%&%rﬁﬁ%&@tﬁ@@&ﬁ@r@ﬁ% (hereinafter
referred to as %gene to be infinitesi mal Mor eover, when the above

‘vector has a di yﬁéﬂt ahovee 2n olisst o the(preseat inpontipn isioeprogiictan GEPICSIRR) _
gene andvisodashion echablesS HQ@I Jbhymidakhet #ﬁ%%‘l Q&R egr%'dgal\}ee\éﬁh 9l st ?ene I'S

controll ed, |t enabl es eff ent_gene a icati Stinmil ationco
met hot r exgpunaliay celeandgs é?,‘é#ﬂyslar@éﬂﬁedlﬂmséﬁf\ﬂ@@#ymeﬂr@&? peDtase hogb above

requi renents h u éé%?é r #@5

hi gh-1 evel and@gif ?gégmgfr?fggll&tgﬁe%anvep?eveﬁ)g% glsdngécg%lﬁh gr%é uce 3 Rﬁer egy
conpl et i MipiRh@heteinageng passeitd @ﬁumterﬁsiss indeepasated éxto 2 prsdinn Whmb rdowdas t he
fol I owi ngsh (e é[bhr%ﬂfne%pﬂnvtﬁgt&&omgéyﬁ% Bgohh@% 109‘5% Yivt durfive  as

genetl cal | y reco nant roteins In anli nm st ce COITpI’I Ses a
hi ghl'y e%@@%@ﬂ%@i%ﬁ@trmné phoatsiceto eaablenidrepénpt ngaosutnoe Wlmch iaHews tai on of

gene and h%h&f Qllﬁrgéguﬁ{ 1981 o3 Qaﬁhnﬁé&ﬂs e l_hﬂ)o}tghtsto s fegéﬂ)ﬁjfé%élrcﬁam

and furt r conpri ses downstream t hereof a ug reS|s ant ene hat "does
not have2aepmieine shosphpumisterese Getdimafter nefarredrtd acPT} genep btiefinitgsinaalsi on

vect or aﬁ/ﬁﬁé&beﬁ%ﬁéﬁ t(ﬁlz)ab@\;%oy Rtor¥g 5%&;&'&&% A8 &Bhé’tf'i = @1@1&, e? pefb dugihl e

promoter 1S a human cytomegal ovitus |gen
pr onot er DHEWquneomi @r d¢sigrsyninhsichca mmyn&at thepexpretsam) ],eval Qﬂﬂmgema is

pronot egcortt%llea Mt \S,X 49 Vai 2 r&f’énpécﬁg%éﬂﬂlﬁc@iﬁzn ? L@ﬁﬁ%%ﬁ%'f%tﬂo%egig{e agg ﬁ{ed I'ng

to (1) resis
present 1nvent10n a vector meeting the two above reqmrements has been developed. As

a result, a vector that enables high-level and stable production of proteins can be
produced, thereby completing the present invention.

Thus, the present invention provides the followings:
(1) An ecxpression vector inducing high productivity of genetically recombinant
proteins in animal host cells, which comprises a highly expression-inducible promoter, a
multicloning site for insertion of gene and a polyadenylation signal sequence in this
order from upstream, and further comprises downstream thereof a drug resistant gene
that does not have a promoter capable of acting in animal cells.
(2) The expression vector according to (1) above, wherein the highly
expression-inducible promoter is a human cytomegalovirus Major Immediately-Early
antigen promoter, CMV5 promoter .(a synthetic chimeric promoter), a B-actin promoter,
or an SV40 early promoter.

(3) The expression vector according to (1) or (2) above, wherein the drug resistant gene
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2 is a neonycine resistant gene, codon-disoptinized neonyci ne resistant
gene, a hygronycin resistant gene, a zeocin resistant gene, or a

bl asticidin resistant gene. (4) The expression vector according to any one
of (1) to (3) above, wherein the drug resistant gene is a neonycine
phosphot ransf erase gene. (5) The expression vector according to any one of
(1) to (#) aaheusyciberlistarhgerkd, UBodonesibstRfized et@nmy@ink RERMISI Rene, a
phosphot éansferase. ene derived, from Escherich l% ¢qlj transposon Tn5. (6)
The expr SEEPBNCIPIEHHANLZRS, YTIRFR ISSHHRA 8FRe 8‘fa¥’ stigidinresistapiReme. wherein a
trace aUMThedéxprbRioMBEREIAREIINY & adf ShebN(10fto A3 PEBIG ! QMR Me @RBe 1S
generated by a read-through effect which is achieved by the fact that the
drug reslStSW Sgf¥ne aé%?P%’tygmed’gﬁﬁﬁloFféa%#@ﬁe gHE- hi ghl y expressi on-i nduci bl e
pr oot er ()| oplkeekgayssiorevRalvRdsAld Y ofd enal) 8 Qﬂl%-'%tﬁ%; whéleid B® drug
expression, vector according to any, one of (1) to_ (6) above, which further
conpri sekeSiStERESHS d% m PP Phelsgnstonse grasederived; frm riwherieius caliuct ase
gene or aRPeEortTSNAPti M zed di hydrofol ate reductase gene that does not have
a pronoter capable of acting in_aninmal cells. (8) The expression vector
~accor di nPt ol BinGXRspsiasy veclgr acsordimg 40 @0E ongififc) fi@i(Phakovec yhsrain astrace

downstr eamheht dthetibehfs! RNANbr 98i6in G B YosStiHi Gk A8 -deREMRIIOLE

pronoter, a rrultlclom%sme for insertion of gene and a pol yadenyl ati on
[

"signal s&gddhwaghaifechivadigy depckiewnd bpdhe den thatnthef dive iepisephBenes exists
> t . _ o > ed
ownst r eagwhRhE0HT e Bidhyd E%r@%]sg%rﬁglgh%ﬁxﬁﬁgt&%&k% bﬁﬁ?i’ Pofé’v’g%égﬁfdetﬁgz €

di hydr of ol at e reduct ase” gene t es ve a pro f
acting i picadisganenge| | s. (9) The expression vector. according to any one of

(1) to ( @) apy @xpr@élji&h vEABPLE SR Sin todélgbs/ gﬁgfo@l({l‘? % r(Sfi gﬁ&g%%lﬂ@l? SFuher

codon-di soptim zed di hydrofol ate re&duc ene ligate wnstream of a

pr onot er CoRPRsSsodoeRPrass pbrihe dous résistang gepey dibydrefohte gsduntaseeganoror

accor di .ngo&of?l- E'ééptﬁlﬁ%e@ﬁih%@of&ﬁte(%hu&g%vgenevl@&rfdee n‘bpﬁaveoég &tbr Y tajﬂlel ow
expression inductivity 1§ a pronoter derived froma gene a protern that

i s gener af #gfingiproieaddciln trace anounts in mammalian cells, a pronoter
pr oot er (ot e B o Seedl AetiEiftg Whe BhE of YT (4B SRR Huther e 2
pr onot er somprises, Alomasispa nahtthe xfugssisistany egener avhiighly | expbssidmiadugible
7ot ot 80 Bhig S0 ERNeABRRCLDR B L AT P S L0
in this order from upstream, and further comprises downstream thereof a dihydrofolate
reductase gene or codon-disoptimized dihydrofolate reductase gene that does not have a
promoter capable of acting in animal cells.
(9) The expression vector according to any one of (1) to (6) above, which comprises a
dihydrofolate reductase gene or codon-disoptimized dihydrofolate reductase gene ligated
downstream of a promoter with low expression inductivity.
(10) The expression vector according to any one of (7) to (9) above, wherein the
promoter with low expression inductivity is a promoter derived from a gene of a protein
that is generally expressed in trace amounts in mammalian cells, a promoter derived from
a viral antigen gene that hardly ever infects mammals, and a promoter obtained by
removing an enhancer sequence from the above promoters.
(11) A recombinant expression vector which is obtained by incorporating a gene of
interest into the multicloning site for insertion of gene of the expression vector according
to any one of (1) to (6) above.
(12) A recombinant expression vector which is obtained by incorporating a gene of

interest into the multicloning site for insertion of gene of the expression vector according
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(12) A reconbi nant expression vector which is obtained by incorporating a
gene of interest into the nulticloning site for insertion of gene of the
expression vector according 3 to any one of (7) to (10) above. (13) A
transformant conprising the expression vector according to any one of (1)
to (10) above or the reconbi nant expression vector according to (11) or
(12) aboueany(ci)ofA7ymt(0patfose. produci ng a transformant that highly

expresse i nt erest, i ch co rises intrqducing the r nbi nant
expr essi Elrﬁ egtt’ii’wnsg%‘@%‘? tROMPrisipg Hhp) Cxprest P?)Vec%‘c?&%o 3}%&0 Inle Pffg@t el I's.
(15) A netdhabodeosr tﬁ@t@bﬂbﬂ&nﬁeiﬂr@@%ﬁdﬁ&ﬂtac@&ﬂﬂ@té (o) c&g@@ﬂ a\boﬂf ﬁdum ng

ee nmedi um ich c ucin e

pr ot ei ns a fr s intro

" econbi nE® &ﬁ%@%ﬁiﬂ &1 Rredydre adrmsiormagt t c@’m&f Y GKPIESSSS 8458 QT iIREEshni mal
host cel hichontprises Pilodhfing the RBSh BRI ¢x gr@s@ﬁn 2610k hetvrding té tnmebtm)ned
transfornant .to the serug%%ree medium (16) A nethod for anpl |fy|ng gene

of i nt er 8&QVe i qogm s introducing the reconbinant expression vector

accordin st)o Algath@cbmt&)mﬂm 3 Hhifemd®lcapsle bﬁgﬁdﬁiyaﬁ%ddﬁfl%%}&&hs Gri@ cel |,
and culturlng the cell in the presence of .nethotrexate. BRI DESCRI PT10N

*OF THE DREAWENESS migsliva, phich gomprgpsciviiodusing the feeompinam expresglopesickici ne

resi st anhedbdih®lo (NFYE ESH-INve irfth Al AokScells sb %"t&B@trafn 4 &@ﬁ&@%& Uglgi on of
a neonycl ne resi st ant/ nethotrexate resi stant vector | ND. Fi gure é is a

“f1 ow chaf§® Wlngélﬂf‘s?bt@@pﬂgﬁnﬁfpngmgégmqe@%[frggmqglng@ used for expression

of a desirgd A'JQH&hoE'fQWaﬁl %g(aa GEWoE hatelest, ORhBR NG SrQfucthgl @i gn
gene expression vector havi ng an NPT gene ci stron _t hat does not

have a t FesAE®MagE | %’FPTE‘%S&%t‘éf‘rCTOTa(ﬁCP‘PF&m%w wartid) | abpveelinty, Fi dgihydrofolats

fl ow chardgyt@te- Géﬁb'iéﬂtl@%%@l}oéndaclﬁﬂhﬁg% aaNa tﬁé@f eSSk OF mERdtRkate,
PNGCS- KT2B, in which bG+poly A for termnation of transcription is |ocated

upstream of the NPT gene cistron having no pronoters. Figure 6 is a flow

chart fogmpggs{gmpqmopj Of T8 BRIOWILAS expression vector pNOS- GKT2B
conprising a rapbit P glo b|n gene intron for L;Provenent of translation

ef ficiency. Filbiguee 7 is aaflpapclufrt tfhe corgirussion oof @ engosiy cNOSEs@mBvastor he
present pSOUGRITLNAD.

Figure 2 is a flow chart for construction of a neomycine resistant/methotrexate
resistant vector pND.

Figure 3 is a flow chart for construction of a cassette plasmid pCB used for
expression of a desired gene.

Figure 4 is a flow chart for construction of a foreign gene expression vector

- pNOS-GKT2 having an NPT gene cistron that does not have a transcription promoter
acting in mammalian cells.

Figure 5 is a flow chart for construction of a foreign gene expression vector
pNOS-GKT2B, in which bGH-poly A for termination of tramscription is located
‘upstream of the NPT gene cistron having no promoters.

Figure 6 is a flow chart for construction of a foreign gene expression vector

pNOS-GKT2B comprising a rabbit B globin gene intron for improvement of translation

efficiency.

Figure 7 is a map of the expression vector pNOS-GKT2B of the present
invention.

Figure 8 is a flow chart for construction of an hG-CSF expression vector
pNOS-GKT2B-R/hG-CSF.
Figure 9 is an example of detection of h(G-CSF by the dot blot method, which
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Figure 8 is a flow chart for construction of an hG CSF expression vector
PNOS- KT2B- RF hG- CSF. Figure 9 is an exanple of detection of hG CSF by the
dot bl ot method, which 4 was produced by clones transfected with the
expression vector pNOS-GKT2B of the present invention. Figure 10 is a

di stribution of the expression |evel of hG CSF of each clone transfected

Wi th t hewaX prehRt® byVachsy trNERICKIIR Bk dppesiiofSRitor NOSIGRM B Rifgmee 11
is a map of the expre55| on vector pNCS of the present ‘invention used in

Exanpl e BIESHLHE¥EYUSD | s an exanpl e of detection of hG CSF by the dot bl ot

met hod, whi ch Fisafe PO Q8 uUCEdirintich GTede txpRatiea tieck] Wit RGIARF 8XRAES sida8
vector pNOS/ hunpn, G CSF of  the present invention. Figure 13 is another

exanpl e Bnseatetvith thosxmessiones rPN@%@KWBﬁ“ﬁEPﬁW‘[ INyHteR: was pr oduced

by clones tranfggter Wd fha %B@t}@(@{p?&%ioﬂrbe\fﬁﬁtprS)We%é@ﬂt inedinin @kdt he
present |nventi on Fi gure is a distribution of the expression |evel of

hG CSF ot kesaeplefone transfected with the expression vector pNOS/ human

G CSF of the pF%%f‘eniz 1snahe&£dnme of Ebtﬂb't'i&h dPhGSCIF b A &hadibt hethoRr §RRRAL T ON
of CWS5 pronoter. gure i's a flow chart for preparation of CWH5

“ pr onot er Was progieed by Cieglea fw@ﬁﬁtéﬁaﬁllth thsrexipraspian aterioh POO Jwman GueF efase.

Figure 18eigedehfineOfRa 1 son of the activity of the CWS5 pronoter with CW
_pronoter by Iu0| ferase assay. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The
embodi nents of Figiee b3 éssappthérsramplo af \dﬁ‘leptl@boﬂbﬁc@%é’d the dgbblatimeshodw, | f

an introguesdwds %&ﬁﬂ%@%&@%ﬁ t&i ’W@H‘t 91%953% n vcfpt I*%th d or

its expression l'evel istoo |ow, a I chovector DNA has
been i nt FodBE ef thequpsest ingptitm r esi stance to the cor r espondi ng drug (e.g

neonyci ne (herpi Y £Tis aeﬁﬁfrf ontdt tg@ %@s&on”@f@vﬁ{h(}'%ﬁfst&c@a@ﬁ cldgt the

present inventors have been nade to ases usi ng vector DNA
conpri si Hgnﬁecé@imﬂh th@qxrtg@aﬁ@n vicator ey hewamer-CBRIof ;he raesent tilbfbletlmhct ors,

numerous NEO re %luﬁﬂ{ 0 nthese results, it
has been assune ﬁéﬁkﬂﬁﬁﬁ%ﬁﬁmn&t@%&ne provi ded from vect or
DNA cont ri but egl%bﬁrﬁafé@tflc fmm(avaratmntlféiMNrﬁmpmgtemhet her or not a cell
obt ai ned as aF1$%§é’an %%Egﬂ&&%ﬂéﬁ?&tdr%ééonaoftﬂ(ﬁﬁvgﬁﬁmﬁse.bUt that it has no

effects other ti 2
Figure 18 is the comparison of the activity of the CMV5 promoter with CMV

promoter by luciferase assay.

BEST MODE FOR CARRYING OUT THE INVENTION

The embodiments of the present invention will be described in detail below.

If an introduced drug resistant gene (e.g., an NPT gene) is not expressed or its
expression level is too low, a host cell into which vector DNA has been introduced
cannot obtain resistance to the corresponding drug (e.g., neomycine (hereinafter referred
to as NEO)). However, in studies that the present inventors have been made to date, in
all cases of using vector DNA comprising a common NPT gene, including commercially
available vectors, numerous NEO resistant strains have been obtained. From these
results, it has been assumed that the expression of an NPT gene provided from vector
DNA contributes as a selective marker for determining whether or not a cell obtained as
a result of transfection is a transformant, but that it has no effects other than that.

The present inventors have limited the induction of NPT expression to an
extreme extent, so that they have designed NPT such that NPT is not expressed at a level
necessary for obtaining resistance to NEO, as long as an NPT gene cistron is not

incorporated into a site which allows a high gene expression level on the chromosome of

5




The present inventors have linted the induction of NPT expression to an
extrene extent, so that they have designed NPT such that NPT is not
expressed at a level necessary for obtaining resistance to NEO as |ong as
an NPT gene cistron is not incorporated into a site which allows a high
gene expression level on the chronosone of 5 a host cell. Thus, they have

desi gneda hagtt &411. DNVhus Uy 1Rt Rsiched SEQbFBNAQsEh ¢eltla trﬂﬁg@&m h@€QUIlr e
resi stangce to NEO.an cannot survive in a madl um cont ai ni ng. a certai.n

anount ofOSREO! agquirediEsiaace N Ocandrcapngt SUEvive i & FESEED CARIIMNG# C&AiRI ch

al | ows agmo@itt SFENBOY abiléHy heHR! veRlordONA RXRIBaSdedNnfa she wHiIEIPENSREBn There
have been several @ reports on the use of a weak prom)ter for NPT gene

ci st r onseEremedy figh ok givesme egpressiopjog|the chrompsomgg 3 Thangdwgve heen squsral
Biol., 7rethrts laﬁgﬁe u§69§f7a W@MA profnotBr f(ﬁ@iPT %Q&Bélstrmlfpw&'for ]DNA' @\/[61' ghijcul t

to think that &ié 1ro uctlve transformants are effectivel
d

suf fi ci eRtaly %GH PRost NodeCelsBisl., The. JR86eh?87: N | Tor- |@51ba]§§&) on the
princi pl gotvRadr, f iPUARLLRBOLK %%@ﬁg}ﬁy ReodRBvANRIng6REarfd %r&fkcggél&\éﬁg from

Escherichia cofi transposon Tn5, It has no pronoters having
“transcri ﬁtfﬁélrﬁ’aﬂ)f&@?qtﬂ tythpse i‘r@ﬁ@ﬁrral i an cel s, is allowed to |ocate

dounstream of #ngpadBk A F@bﬁgéé‘@ G54 PEAGPRMAGIDNI oderTRGHBLAR Col | ©

and the follow ng optina enyl at 1 on gna hali ng_ ron
“transcri it N tgénwwapndiﬁrlaf@du myESCh%ChlﬂalOllt%@SNP’SDne pﬁ,ewbﬂ@nt ket hani sm

N the tpaRghos TRelifloHansalhioks a0h A 1A GARhINLHARGES ANdwad Lentaked

Since the NPT gene cistron e present I nvention has no pronoters, it
i s def i neewagrean pf @rm@@pteeégvmgmg@n@pm@ raohwty Thogmmalgnpedisednd the
|nvent|0

expr ossi DT S5 an Y RGO KRRl Rlipe Ml RIRPLSF et Rolyioy e
and a p#t yhetchy NRT eapwisgjoalmechquiencia ihe trhmﬁomqﬂehostraﬁﬁsupﬂmﬁmnﬂand :

further GoRRIJGSER a&gﬁ&%&r ILL MRS R gen%réiﬁ:r ﬁf %e%s&‘?“&vehﬂ% rdegg not

have a pronoter capa of acting 1n aninma he expression vector
of the ppesmiersiihisetefined asafipiontiedeshiNT ggecdtioni’Vi ty of genet ically

recombi nant prefel pg. E ?IP[' E{%ntﬂ)?lsérggﬁegip é&@résgﬁ%npxre%ﬁ)?n{fvh cﬂv&%sé < agene

exanples of a drug re cine resi
a hygr onjighly pmﬁmcammdg@hb pm@mlmmhmlmagltsltgefne ;nﬁrtcbnaof Bt tdiadi n

resist ?‘”g g% al%z aht élg lage eifne{hﬁﬁs %(depr) f,%%%l?ﬁa%greﬁﬁs 'aih aﬂﬁth&e @Smbﬁ%eg

neonyci n otran eras ene. a neo
phosphot dmﬂtmaastbelgeﬁe dd@nemetatnt g thstatoes hohlilzarecammmom m:spfdﬂ@nf dotlBg | n

thg\e“ o esﬁ{‘tangﬁﬁ"‘?é?fsi o dheSexl 8&}’0% WgctE}ﬂ QFPH 1%”e3f ot %éﬁloqb%gn ?&%%gg NQ. 50
g a weak expression I's prepared I ng & part
or all oprodnetindhodieenetically recombinant proteins in animal host ceHs
| In the present invention, examples of a drug resistant gene may include a
neomycine resistant gene, a hygromycin resistant gene, a zeocin resistant gene, and a
blasticidin resistant gene. Particularly preferably, the drug resistant gene is a
neomycine phosphotransferase gene. Most preferably, it is a neomycine
phosphotransferase gene derived from Escherichia coli transposon Tn5. In the present
invention, a neomycine phosphotransferase gene of SEQ ID NO.50 having a weak
expression level, which is prepared by substituting a part or all of the codons of
neomycine phosphotransferase gene with codons which are used at a low frequency in
CHO cells, defined as codon-disoptimized neomycine resistant gene, can be used as a
drug resistant marker to construct a foreign gene expression vector.
In the present invention, a trace amount of the messenger RNA or protein of

drug resistant gene is generated by a read-through effect obtained by the fact that the

drug resistant gene exists downstream of the highly expression-inducible promoter
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neomyci ne phosphotransferase gene with codons which are used at a | ow
frequency in CHO cells, defined as codon-di soptim zed neomnyci ne resistant
gene, can be used as a drug resistant marker to construct a foreign gene
expression vector. In the present invention, a trace anount of the
messenger RNA or protein of drug resistant gene is generated by a
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The present invention also relates to a transformant obtained by introducing into
a host the expression vector of the present invention into which a gene of interest is
incorporated, and a method for producing the transformant.

Moreover, the expression vector of the present invention preferably has a DHFR
gene cistron. For this expression vector, a dihydrofolate reductase-deficient CHO cell
can be used as a host cell. A gene in the vector DNA gene is introduced into the above

- host cell, and thereafter, the cell is cultured in the presehce of methotrexate, so that the
gene contained in the above vector DNA can be efficiently amplified. In the present
invention, a dihydrofolate reductase gene of SEQ ID NO.51 having a weak expression
level, which is prepared by substituting a part or all of the codons of dihydrofolate
reductase gene with codons which are used at a low frequency in CHO cells, defined as

codon-disoptimized dihydrofolate reductase gene, can be used as a selective marker to

construct a foreign gene expression vector. The dihydrofolate reductase gene of SEQ




can be used as a host cell. A gene in the vector DNA gene is introduced

into the above host cell, and thereafter, the cell is cultured in the

presence of nethotrexate, so that the gene contained in the above vector

DNA can be efficiently anplified. In the present invention, a

di hydrofol ate reductase gene of SEQ ID NO 51 having a weak expression
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repress C dj jonot e
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Mor eover chrohwspmesent i nventi on provi des a nethod for obtaining a

hi gh-1 evel f f
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gene is jnc ec o the

nost col [PAERPARLE N s AIHT IR (ollsR i1, HEaRRYe o DEARRFIEDUPR, | oG

f or obt agerengstaothingd whisleh preeindgentiiv éncoepdratet pavel amplaj[ylirg e veraib BNA

producin [ i n,a serumfree medium which conprises

transfor%cﬁrg[ﬁrgg sn(t%galcl Sb‘gelgéelﬁé&??oé%%fer using the above vector DNA into

whi ch a pr ot ei Rumgjemmmotes thehpesg nateatipon ginolidescd m&ﬂiodrfgr bbteinady ahighelevel

:); gcmggg&g& tgxpe %{}Aefo rQ:zI rg% age?e}li)br pro Elcmg afﬁjlélt} Tevel ott proté:’) nsei?leané[enllrﬂv grion
med.lum Whlch comprises transforming a host cell by gene transfer using the above

vector DNA into which a protein gene is incorporated, and acclimating the obtained
transformant to a serum free medium.

Still further, the present invention provides vector DNA, which has the
above-described DHFR gene cistron and a multicloning site for insertion of gene located
between a highly expression-inducible promoter and an optimal polyadenylation signal.
This vector DNA can be used to construct vector DNA comprising the above-described
promoterless NPT gene cistron.

In the present invention, the term “cistron” is used to mean a unit, which
expresses proteins by transcription and translation, using a promoter, a structural gene
and a polyadenylation signal (poly A), as a basic structure. The cistron may also
comprise, as an insertion sequence, a DNA sequence associated with any of them or any
given DNA sequence. The term “highly expression-inducible promoter” is used to

mean a promoter commonly used for protein expression in ordinary vector DNA, and it
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- above-descri bed DHFR gene cistron and a nmulticloning site for insertion of
gene |l ocated between a highly expression-inducible pronoter and an opti nal
pol yadenyl ation signal. This vector DNA can be used to construct vector
DNA conpri sing the above-described pronoterless NPT gene cistron. In the
present invention, the term"cistron7' is used to nmean a unit, which
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sel ect i n@eimtlrnalsnsms FhxMiving gn amedlmdomtmnmgﬁiﬁorhasgtlmm dtténsevaﬁraea]dwdahl eved
Pavi ng. f L prssion FSBL T PRk er JH Srder B 4oty sl e L GGG S
prote|nsﬁanHaMEﬂh@@,ﬁeasmﬂadonﬁheloﬁpmﬂmn&hmyehb@ehaummgdh|@hepb@dmdt|V|ty
can be r ture
and st ab? | zé‘t%ﬂl%mﬁwg&# 1[1:# %%\ﬂee r&&ng é C’:Pé\}iems rai \rgsaﬂgurt@%f gog@)%}égd to
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vector o r | e FR
gene 1 nooy SRine i FERly ARENer iy ¢ Drie BB b Dl TR s VAol 8P Ty
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descri be

Moreover, a more specific method of using the expression vector
(pNOS-GKT2B or pNOS-GKT2B-R) of the present invention that will be described later
in examples comprises the following steps:

(1) A gene of a substance (protein) of interest is cloned, and then (2) it is incorporated
into the multicloning site (MCS) of the expression vector (pNOS-GKT2B or
pNOS-GKT2B-R) of the present invention to make expression construct. (3) The
expression construct is amplified in Escherichia coli, (4) the gene is introduced in a CHO
cell (DHRF negative) by the lipofectin method or electroporation, and (5) G418 is added
to a medium followed by culture, so as to select G418 resistant cells. (6) The obtained
cells are repeatedly cloned while culturing them, (7) clones producing a high amount of
substances of interest are selected, and (8) the culture is continued until the growth rate
becomes faster and is stabilized. (9) FCS is gradually removed from the FCS-added
medium containing stabilized clones, so as to acclimate the clones to a serum free

medium. (10) The DNA of introduced construct is amplified by stepwise addition of
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" in exanples conprises the follow ng steps: (1) A gene of a substance
(protein) of interest is cloned, and then (2) it is incorporated into the
multicloning site (MCS) of the expression vector (pNOS-GKT2B or

pPNCS- &KT2B-R) of the present invention to nmake expression construct. (3)
The expression construct is anplified in Escherichia coli, (4) the gene is
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further descrl bed in the foll ow ng exarrpl es. A person skilled in the art
can readhﬁﬁggggl tute the constituent elenents used in the present

exanpl es, such as a starting plasmd or pronoter, with itens equival ent

t her et 0. Exmupbrld|G®glsbyucttottmfe]mac@r&$1cmr\e:cmtof thumaszbeﬂlnventhwnnt t he scope of

vect or o Db BERh o ool Keshuarr 2B B/ RS0 heonycine reststant
vector [pSV/ GKAnI\HEJO AaacﬂNEQpBHﬂﬁKﬂ" IﬂqﬂﬂVbﬁ(ﬂ'r—isﬁdeoz}n dGodrichés cafi Epﬁlm'rdnchi a
colT T eRhgER Lol bGP hED, oDl LSy A 28 s BUEIC(GRNe,
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was used as a PCR kit, and as a 10 x reaction buffer and a ANTP solution, items attached
to the kit were used. First, the 10 x reaction buffer, the dNTP solution, 1 pl each of 100
uM primers shown in SEQ ID NOS: 1 and 2, 1 pl of template DNA and 0.5 pl of
Pyrobest DNA polymerase (5 U/ul) were added to 36.5 pl of sterile distilled water, and
the obtained mixture was completely blended. Thereafter, a PCR reaction was carried
out using Takara Thermal Cycler PERSONAL. This is to say, after heating at 94°C for
5 minutes, a cycle consisting of the following 3 steps, denaturation (94°C, 30 seconds),
primer annealing (55°C for 30 seconds), and elongation (72°C, 1 minute), was repeated
35 times, and finally the reaction product was heated at 72°C for 5 minutes, so as to
terminate the reaction. It is to be noted that the PCR reactions described hereinafter
were carried out using the same reaction cycle as described above. After completion of
the reaction, the obtained PCR product consisting of approximately 600 base pairs was
cleaved with restriction enzymes (all the restriction enzymes described below were
manufactured by NEB), that is, 1 pl of Sacll (20000 U/ul) and 1 pl of Clal (5000 U/ul),
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to the kit were used. First, the 10 x reaction buffer, the dNTP solution, 1
~d each of 100 ~LMpriners shown in SEQID NOS: 1 and 2, 1 ~tl of tenplate
DNA and 0.5 pl of Pyrobest DNA polynerase (5 Upl) were added to 36.5 jil
of sterile distilled water, and the obtained m xture was conpletely
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monkey vt ars NED QzSWtG:) 1 e'aldleqjqamﬁM hgatum kibiveh Zaoh&rm&rwmthe]paddaddn had

b . J tO .
e, © SRRl 4 9008 L YU RSP RlohS B B ERE DR vt 70
S0 as treapredpal 6°Q BYNEGhi{ités, sdPasiot li gadd thpse DNA. ofsmasémleﬁﬂly,ouhe D¥Aatdse was

i xed with Tak
1 xe0 M bl ok A OBRGRRBSENR Ky O P PR LASBIRD e Vet
sol ut i onrubldhiemsdtlanide dnathod. urkhenabtaincdaBtdddriakial &6l fcotonBB om rthit d3-agar as to
ligate t DNA, .Sub f i chi
col (e Qo) PoRpaFHE SERTR b iin it € R BV Rg e e & Fla °
rubi di unboith ¢ronttEning phobier:Tileg obbautnagpiose imahefctaraddyi Difobd) 84 gsofdactohe
LB- agar

b}

yeast extract (manufactured by Difco), 4 ml of glycerol (manufactured by Wako Pure
Chemical Industries, Ltd.), 2.31 g of KH,PO4 (manufactured by Wako Pure Chemical
Industries, Ltd.), and 12.5 g of Ky;HPO4 (manufactured by Wako Pure Chemical
Industries, Ltd.)), which contained kanamycin sulfate (50 pg/ml; Sigma). After culture
for about 20 hours, cells were collected, and plasmids were isolated by the alkali-SDS
method (Current Protocols in Molecular Biology, p.1-6-3, 1986), so as to prepare
PSVNEO/Ori’. It is to be noted that all of the ligation, transformation and the isolation
of plasmids described hereinafter were carried out by the same methods as described
above.

Next, pSVNEOQO/Ori’ was cleaved with 1 pl each of restriction enzymes Apal
(1000 U/ul) and Clal (5000 U/ul), and then purified. To the obtained DNA fragment
(38 ng/ul) consisting of approximately 2800 base pairs, a linker (pSVNEOQ linker) having

multiple restriction enzyme cleavage sites obtained by annealing newly synthesized
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(Difco) containing 50 g/m kanamycin sulfate (Sigm) were inoculated into a

Terrific broth (containing per liter: 12 g of bacto-tryptone (manufactured

by Difco), 24 g of bacto yeast extract (manufactured by Difco), 4 m of

gl ycerol (manufactured by Wako Pure Chem cal Industries, Ltd.), 2.31 g of

KH2PO4 (manuf actured by Wako Pure Chemical |Industries, Ltd.), and 12.5 g

of K2HP0611§ %ﬁaéyhgﬂngmu\éw@ada%@&hmm ih TBEQHD 8OS: L3 dingl)4 Wi ch
ana

cont ai ne cin sylfate 11! . After culture for about 20
hours, cHE#Edvelle %S| ﬂ@&lt bgns %’ﬁ%F |%§1mp§énui% avere gislpteds 159 BhdOaPEBIE- SDS
met hod (@vwm/oﬂ Ol’IQféQixﬂ(  WalBlREERD la@h%% Peath &f BligdARGotidsP(188 tO
pr epare %VNEO’Q‘I |es ta(b)/Bbe not e}éBt hat H (?f th e11g| gati olnm

transf or BR™RAE THR 1?31813§t Pamnd 4inte pé@#ﬁqigb%@s% mlpEgnpac@rsaby drether e
carried Qhﬁ h@a\ﬁ Fhﬁm%aﬂ%hﬁ% 70 dGSTHiiRack, fSIRAVE ijeem U/grmﬂ\lﬁ@/chr was

cl eaved each restriction enzymes. Apal

(5000 U/ P Outalné}c’%erﬁfaamﬁft?re& lindepry s prtdaceddn @msmagﬂwr ae

consi sti ggowf approxi mately 2800 base pairs, a |inker (pSVNEO Ii nker)

having multiple restriction_enz cleavage sites obtained by anneal i ng
“newl y_synt hesi 2é#heispms "i“@@n%@%%‘iamnh%mmgsﬂiﬁjéPm@t%seﬁéa%@ﬁéégogﬁém in

SEQ I D Ngig: ¢ r@é@ﬂ)nﬁﬂﬁﬁ@tiw{)ﬂ gﬁ’t't%dNPlT{ﬁ\léﬁ%SmEtﬁﬁ{Hﬂ ESARN-RRIEEL Y RAAFTEIIS
were isol ate so.as to 8 epare l'i nker was produced by

“placi ng Gom a PlasmipSyi &@ﬁ@é@ﬂa@é lmﬁuatamneé RORCR vsiog@rimemdeying and 4
into a rrhﬁaeét%eseg&e&emshom@ﬂf@@ tmbeﬁohy 5Tarn%fa A%ﬂc&ﬁﬁ%fmw gva\maaﬂa heat

bl ock at 70C for m nut es i’ cooling it to about
hour. Hefl@MhArees Shuza Coubid. w&@%%am &R kit.t tb%lﬁ’@aqlﬁﬁ%ﬁémsa*@f%lé%f@rﬂsbed

above. Athrxh‘@a&ﬁ%utf el S dI@T%H dél??lgc??b ﬁ%hﬁkﬁ%ﬁmﬁr Qipid FeQUenae

controlllng the expression In ene clistron in
Escheri chf O@z)rqacm bafpt.i ¥ Hbef the deTa oileison, & pSVPNEG (megnesies taltasiieby

Strat P t SE
b noas B, R4 07 0B LT apE Midieh 60 1B NER: SIS oF dhiflalen BEQ
was usedDR¥A andOr Kkl of Landaq BNApo asei (Selifivers adled tas1.31p1 af sterlst i on
buffer, aigdL “%?éfrgﬁh@ 'iheagﬂfaﬂn@%)im@ﬁ%g ? (:)suéﬂn‘}ﬁﬂetgfy' Slll%néegf “gl’h%ﬂsaf@ rSperol  Of

10 x reactlon bu 510 | ut’i‘on magriesi um
chl or i dereagBpmmas sarriediowtausing Takana Tdwermali Geeler BEBﬁﬂNAL SHO$ D) Rosoted and

6, 11 I . I

added t gf;hﬂ??ﬁ ?éa%?ost er?gq‘ﬁpﬁgﬁg{&e}gﬁg\%’?{#%@% % %lte(rhgwdé‘ljé a>‘2Itr¥j¥r%<raevvas
conpl et epyt btlpelmm therheaymea fpiging  gatRCR Trheaobnade\B§Rcamd1@tl awsistisg nef
Takar a TQEﬁrBﬁma%@l@rO ﬁ%@%%lwaslﬁm'(ﬁl Lé)arps% &Q,t &84 then separated and purified

(GKT fragment; 58 ng/ul). It was then ligated with a plasmid for cloning PCR products

pT7Blue(R) (50 ng/ul; Novagen) by ligation, followed by transformation and the
isolation of plasmids, so as to prepare pT7B-GKT.

Subsequently, 6 pg of pPSVNEQ/Ori was cleaved with 1 pl of restriction enzyme

PstI (20000 U/ul).  The obtained fragment (38 ng/ul) consisting of approximately 2800

base pairs and comprising an Escherichia coli replication origin, an SV40 early promoter

from which an enhancer portion had been removed, and a partial sequence of the NPT

gene cistron, was ligated to a fragment (GKT cassette; 9 ng/pl) consisting of

approximately 400 base pairs and comprising a partial sequence of the NPT gene cistron,

which was obtained by cleaving 6 pg of pT7B-GKT with Psfl.  Thereafter, the obtained

- product was transformed, and plasmids were isolated, so that pSV/GKT-Neo was

produced. A flow chart for construction of [pSV/GKT-Neo] is shown in Figure 1.

(2) Production of ncomycine resistant/methotrexate resistant vector [pND]
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that PCR reactions using LA Taq DNA pol ynerase descri bed hereinafter were
carried out applying the sane mxing ratio. The obtained PCR product
consisting of approximately 400 base pairs was run on agarose gel, and
then separated and purified (GKT fragnment; 58 ng/l). It was then |ligated
with a plasmd for cloning PCR products pT7Blue(R) (50 ng/l; Novagen) by
ligation, foll®wadobyhd alenaf §% VHIK DINedNGlat Rcaved it 1o @fchpbfasiridsionso as

to prepare ent | SV 0] cleaved with 1 |
of Festr FEaTish Bersy RIOBIF R guder Gty Vil e soiiecd R v 8% AY) ol
colnsi st ?@r@ﬁe geiprand mmbym%%g& aﬂaﬁa;ileaﬂcﬁlp’lﬁ‘lfﬁﬂg sf@om)rw Sc_blﬂﬁnaﬁl fEﬁgiﬁ@ﬂh ichia
coli rep ori an ear r ono rom whi enhancer
porti on n%ﬁ@%ﬁ@eﬁgwﬂe id 28" érqqnaasgg%q ﬁ@@r%fm@tﬁg] 990 aB%SﬁeP@F%t ron,
was | i gal\/.&iﬂed'\@r PpIVROBMHERKTaaassePitent Balﬂgjﬂeh N@n§®—$1791@) Gfas cleaved

appr oxi ma 400 b%s gaj rs and conprisin ence of the NPT

gene ci st grl M ggh OF resiiectioncarnBes HGoR) @998@1 @n@,ﬁl@%%ggwm Praspet L
Ther eaf t gbtaint :hﬁag}ﬁérﬁ DEIFR O4s86itee D5 Wa sy é(ﬁﬁﬁfnﬁ @s?dppraﬁ&a@é@alsn@l Hadviafrs,

i sol ated, so that, Neo was produce flow chart fqQr construction
“of [ pSV/ EKTCREBISINg @hm 0j ¢prki graneotsr %@?) Ve ey R e F%Bmfﬁx een
resi st anteipich Oéﬂdeéa&@yﬂl%%lﬁfeafgdu&t@@é QD}MD%‘:I}%Z cRtr8fl. Offhé fﬁw@tma

- pSV/ &KT- Neo was Ciy Qﬂ(f L each of restriction enzynes EcoRI (20000
(V1) A eRee TB0BEHES Bt e RETHT, Caserieioy g Eolased Bin i omgio0 S8 dge)

and it was ikd1efosePAhdhRE, &Nk RUSHtAIhGND SOASToW RhAREGH dhndtridtRABITHND]
pSV/ G&KT- Neo cassette (44 ng/I) consi sting of approxi mately 3000 base pairs.

Mor eover 1S SHQUPUD R (Japanese Patent Laid-Open No. 10-179169) was
cleaved with 1 | each of restriction enzymes EcoR (20000 U1) and d al
(5000 U/Id, so as tg obtain a fragnent (DHFR cassette; 25 ng/l) consisting
of appr ofd)Papdiciion @b gasseléerigsmidspC rf@r%ﬁﬁﬁiggﬁer@(%WSW40 early pronoter

fromwhich an epRapees: ALt iRRphRE aean o&ﬁd%aveﬂ R Hc@niigh g QMdsat for
reduct ase (DHFR) gene cistraon.” The pSV/ cassette was I'i gat'ed with

t he DHFRINSgidiont ol ggye |qfgpnotein, off mtﬁm@nﬂyatp@mvhapnoﬂg%%d A faman
i sol ati Oﬂytgﬁaegélaﬁﬁﬁ@cm) ﬁrﬁEta‘.?mgQﬁ ﬁ%o%ﬁlﬂq“ M O s 8% HerdiR ' ﬁgﬁ@%%ptl on

of [pND] " is shown ih Figure 2 cassette pla
for desi Paihgisneorsigired sison Hrﬁms)tarebmng \ihe hishgst i sxpeeseipn aingresiiitver | Ina

multiclo [ r and
T bol yadaifion, & BoGhe slov @ horkidhes "lép‘?‘os??%“g?@?.}p%"w(@twﬁ o) uRATh BOAZA:

pr onot er sigp@Myhichehes g@uremeﬁ@dw %hlg Iyrrspaucsive andxmqﬂhlentsm@@mgﬁmb@w as a
promoter havi ngiihepRiagRGat SROHFeES kot ' Pishiid! b¥e/dNV  (manufactured by

Invitrogen) by PCR with LA Taq DNA polymerase, using primers having nucleotide
sequences shown in SEQ ID NOS: 7 and 8 The thus amplified DNA was run on
agarose gel, and it was then separated and purified, so as to obtain a PCMV fragment
consisting of approximately 650 base pairs. The PCMV fragment was ligated to a
plasmid pT7Blue(R), followed by transformation and the isolation of plasmids, so as to
produce pT7B-PCMV. At the same time, DNA was amplified from the plasmid
pRc¢/CMV by PCR with LA Taq DNA polymerase, using primers having nucleotide
sequences shown in SEQ ID NOS: 9 and 10, so as to obtain a bGH-poly A fragment
consisting of approximately 650 base pairs. The thus obtained fragment was run on
agarose gel, and it was then separated and purified. Thereafter, the fragment was
ligated to a plasmid pT7Blue(R), followed by transformation and the isolation of
plasmids, so as to produce pT7B-bGH-poly A. At the same time, 5 ug of a plasmid
pUC18 was cleaved with 1 pl each of restriction enzymes EcoRI (20000 U/ul) and
HindIIT (20000 U/pl). To the obtained DNA fragment, a linker (CB linker) having
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addition, a bovine growh hornmone poly A signal (bGH+poly A) was used as a
poly A signal, which has been reported to be highly productive and
excellent in reproducibility. First, DNA was anplified froma plasmd

pRc/ CW (manufactured by Invitrogen) by PCRwith LA Tag DNA pol ynerase,
using prinmers having nucl eotide sequences shown in SEQ ID NOS: 7 and 8.

Thg thUanﬁ]m;ﬂe fregei A e‘ﬁ@ﬁnb é@&a@fagéw aﬁ@srf obridl by Q’JﬂﬁedlingV\ﬁéwl?'h%ﬂltﬁ&%ﬂat efl

and puri 0 o0.obtainh a r agment Xi mately

550 baseoligriuglootifes frclgords seRkenges showa inSHEQ. IE NG d1p ﬁﬁé’(q&)

foIIomedhgmgaﬁ@m@&@pﬂ@&kqﬂuanuc$&QMk§oIatlon of plasm ds, so as to produce

pT7B- PCW. At éﬂesmetl lified fromthe plasmd pRc/CW by
a

PCRwith LA T oI%ga%%th%ﬁpﬁdsgrp Thoker g depvsdcvibih e casl ffences
shown i _nraSEQubQ MNSPme? mzﬂﬂillgﬂgﬁg 3Rt S BhAIIN @ob LD’E[)Ytvoﬁtﬁﬁa%“ENA

con5|st|§ proxlnag ase pairs. The 't t'ained fragnment was
run on 3 B%te‘!"&élls“n%ﬁ aPHYOWt%H@H s Biiey éfrlpe IHH%M FEEEENL RS TBR OPer |
the fragg@pbse\@s, add ﬂamcth&@s@papit@é ahdl aﬁﬁ&h uR(R)to &H%Alh%vwcbs/ CB-linker

transformati on_and the isol ation_of ig:hasmofs so as to produce

- pT7B- bGHP8FHE RO N/ heMospayer. 2 Fepifhe pTIBPGMY was sloevs! with loileeashd wi t h
1 | eachoptestfsiion éiltz;vﬁl@s WVWOEQ@/B'I) QI%PQQQdM t?)OO@@dJ/,uU' 'ﬁHJl lihe 63@%@ ul).

.To the obtained DNA fragnent, havi n 3 multiple

restri ct HEEMENAVHEIR 0B AZRERSC §P1tz é%d Hm% tfa@usqué pthansl Pl ew s ©yabiaiegi zed
ol i gonuchRod irthg R ARV EadsERl; I@en%/ﬁ%BU(%h?ﬁ'Eeé Q?‘@Iﬁgfdilrﬁﬁglyl %d\l%e ;Jagtr sand 12

was ligated, So as to prepare pUC rea the

pUC18- cBad fRrEprigiag REMM edusihermare) 18aus affthe rrérgt&beﬁmiy@hm
(20000 Ufhih ﬁnﬂeéﬂh”@ ﬂektri%RQQQszeréés)Nm (?&%0@ 04 Q%Baﬁqmqm() Gﬂﬂf'a?lh' “9 of

approxi mat el y 2700 base pairs was run on gar.ose gel,
and it wis ebvined Epemantavasia qmgaquecgel E2] a%wm)th@msamatad ptuttparlﬁsi Iﬁonker

cach: of % SXoeth JoNMOfEMEN et P%&%*%%E@ﬁﬁ?%&%g%@%@%@ and
t he obt aﬁﬁ%hasemﬁagﬁ’édwomagsmgh%hp@ga%os“éhgeUC1&1{‘eB11mﬂ<vmsselﬁénth§é’§é\ﬁ t ed
and puri Ba\s@&%e AR 88 bl Ra&e %J fi é@@ﬁm&ﬁ%mﬁéé@fhgzg%ﬁwéd)

consisting o apprOX|na 650 ase pa conprisin

Fur t her nbY érangfognaicst artmﬁlepwgumpﬁ plosmids, g@es ¢¢ echiet [pBlh A Powedhert of
restrictg @%ﬁ@a«mﬁﬁ deg &%Qe%gplsz&&d ]B?dﬂ% (&Q%Qoydfda de§Ah Fér% s |

obtai ned fragnent was run on agarose ge was then separate
puri fi edshoym inddigens bt ai n a DNA fragment (bGH-poI y A cassette; 2 ng/l)
consi sting of approximtely 650 base pairs and conprising bG+poly A The
pUC18- CB- | i nker cassette, the PCW

(4) Production of fore1gn gene expression vector [pNOS-GKT2] having NPT gene

cistron having no franscription promoters acting in mammalian cells

5 ug of the pCB was cleaved with 1 pl each of restriction enzymes BamHI
(20000 U/ul) and HindlIl (20000 U/ul), and the obtained fragment was run on agarose
gel, and it was then separated and purified, so as to obtain a DNA fragment pCB cassette
(31 ng/ul) consisting of approximately 2700 base pairs. Thereafter, a PCR product
comprising the NPT gene cistron, which had been obtained by amplifying a DNA
fragment by PCR with LA Taq DNA polymerase using primers having nucleotide
sequences shown in SEQ ID NOS: 13 and 14, was cleaved with 1 pl each of restriction
enzymes Notl (10000 U/pl) and Nhel (5000 U/ul). Thereafter, the obtained fragment
was run on agarose gel, and it was then separated and purified, so as to obtain a DNA
fragment NEO cassette 2 (39 ng/pl) consisting of approximately 2700 base pairs. The
pCB cassette was ligated to the NEO cassette 2, followed by transformation and the
isolation of plasmids, so as to obtain pCB/GKT-Neo. Moreover, 3 ug of the
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cassette and the bG+poly A cassette were ligated with one another by
ligation, followed by transformation and the isolation of plasmds, so as
to achieve [pCB]. A flow chart for construction of a cassette plasmd

[ pCB] for the expression of a desired gene is shown in Figure 3. (4)
Production of foreign gene expression vector [pNOS-GKT2] having NPT gene

cistron
he. pOB e B R e S TIRUILEC P00 900

U 1) andanq FeeRj (Z(OQ@@MM)J/ ar}d thgrpbtaiped Bempricvas n@g@mmarw@sgqlwdolﬁ véigar ose
gel , andyeh s\éﬁéafeh%dﬁ?ﬁﬁg Al 868 o 'iﬂ LiedA £ tt(%\fﬁ%%'séh@ 1PNGy/fiyagment

pCB cassette nsi st i ng appI’OXI mat e ase pairs.

Ther eaf t é?nswéme@i a;ppmr@@testb@\% baserpins radNpIRyising BCMV,oaw NRRi gsmeipad been

obt ai nedpBy- I%IE'AW' ng a DNA fragnment by PCR with LA Tag DNA pol ynerase

using priners having nucleotide sequences shown in SEQ ID NOS: 13 and 14,
was cl eaved wi Ferthermgrasdate of the o3} wes clsavedewitly dad eainOilt@!U@ﬁomJﬁmZ)ynmd Nhel

(5000 U/E)zcll Tﬁﬁf@a@&gf and%oﬁ?t(%d&ﬁ}dUOplZ%ﬁrﬁt % n H Bﬁ«&oﬁ € 19(? a”d

it was then separat urifire to o f ragment
-casset t e(ID0084)/nY/ | ﬂh@@hm@ﬁlfrﬂ;gnthMQWag@bse g 0gndoia svas plmnrssparm pCB
cassette i and
The C soP i PuihdsEhs Lo obfh SER MBS (SR ARG 3 i B SR HR 10
"the 14 pamrexmatelp 288 bdseandd anidt bprmprneangdEI{hstandca MiFIbrgzymsstnemndl | |

(20000 Uplding Qﬁ‘gvﬁﬁ%ﬁllg ﬂa?&ﬁ@c@r Jn)whléﬂgn%ﬂ%n%gf ﬁrﬂgg hbd B&Iﬁ%{n ol 1.1 On

agar ose gel, en separ at e pur SO as ain a DNA
f ragnment (CNB gt Jurther; a dmkay(H§ hrt@ﬁshas/mmstyi‘ctlappnayanwteeve;gelﬂtw wasse

airs an T I
Phe ono oS TR Mo B MR8 D180 RdED Hediobnn HGLOP st 7
and EcoRshov2000REQ/ID)N@AdI as 16.0f1 pl ofthe ONB nmet&;zlypdmfﬂdeHFBlﬁ@@ﬁteU/ ).
and puri 155 43R} pEREN AR RARPRE R one Bl Y ReliBT DR }YFE’
consi sti trgnﬁbnnaimprmdi thausjlgtlomaﬂtplbmids,pai mtoapmidum’rth&S-ﬁij(ﬂleA ﬂbw and a
por t1 on PG B 8 BsenltE%h 3 o Bhret GerB e MR TR BL I OE R EDF HRE T
restrict gor eszgmbaving axagassiibtien paxnoténtst awiting dn byaramaban ceitp iseshloyn in
synt hesi lg%gmcluél gonucl eoti des havi ng nucl eoti de sequences shown in SEQ ID

NCS: 15 a of the CNB cassette, 1 1 of the DHFR cassette 2, and 1
| of the HS Ilnker were connected with one another by ligation, followed by

(5) Production of foreign gene expression vector pNOS-GKT2B comprising bGH-poly A
for termination of transcription located upstream of NPT gene cistron having no
promoters

DNA was amplified from pNOW3 (Japanese Patent Laid-Open No. 10-179169)
by PCR with LA Taq DNA polymerase, using primers having nucleotide sequences
shown in SEQ ID NOS: 17 and 18. The thus amplified DNA was run on agarose gel,
and it was then separated and purified, so as to obtain a DNA fragment (bGH-poly A; 42
ng/ul) consisting of approximately 200 base pairs. The DNA fragment was ligated to a
plasmid pT7Blue(R), followed by transformation and the isolation of plasmids, so as to
produce pT7Blue/BGHpA. 2.2 pg of the pT7Blue/BGHpA was cleaved with 1 pl each
of restriction enzymes Notl (10000 U/pl) and Nhel (5000 U/pl).  The obtained fragment
was run on agarose gel, and it was then separated and purified, so as to obtain a DNA
fragment bGH-poly A cassette 2 (3 ng/ul) consisting of approximately 200 base pairs
and comprising bGH-poly A. At the same time, 5 pg of the pNOS-GKT2 was cleaved
with 1 pl each of restriction enzymes NotI (10000 U/pl) and Xbal (20000 U/ul).  The
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transformati on and the isolation of plasmds, so as to produce [pNOS &KT2].
A flow chart for construction of a foreign gene expression vector

[ PNOS- GKT2] having an NPT gene cistron having no transcription pronoters
acting in mamualian cells is shown in Figure 4. (5) Production of foreign
gene expression vector pNOS-GKT2B conprising bG+poly A for termnation of

transcri piq I ] I : t.ers DNA
wmo. anpl PPEaRd PR iR Y 8RR o AL BEFR Sl el Dy LG B R ok
with LA TagbtBinse PN A fagasset pNOSHGKDRicassette {AY ng newissting o€ apprquisniely

shown in I - n LT n rose
gol " and2rre W {200 M olifobly 'S RERel PRelNplE 10 ¥ P REER

f r agment pNEOE-HGEdI2ycassetigiollegied )bydoamsfosmiatign efd gpsariiomoebplpsmal, sveasclopai rs.
The DNA Fiat e I 1 . I :
transfor f({%@gﬁ ri)%?i ﬁ]ﬁe’f%m gt@%’rv\%g?ﬂ p@g? %H%IE“B@%%?S&%E{E& %@\gﬁ%p?é@smn

pT7Bl ue/ B&HpRpNOS2GE 1B cdrepysiTzBbid!-BaisipA faagdemiinaticadofnransctiptiore daghtedof

restricti . (; | 9 obt ai ned
f ragnment hBé\}%egﬂf%‘ﬁmﬁ‘g glﬁ%%ggg%b‘y,ﬂmé%gggfm\/\glémtlgg%%aely -egge and purified,
S0 as to obtain a DNA fragnent bGH+ poly A cassette 2 (3 ng/l) consisting

of appr oxi . 20 2 pal n ri $l L | . e
o5 S0 omoBhdich it Ra5G, Wbt 3xpRaf VRO FNsTRB AN clngllidg PR
“enzynes Reglohih@RAO idtkdn)foaimdprkbaher(t20®@0s]alidn effitheact5 obt ai ned fragnment was
run on agarose ,.and_it.. hen rated.a urified,
obtain a oNA 1 PAgherE pRORIEE B0 cTHE " Er8me N (b fieng®y oy oA
ia_ppr oxgnﬁmbﬁm}orﬁfpbﬁﬁﬁ%“mi It A . Taly DN ptb]Iymebz&I—l luxiﬂl% pﬁlmeeshaaxﬁrggnﬁclmﬁ_ gle .
igated t of, t he. = casse : ran r i an
the i so Stratsstohgrdcin SROTLONIE (&R} o IRy RBRFRserck ROH S FRkPR 7o
const r ucfiéngth: ohpmofimiattig n6QE rtese x@mimy s which comtgronfedOFe GKTiRBtiow Nfpid SA)Ng
bGH poly A for ternmination.of transcyiption |ocate upstream of an NPT
qene. o SEPihe b HERG s iiet LAY TeeB Brros Qontt g B8 el o
forei gn genenepraasen on agewko pel] pidOb-wasTRE: fdpacnedandspurtfisdabihereaftde, g obi n
gene intron.for .i.m translation efficigncy anpl,ified
Prom r abBiee 1saleg P8 TRRRR R et EPE o Senfen fuf B sty SEp BB 1 L
Tag DNA pelyprepase T7B8sglo§Apri mers having nucl eoti de sequences shown in SEQ
I D NOS: 19 and_20. JThe ai.n PCR. pr oduc fragme l.engt h:
appr oxi mat el y S0t PEE BAPRUPSA ARG ety bHUBITLG TS ERT B AGR
encodi ng (A0000NUONadAReT 0000 /b biThe [obtghabiraggentensphinCen agitose gnd a
splice AGES E)ttx%s then separated and purified, so as to obtain a DNA fragment (gloSA cassette;
22 ng/ul) consisting of approximately 600 base pairs and comprising gloSA. At the
same time, 5 pg of the pNOS-GKT2B was cleaved with cach of restriction enzymes Nofl
(10000 U/ul) and Sall (20000 U/ul). The obtained fragment was run on agarose gel,
and it was then separated and purified, so as to obtain a DNA fragment (pNOS-GKT2B
cassette; 13 ng/pl) consisting of approximately 4400 base pairs. 1 pl of the gloSA
cassette was ligated to 1 ul of the pNOS-GKT2B cassette, followed by transformation
and the isolation of plasmids, so as to prepare pNOS-GKT2B-R.
A flow chart for construction of a foreign gene expression vector
[pPNOS-GKT2B-R] comprising a rabbit B-globin gene intron for improvement of
translation efficiency is shown in Figure 6. In addition, the structure of
[pPNOS-GKT2B-R] is shown in Figure 7, and the entire nucleotide sequence is shown in
SEQ ID NO: 21.

Example 2: Test of production of human granulocyte colony-stimulating factor using the
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sequence, was run on agarose gel, and it was then separated and purifi ed.
Thereafter, it was ligated to pT7Blue(R), followed by transformation and
the isolation of plasmds, so as to prepare pT7B-gloSA. 5 g of the
pT7B-gl 0SA was cleaved with 1 pl each of restriction enzymes Notl (10000
Ul) and Xhol (20000 U'1). The obtained fragnent was run on agarose gel,

and it %Eﬁ%‘s&gﬁr@rt A Rehfid£d, so as to obtain a DNA fragnent
(gl 0SA casgette }?e% congﬁgtt};ng of agprom mately 600 base pairs and
Spumae

conpri sing gl oQAe tme @ﬁ@oloaraﬁ@mplaﬁmg Tgetgr: podpagker e ongstimulesingd wi t h
each of geellieleSn), ahaY SRSt o s(ﬂgg’cgﬁ%% o gl}%@ﬂdwﬁ?éhl &ggg&pmu{ﬂe) g

Ihe
obtai ned fraghent was run on agarose It was then separat eg

puri fi edtrangeraef thy Bt enDNng ragemRsSOPNGSIGONBS-FaERBHR, cand1B t:hg/ | )
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for ConSEEJ’}féHcﬂigc%fh igfeg{tggg@m&ene expression vector [pNGS-KT2B-R]
£

conprising ara &; I'n gene intron for inprovenent of translation
- ef fi ci en€l Rredutions Pexpregsion veckardipNOGKIZB-BthGr€iSk] e of

[ PNOS- GKT2B- R] | e ZIR er ceis
shown in SEQ PWV%M é(;lzlrrpﬁjldé‘1 : es gleteP pro‘% lgfl on (k)ﬁ&htd%an (S(ri%ﬁlgl ocyte
" col ony- spelymesasengsifigptioersusiving tidediBlcesepuases showent 8EQJID NOS: pRewdnt

i nventi ogz On tin h

col ony- S'[QI nmu E%I ng a%;‘ g?ég?ﬂ%@r%w ) O\R/a%afgzsl%%@e da{éir%ﬂ; ﬁl%%ucg@égﬁdnd

i nt er est punified; hsonaes  tos ebitaim 4 Heaggeme (hiG-GR8Ef Gagméntt i g/ dpFeogsistngisifng an

expr essi g@:&ﬁ%ﬂ‘g&gp&@%% %rﬁan@nc% lsgrigh(}eékﬁdiﬁﬁﬂnenfhl I?agﬁge tr\ﬁ%' stant

early cl rotein asasg norma
r econbi nligitepriot elpiamdnpifﬂbbleﬁb)t aﬂoﬁeﬂ*ed byt hmanqiﬁoudatom and udie nlgolaﬁem: heri chi a

Fpncs: aianigne APtuart FAZELRINFGRS ArshTrme e SR Bk e wi ¢
LA Taq DNAeachaifyrostrietsem enz:ymg Nowl (rtﬁﬂ@() thv]J) ragd MZmI @ﬂﬂﬂd@/ﬂbqu&he ebtaamdwn in
e 1 oA eRuE e ad s et g IR G s g i AR, SRR O ™
fragment DNIB frughient (oSt camgetcn‘ 6 ﬂ@’pl)owmﬁtzﬁg y)f GpProxaastepabos bmdpalrs
Fol | owec By OEMEPEAar PR NG REPS SF T . gfe BROSGRIBER WS BEdRa"e(D)
with 1 pl each of restriction enzymes NotI (10000 U/ul) and Xbal (20000 U/ul). The
obtained fragment was run on agarose gel, and it was then separated and purified, so as
to obtain a DNA fragment (pNOS-GKT2B-R cassette; 19 ng/pl) consisting of
approximately 5000 base pairs. 1 pl of the hG-CSF cassette was ligated to 1 pl of the
pNOS-GKT2B-R cassette, followed by transformation and the isolation of plasmids, so
as to prepare pNOS-GKT2B. A flow chart for construction of an hG-CSF expression
vector [pNOS-GKT2B-R/hG-CSF] is shown in Figure 8, and the entire nucleotide
sequence is shown in SEQ ID NO: 24.

(2) Introduction of hG-CSF expression vector [pNOS-GKT2B-R/hG-CSF] into
mammalian cells, and selection of transformed strains using G418

1,500,000 DHI'R-deficient CHO cells (DG44; obtained from Dr. Gail Urlaub;
Somat. Cell Mol. Genet. 12, p. 555, 1986) placed in a 25cm’ culture flask were
transfected with 1 pg of pNOS-GKT2B-R/hG-CSF by the lipofectin method (using
Effectene Transfection Reagent manufactured by Qiagen). The transfection was carried

out according to an instruction book provided from the manufacturer. After a trypsin
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pl asm ds, so as to prepare pT7Blue/ hG CSF. The pT7Bl ue/ hG CSF was cl eaved
with 1 | each of restriction enzynmes Nod (10000 U/'l) and Xbal (20000 Ul).
The obtained fragment was run on agarose gel, and it was then separated
and purified, so as to obtain a DNA fragnent (hG CSF cassette; 6 ng/l)
consi sting of approximately 600 base pairs and conprising hG CSF cDNA At

the sameylifRnt folf'@rii FPMQ% @é}% %ale\‘@]gee@é&a U/%d tHé %ﬁnﬂertdf tﬁ@@élls%asrc%ﬁﬁtreﬂm 1on
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DHFR— def ifbé emnem@aztamﬁer(fm 2tyredl piletﬂ: tbg@themth Ganl ofit @%Lﬁbﬂw&fmal Cel |
Ge I
t ransf egt%‘gn&g?rﬁ& atﬁégfl Sé"%@@%ﬁggﬁn‘% &%ﬁﬁ%ﬁ%m f égﬁs ﬁg‘/ﬁiﬁ ﬁod ’(usi ng
"Ef f ect enendr tmmw@cm@mmagbmnlrth%ubmm ceaahﬂluyntQ é@‘@m)the G’lkimrc sepeshiatenti on
. t t .
manuf act (e disefie R Bt PAS @il RELd BE 1 Ao RAT Sl cUEF RGeS Bt
peel ed ofsfas thew Chmdednbél}hem‘afmheo Setl sofvasserounfree. medﬂ:mar ﬁa‘f CHQ cgl§, 000

cells we il | yvzed .f I r ed
ecover st g Tt R b G VR b EleBrerb bB g 6" ARATSE,
t he di | uthicoprevase dif SY96 reaetmbni diokigle A ARE| for rﬁZchcmrs t eThqnbﬁee,stk(teﬁﬁdmiohs) and
t hen cul El%rﬁﬁltdf*h(% H%prl {{ﬁ Ofua)%%%a ar, t%‘%nagélox%je at 37C for about 3

weeks. resu Vikzd g cells (418 resistant
strains) were observed onIy in 117 wel I s 61 (418 re5| stant cl ones were

andom By Skl RS BISH o AB-GF Tl RSB BRIRSS T
serum adﬁanbfbnme:d/@:’llscldmnm fied Dal becco's Mediumcontaining 0.8 ng/m (418,
and Lhey vere he S S DBSREETS, ST T LS
added t ocelagh supérhataﬁlmbtmhed bagulthene dirstoakicles.1 fhef @ai)rhﬁrermﬁllﬁavdﬂabfe a
Vi 1 og PR, BRG L AP Bles Ty B hgHo Dy PPt e Wil a Yerum frec
medium for CHO cells CHO-S-SFM II (8 ~ 0.125 ng/pl), and 1 pl of CHO-S-SFM H
were dotted on a nylon membrane (Nytran, 0.45 pm, manufactured by Schleicher &
Schuell). It was air-dried for 1 hour and then subjected to blocking with Block Ace.
Thereafter, it was reacted with an anti-hG-CSF antibody (1 ug/ul, manufactured by
PeproTech) and then with a horseradish peroxidase (HRP)-labeled anti-rabbit IgG
antibody (manufactured by DAKO). Using the reacted antibodies, the production
amount of hG-CSF was determined by using a method of detecting the activity of HRP
with a Super Signal West Pico reagent (manufactured by Pierce), applying
LuminoCapture (manufactured by Ato). The results obtained by the dot blot method are

shown in Figure 9.

(4) Amount of hG-CSF produced by pNOS-GKT2B-R/hG-CSF transformed cell clones
Figure 10 shows a distribution of the expression level of hG-CSF of each clone
transfected with the expression vector pNOS-GKT2B of the present invention.
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the presence of 5% carbon dioxide at 37C for 72 hours. Thereafter, the
production anount of hG CSF in the culture supernatant was anal yzed. (3)
Det erm nati on of the anobunt of hG CSF produced by pNOS- &KT2B- R/ hG CSF
transforned cell clones The production anmount was determ ned by the dot
blot method. 1 | of a culture supernatant obtained by culturing for 72

hours, 1 | of p?l@)fﬂfﬁit@l'yathé Ywa tidtd ey ﬁrmﬁs?%ﬁ’@f Q&gLoﬁbGGﬁ:ﬁfrésﬁ@dlﬂfsﬁrﬁin'dr ed by
PeproTech) serjally diluted with a serumfree ium for. CHO cells
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| evel ofs ®ngl,dbredrto o radequptethal phimsty mrﬁuamm@nomwmonmgxmssl@ Megtarsdays.

When thi g .nalugnas ﬂ&ogﬂﬁéﬁﬁ%v"l&@l gfgmgfg?%ﬁemf&e %@%éhﬁé@n% WBgfore

gene anplification that een o representati ve expression
vectors fcelpdrbsedudn apuishpagiaon chat the meessﬂonk*eectqrt ofitie prosend inventionhhas was

EI.SSZ hi %lh nﬁélgrﬂ% : erg%n % 6 ZQS ng 11, éevggs co)‘girﬁl eﬁ(‘\tqﬁ%g gé&r&ionpve]cf@r&

Bi ot echnobropysinga ppommﬂes.gggﬂy geGeristran bipckéd by ak‘esn@pcpiﬂd@wlaﬁaﬂ gigngl"f rom 6
mont hs ?I{Oivi%ls %fvet,r)(? Sﬁlﬁfl%ﬁlalbae{r:] Bf ;E;Bfgk E‘@é’%mﬁ%kﬁaﬁlsbﬁuﬁgﬁ%%le? o %sftétb‘f%hh&'i’t fa“d

the

the resu er’ Si epén I'ons
concent r hightyn pofdustise |0ﬂ1] | stratinsf ¢hrat grrpcﬂudm pmtmnm of Aoteogstli Wﬂ@ﬂ extremely hlgh

efficiency. From these resuits, it was proved that the expression vector of the present

invention enables an extremely high level of protein expression.

Example 3: Gene amplification of G418 resistant cell strains

Out of G418 resistant cell strains, clones producing hG-CSF at a level of 77
pg/ml/3 days were subcultured and then stabilized. Thereafter, gene amplification was
carried out using MTX. First, the above clone was amplified in a medium containing
15 oM MTX for 2 weeks, in a medium containing 60 nM MTX for 2 weeks, then in a
medium containing 250 nM MTX for 2 weeks, and then in a medium containing 1 pM
MTX for further 2 weeks. As a result, the production level of hG-CSF was found to be
increased to 117 pg/ml/3 days per medium. The concentration of MTX used in gene
amplification is generally multi-step ranging between 10 nM and 10 pM, and 10 pM is
often applied as the final concentration. However, considering toxicity to cells,
exposure to a high concentration of MTX is problematic to establish stable recombinant

cell strains. Accordingly, achievement of the high productivity in a low concentration
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is considered to be adequate that primary performance conpari son of
expression vectors is carried out at the expression |evel of early clones
before being anplified. It was found by such a conparison that the
expression vector of the present invention has extrenely high performnce.
As a result, it was confirned that the "expression vector conprising a

pr onot er LesgTRPT aRCat! fidAAnDlLogkatbl Kiasld ond Bel g&ggﬁy REhEh, Sihgnal "
provides a very small nu (418 resistant strain t enabl és the
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| nt er est Mty o elon iabaing Rl BbERYmelINE HNOYRORES U] bils sdtho USPT Oved
t hat the expression vector he present vention enabl es an extrenely
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nEdIUHIC%ﬁ g?%#%g%gﬂhgwlwwx for 2 weeks, then in a nediun1containing 250
nM MIX for 2 weeks, and then in a nediun1containing 1 M MX for further 2

weeks. i ﬁﬁﬁ? ound to be
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"gene anpl)ifirpdationf pd QNG rGHH gxpredsidnecty rangi ng between 10 nM and 10 M
and 10 Mis ' nt catl.on. .dering
foxi ol ty to colTexPriRah SeeBFpieR WhiasbRISE) S L P US s pEBRSITEL: O
t o est ablliwith sxa@ptiens émbffbﬁ warived &etﬂ Emacm coAcwar direglyyyscd@biapei@nt  of

the hi ghré%{s a?l‘f'%é Iglg&/ I‘Lﬂat tI—ﬁGf—Igr esen S%Ht cr)]f %%[f-fﬁ Ivrrlbf[oreov r,;a?ccﬁ‘gmgfr%or tant

eval uati on s nven I Oh concen ron
was set the metibd rdekarihed in IExaa:qbdh Pi(dp,a }alllmduoggllnutdcgte ddlotyestpogating fwmrod

i ncludin iQ eneral | to 12 npnth S_S b

weeks | nAIGESD eehivial R e’ Pohils' e B aq R csaRe? ot it iller, Pons,
an eff epNQS&GMZSFeas’Hw sintchee pif eAiES/hGrCSIMbushovaf uhﬂg%Fl l/yamddhs entved, and
it was t hat .t he wes resent invention has high
perfornarﬁ?fgem ({%’eﬂ]ﬁe%eése ﬁﬁ%{q ﬂ%}ﬁ(??%ipsystem Exanpl e 4: Expression of
reconmbi nant human G CSF by using pNOS (1) Production of pNOS/ hG CSF

expr eSS| ctor ressi o ct con t he sane
manner ol VERSmAL SBRRRN Bl e PR TRe AL S GE bRl ebilh: -
col i WaSpHOSectIy used as an NEO resistant gene and that HGHpA was used

| nstead of BG_%enl\@lle CeTls ths CV%)I%(:LI 1 }:qutured in a 25 cm? flask were 40% to 80%

confluent, a pPNOS-human G-CSF expression vector was incorporated into the CHO cells

using a transfection reagent commercially available from Qiagen. Two days later, the
cells were treated with trypsin and then peeled off from the culture flask. Thereafter,
the number of cells was counted using a blood cell counting chamber, and the cells were
then dispersed in ten 96-well plates such that the concentration of the cells was setto 5 x
10° cell/100 ml. Two weeks later, appearing colonies were counted, and as a result, 146
colonies were confirmed. 72 single colonies appearing in the ten 96-well plates were
transferred to a 24-well plate. When the clones transferred to the 24-well plate became
confluent, they were washed with 1 x PBS once. Thereafter, a serum free medium was
added thereto, and afier 3 days, the culture supernatant was collected.

1 pl of the culture supernatant obtained after 3 days and 1 ul of a standard
diluted line were spotted on a membrane. It was air-dried for 1 hour and then blocked.
Thereafter, it was washed with TBS/T once. After completion of the washing, the

primary antibody reaction was carried out using a 1 pg/ml rabbit-anti human G-CSF
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the nethod described in Exanple 2 (1), a human granul ocyte
colony-stimulating factor (hG CSF) gene was inserted into a cloning site,
so as to construct an expression vector PpNOS/ hG CSF. The structure of
PNOS/ hG CSF is shown in Figure 11, and the entire nucleotide sequence is
shown in SEQ ID NO 25. (2) Measurenent of expression |evel of recombinant

human G Qﬁfbo‘ﬂ?t a'l“ﬁ@?'ea@ﬁoﬁ' pdtict Rfhe hsa*%ﬁefﬂ;w mﬁése h@fefaﬁeyl tured
ina 25 cn? wer e A)to 80% confluent, a una élg}gesm on
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confirme S ppeagi e e
transfer ?ggz gﬂgbﬁh&%’ﬁrﬁ}ﬁsefa e%nﬂt ellgl%ﬁﬁrggtirba%ggerre tg&‘?1 OM\B% wel |
“plate bedﬁﬁ‘éﬁun@orofflth@ﬁxpressn@y lapel ef WesGBH oficath tlone PRBichess exfiressedbyer, a
serum fr ﬁ?WéS g%%{ 4and after 3 days, the culture
‘supernatgﬂt was co Iectgg fﬁ%g‘?ﬁe cul ture supernatant obtained after 3
days and 1 | ofheesprgsden develiof bumdn| GridSHwebrisgddit stngn pNOGEndxpasseionl t was
air-dri ed,fgr ?x%er'&gér 2] :bg &(ﬁcﬂ'ﬁS{j meﬁﬂ-&ia (ﬁ)t%f ﬁlﬁﬁber' o \éﬁﬁeé’\%ﬁ@%gte&“ t%h

TBS/ T once. y reaction
was carr p@t!:eomthmﬁestgwgs {6)pglA|s1a realhiit waquunﬂu}m;rﬁS% GJSﬁoﬂi)clamSI frodycedThe

reactiongar TBS/ T.t hree ti t he
secondar ye é?ly rgé% |ol\rll\@§/as clar /Hieo (%f’ bgslfsﬁﬁ Hw’aﬁ‘ﬁdl {ﬁ gta%gtfh% 396 The
reactio nc]pn@&juhcteoﬁ@mdmh@iqhm{‘eai ani eixlpreBESA Teweho £8 ppimies. mdrker eaf ter, a
chem | um nescence reaction was carried out using a Super Signal Vest Pico
reagent, so as to confirmthe expression |evel of human G CSF. Exanpl es of

det ect i nfxa@pleSk Pogpardtive af6IMNBgiromsteh (RigurehilSlandds) expr essed by the
expr essi pn.\vec felile Dreser Y u re shown in
Fi gures @)andrrﬁ% B rﬁglg&ﬁ %6d g]f ?ﬁl’% ﬁ'ﬁﬁp {I;I%(S’E ?i‘?a‘“’é%?g?%@sfgﬁ“‘r”&?/e| of
hG CSF ofthe®CR kit sviéch whs cdfmmmze}bg/pa:\mlab]d fhym TPNOSRAUSHDZG- COE, LTB vedsown i n
Fi gure 14, The sion | F obtain
expr essi B pd. %?%ef{’\)ﬁ%rsc@fl anga%g gh%cj%{gs‘ﬁ?r&us t %le% ?HILZ GE%W
cl ones sdNjfEci@ds tud of dOnc @ytotett PORt iagTer wage 4Q)led AS 3a5rwlsmﬂ dteriletdivtiredf ound
0
that 65% 0f "B §nEhO' 5T R RIYERS primer [SEQ ID No. 26] (100 uM) and 1 ul of the
antisense primer [SEQ ID No. 27] (100 uM) for the L1 region, and 1 pi of the template
DNA were added. Then, 0.5 pl of a DNA polymerase Pyrobest (5 U/ul) was added to

the resulting mixture. The mixture was completely mixed by pipetting, and PCR was

carried out under the following conditions. After treatment under heating at 94 °C for 5
minutes, a cycle of three steps of 94 °C for 30 seconds, 55 °C for 30 seconds and 72 °C
for 30 seconds was repeated 35 times. Finally, the mixture was treated at 72 °C for 5
minutes to complete the reaction. Afier the completion of PCR, the amplification of the
gene region of interest was confirmed by electrophoresis using 1 % agarose gel. A
band around 40 bp could be confirmed.

(I-2)  The L2 region was amplified by PCR from 1 pl of adenovirus type 2 genome.
The PCR kit which was commercially available from TAKARA SHUZO CO., LTD was
used, and the buffers and dNTP attached to the kit were used. First, 5 pul of 2.5 mM
dANTP and 5 pl of 10 x Pyrobest PCR buffer were added to 36.5 wl of sterile distilled
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hG CSF at an expression level of 1 g/m or nore by using pNOS, and that
further 33% cl ones thereof produced hG CSF at an expression |evel of 8
g/m or nore. Exanple 5: Preparation of CWS pronoter (Figures 15 and 16)
(I-1) The LI region was anplified by PCRfrom1 | of adenovirus type 2
genorre The PCR kit which was commercially avail abl e from TAKARA SHUZO

CO., LTD“;A@ k t d.
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o e PRBRPR KSR A phAR o Ak AOSHDO cONERSIRR,

DNA wer eussdidand thdhbutfer.ahd |dNFP attddlad poltherkitasae Rgedbesitst( 5 pl/df)2. wasviadded

and Por 0P 4ok 7t LS mBst ek ent BB ok S et

under heatatengteatvhid Cpl of the seisayiraser [BRCY IDeNof 3djh(l68 8 psd df nlodf (hef or 30

seconds, 55 C for 30 3 econds S r ated .3
oo FRROERY SHmE R D ] (f B B et B Bod T FRBEIE AR, 1
t he r eacDN weh tiddedt ha"he@,nmsqﬂgﬁ E ]DNlAP@Iymfei;]lﬁe Pypitieki GaUidnwad atldeel togenle
regi on of, interest el ect ores usi 9.1 % Qse ge
N b leoihting dhRe r He BTRGR Vensfooliau TR by Foding AR RE I e
by PCR f eqfed olt @fﬁde&dﬁf@ﬂbwm‘g émﬂﬁ;&sgeﬂmueatﬂm PR khtingitol \Gasr 5
conmer ci al lﬁ’tesfjl \{da(!,ylc?ebclwfe threeos%pgpéwcs %%(3 seconds, }P waf%r 30 seconds and 72 °C

for 30 seconds was repeated 35 times. Finally, the mixture was treated at 72 °C for 5

,-4

minutes to complete the reaction. After the completion of PCR, the amplification of the
gene region of interest was confirmed by electrophoresis using 1 % agarose gel. A
band around 200 bp could be confirmed.

(I-4)  The R1,2,3 region was amplified by PCR from 1 pl of adenovirus type 2
genome. The PCR kit which was commercially available from TAKARA SHUZO CO.,
LTD was used, and the buffers and ANTP attached to the kit were used. First, 5 pl of
2.5 mM dNTP and 5 pl of 10 x Pyrobest PCR buffer were added to 36.5 pl of sterile
distitled water, to which 1 pl of the sense primer [SEQ ID No. 32] (100 pM) and 1 pl of
the antisense primer {SEQ ID No. 33] (100 pM) for the R1,2,3 region, and 1 ul of the
template DNA were added. Then, 0.5 pl of a DNA polymerase Pyrobest (5 U/pl) was
added to the resulting mixture. The mixture was completely mixed by pipetting, and

PCR was carried out under the following conditions. After treatment under heating at
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used, and the buffers and dNTP attached to the kit were used. First, 51 of
2.5 MM dNTP and 5| of 10 x Pyrobest PCR buffer were added to 36.5 | of
sterile distilled water, to which 1 | of the sense prinmer [SEQ I D No. 30]
(100 M and 1 | of the antisense priner [SEQID No. 31] (100 M for the L3
region, and | | of the tenplate DNA were added. Then, 0.5 | of a DNA

pol ynmer agg °ByioP R &atnuleD alé/ ke dﬁﬁre@@@;@, df@8 ‘td‘?orrf?&!ébﬁdsn% Mol P8 seddifils
m xture was_co mpl etel y mxed by pipétting, and carried qut under

the fol | 8% Ag° @d‘ﬁﬁﬁ BeseBds WRS Epepted 36 fnes. urFmalIYhﬂ@tmw@HatwaMre@teﬁ@ﬁ 78
m nut es, @ ﬁ%ctemmutém@ecoﬁﬂ% e Péhcfioh O pﬁféﬁﬁﬁo 1eﬁén Gff PCR3Omeconds

and 72 C for 30 seconds was repeated 35 tines. |na he mxtureﬁ was
treated amphficationg the gppatagion Qﬁ)lnt?mﬁm\@tse‘»onﬁ@n%bmeles OPW%%? ugipg 1 %

conpletig Qge%? Atg&ﬁd%fgﬂnﬁfllog%hcgﬁlcpge&}ﬁ%rmg@ne region of interest was
confirnme by el ectrophoresis usihg 1 % agarose gel. A band around 200 bp

coul d be conflrrred (1-4) The R, 2,3 reglon vvas arrplified by PCR from1 |

f ad | abl
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vere addgderThe ofedid 306 @ PUPNRERSE BYLODRRL (31 Wbl U8 pedlded Lo

the resulting Moxt Ure. e i Xture was co ett|ng and
PCR was Q@ iIBdNou4] bR pM)readflopl afithn gntlsmndc piioes [SE(ﬂtIBrNo rﬁdt(h%(htLM)nder
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t ihrres FDRGA Ipplyméresenl At Tiae (WAE R reast ed:tiedtto?the restﬂtinrg Pixturait ekhet mixdurepl et e
ene

the reaC}n’aQ% 1LEly hﬁ:@ecfﬁ?pé ﬁeﬂgﬁgy }‘Eﬁ}op%o cadiTR! bt &ﬁfeh‘%@e %116®&§9

regi on of i nterest - was co resi's usin agarose gel .
A band aronshiioris00 Afmrctmatmleﬂfuemdmﬁaanngdt 94 1€ Tpr T mainain q)ww&mbﬁﬂxrafeegepsn was

anpl i fi egf QX 8?Rr 111 I no%n&s 55|Q’ f Cly#fge:congi g&gl EH‘;SE%O r&’ld%%b/eﬂs rT%gteﬁ ki t

whi ch was ¢omrerctariy avai s used, and
t he buf f émesd I\lﬂiaaﬁyn,cth&/gm(ﬁiratzvhau’eadd 072 RE flr § miwntes tais@dpletel the reactioh. of

2.5 nMd | 2 f A P f. dded
to 31.5 @ e(%ftﬁfs: g: arl et%%;"% wﬁ% th%n%ﬂalﬁéag%&hﬁ%og{% %‘Eﬂe %él?lﬁéi}g{r’%%ﬁéﬁsﬁer ©
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%gg M gorﬁ‘nﬁeFiE(S%M/HfN%rﬂt)er and 1 | of the tenplate DNA were added.

(1-6) 5 ul of 3M NaoAc and 125 pi of 100 % ethanol were added to the PCR reaction
solution in (I-1), and the mixture was centrifuged at 14,000 rpm for 10 minutes. After
completion of the centrifugation, the pellet was confirmed, and the supernatant was
gently discarded. 10 pl of 1 x DSB was added to the pellet to thoroughly dissolve the
pellet. The total volume of the resulting solution was applied to 1 % agarose gel, and
was subjected to electrophoresis at 50 mA for 25 minutes. By comparison with DNA
markers, a band around 40 bp was confirmed and recovered, which was then frozen at
-135 °C for 10 minutes and subsequently centrifuged at 14,000 rpm for 10 minutes.
The supernatant from centrifugation was transferred to a fresh 1.5-ml Eppendorf tube.

The resulting extract was defined as L1 (the extract concentration = 82 ng/ul).

(I-7) 5 pl of 3M NaoAc and 125 pl of 100 % ethanol were added to the PCR reaction
solution in (I-2), and the mixture was centrifuged at 14,000 rpm for 10 minutes. After

23




DNA pol ynerase LA-Taq (5 Ul) was added to the resulting m xture. The

m xture was conpletely m xed by pipetting, and PCR was carried out under
the following conditions. After treatnment under heating at 94 C for 5

m nutes, a cycle of three steps of 94 C for 30 seconds, 55 C for 30
seconds and 72 C for 30 seconds was repeated 35 times. Finally, the

mXxture ¥Wes M@@toq%atceﬁalfﬁgs&% éhém)euéteﬁzaé Qoﬁﬁﬂ%deta%dt A8 SupaGhiaBh wasAf t er
t he corrpletlon of PCR nplification of Rétereglon of interest was
F
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% et hanol were added to the reaction solution in (1-1),
m xture Wasseligeted Msl@etramhoxmmbm BrA o 23 minvtast S8y csampérrlsoncw%@ﬁ\on of

the cent psfigatd %d th@ncP?b 'b%twé{&aéoxﬁﬁﬂfeurdﬁ%%c@d%?e& %a&l%!& RRinRbzes
gently discarded 1 DSB was added to the pellet to thoroughly
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for 25 m nutes. By conparison mar ker s, around 40

“confir neﬁhamuk@@@ai@ﬁ@dﬂawﬂfmhd mbh(ﬂn@mﬁm@tz:@ncmratmllsﬂﬂé igdil)-10 m nut es
and subsequently centrifuged at 14,000 rpmfor 10 m nutes. The supernatant

fromcentrifugation was transferred to a fresh 1.5-m Eppendorf tube. The
resul tinfgf-®xtraed OﬁéM Neohpand é%S ul of 1 0kYestharnd twego addedite 4hd BGRregdiong/ | ) .
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reaction he m xture vvésc trifuged a
for 10 ntmpléaonmrfttéc Gegtr gqﬂoent |tb¢1 petlett wes @@nﬁrmecd;gamm i, suphmagsal [veas was

' f B
Caded Tolpl sk, DY PETL 188 LY (FLACRIAP b BhDlisdye BRD 125,
t he resubpeliaig §b¢ tetaloyolwas ﬁrﬂm r@dltmg Sth%cmg‘aaS)smallgélto la¥idagavess gelilfindct ed
t | ect
v ker o, S0 AEREE 18 EIRGAbLAL o S0 BAHESS difEOTPRL BBt N,
frozen amarkergs: banfdcaxomﬁi M(hbp @@Sa:ndﬁsutxb elqubmreé,enhmhmgéuerafroam @00 rpm
f 10 f
or L0, ML 8-y TSBHRE NAF ke LA CENLEALLOAL | AOAABAL RANES SR 0, 2

fresh 1.5- ml ppen e'res ct’was i ned as (the
extract dboeacupdrnataniofrom deddrifugation “(aiiﬁ)lsﬁrrbd &6 a3fksabAenkRpper@bri]l tubé. 100 %

vas cont 1 EpRiE et Jegiied 57 3 B enfibesCoh oo Eibneflon o the

centri fugatl on the pell et was confirmed, and the supernatant was gently

e Se R0 R SR MBR 0 BN Be b RB B 1,

agar ose g@lhtlomml(l 4), and the mixture was centrifuged at 14,000 rpm for 10 minutes. After

completion of the centrifugation, the pellet was confirmed, and the supernatant was
gently discarded. 10 pl of 1 x DSB was added to the pellet to thoroughly dissolve the
pellet. The total volume of the resulting solution was applied to 1 % agarose gel, and
was subjected to electrophoresis at 50 mA for 25 minutes. By comparison with DNA
markers, a band around 100 bp was confirmed and recovered, which was then frozen at
-135 °C for 10 minutes and subsequently centrifuged at 14,000 rpm for 10 minutes.
The supernatant from centrifugation was transferred to a fresh 1.5-ml Eppendorf tube.
The resulting extract was defined as R123.

(I-10) 5 pl of 3M NaoAc and 125 ul of 100 % ethanol were added to the PCR reaction
solution in (I-5), and the mixture was centrifuged at 14,000 rpm for 10 minutes. After
completion of the centrifugation, the pellet was confirmed, and the supernatant was

gently discarded. 10 pl of 1 x DSB was added to the pellet to thoroughly dissolve the
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was subjected to el ectrophoresis at 50 mA for 25 mnutes. By conparison
with DNA markers, a band around 200 bp was confirmed and recovered, which
was then frozen at -135 C for 10 minutes and subsequently centrifuged at
14,000 rpmfor 10 mnutes. The supernatant from centrifugati on was
transferred to a fresh 1.5-m Eppendorf tube. The resulting extract was

def i ned ?@1&-3 fﬁé‘?otﬁxxﬁdl@tﬁé o?@l'ﬂé:f'égﬁft g'sgﬁltmn%s plikd 16 1- %)ag@ro'se £1, 3l NaoAc
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(I-12) 5 pl of 3M NaoAc and 125 pl of 100 % ethanol were added to the PCR reaction
solution in (I-11), and the mixture was centrifuged at 14,000 rpm for 10 minutes. After
completion -of the centrifugation, the pellet was confirmed, and the supernatant was
gently discarded. 10 pl of 1 x DSB was added to the pellet to thoroughly dissolve the
pellet. The total volume of the resulting solution was applied to 1 % agarose gel, and
was subjected to electrophoresis at 50 mA for 25 minutes. By comparison with DNA
markers, a band around 300 bp was confirmed and recovered, which was then frozen at
135 °C for 10 minutes and subsequently centrifuged at 14,000 rpm for 10 minutes.
The supernatant from centrifugation was transferred to a fresh 1.5-ml Eppendorf tube.

The resulting extract was defined as 1123 (the extract concentration = 80 ng/ul) (SEQ ID
No. 42].
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was conpletely m xed by pipetting, and PCR was carried out under the
followng conditions. After treatnent under heating at 94 C for 5 m nutes,
a cycle of three steps of 94 C for 30 seconds, 55 C for 30 seconds and 72
C for 30 seconds was repeated 35 tines. Finally, the m xture was treated
at 72 Cfor 5 minutes to conplete the reaction. After the conpletion of

t hegqrzpl I TheRr12P rﬂegaa‘m GRS BpN%el %glzfvjk % Qﬁ@éﬁr}{ct WPFB Coné mmt by
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(1-13) THeeeR1Qs ofr%’g‘i’(érfom\&semﬂdi |35 U fayy2 (PERODAY afrgi ThéCdrt 1 aseconfls &vas The
PCR kit o] ! o) was
used, 12?\6{?%8&13% gr gﬁﬁ{z;ng&% Vﬁgc}? eta{edt%]ﬁ%fg%(s%asﬁg Clgn{p-[%e St
of 2.5 rﬁhecnwmcmnd Adter the comﬁnleaoﬁayobﬁé:& tRCRniplificatiomvef ehagdec r¢g1013©f5 | of
sterile Q 32]
(100 1y DASEs WAChoEEa Ly RuthBlorbsls wsfle | OF ABRORE o8 E’Tﬁfﬁ%@# 3% he
R123' r ebp oould hadonfismedf the tenpl ate DNA were added. Then, O. of a DNA
pol ynmerase Pyrobest (5 Ul) was added to the resulting mxture. The

m xture was conpletely m xed by pipetting, and PCR was carried out under
the fol l[Id\AO ngS gbofi3Mi NasAc &dd 825 pf efat 00e¥it cthmoé weheatded go shie PGR Cedetion 1

m nut e, fiayt s of 98 nds C.f [ 2 econds
and 72 Cnllgl @ 1325 agg%\?\e/a%uﬁgreepve‘% e Ug@ %ﬁg&@f R}'Sﬁ{ Rkt (uAr "was
treated alml?lﬁtltm fobrthe cmmmﬂlmmhp tleoppllet was toefimesic tand nthe Afupermatant was

conpl eti on of ..PCR a |f| on of%i; ene..regi on of

confir meée HB@ défcé%qel’iOpﬁg "gp s ﬁ%u@s&dg %W Byl l% t?‘B%?ﬂil&h]gréc} Ell

coul d bepdlenf |Tlmaetibtal(\ﬂ)1ﬂm¢ ob thhe whulBikg Nahwbionawvd dpphied tofl %OEabesetgohmal vver e
added t Ow sh Sub ecte(f & glectrophorems at 50 mA for 25 minutes. By comparison with DNA

markers, a band around 150 bp was confirmed and recovered, which was then frozen at
-135 °C for 10 minutes and subsequently centrifuged at 14,000 rpm for 10 minutes.
The supernatant from centrifugation was transferred to a fresh 1.5-ml Eppendorf tube.
The resulting extract was defined as R123-1 (the extract concentration = 107 ng/pl).

(I-15)  The R123" region was amplified by PCR using the extract of I-14. The PCR
kit which was commercially available from TAKARA SHUZO CO., LTD was used, and
the buffers and dNTP attached to the kit were used. First, 5 pl of 2.5 mM dNTP and 5
pl of 10 x Pyrobest PCR buffer were added to 36.5 ul of sterile distilled water, to which
1 pl of the sense primer [SEQ ID No.32] (100 pM) and 1 pl of the antisense primer [SEQ
ID No. 37] (100 pM) for the R123" region, and 1 pl of the template DNA were added.
Then, 0.5 pl of a DNA polymerase Pyrobest (5 U/ul) was added to the resulting mixture.
The mixture was completely mixed by pipetting, and PCR was carried out under the

following conditions. After treatment under heating at 98 °C for 1 minute, a cycle of
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solution in (1-13), and the m xture was centrifuged at 14,000 rpmfor 10

m nutes. After conpletion of the centrifugation, the pellet was confirned,
and the supernatant was gently discarded. 10 | of 1 x DSB was added to the
pellet to thoroughly dissolve the pellet. The total volunme of the
resulting solution was applied to 1 % agarose gel, and was subjected to
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‘Thereafter, transformants of Escherichia coli were obtained. After sequencing, then, a

plasmid without any nucleotide substitution was selected. The plasmid thus recovered
was defined as pT7B-1.123.

(I-18) 1 pl of the extract in I-16 as recovered by PCR (extract concentration expressed
in ng/pl) and 1 pl of pT7Blue (at 50 ng/ul; Novagen) were mixed together. An equal
volume of the ligation kit ver. 2 solution I (TAKARA SHUZO, Co., Ltd.) was added to
the resulting mixture, and ligation reaction was carried out at 12 °C for 2 hours.
Thereafter, transformants of Escherichia coli were obtained. After sequencing, then, a
plasmid without any nucleotide substitution was selected. The plasmid thus recovered
was defined as pT'7B-R123.

(I-19) 1 pl of the extract in I-10 as recovered by PCR (extract concentration expressed
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ID No. 43]. (1-17) 1| of the extract in 1-12 as recovered by PCR (extract

concentration expressed in ng/l) and 1 41 of pT7Blue (at 50 ng/l; Novagen)
were m xed together. An equal volune of the ligation kit ver. 2 solution |
(TAKARA SHUZO, Co., Ltd.) was added to the resulting mxture, and |igation
reaction was carried out at 12 C for 2 hours. Thereafter, transformants of
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recovered was defined as pT7B-R123. (1-19) 1 | of the extract in I-10 as
recovered by PCR (extract concentration expressed 27 in ng/l) and 1 | of
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agarose gel. A band around 300 bp could be confirmed.

(I-21) The R123-IgG3' region was amplified by PCR using pT7B-R123 (10 ng/ul) of
I-18 as templete. The PCR kit which was commercially available from TAKARA
SHUZO CO., LTD was used, and the buffers and dNTP attached to the kit were used.
First, 5 pl of 2.5 mM dNTP and 5 pl of 10 x Pyrobest PCR buffer were added to 36.5 pl
of sterile distilled water, to which 1 pl of the sense primer [SEQ ID No. 39] (100 uM)
and 1 pl of the antisense primer [SEQ ID No. 40] (100 pM) for the R123 region, and 1 pl
of the template DNA were added. Then, 0.5 pl of a DNA polymerase Pyrobest (5 U/ul)
was added to the resulting mixture. The mixture was completely mixed by pipetting,
and PCR was carried out under the following conditions. After treatment under heating
at 94 °C for 5 minutes, a cycle of three steps of 95 °C for 30 seconds, 55 °C for 30
seconds and 72 °C for 30 seconds was repeated 35 times. Finally, the mixture was
treated at 72 °C for 5 minutes to complete the reaction. After the completion of PCR,

the amplification of the gene region of interest was confirmed by electrophoresis using
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Cfor 5 mnutes to conplete the reaction. After the conpletion of PCR, the
anplification of the gene region of interest was confirmnmed by

el ectrophoresis using 1 % agarose gel. A band around 300 bp could be
confirnmed. (1-21) The R123-19gG3' region was anplified by PCR using
pT7B-R123 (10 ng/l) of 1-18 as tenplete. The PCR kit which was

commer ci gk I dabl ]iﬁﬁé HEQ was used, and the
buffers gr{gx%ﬁélj'%lég?t a%kge Qtﬁ%)ot eeé‘ibf)%mereeused?ljﬂ;%i rst, 51 of 2.5 nM dNTP
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di scardeﬁjy]oo h of 1 x DSB was added to the pellet to thoroughly dissolve
the pelle 'Al‘h]e total volune of the resulting solution was applied to 1 %
agarose gel, and was subjected to electrophoresis at 50 mA for 25 m nutes.
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Feoul ti ngoabEPatRR, & Bk, s p506° Vo, SSam ik PR Pl YSg,
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Cont v 1 Bl T 5o SERE s 2ha prSflrine, BlloR Vs SHlisad o feofeeB gl o
g entri L ugm iighsjlecteihe? pblctéephomS atggﬂ iéxtmdn %ﬁmin?ﬂlee SBp evmphrdnin h\lmi-:thd]?IgAnlt |y

i scarded, 0 X s added.to the pellet.to thoro i ssol ve
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agar ose ¢i35, °@rdr 10 minutes and subsequently centrifuged at 14,000 rpm for 10 minutes.

The supernatant from centrifugation was transferred to a fresh 1.5-ml Eppendorf tube.

The resulting extract was defined as R123-IgG3 (the extract concentration = 79 ng/ul)
[SEQ ID No. 45].

(I-24) The 1.123-R123-IgG3' region was amplified by PCR using 1 ul of each of the
exiract of I-22 and 23 as templetes. The PCR kit which was commercially available
from TAKARA SHUZO CO., LTD was used, and the buffer, INTP and MgCl, attached
to the kit were used. First, 5 pl of 2.5 mM dNTP, 5 pul of 25mM MgCl, and 5 pl of 10 x
LA PCR buffer were added to 29.5 pl of sterile distilled water, to which 1 pl of the sense
primer [SEQ ID No. 1] (100 uM) for the L1 region and 1 pl of the antisense primer [SEQ
ID No. 15] (100 uM) for the R123-IgG3’, and total 3 pl of the template DNA were added.
Then, 0.5 pl of a DNA polymerase LA-Taq (5 U/ul) was added to the resulting mixture.

The mixture was completely mixed by pipetting, and PCR was carried out under the
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was subjected to el ectrophoresis at 50 mA for 25 mnutes. By conparison
with DNA markers, a band around 300 bp was confirnmed and recovered, which
was then frozen at -135 C for 10 minutes and subsequently centrifuged at
14,000 rpmfor 10 mnutes. The supernatant from centrifugati on was
transferred to a fresh 1.5-m Eppendorf tube. The resulting extract was

defi ned th t
151708 Bl g e ladth ) T it FRUO.

Sorh of e stem T @ rions adbaades 9" @don Shpcopdbandri SBarE kb soasie Nanas

| T
oot for . AREAiea S, & Findp AR e vl o 197 189 inffles @M, |
mM dNTP, ths tea@ﬁonzanﬁtqvgfeﬂ xogdetin ohPCRy the amplibiorion of dhe were regige @ft o
29.5 1d ﬁlfterést%al\% &n@rﬁﬁsﬂ Iy e MR RErests U MP Fr% %gérogé Lihe ASeaRParolhd '3@? S[ SEQ

ID No. 1 e’Ll region an nt|sense priner
ID No. 1 C‘Ql!l@@ewnﬁmedt@@m 4@, and total 3 | of the tenplate DNA
were added. Then, 0.5 | of a DNA polynerase LA-Taq (5 Ul) was added to

the resulting mxture. The nixture was conpl etely m xed by pipetting, and
PCR was €& edl tbaf 3MnieeAc hed 225 fibdf bl Hcetbaredincroadicd A6 ther PER eeactient

d t t 5
seconds. ki BN, nlidhe iR iy oduiiEed P Lo 00O RN 5 RPBIfeey | A"
“tines. Fcotaplbyon tofitheroeninfegatinn. thepelet was 7enfinies; apdnthe supsmatant ovapl et e
th t t f R f
e, LeRckil sdldfla 19 G #1398 ,08 G 14 I8 ATHL ' BERLLRY Ghcpliengene
A band apdletd TaDtotdpvadent of itlee rﬁ@nlﬁmgrmﬁltl(oﬁE@lsl dpplod ta6]% agara@s)geb andof 3M

NaoA t
o (1 2457 Sieotpd o PR BhERRC Y AP HE BOCE iRyl 0 g8 PR i TR "
Af ter cowaplees,iadpmodfarounal THhbp Waaganﬁnmd ariterepevdred, thh maftham&dzenamd t he

t dd Il et
o thor oqgh v aPs a8 it Rkt Euhdy colsithedt B B 0B8 B AR, L nlifReE" ' ©
sol uti onThasupaqmettamdfrmm cibn%fagamswagmansfmdi twasfrasbibj. éemleﬂppemdorf tube.

el ect rophgr esi mA_ f ar| on Wt mar kers, a
band ar ogﬁdregﬁ% %ﬁn‘%ﬁpﬁiaﬁﬁgﬁfg@g\%ﬁr% Pin%s 5? t]ijg rozen at
-135 Cfor 10 m nut es and subsequent ly centri fuged at 14,000 rpmfor 10
m nut es. .. JThe supernatant ft entr|fu transferr d to a fresh
Tt Effldort HrafBe P Eag AT e R P PR B i PReGE0p e scetne
extract tomgehtandtl phofpb8Bhe/(a) 50 (pAdE Notagendfwdrdrenived topether.n An2fuas
recover ed XLk ac concentrati es ng and of
DT78l e peliher s BEMGREL SO i B PLLARREGRSAZO M 2k iy R adedtho
the resulting mixture, and ligation reaction was carried out at 12 °C for 2 hours.
Thereafter, transformants of Escherichia coli were obtained. After sequencing, then, a
plasmid without any nucleotide substitution was selected. The plasmid thus recovered
was defined as pT7B-LR123.

(1-27) 2.5 pg of the plasmid recovered in I-25 was used and digested with 1 pl of each
of restriction enzymes BamHI (20,000 U/ml) and EcoRI (20,000 U/ml) (both from
NEB) at 25 °C for overnight so as to cut out LR123, After treatment with the restriction
enzymes, 1 il of the resulting reaction solution was applied to 1 % agarose gel, and was
subjected to electrophoresis at 50 mA for 25 minutes. Consequently, bands around
2800 bp and 400 bp were confirmed by comparison with DNA markers. Again, the
total volume of the reaction solution was applied to 1 % agarose gel, and was subjected
to electrophoresis at 50 mA for 25 minutes. A band confirmed around 400 bp was

recovered. The gel extract recovered was frozen at -135 °C for 10 minutes.
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volune of the ligation kit ver. 2 solution | (TAKARA SHUZO, Co., Ltd.) was
added to the resulting mxture, and |igation reaction was carried out at
12 C for 2 hours. Thereafter, transformants of Escherichia coli were

obt ai ned. After sequencing, then, a plasmd w thout any nucl eotide
substitution was selected. The plasm d thus recovered was defined as
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applied to 1 % agarose gel, and was subjected to electrophoresis at 50 mA for 25 minutes.
Consequently, band around 3500 bp was confirmed by comparison with DNA markers,
and was recovered. The gel extract recovered was frozen at -135 °C for 10 minutes.
Subsequently, the product was <centrifuged at 14,000 rpm for 10 minutes. The
supernatant from centrifugation was transferred to a fresh 1.5-ml Eppendorf tube. The

resulting extract was defined as pCB digest (the extract concentration = 30 ng/ul).

(I-30) 1 pl of the pCB digest (30 ng/pl) obtained in 1-29, 1 pl of the LR123 digest (16
ng/ul) obtained in I-26 and 1 pl of the CMV promoter digest (14 ng/pl) obtained in 1-27
were mixed together. An equal volume (3 pl) of the ligation kit ver. 2 solution I
(TAKARA SHUZO, Co., Ltd.) was added to the resulting mixture, and ligation reaction
was carried out at 16 °C for 30 minutes, Thereafire, transformation of Escherichia coli
was carried out to obtain a transformant. The plasmid recovered from the transformant
was defined as pCMV5 [SEQ ID No. 47]. '.
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applied to 1 % agarose gel, and was subjected to el ectrophoresis at 50 mA
for 25 mnutes. Consequently, band around 3500 bp was confirnmed by
conparison with DNA markers, and was recovered. The gel extract recovered
was frozen at -135 C for 10 m nutes. Subsequently, the product was
centrifuged at 14,000 rpmfor 10 m nutes. The supernatant from
centrifugation was transferred to a fresh 1.5-nl Eppendorf tube. The

resul ting extract was defined as pCB digest (the extract concentration = 30
ng/1). (Exazgplep: glPr@tar@tr@quwééwﬁ(rw (ﬂi‘@urg 18bt al ned in 1-29, 1 | of the
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centrifu
at -135 °C for 10 minutes. Subsequently, the product was centrifuged at 14,000 rpm for

10 minutes. The supernatant from centrifugation was transferred to a fresh 1.5-ml
Eppendorf tube. The resulting extract was defined as luciferase gene digest (the extract
concentration = 27 ng/ul) (SEQ ID NO.48).

(II-3) 1 pl of the pCMVS5 digest (19 ng/pul) ontained in (II-1) and 1 pl of the luciferase
gene digest (27 ng/pl) obtained in (II-2) were mixed together. Axn equal volume (2 ul)
of the ligation kit ver. 2 solution I (TAKARA SHUZO, Co., Ltd.) was added to the
resulting mixture, and ligation reaction was carried out at 16 °C for 30 minutes.
Thereafter, transformation of Escherichia coli was carried out to obtain a transformant of

Escherichia coli. The plasmid thus recovered from the transformant was defined as
pCMVS5-luciferase.

Example 7: Assay of the activity of the CMV5 promoter by luciferase assay
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10 m nutes. The supernatant fromcentrifugation was transferred to a fresh
1.5-m Eppendorf tube. The resulting extract was defined as |uciferase
gene digest (the extract concentration = 27 ng/l) (SEQ ID NO 48). (11-3) 1
pl of the pCWS5 digest (19 ng/l) ontained in (I1-1) and 1 | of the
| uci ferase gene digest (27 ng/l) obtained in (11-2) were m xed together.
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luciferase assay was carried out using a fluorescence assay apparatus (ATTO;
Luminescencer PSN R). Thus, an activity which is stronger than that of the CMV

promoter could be confirmed. The results are shown in Figure 18.

INDUSTRIAL APPLICABILITY
The present invention provides an expression vector capable of high-level

production of genetically recombinant proteins using an animatl cell as a host.
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The present invention provides an expression vector capable of high-Ievel
production of genetically reconbinant proteins using an animal cell as a
host. 33 Clains 1. An expression vector inducing high productivity of
genetically reconmbinant proteins in animal host cells, which conprises a
hi ghl y expression-induci ble pronmoter, a nulticloning site for insertion of
gene and a pol yadenyl ation signal segyghge in this order from upstream
and further conprises downstreamthereof a drug resistant gene that does
not have a pronoter capable of acting in aninmal cells. 2. The expression
vector accpor dAﬁgergg‘?es‘éioﬁ' Rclor ‘Mtﬁfcﬁisg“ hE%me Pmcﬂl@hw_w DEPEERALAN kOduikig
pronoter is _a human c%;tsome?al ovirus Major | mrediately-Earl antigen

pr onot er Pro@asingnaak kost cellss phidheganeprises advighly srpiestien-jndugibleapremoier, a
Promot er myitlorfifls SE Jof HseHiddl HMBER! anda JdIFadPRASS AhaY SERNcARE g NY tO
claim1 or 2,orﬁv\3{§1ger e[érnot%{eS %ﬁu 6)1:rgsrﬁf'nanta eﬁae s a r?géc%la cig e_(r:esi stant
gene, coerdar dosoppstrdamedngd et epmpraseis gtoaymsireamn dhergofl pyigug mepistantragsp st ant
gene, a gBpOGIR r@ﬁgwset@]% g0€. i t:1. Gl G i stant gene. 4. The
expression VECLOr  acco ‘lng)g tgpg[{rlf/gg%éé?lgflhc alérin_c%ﬁstgo 3, Wwherein the drug
‘resi stant Zene The axpeassipoi necpimosshondinghsfer elsim gehne. wikreihethex highdsi on
vector a i any f-.claj 1 WAL r esjist ant
_gene is %éesg#yﬁgflﬁgmg o%%ﬁ%tt%alnss% éeHrug;gag ‘é’é‘ﬁ‘éé%"‘el%%‘g%% Sg%%ﬁbé Elﬁ%'ﬁcol i

t r ans posamigen Pro@oteT,HeMaXppmewitanasyothetic abimariti prgmotery iy f-antn pforedter, s 1
to 5, wh | aqgunt of the messenger RNA or protein of a drug

r esi stan?fgieﬁgg?éérggﬁrgr.at ed by a read-through effect which is achieved by
the fact that {tlhe edprggsiorséctorarcomgamptoatiigt b or domhertingherdnig resistahl genky
expressi Qn-i ' ef.blo ) ] I at | Si I
cequonce’ 7 MTYENE R bt CCNEH llosilfRE A" ok B, 5
whi ch f uhydremycinorgistasegenegomsin waistaot gérvgona bigsti@dinstsistantgene, a

di hydr of ol at %ﬁee%%%%§o% &Gk Qgc?rcﬁgg%.'_agi; SR éﬂl&%ﬁj 19ichy AL 0l At r‘ﬁ§UCt ase
gene that does no ave a pronoter Ttapabf e of acting imw animal cellS. 8.
The e_xprm'stanngmmd‘sarneanwoimeliphgsplmtrangfemmg&)fe.cI aims 1 to 7, which further
conpr S.es’S..d Sé[: [ %gs@lo%f Vécttl% éjc%ggih?ﬁ]e ! %ﬁa%e %%%?al?l% lpltoq Hl %hereén the dI]ug
expressi on-'i nduci‘bl & pr onoter, a irclonrng srte Tor 1nsertion of©gene
and a potepmthan\gend iion wognainesplipsphateansianaschgesie adedived ffram Expsenidaancodnd
further &on?ri ) yownst ream thereof a di hydrofolate

ANsposon 1no.

6. The expression vector according to any one of claims 1 to 5, wherein a trace
amount of the messenger RNA or protein of a drug resistant gene is generated by a
read-through effect which is achieved by the fact that the drug resistant gene exists
downstream of the highly expression-inducible promoter blocked by the polyadenylation
signal sequence.

7. The expression vector according to any one of claim 1 to 6, which further
comprises, downstream of the drug resistant gene, a dihydrofolate reductase gene or
codon-disoptimized dihydrofolate reductase gene that does not have a promoter capable
of acting in animal cells.

8. The expression vector according to any one of claims 1 to 7, which further
comprises, downstream of the drug resistant gene, a highly expression-inducible
promoter, a multicloning site for insertion of gene and a polyadenylation signal sequence
in this order from upstream, and further comprises downstream thereof a dihydrofolate
reductase gene or codon-disoptimized dihydrofolate reductase gene that does not have a

promoter capable of acting in animal cells.
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reduct ase gene or codon-di soptim zed di hydrofol ate reductase gene that does
not have a pronoter capable of acting in aninmal cells. 34 9. The

expression vector according to any one of claims 1 to 6, which conprises a
di hydrof ol ate reductase gene, or codon-disoptim zed di hydrofol ate reductase
gene ligated downstream of a pronoter with | ow expression inductivity. 10.

The expr esgi %eVé%&rsio%C&B{di“eﬁgo hoHDYarR NPt GhiMdTP td 6! Rhidh rRkfat he

pronmoter with |ow expression Inductivity is a pronoter derived froma gene
of a profidydrofelaigtreductagepsnaldr godompdisepionized dilysdeefolitedueiasergona higaliclan
cells, ad&RrH{q&aﬁ{ oMt it MowPebrd}ondRil s yoene that hardly ever

i nffects mammal s, %@eﬁa pror]{Dtler 0obtx\;af:t:'rneémby&ﬁre ving an enhancer sequence
from t he abbvellsr evipession vedior Aceasdimgbinany aepeleskima A éx dorwhei¢iahtbes

obt ai nedth&‘ndt R UR ek sﬁorgﬁ{ﬁﬁcf?\fd?z {sd €1r0 er QRell Ex%nml' LEACLON bR L €
for insefrti on o ene or t _e expres IOI:] ector according "to any  one of
cl ai ns 1thabisgengrally axprgessdiin trant ameunts in whamnialiag colds. ai prewiotsy demeadripemat i ng

© / . , . . . _ £ th
expr 6551 or T cERen 480 thi Bl (bs B0LOY, Bhhfhalidloy! RRELHOAD fthaffll By0! 1 NE
“t r ansf or reamviepaipeitsinaey seifecnes froestieahoveptooroterscor di ng t o any one of

| ai 1 1 I: L . [ t lgim 11
or 12 12 T dRrRioiEud SRBRUBA o} RIS RE] B AEGBLRIAE S B T
‘gene of inttrestasto, the whiltitloniogpite fesnsantiomdiiginegfithecrpresivin veatar acsqydiagsi on

vect or agocfg{ﬁdddgq)ft‘:?ai&l eiitg% 11 or 12 into animal host cells. 15. A nethod
for obtaining a ¥ °anst or nmnt capabl e of stably producing proteins in a

serum f r eel Zredh uegomthnarth vechop mihsehsisiabtainetliby ngotfveatimeco gbnanaihintarsgtigesi on
vect or coraing.to.claimll.or 12 in ni.nal . host . cel | s. 1o _gbtain
2"t r anst SERRARCLR s B B ot St BBl Her eh ol Bl
free nedofichaini6? toAlvet hod for anplifying a gene of interest, which

TP 5 L Aok B B SRR AR L
cell in 1helpoetderceombinamtdyptassiratvectoBaccording to claim 11 or 12.

14. A method for producing a transformant that highly expresses a gene of interest,
which comprises introducing the recombinant expression vector according to claims 11
or 12 into animal host cells.

15. A method for obtaining a transformant capable of stably producing proteins in a
serum free medium, which comprises introducing the recombinant expression vector
according to claim 11 or 12 into animal host cells so as to obtain a transformant, and
acclimating the obtained transformant to the serum free medium.

16. A method for amplifying a gene of interest, which comprises introducing the
recombinant expression vector according to claim 12 into a dihydrofolate

- reductase-deficient CHO cell, and culturing the cell in the presence of methotrexate.
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