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DESCRI PTI ON GENETI CALLY MODI FI ED ANl MAL AND USE
THEREOF Technical Field [0001] s The present
invention relates to a GPR40 gene transgenic

non- human manmmal , a non-h | deficient in the
expression of the gene, a%ggﬁggﬁgﬂgnhethod for an
GISET ICRLISE Qi1 IE RN ALY g0 se e amranse regul atory
drug, an anti- obesity drug, an insulin sensitivity

Tegfimigdl iy and the io |ike using the manmal s and
t@@bijke. Background of the Invention [0002] GPR40

was reported as an orphan G protein coupled receptor

wi t h urhaelgnteafdrgd drivgarid dm rEd@Z esnonpat &PRidogement ransgenic
1 i s patent docunent  later it .reported at

Fin P S i 10 s e T et g B0 o e
éherddgand dhanef Pedes @ JdrRRrfidld e ®lodt ER2t @Rt insulin

docunment 2). Furthernore, free fatty acids have been ‘

SeRVRT 19N priohtie dinsfsen tederamiosn dagoha tedivc deagi c ap3anti-
~der | cell; 1 via t. r.eceptor -2 nonpat ent

TR L D e SR R e fRRRE b cne

1ike sushraygitie trhmdmalonEoidndsid hatke .act specifical ly on
GP§4O can pontrol lasma insulin concentrations;

ik o TREECEE] to serve as
ps@@hy| acti c/therapeutic drugs having a new nechani sm
of action 25 on diabetes nellitus. However, much
remai MsPRAt [wer mpamdaches famnctripdrs: & pEPR4GN moupled

0003] Pancr.eati.c, P cel.l di.sorder .underl.ies di abetes
FrTTto M St s gL d N iga TReBrRlEnEndocurent 1,
Pt &S Wkuridied apeutli=aald Y tehdRCtrieyRrtBle@h@r @hikOreceptor is
elucidate the roles of the GPR40 gene in vivo is

THpR T HotthmBarareas hand ithasoitde i gpasi gherefor is a
%J?@@afﬂlt bégicﬁl @:ﬁatfe{n%m ‘é'n%""&‘?'.m Fgf:thgfr#gre, free fatty

scovery resear n functional "anal ysis of gehes,
gehdd i latd yawdidhiet 36 parvimoales iswsall ias secarsdeni €rom
m ce and knockout mce are highly 1 useful. GPR40

R S 7 ok dbriica Imdee 10 GPRAC lgoRe- RRCkBEL Teceptor

(nonpatent document 2, patent document 3).

From these findings, it is thought that compounds that
act specifically on GPR40 can control plasma insulin
concentrations; GPR40 agonists are expected to serve as
prophylactic/therapeutic drugs having a new mechanism of action
on diabetes mellitus. However, much remains unclear as to the
functicns of GPR40 in vivo.

[0003]

Pancreatic B cell disorder underlies diabetes mellitus;
improvement of impaired insulin secretion is also
therapeutically effective. Therefore, to elucidate the roles
of the GPR40 gene in vivo is important not only from the
viewpoint of basic research, but also from the viewpoint of
drug discovery research.

In functional analysis of genes, genetically modified

animals such as transgenic mice and knockout mice are highly
1
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m ce have al so been reported (nonpatent docunent 3,
patent docunent 4). According thereto, the GPR40
knockout mice are resistant to inpaired glucose
tol erance _due to high-fat diet 5 |oad, whereas the

EPRAY L gereP R Ardgemi - aR@endéy 8liss dinsbEEES0 menis-kapeckout

ASERMTRARES ' i ' || ' t
docunentélgls%zgggﬁzgl 9£H%gtgéﬁ oé%ﬁ%ﬁ?begﬁgﬁ%]3’ patent

WooRmnesr783. patentdider ihentetd, WHER3/PEIAD5knbakpatentice are

nt, 4, W2005/015990 nonpatent docupent, 1: | ,
RBSITEdhe Lo O0S T ERE "R o0 Sl e Yl 0 highFat diet
neagat enerdasuiRat GEra NaGare, t 203y erfi? (28 )de e3P diabetes
nonpat ent docunent 3: Cell Metabol., 2005, 1: 245-58

TS1hisEPo3GFEMBRNIA@ ByivimRa e gt whin tapdre tdoined
BycLhe LoueRLhen: . [R09do 32159 an object of the

present 1 nvention to generate and analyze GPR40 gene
peaasgedocumantal s wook GRABPene knockout 20

animals,, with the aimof elucidating the functions of
PﬁteﬁgRaﬁcﬁﬂﬁBtiﬁ:vWQQE/%. %% provide a screening and
gadenef dbeamynt ey al wet o @5y ysgam for .
prophyl acti c/therapeutic drugs for diabetes nellitus

psnpgtene denemerhlly Bioetilded Binplats tias  Gobtairned. 1997,
§§9g§?n359§_§olving the Problens [0005] The GPR40
gen fansgeni c mce, generated by Edlund et al. and

Wahketert Abcu(ernpad e twecumrIt3,3,4p8t@ag)doguney 4
above%, had GPR40 over expressed under control of |PF1
pronatert decurerbndy d8ll Mt ahdsent200huerdt:or2d 5-58
5¢881 8L &fle t 6 ANEHEM Ludfid)on M Ce Dy introducing the
human GPR40 gene under the control of an insulin
pronbems . tAsba $ebwd byt Heheld riecet rcesul ted in
?gﬁgggted insulin secretion and inproved gl ucose

nce conpared with the corresponding

non-treAsgents et HNadhe 132 PNRANAGH 0 YRGerate and

transgenic mice according to the present 2 invention
APpPBEE ERR10 cgene stragsadnd d msimad ss@ardetGPR40 gene knockout

gﬁ%ﬁ%{‘% ,g‘txi:f’{h byn AP dhah AR R SO Y B¢ the GPR4O
gene in vivo, and to provide a screening and drug efficacy
evaluation system for prophylactic/therapeutic drugs for
diabetes mellitus using the genetically modified animals thus
obtained.
Means of Solving the Problems
[0005]

The GPR40 gene transgenic mice, generated by Edlund et al.
and Walker et al. (nonpatent document 3, patent document 4
above), had GPR40 overexpressed under control of IPF1 promoter.
In contrast, the present inventors generated transgenic (Tqg)
mice by introducing the human GPR40 gene under the control of
an insulin promoter. As a result, the Tg mice resulted in
augmented insulin secretion and improved glucose tolerance
compared with the corresponding non-transgenic mice. Hence, the

phenotypes of the transgenic mice according to the present
2
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support the concept of preventing/treating di abetes

mellitus by enhancing the activity of GPR40. 5

Meanwhi |l e, the present inventors also succeeded in
energting GPR40 ne knockout (KO anjimals having the
PA8" 1 §Bn8URRY L e ¢ st 7Y Hotrof g ddie rétdhinim &gt ion

hhgmenngenbs bHteerao obtal nag, dIbar keh@s Si&ithe KQna also
mce with the C57BL/6J strain, no renarkable
PRERBT § pbhe werrcedl e i el e cnparey/t mhathingl oliwibled etsypellitus by

ghﬁgnciﬁgt ?ﬁgsg i‘}{le/d\?ngiori%fgﬁlduct ed further

I nvesti g ons ased on tHese Tindings, and devel oped
t he présanghibhwenthonpreddB06]nAsaend rglsgs sil€eeded in

resent.inventign rovi des: 15 J%L a transgeni ¢ nouse
TEORF AT BT LIRS (FERC s Tan KO GGEAGUS CPRAGS  hn GPRAO
@éﬂée§§1@%§d3ﬁ§ﬁﬁh_HﬁﬁgfﬂdﬁféJr%ﬁ%ﬁﬁfﬁ%ﬁﬁbﬁﬁseffeﬁhgncongenic

capacity has been increased, an e glucose
s braiancetatredden Yarprovers s ioenpdreeKOnntileet ktth the C57BL/6J

espondi ng non-transgeni.c nouse, or_a 20 portion _
SPERRE N %%“%@&%Pj{%e"?gedﬁti{%s & ORSETAECor GPRGEED with
villdabgyve, miderein the DNA that encodes an exogenous
GPR40 is under the control of an insulin pronoter, or
a port T RFest |inpeiy wsdyEansmiceed fuafhene invessigations

| : Vi | Nt enaus _ 25 . .

R0 Pach R chrRh A Ml erdpel A9E RER sefR 1nvention.
BeP0e5) sequence as the am no acid sequence shown by SEQ

I D NO or . .a portion of the living body thereof, [4]
a scréé%??ﬁg%ﬂﬁ%ﬁx1VQﬁ'9%?%9ﬂ§4@“§§8%ﬁ§? Broyidpra0

T 8GO0k S sq TP AN ARG 3 HRA! RAFPAHRAALE Lhe
mouse 30 according to [1] above or a portion of the
¢ eRPBwDAPRAbrigofan exmg edetidrle sitadget hehGPRAO

i [vd TY. 0 ’R40 ant.agoni st ctivit 5] .a
COP RS AN BRI BRI RosoBREp! hbupnpbe’ and/or
(2) thy uwhssodolterlaneadeetidlsateey, diggoveanpri sing
applying a test 35 conpound to the nouse according to
T‘@]QP &g 15013918 serncd ngh @on-$rAgSEBEYCt Rerasf , or a
Eek

S0 NS I o o ey (2
2k dilrg mpusecONLadratingn¢toddd Jarbove, wherein the DNA that
encodes an exogenous GPR40 is under the control of an insulin
promoter, or a portion cof the living body thereof,

[3] the mouse according to [1] above, wherein the exogenous
GPR40 has the same or substantially the same amino acid
sequence as the amino acid sequence shown by SEQ ID NO:2, or a
portion of the living body thereof,

[4] a screening method for an GPR40 agonist or a GPR40
antagonist, comprising applying a test compound to the mouse
according to [1] above or a porticn of the living body thereof,
and determining the GPR40 agonist activity or GPR40 antagonist
activity,

[5] a screening method for an (1) insulin secretion and/or (2)
glucose tolerance regulatory drug, comprising applying a test

compound to the mouse according to [1] above or a peortion of
3
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exogenous GPR40 under the control of an insulin
pronoter, s [7] the nouse according to [1] above,
wherein the exogenous GPRA0 is heterogeneous to the

us and th nDuse is defjcient in the expre55|on
BRC ¢ hev Ehid JEHE RS 16k P6n (dF  ipgelin

&é&t@glmdé/n&)@f ecd) dBlcddie vmusaraecording to [7]
above, wherein the he erogeneous 10 GPR40 is derived
P b Hoerave rrtl biorad eroofrated riing \g Db@dychatth@ne:oﬂes an

égé ?&%ﬁf@éﬂ%1¥%ﬂgpq:for 3 heter%geneg_ gﬁn promoter,

ago rogeneous antagonls

CﬁhpthélmmpsﬂﬁﬂQﬂdﬁﬁihd(ﬁﬁi [Icorppehirg thelrké nMBUige exogenous
accordlnq ? [7] above or a portion of 1s the living
er

%ﬁﬁp%ﬂﬁ%nqﬁrﬁhﬁ;ﬁq9§aaDR$@.gggnm§pse is deficient
ﬁﬁttﬁéFék§¥e z%gaodgﬂﬁdg BPralp1QLAR, oa/orportlon of

screeni ng net hod for insul I'n secretiion’an
g lgvbmwéwodxﬂthen&ni}regulatory drug |n a

er.ogeneous nm app
e TRmErs (AL ddor g LS 2P 508 BF tarogeneous
®PRA 0 Ols Qde #hvaad | Midag Hagthh t kel %ofpor@a@nrr%@s BhieNdith8g body
(1) insulin secretion and/ or (2) glucose tolerance,

thayef pat hol ogi ¢ condition nodel nouse resulting from

anot%er paﬁﬁﬂﬁ%gﬁﬁﬁgﬁﬁgﬁﬁ% ?%ﬁ3%°§%#8§§§X§P§Q9 agonist or a

mmmérmgemﬁoudnﬁﬁaanrnpﬂxgbnﬂémere@hprlblab appayhﬁboglcest
condi ti el nouse resulting fron1drug i nducti on

DR stq APWBIR AREIRUNG &0 drdi RGOVE PE] 2aBByEion of
Oe a1 PRI BB He-dd sy %&O%tetrhﬁ'iﬁﬁtg tEul,?’}SPﬁélO agonlst

screenlng nmet hod for a prophy actic/therapeutic 3
%@%SY%M%GJEdEP&ﬁQﬂanﬁﬁgynacﬁommanwedyby a pathologlc

| test d,to th
PO FOTPATR, 1 0199 LRl ORISR Lor o
@Iﬁt¢$dlﬁmﬂéxﬁhcéfkﬁgﬂﬂhtdﬁyidrﬁﬁtQh”bnhéﬂekbgeneous mammal,

anmel i oration of the pathologic condition, [14] the

%@FWH&&E@M@% g tHstalsePPOURRe el hehmogaeharegréing to
[ t i.C d 0

o7 e C%Sna& R L

némsuriventtiton] (1 [G@ﬁiﬂjﬁh$E@Eﬁ¢ﬂo@eaedWDd|ﬂQedgancanés

of the(Present i nvention

fol
[11] a pathologic condition model mouse resulting from mating
of the mouse according to [1] above and another pathologic

condition model mouse, or a portion of the living body thereof,

. [12] a pathologic condition meodel mouse resulting from drug

induction or stress loading on the mouse according to [1] above,
or a portion of the living body thereof,

[13] a screening method for a prophylactic/therapeutic
substance for a disease accompanied by a pathologic condition,
comprising applying a test compound to the mouse according to
{11] or [12] above or a portion of the living body thereof, and
determining the amelioration of the pathologic condition,

[14] the method according to [13] above, wherein the pathologic

condition or disease is metabolic syndrome or one or more
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5 have effects of exhibiting phenotypes that are nore

reflective of normal GPR40 functions, and can serve

as screening and drug efficacy evaluation systens for
tipn_regulatory, drugs in vivo. [Brief

%@é??ﬁ%i%ﬁeg?oghealﬁﬁa%’%gg?kelo [0008] [FIG 1] (A A

sElficaetsbowng theestiaei ure of a human GPR40 gene

expression unit. This is a structure wherein the

KBREAI GPRAO gene, including a pol y(A) + addition

si gnal gk Sgpk2h Nsd, dUNS gﬁg1 : ' in.d en :

pronoter. (B) A‘ggg grap%fs oﬁ?&b %iqﬁigﬁgiéﬂ%%gﬁﬁi lhvention

bhvehafiacGPRAD geimebinitdeohganoeaseahaf dde more reflective

transgenic.mce. _Shown are the expression |evel of

PRe RuMah CPRAD GRHE"1 71T ne Phrf b i o P B SderoRg and drug
BE€ecOty ValADUSt B 8 Nt ek Cfb PP L1 Bgulatory drugs
indicate a nean and a standard devi ati on,

£BsPEE®i vel y (MeanSE, n=3 to 6). 20 Note that the
b 4 strain.. 54M strain, 23F
TBESCE PRt BheLOF 4 I Rl

strarn, an rai iations from neans
(0eGBABE, n=2). NonTg: control mce. [FIG 2] G aphs
showi ng t he expression of the human (A) and nouse (B)

GPR40 gEhes th (BblA¥dIme sthowind difersiaiistiyre 26 a human
EPRADT 8088 CkG SBUES, LM St b sa0d %3Et§55ﬁpgﬁ_§g§rein the

aninmal § were 1oaded with a lowfat diet or
bean f GPRE0 veeks, Inwimdime ek pally; (ATHe seddirtdssi arignal, is
I of _the human or nouse GPR40 _gene i s shown as a
5§¥$%dt%°‘f‘ﬁ%tﬁ%§“r?€6%%ﬁe RS et Tl 85M8s STGHOtevel . (B) A

fraaph belioaeky eE i@ relpfe d i A thd BRmadN&PR480 gene in the
standard devi ation, respectively (MeanSE, n=3 to 4) .
PRRCTRRFECT R L diled 1eRNPIRTOGh migR - hEhhwRagrei the| egpression
YEQUP, o ] o tran ni i.ce. [ Fl 3 _
Gaphsoélh%}\?vlé)nnﬁg&ﬁne %Fgﬁ t%-léno A ggﬁec céz"lcre{grt'ec‘_ﬁllSeel[rsar?c%e8 ]week old
nese of vamhsgenstraime. EhehgbHoeosgdt ebesancert €sdicate a

35 was_perforne og%&_week-ol d 47M strain (A, C mce

W 135 etk DA WA ( BESBPItileE e dMipPASE, n=3 to 6).
WOF S8t hak ethe Al RSr HNQYTS 19 1135 iRGaibA sBM ShOWin, 23F

pl asma gl ucose levels, (C D) show plasma insulin
PRI (MANSE Y7rMin=gndizmte=teyiakdofig: feomt mehns (MeantSE,

%{@e'} e%ﬁfg‘gg%g%@f’ Ir;lii%g.. s [FIG 4] G aphs show ng
gl'ucose

[FIG. 2] Graphs showing the expression of the human (A}
and mouse (B} GPR40 genes in isolated islets of Langerhans in
the transgenic mouse 47M strain and 23F strain. The animals
were loaded with a low-fat diet or high-fat diet for 8 weeks
from 8 week-old. The expression level of the human or mouse
GPR40 gene 1s shown as a ratio to the 185 ribosome RNA gene
expression level. Each bar and error bar indicate a mean and a
standard deviation, respectively (MeaniSE, n=3 to 4). LF: low-
fat diet load group, HF: high-fat diet load group, N: control
mice, T: transgenic mice.

[FIG. 3] Graphs showing the results of a glucose
tolerance test of transgenic mice. The glucose tolerance test
was performed on 16-week-old 47M strain (A, C) mice and 18-
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tolerance test in fatty diet |oad groups of transgenic
m ce. The glucose tolerance test was perfornmed on the
transgenic nouse 47M strain, after 16 hours of

Lng 4f owing.loadi n f owfat diet with 10
LSt ZeR P R B P kS i Bl ol arrer
(B, hBprsopfafhsghngat @i,etBWdHbW6Q lealloflaicoseClekkls, (C, D)
for 9 eks from 8 ek-old. (A B (?3 show pl asma
SPGUOBBFERCERSULER £SVRLS s MRAHSnsd TheaTd n 4 B arsi2) -
(ibaeg SEconBza0) mi BON Gy : CORLEOeM £anid: [T ansgeni c

mouse 47M strain. [ ] Gaphs show ng insulin
secr et iLBAGI n4{ r @napgkni showbngy dee uppsutsicoS e glucose

Faulatiopn, (A Sho is.insplin secretio in the, i
%%gggﬁﬁéeoge#nﬁgfﬁ{é\g%e&o‘?t 1%’?1% YURE LT T genic mice.
Thangganbsenuserdndb stedt Nnvad BeShomied Sorl "M itkansgenic
secretign wth or without addition of 0.5 nMpalmtic

Bepgei A /Mhatrpinsenfeenf 18 hopryl Ak oesting Hollowing loading
LEansgspi 4 t{qi I syof _ondi pat .

i ndi cgtggs%?ggagﬁguﬁ%@%f:[?ngﬁf% f:sqe]'gr g%(’ejp;) ! eaa(ﬂildg]arfedsc diet
anthedbokcba®k Eadi (Bt eEp, nmam anigla- Sitandiartd with 60 kcal% fat

viatian respectively (MeanSE, ,n=3). NonTg: control
ﬁ‘lsée,@5 Tg?fir ¢ rgﬁggﬁnfﬁo%%s‘ée%ﬂﬁ 'rai(%i\.' Pl é? §1ox plasma
glaﬁbséhgé&BQSEh@D?X@!eﬁﬁiéﬂbéﬁpiéghd“Eﬁ§%ﬁ¥%‘%a%gis (MeaniSE,

gene in GPR40 gene hono-deficient mce. The expression
BF1lPhe MinkEd GRRIC- rgdneniiae t A :parensgenarc Bowsek4@Mdstrain.

is showp.~ T S| | evel of,.the muse GPR40 \
gene | !ﬁéﬁbmg?a§§§£ﬁ$a%ﬁ9%mt%a/tjh%s%w essesqr(?ﬁcﬁoé‘v&n gfransgenic
nhieeaapbn geneos&ashimalatdish. er(por shawwni Adi 68681&n secretion
meap. and a standard_devi ation, 30 respectively
(ReERSEPTRESFCE VP oF BAMITETOIR & It erlugprRsD ingdhe
BehaEQefel! RREL FCst HoND: (BRAQgene ;RoMsdet | CLeRtetrion
mce. [FIG 7] Gaphs show ng general properties in
@PRa0ogenethtiaghvadet t teremf M ce. mMGRRAMIgERe acid in the
-deficLe ,ce.were 35 I gaded with a lowfat diet X
BPTREREe Ehr ot 1l “Pdtese & iR Rl Sttt rain.
ThéhakOskeal Sefatalds mdisatds fiife GMREKS I QMs81in secreted;
week-old. (A, E), (B, F), (C G, and (D, H) show body
GRFnPar agd| eFFeF coantdicats ameay wosk@ Isdpeidard deviation,

POdaPLESEL AL ol L, T RBELLVEY OAEASSE, 1o
boansdgehicireotsen €84 dfrailmow fat diet |oad group, HF:
high_f?ﬁlgieé]Lﬁqgrégﬁngkowing the expression of the mouse
GPR40 gene in GPR40 gene homo-deficient mice. The expressioﬁ
of the mouse GPR40 gene in the pancreas at 8 week-old is shown.
The expression level of the mouse GPR40 gene is shown as a
ratio to the expression level of the actin gene. Each bar and
error bar indicate a mean and a standard deviation,
respectively (MeanzSE, n=3). Wild: control mice, Hetero: GPR40
gene hetero-deficient mice, Homo: GPR40 gene homo-deficient
mice.

[FIG. 7] Graphs showing general properties in GPR40 gene
homo-deficient mice. GPR40 gene homo-deficient mice were
loaded with a low-fat diet with 10 kcal$% fat (A, B, C, D) or a

6
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[FIG 8] G aphs showng the results of a glucose
tolerance test in fatty diet |oad groups of GPR40 gene
hono- defi cient mce. The gI ucose tol erance test was

ﬁgaﬁg%o ggﬁt gg%’%ﬁow fig° h?%gd lﬁ E\l; e(gt $ r¥1§6 weeks from 8

dieek-niltth 10akch) % Bt ¥A @, o) A imghfn,fa! dsrﬁiw vmdcly weights,
60 kcal%fat B, D for 11 weeks from3$8 vveek ol d.
BRLORoWLFI ABFAKEFucBsasPavel dcose, Leyelhovpipl detrsma Ansulin
ue&ehbn n ontQl K

R T e R i
GBBdOgg@np hemo- ﬁeghciantdmr;ce | Bad ngmuipat [C09]1dad group,

ansgeni 0 retaining a DNA that
eﬁco 168, % g gé%ﬁgﬁ%agﬁ%‘lﬁ’n an expressible state
(herei nafter 8] 28rspnet éﬂ@ﬁlrﬁ@fﬂﬁé eted 185 off NE gldicose
ani mal of the present invention") stably retains a

tRAPTBREBIESShniBxbgEhvudietRRuad | grenr e qh R4 @ene homo-

t r ns 1 e, DNA that
gtﬁg%gégn?hgmﬁoggﬁ]}géu@&%}% sl-'so%zéaﬁlg%er?telsfl_’ H?gsgﬁffoﬁmEd on
GﬁRéQpQEBSI bbeostiafeciant hef cet | 56 dlodhe Cﬂmlﬂ'ﬁijtlng following
@It ough e 25 DNA_nay belntegratedlntoa

RFonB hof FaY~FRC sELef Wi ekdnfcals dpt (A C) or a high-

eétraléeramﬁogal kENfs Fhe BNA by ch fer ahlaks ?[o"i)d |33]9‘ii\:eek--old

in an |ntegrated state into a host FOITDSOITE
The By ahprarlesma helpeesentevalvent ((b,n s ghreeparledmay insulin

BEph NSRS 6 SO [ SacRERHES B0 BURRETSERe nomo-

dpel ontnzoRjicandLpr eTow-soat Eodt I epfodd)r INMr Giighh~-fat diet

germ cell, oogonium oocyte, egg cell,
Baf rTﬁFBijnl um spernatocyte, sper matid and the Ii ke)
apdpthe like of a non-human mammal, preferably at an

early stage of the ss enbryogenesis of a fertilized
egg (nﬁrer@metﬁemadalryorpfhman andnimea 1 Fref-adielingstagelp, thyt

gene intr ion such as th cal ci um
SR RS aR e TS r (G I D P s R Atatan (hereinafter
8ohB0ne k| POFEELEON HBIH0Ohh A0HY €GAkIAN JERHRQI present
m croi njection nethod, gene gun (particle gunjP

HRYRBELOBT) DEpED Hexie i mbthdiNA $Hat iencaides @@s@mblgenous
(tspRh@t {ng{-}e Q%Pt%é%#?ﬂ? ﬂ to“%tagggt Irgtﬁ'ﬁﬂﬁal m%§ns that the

t1ssue, organ a non

P& thet hedcode getiee Ieﬁtdnpﬁitﬂjs WERANA d @eltinahien® 1§heFesent in
efarcx) e}%pzl:nle551ble state in the cells of the animal; although the
DNA may be integrated into a2 host chromosome, or may be stably
present as an extra-chromosomal DNA, the DNA is preferably
retained in an integrated state into a host chromosome.

[(0010]

The Tg animal of the present invention is prepared by
introducing a desired DNA that encodes an exogenous GPR40 into
a fertilized egg, unfertilized egg, spermatozoa, and precursor
cell thereof (primordial germ cell, oogonium, oocyte, egg cell,
spermatogonium, spermatocyte, spermatid and the like} and the

like of a non-human mammal, preferably at an early sta'ge of the

embryogenesis of a fertilized eqgg (more preferably prior to the
7
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culture, tissue culture and the |ike; furthernore, by
fusing this cell with the above-described enbryo (or
germ) cell using 10 a commonly known nethod of cel

foUsiQn, ani mal al,so.be repared. . .
E\Iu t%I ée?ﬁatsi%\?l I%))/' gg i—’ln%? ﬁ}emgré%a?%ﬁ\?goﬁggfogm%ﬁ%ﬂo%'thh as the
a@lnm bhosphaaducongracilpstaedobNAet Rb@, ad1 EFHF ¥OM £t 1ion
st cell, (ES cell) of a non-human mammal with the '
R55Pe e L PPEEAT Bt HEHPER, gBAerPaR Ebecreed, microinjection
%@t%%ﬁhnﬁeﬁecbgﬂe(BQYtEEléhSuE»whééhbgfQ?faﬁﬁgE§éé§%§%n method.
and then’injecting the ES cell " into a " bllastocyst or
altl awi AgsanpESsible hasinbnddane 8a cddsisdAgENA eivbry somatic
t agr, te together, .t r re chi nera nouse, and
SETAT I RG R aRTRAD R Rt FERe of cliarr ibygen mammal by the
teahed bifedehe ihbecgeEtibh)€and d8 @& I'Ble CerR! &9 R&11
obt ai ned. 20 [OOlll A portion of the living body of a
Ty LANTRal thPEpar e8lEYTre derdr thedl bk ef Wi tdremsenml &y fusing

r <a S ¥ , n i t hat_ st abl .
oSSR A PR EHE 8008 e a0 10y ciifrality UGBy po11 using
eéelcbomgpni yssnewdemeteddt bEredI Dnfusiowuld Ure, arpassiageth also be
as 25 rgqui]%ed, and,\}‘?gle i ke), can al so be used as "a
b&FPPER% AHETNG AR hodF dft &DfomsEREa theRmat @ knockout
matakli NByai PNPothaingn i ganQY éf%ﬂ&} -
expressi bl e state” ofgtﬁgﬂﬁféggﬂfﬁ&?nvent%gﬁp(H %4h;%15tem
sae PEPpeSelhsof hat nof-Hemaw maumeh wikinlhe radmietidegcribed

t hat o] exogenous, GPR40 in an 30 .
B TH0d BF 2808 - e O, AT TR P Bhings the DN
ahtppeteedbbeapdyf i ong et himdoting body 8 dhEe ifgo a
ingl of the present invention include organs such as
PRa=tRaNEE oat, A1 198INg 13 §S satldl maeh el Amdcicell stage

kindpoy, t8ds 558k t@'@&&eﬁ’}?ezé@ :}ﬁaé '

gast?oi. nt es??na?atract, an 'brtacf , T Ssus. %mﬁrgcénguse' and

gadecetling andanireal i kavitey itved frtomdedmnsrabhsmitted to
12] A non- hunan ma " that. can be a subject of

%ﬁ% BJFEI&Q%%“% n?/gﬁ%?)‘ﬁln@ AR 19 AR S5 INERt ed, as

fooglas it is a non- human mammal for which a

transgeni c system has been s established; exanples
i ncl udd PeERICBHRE ndee ohitey Podil ¢, 2 Siseepimgdaprepared as

' d c hea pigs, hanst.ers.and the
PRk Rpa BByt U105 LSS M D Grgnp ana one
dhlet beat | stkab by erqpraefreraaldNg thatparideeidlsaan bkedehbes GPR40,

Y'bsew_goin of the \ .
cell or tissue derived therefrom, in culture, passaged as

required, and the like) can also be used as “a portion of the
living body of a non-human mammal retaining a DNA that encodes
an exogenous GPR40 in an expressible state™ of the present
invention for the same purpose as that of “a non-human mammal
retaining a DNA that encodes an exogenous GPR40 in an
expressible state” of the present invention.

Examples of preferable portions of the living body of the
Tg animal of the present invention include organs such as the
pancreas, liver, fat tissue, skeletal muscle, kidney, adrenal,
blood vessel, heart, gastrointestinal tract, and brain, tissue

pieces and cells and the like derived from the organs.
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preparati on of di sease nodel aninmals, mce, which have

io relatively short period of ontogeny and life

cycles, and which are easy to propagate (for exanple,

§S7BL/6 strain, DBA2 strain and the like as pure

©OP44s, B6C3F1 strain, BDF1 strain, B6D2F1 strain,

BALB/ c wgt a L e h

stralns§ g?g 8?@%@1%&*@%9 ag?%EagdAt$%ngto ri?ééjOf the present

DPW@Qtsaohlasnohlpaenscuhmrbg lirseded prag heorsganes it is a non-
ose as n- human manmal s” bei subj ects

hat
e Nl R A e T N T

aetemgen@us GRBAPI ekSinet ud® maEd) %B@irhéfs ligadedss, a%igs,
long as it is not an endogenous GPR40

|Sﬁ?ﬁpnsgearﬁlfyr§bbéEﬁt d@gs hecaioh- rmmanemm Beimsfers and the

hes S t i d clion, but an.externa
?nt?od&ggﬁgorégbéﬁﬁglsdb lé X SePo " BRAPAERT v am?&%ﬁF and the
fthé&enemehpmafieranibal iﬁoparemmme s e)hdetigrddiet of the
sugéect of gsge i ntroduction, or a 25 DNA that encodes

REGTABRI 02dIFFRRTE Tetet Getimts Miffl Wiy have

exanphk ee1huUBBBSt Qﬂ.&@sof oS Sny S lﬁéeeogfcl%%at and which
rabbits, dogs, cats, guinea pigs, hanster t's and

BRe Bﬁﬂﬁ)tOopraP@@@telhmeyexgmpiﬂanﬁﬁﬂnﬁa)sﬁﬂaansamBAz strain

1N ci wseguence t hereas th t hat
gﬁ%o eg %n exogeRots fﬁﬁ@ﬁp%ﬁ)égégﬁé gFé§8ntgPEN%ﬁF§ﬂP B6D2F;
ssraiNABADBY cesepdles, a1 §PRdE:a etaipganeaukd ast R¢brid
non- human mammal bei ng the subj ect of gene

FhfroBELL PER BFeBeRRBi®i n havi ng substantlally t he

sane afhngqqaei er referabl
DNA t hat encodegnﬁﬁﬁa o o q?%?é% ot Qe%s can be

sabetaﬂruaheysame pmwgnsaﬁaﬁ)uhatidfssﬁﬂuemQEnthem@a3s” being
A‘gNA t codes human, GPR40 i ncludes a 9 DNA that
gHRoTE tﬂE

HF BT SRT SEH{RHC® Shown by SEQ 1D NO 2,

poeisrably a DNA conprising the base sequence shown by
SEQID NO 1. "Substantially the same am no acid
sequenc%"DN%CP@@%senc¢dﬁﬁlﬁ?(ﬁﬁﬂgaﬂOUﬂﬂﬁﬁﬁ4@PR4® nbor

BRETr-Ghol Ty "BeFE P YT uo aRl, SghebYeRbus cera0

pNBf En’a,bilysa@@hly 9iPé eantaiIte , t HeO rdhe hatfiaMO mddind 1 being the
sequence shown SEQ I D NGO 2, and the like. Amno
li’ae%‘éq‘&%n%%neu SQIUE AR h & UWa Py eFtednadiliig inhsoduced one;

el Ry 5@'&L&ﬁﬁ46anéﬂdH¥£Jéaﬂf¥Qﬁ tBeAROn ML AN Rhmmal (for
Cent er Bi ot echnol ogy

example, mouse) being the subject of gene introduction, or a
DNA that encodes a GPR40 derived from a heterogeneous mammal
{for example, humans, bovines, monkeys, pigs, sheep, goat,
rabbits, dogs, cats, guinea pigs, hamsters, rats and the like)
or a protein having substantially the same amino acid sequence
thereas. Preferably, the DNA that encodes an exogenous GPR40
of the present invention is a DNA that encodes a GPR40
heterogeneous to the non-human mammal being the subject of gene
introduction or a protein having substantially the same amino
acid sequence thereas, more preferably a DNA that encodes human
GPR40 or a protein having substantially the same amino acid

sequence thereas. A DNA that encodes human GPR40 includes a
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io Information Basic Local Alignnment Search Tool)
under the follow ng conditions (expect=l0; gap
al  owed; matrix=BLOSUMG2; filtering=0OFF). "A protein

i ubstantially the same am no acid sequence”_is
I dhal Pl g8 50 Rean SERRaBCSr SROVS by SEQ°TD NO:2,

qunal%blgz R ONa RecR@FREH BhNgnsuBatantbghlyct hehS@ By SEQ 1D

am no aci sequence as thé am no acid sSequence shown

BYP:SEQ I'BuRetantaadly hiale ngpmsebynbm jatid sdmiesmee’ includes,
yal. f..actd vi a rotern nsi sting of,the
%ﬁnﬂﬁ%cﬁ%c?esgjtfuéﬁg%ns g&gﬁbyeggQ Fﬁ“gﬁfj 2f§mt?(%n%?3eé prauences
"Teubisteanin aldenttihy sdnabgual bU% ok Aetéyipyéf@Pably 95% or more,

i ncl ude | i%and i.e., free fatty acids and the |ike

OHE RESTE T 2RgonPOS tanf *aft afjBAf st §9] the ndfiee acid sequence
aHdwd 1 JEY MRcRl: vl ahnGathe §PREENT LALIAN 4RSS uence
action, "cAMP production suppressive action, pronoting
dcterd i toh dams el wadevietednubiom phaecheadlogR cabtbkating

and. the,.li S ntially the_sa al i nmeans

b S S oy R G R U 3 AT
Theaherd.on Basiie poeher aAbkgninbat §88rHROTESDS Reder the
equi val ent to each other in terns of |igand binding

dalihawiyng icenddédrngl dexpact=¢Bnceapral lovedaima gl x=BLOSUM62;

@Citlit%ﬂ:in%w roduction suppressive action, insulin
secretion pronoting action and the |ike, but 30

quant i '@ pretedat basisgchubsthheidbly eelse ddamdesgino acid
activities, (e. 9 %ggut 0.01 to 100 tines, preferablg
NS (5 PEELEFARSY  moPetPrefRiabry RiAR @FBito Zrr

B 3N t@&heEBhﬁEisﬂﬁbggﬁbgéaﬁbfépiﬂtééén%%%ﬁi?hino acid

different. asurement s Qf activities suc
Fetiengeadts whey aminer acetll abgne@as +sBSwt dme e3RQ akD df0: 2, and

o s ' duct i . 10
SRR R iRl RV < B P run BrahEY o A oW BaRbehe
pedditerine donisi sad agr 6@NtRe Waih Dn B4 BOE Ss&QMCPHhSR by SEQ ID

for exanple, these activities can be neasured by the o
I deni HEPRRL RS IRT dedthd 13 i o fihensaggc waAd ty of activity”

Qbﬁﬂ%d%nQibﬁﬁdlﬁgge.§ F@@é 3 @£%e§ fﬁ%aéhé}¥gg){¥¥é\%¥£cluding
froma non-human mammal ' nclude the nouse-, rat- or
rarntietsdendvedtBisidest] i bendimg et enttyocimerdcel lular Ca*?
%%%\é%n%ndtt.he Iiake.. %0014 The(l:ﬁjl\p t hat encodes an ,
exogenous "GPRaG 1P ePehaBPy § iR T FbEYRRREESs1ve
faetTon, - @rome@ARLEHBRE 8hYoNMshi K¢ sd HFe @ H ™ &m pancreatic B
cells and the like. Substantially the same guality means that
these activities are qualitatively equivalent. Therefore, it
is preferable that the proteins be equivalent to each other in
terms of ligand binding activity, intracellular Ca™
concentration raising action, cAMP production suppressive
action, insulin secretion promoting action and the like, but
quantitative factors such as the degrees of these activities
(e.g., about 0.01 to 100 times, preferably about 0.5 to 20
times, more preferably about 0.5 to 2 times) and the molecular
weight of the protein may be different. Measurements of
activities such as ligand binding activity, intracellular Ca**
concentration raising action, cAMP production suppressive

10
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a DNA conprising the base sequence shown by SEQ I D
NO 1; however, in another errbodi ment, an
intron-containing form(i.e., genom c DNA) can aI SO

be_used pr fera Y. because the ‘- .and 3. -te

S L RO R —
gterrﬁ@ccﬁflﬂwﬁyeerwnbﬁﬁtﬂiiﬂﬁ)démcr% @e thweBn fPREXaMPER, | Phese

NO 1), and the ORF of nobuse GPRAOF (GenBank accession

o1 RN 13 o Be neaigitgd fedbhanisaraehd gogeibesis described

POShA 4 O I AMRARLY ARV 100 1@ n chronmosorme 19
(GEE?]Bank accessi on No. NéOOOOlQe(BE ' ON:  NC000019. 8

a: 424(13@%)t)haa:n(¢nt1meiella3936’ﬂiﬂ@3dparsmedorﬁroﬁlOat pon-human mammal

oSition verse str of .nous . .
TR o T BB a ol et S 4 005985 described in
fMERS @Scie000Ehodre @ndBI2R0984)., respectively, no

|ntron is present at least in the human and nouse
Bl genes] . [0015] 25 The DNA that encodes an

ﬁ;?%ggﬁ% ESEE %Qﬁ%é‘n %?:'?gntl %(g@flo%sh}é%lé%l é%t %Qferably in

mrimmm-ffmd‘)%nﬁer(ilvm frdmiﬁpﬂhﬁ\epﬁramyewml ll\ietle,, ffatr example,
ti ssue, skeletal nuscle, kidney, adrenal, bl ood

Y| ComRiing dha hAsh SSAUEHICS SHOWR BYaskdd MRels

hodkerof , a RN My IGRTIMEAE Nk H%%nu%mlaﬁnlng form (i.e.,
(bOV|nes nonkeys, pigs, sheep, goat, rabbits, dogs,

@t%z‘n@nltgwﬁﬁa)a Piryslsvarkst ersed mﬁiemibde Dedatise thekéf— and
a m ¢ DNA derived froma comerci al

T PR e R g e e Bouet fpgmost eukaryotic

q@dﬁl mow@femmmaazs@me WREP &TE thulnd GPRAONKY.Q ID NO:1)
known net hod from an RNA derived from 35 the pancreas,
3nq rhe fQRF (q s ipslses IGHRAGH] (ResdeaX RicgrepioniNo. NM_194057.1)

fgrc%}?éls@rpcﬁqg \ﬁi%ﬂe 4%%@42’959%%%&%'1%56%%' Q@Sﬁgﬁﬁqt position

brai n and e of a human Or 'vari ous non
ol e ashtdmosateard nganiiaerk alccession de. NC_ 000019

I IR e frand Shed 11HRBINS posicion

{H0LB 06 ddts thAR Qlevidi@Pegank)i B¥eRbLUAR CBE8fBSome 7
a DNA t hat encodes an exogenous GPR40 "in an

EXgRREYEs Aecassdtaa No Tﬁ&_@fo&roé’B Y ERFIOYdUE_OREODRA3
flé’sé’so%’sbi ?C: laery ﬁ]lvlems hyle) ('_)Ln%er%%r ?Ll resené: at least in

advant ageo (0] U orm contal nin
ﬂxeprkesmroramias:&ﬁistee Gﬂlmmelglerieh;q .DNA is joined
Poc\,/vlnSS]tream of a

The DNA that encodes an exogenous GPR40 can be isolated
by a hybridization method or PCR method and the like, using all
or a portion of a DNA derived from the pancreas, liver, fat
tissue, skeletal muscle, kidney, adrenal, blood vessel, heart,
gastrointestinal traét, brain and the like of a human or
various non-human mammals (bovines, monkeys, pigs, sheep, goat,
rabbits, dogs, cats, guinea pigs, hamsters, rats, mice and the
like} and a genomic DNA derived from a commercially available
genomic DNA library as the starting material, or using a cDNA

prepared by a commonly known method from an RNA derived from

the pancreas, liver, fat tissue, skeletal muscle, kidney,
11
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pronoter capable of functioning in the cells of the
subject animal (e.g., expression vector and the
like). [0017] 15 Useful vectors for carrying a DNA
that encodes an exogenous GPR40 include Escherichia
cslnanderi WP gsl aafises,, DRaeitl | gassapiintiestdapilvédact, brain and
MRS 3P el \e%d 2500500 RAGLE HARAR9ES 28 Ehe
phage, ani ma i NSect” viruses

ragtargviirrqu snagieahl ads M@l@@Eﬁnle&K@ﬁn&cﬂEbMide|pﬂép&tédson the

0 adeno aSSOCIat d i rus, vac%lnia virus and

2SR Fs SO WowweGPﬁﬁ paEPec §PIHCNpPagRi §Be probe or
Qﬁf@ﬁﬁﬁab|y plasn1ds derived from Escherichia coli

Baci |l us subtilis, or yeast, particularly plasmds

hedd fron1Escherichia coli) and animal viruses

f | f le. 25
[ D0te] Thvhnd SXIBEY oF ShBlrERelRL i BB ShcERpins "2 Don that

etk ah asa‘og@moel@omms“(iaﬁ%a @Qﬁ@eb@ibﬂ!@estate”
pronoters of genes derived fromviruses (e
tFUéntW@@@ﬁ§ytP§uP§ﬁlanﬁpréssubmﬁ09|ﬁﬁémalr it is
@éﬁ%ﬂéﬂ%?“&ﬂ%dﬂ o%%dtbhﬁsg'%ﬁ Dﬁﬁoﬁﬁtgrfogﬁ 85R€3ining an
so derivéd fron1v rious mamual s (humans ov
rﬁﬁﬂ@%ﬂﬁlqmgyﬁsseiheeyhegeah thabBNﬂs;sdgginedadewnstream of a
ui ne mce and the_ lik
ROt e Kbl L e Botn ERENpPOLSaPEuRIR, Subject
%ﬂﬁﬁﬁheukng‘QS%&?&@%%hﬁﬁ,v€é§6§|@thEﬁét&EEe)K'nase
type | and type col | agen, cyclic AMP-dependent 35
dy iln ki nase Pl subunit, atrial natriuretic factor,
dopam R Xyl as Jr.of LI nt. Light chain
wetallg?ﬁﬁﬁﬁesﬁ%¥g%%d¥ ? §?r%§#5§|ép§o e%%%geeﬂc?lssu
ienduigieirionrs, CPREOt Hniclsdee Fachagtichiapebypegét deeehpl Asmids,

el ongati on factor la (EFl-a R actin, a and R nyosin
H%ﬁvgﬁéﬁh sﬁﬁrﬁﬁsﬁtpiﬁamﬁésa ¥RASD; dgrhy%¢|mlasmldsr

I I c n
RS ERRiRs SRNTLTH BB, COIDRIETL: LEOLD: lhyses such

|ﬂ&&§0vdﬂ§§a§@0hodélMO@DoﬁEtéeskempabveros, lent1V1rus,
| | expressi ng.an exogenous. GPR4
%ﬁﬁ%hea%%rééﬁgﬁlssu %é gaQClPﬁgu?%ﬁuF 3%3 ??culov1rus, and the

Aridr0t eIs, pabt Chubht PV Epaei dd C(Exdf S 100 didmd dh@lerived
pancreas (hereinafter, also generlcally referred to as

iROM B chegisidasFoldy Barailhns pubkblirs of CERAD;
@%&%1cQ&%¥9&eb§agﬁlaérH€k§6¥h°k9mﬁ £90ROPEOL: L5680 1) and animal

bum n,
v1ruses (preferably retrovirus, lentivirus) are preferable.

[0018]

Examples of the promoter that regulates the expression
of an exogenous GPR40 gene include promoters of genes derived
from viruses (e.g., cytomegalovirus, Moloney leukemia virus, JC
virus, breast cancer virus and the like), promoters of genes
derived from various mammals (humans, bovines, monkeys, pigs,
sheep, goat, rabbits, dogs, cats, guinea pigs, hamsters, rats,
mice and the like) and birds (chicken and the like) [for
example, albumin, endothelin, osteocarcine, muscular creatine
kinase, type I and type II collagen, cyclic AMP-dependent

protein kinase PBI subunit, atrial natriuretic factor, dopamine
12
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transferrin, fibrinogen, antithranbin II1,
al -antitrypsin and the like, which allow high
expression in the liver; 15 adi pocytoki ne gene

DA EER 0L, POTEELE DB, YOG K8 0 S UL i 1 anc

rmsm i e Ball dpieotd ks sVl ol SHUOWrEeGIHdC XRIRSSHRRcle o
skel etal muscl es; gene gronnters of PTH PTHr P

r%%%b‘ﬂorp%kﬂp?ﬁ%ld?l RR2ipnpLanast bW hightexplessEEA-fh, P actin,
t&eaﬁdid@ %ogﬁﬁ%ﬂwrﬁil%szo nﬂfoéAg@lrg%%e%gx%rln%nq thg o,

ke, I ow hi"gh expression in he a
g‘élﬁ‘élbrﬁ okh@)fﬁ-w spmt%%prmtmlmdl Pargpmpioeelnitke renin and the

YDLED) A RROELRL S BRBRSLSY | RoBeRdyEtcl e BEDteee

ers a and
Cdi]iimﬂ&sé madesil 2 ;&ﬂﬁndthﬁ:é ld@ab/mzl T a)de@Wfhicdniy or highly
expression in the heart; ene pronoters of fatty

a Hr%?%“%galbr%%%?%@t lirk &he Wriraktaticwusi dg-g.

EXRE &P sh Of LE (S e ’ i

pronnterS(ﬁﬂemgfln béiléﬂ%rgﬁgR%!qugﬁ f%%??ﬁfa??preSSlon n

ath@lman$weﬁ$ﬂfh&muindﬁidn ka@sﬂngﬁmaﬁﬂamﬂlhigbferred to as

expl sion n_é e brain, .and the ke] can be chas

SLREEET et ot iy SUF T RBOERE S A5 bR BAGF  Gene

CoORbREEERY of tRIMoK almyand & @ﬁtdoalpon%ﬁef 98PN RABfLkkS,

simlar to the expression profile of an endogenous

(}mlms@%hlelmnd@bmmem,O@lthM1w ang, bndﬁantltrypsz.n and
gy [ r t ronpt et d t he

F?ke g#% qﬂgbdpéﬂjgnﬁgg' prgggégbﬁfn ﬁﬁsﬁﬁln Frer?

pradiyedeytolsins efbnS pdidtersl Bl adipopeekenabhe that 1ake, which

seguence that, term nates the transcription of the

d?é'ﬂ] &XWS'WD{ H.él -f@taﬁllﬁﬁpe(agene promoters of

ARbyOanYA - 119 (IRe Al icgnal d

tern1nator) be present}ﬁé%h%#}ggh§%Fe?ﬁggDN§p{ﬁg?lon in

m@@g@m%r@@t@m&eﬁr@r odx &fl/@THU®I ngcaptor and the

n quenc rived fraom a,virus ne, or
dgég%bjh$ﬁ%hf% j@hglé§'$§PI8ﬁ§lﬁ§nﬁ§|§H k35P8¥‘ gene promoters
ef f | BNt r piRss iz ahet he ke, aﬂr&ﬁ@ﬁeaQ@Bwbﬁléﬁhéﬁﬁﬁgss:Lon in
Preferab“y the SV40 term nator of sim an virus and
e Hrie IR POORCAGISt Odn PreproendophepdBelopnd the like,
e @RS N %e%qf%or 30858k &Rebgsswgs&%ﬂs &Qﬁe
splicing signal of eac gene, an enhancer regioh,

a:mmd’ﬂenm aff tohemchtﬁr mo@ﬁnaneaeykahwhsp g¢b8igaNight chains 1
[ onot er regl on,

B b T diicer PGPof 4Rt PAENCBAPAGSFEGNoR BRe hearts

gene promoters of fatty acid-binding proteins and the like,

which allow high expression in the gastrointestinal tract; gene
promoters of myelin basic protein, glial fibrillary acidic
protein and the like, which allow high expression in the brain,
and the like] can be chosen as appropriate; preferably,
promoters capable of conferring a temporal and spatial
expression profile similar to the expression profile of an
endogenous GPR40 gene under physioclogical conditions, for
example, insulin promoters; GPR40 promoters and the like, are

used, and more preferably, insulin II promoter is used.
[0019]
13
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3" downstream of the coding region, depending on the

purpose. is [0020) Wien a Tg aninmal is prepared using

an enbryonic stemcell (ES cell), the above-descri bed

vector _preferab further conprises a selection

narkerIgeﬁg fggégfaﬁi%gg?%gi%t EERfEnes 2 s fgates the
neanyci Ipt €6h SbANERe 08HE1 BEE LS YL RN SISt LQnimal (a
ene) for_selecting a clone having the introduced

BPABRgenyhe bypat SEOLHRY cf HINFLr (hEraRl Lahen tiarmigiator) be

bQEQEHEddEQnS{:PEQQrﬁ etﬂ%eDﬁﬁt{ﬁéjyc&gcgggg %trb%xogenous GPR40;
particul ar |l ocation on the oSt chronosone by
fhioroksgopser ecvpihy nat t@rmina®sor Prppaicd ideriveid &rom a virus
knocki n_ani nal éhe above-descri bed vector preferably
S0P ar PR LOREY | SEEn haIns (R i MR e Jadds,

EBYNEIERE ekpPESEi dIQVE te 08 Yerddr e Y NeHiR veq.

toxin gene as a negative selection marker gene _
Bueseaebhy DNAhe eYieh clee 1o togo ust tsoimiten ma:rugaenb garsi tthe like
L0.0 t voi g .r.andom i nsertions. These.enbodi nent

RPPTRRE o gl [t} i Ol BB BfiBosg B0s5fPoRg RS the

akpresdesnrobecherovmi asd Jawe t hade efiodesi@B®ignal of each

exogenous GPR40, term nator and the |ike can be

GREEY (80 PREINCERCTUBAY- (R oF IRRAE AL (7 e (A ToRgRE an

anka toehe & [ rq.ad t‘ﬁﬂﬁ{ +Hhe
exprgggggﬁ %ﬁ ?r&?%i%ﬁgﬂgﬁi:ggﬂ%gggg [ tfggﬁggﬁﬁFkgl?romOter

b§gann or béteesn gere mryghotser irepickd ambitlrln_eqmdusngngeﬁﬁon, or
pp riate restriction,enzyne .and .gase and the

P RESPoBESN (G A1 B RSt AP e S 0By 4061 BRrPOSe
yector 5 conprising a DNA that encodes an exogenous

GPR40, obtained as described above, is introduced to

an ear§eRndri® Fimphde MaRaTethmming@nngmbirgonic stem cell

] 1 Croi niecti . rly _enfr 0]

T b B e R i Bt BB By e

cohpeisenga avelectviom rarkddd igek 6@g qaht aired rb¥istance genes
mating a male and femal e non-human mammal of the sane ,

TPEL| %%,HE%FYW ITPRARY IR AE0S 2] SYBrIAR 18y GRPARgance

5806 "ot OF 0 T&SPARY | & MbrdIHAARA tHeoMnd H80RLe ARE stably

mal e non- human manmal of the sarfe speci es.
integrated therein. Furthermore, when it is intended to

integrate the introduced DNA at a particular location on the
host chromosome by homologous recombination (i.e., preparétion
of a knockin animal), the above-described vector preferably
further éomprises the herpes simplex virus-derived thymidine
kinase (HSV-tk) gene or the diphtheria toxin gene as a negative
selection marker gene outside a DNA sequence homologous to the
target site, in order to avoid random insertions. These
embodiments will be described in detail below.

[0021]

The above-described promoter, DNA that encodes an
exogenous GPR40, terminator and the like can be inserted into
the above-described vector in the right arrangement, i.e., in
an arrangement that allows the expression of the exogenous

GPR40 in the Tg animal, by an ordinary gene engineering
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15 The age, rearing conditions and the like of the

non- human manmmal used vary dependi ng on ani nmal

speci es; for exanple, when a nouse (preferably, a

g%y e of an i.nbred strain su%h as C578LA6J(B6%, F1 of
Hifottierd MY EFPSOPA R CahGSthECHERB) PP ¥MasRyd PNA

ITidsseprafernad aitkeat a female at about 4 to about 6

20 week-old and a nale at about 2 to about 8 nonth-old

bePQed, and that the mice be reared with a light

peri od f ay 0

700 19706, ot st UbRaen R FhE SHBERES: & vogror

femip i Ziatd @n DMy thetbyneatiesabnmakbggnoas nBPROO, i Sbtained as

preferable conprising adm nistering a 25 gonadotropic
RSP R A Bmaie faRERERGRCRANAD 8 1KIHRETYO Of & non-

OMEHBY WAdd-N beaR tehen siBbkRd bhenf erBl g Ut hog, mal e
non- human nmanmal ,” for the purpoSe of adjusting the

ettBls cycle and obtaining a | arge nunber of early
enbryos, from.a single _i.ndividual. _For inducin
ovulat?%ﬂ1%%$¥}1%§%%yg ﬁgn%hﬁnﬁﬁgéﬁcga I,u?%?gmammal can be

exargilresd dyTeidla@dts ngr aheiabkeveofprt$iNged egg obtained by
administering a follicle-stinulating hornone (pregnant .
M nNS & R liGoRadotedsils, ngenbrERNyMaABBR byvP bt Ble a8ame species,

%\fs@y j?H‘QJittW f%rtli}iti%ia@iiéhngfrgﬁnggﬁp(QHHH ermatozoa

chori“oni ¢ gonadotropi n, genera evli ated as
hG@@rediyi,veflgr candrpited fmbmapefemnaheadnd npele i mon-Auman mammal

aqg the |ike; preferable anpbunts and frequenci es of
5 iR 73S &FCGTESE the horrmones vary depending on

the spegiccaqgef, rheingNcBHARBIBRSRhd £8E EXREPEL. the non-human
when t he non-human nmanmal s a nouse (preferably, a

R lofusad (viasve depengdings aahansma E59Pe¢ 598 B6jor Fixafple, when

9] i ed_strain, ng_t i ke .

o TR B aShoRb. o o ke cdin sucn =s

athiinl /AdeEa)g a; 60| Bé ched sdndftHeat | it e id, hemd the like)
| uteinjzin hor mone about 48 hours

i i
%a%még,es ﬁ&'ﬁn%ﬁgaﬁr&tfsffﬁb&ﬁt fg"]ﬁ@tt ReteBALP 2t nRRt i t1p @bout 6

R B THUS @ rld0 0RfaakeN a2 BEbLt! bZed £9Gut HERSAhINES be used,
amount of the follicle-stinmulating hornone

@& ribsttertdg md ceobgboepred wothbauligot |mériod viwedqut 12

LR B Ao 20 L vl gng Hhe amunt, oL

about 10 thiduighdicwieddal vipbeterabl yzaebowtndy be by natural
| Uindividual . After el apse of a given tine, a female
it igrad merted iBsPEshereRid FOMPRLEiRG AR YRLing a

VRHE RS BELARL £8Na2REmE I8 non~human mammal to induce

overovulation, and then mating the female with a male non-human
mammal, for the purpose of adjusting the estrous cycle and
obtaining a large number of early embryes from a single
individual. For inducing ovulation in a female non-human
mammal, for example, a method is preferable comprising
administering a follicle-stimulating hormone {pregnant mare
serum gonadotropin, generally abbreviated as PMSG), and then a
luteinizing hormone (human chorionic gonadotropin, generally
abbreviated as hCG), by, for example, intraperitoneal injection

and the like; preferable amounts and frequencies of
15
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like is |laparotom zed, a fertilized egg is renoved

fromthe oviduct, washed in a nmediumfor enbryo

culture (e.g., M6 nedium nodified Wiitten nedi um
BWRAnedi a1 MR BROL N h Yo HEPRR, S d) cﬁ\%%ﬁf '

medi um and %he like) to réﬁnve cdﬁﬁld%ﬁgb 0 horE?e species of
&8kl senghdmen! nemeal i n 1% gasepds, c ahean tdieoxodeh@hdn mammal

i.r_b h 1. crodr culture method and the |ike until

AR HokPS: RPERPFERPLYT FriMt it Bt TR rbet rain such as

comety aueBy) perf fmEb add@iddtitedd 11280 RUGGAINECESY the like),

may be stored under freezing by the slow nethod or

gRBEGRLLYr aphathed nby rRFrEetRPle leomps JiggpAdministering a
hLegntk . in vitro ferti.li.zat.ion, .

?%?F?@F%-§F?ﬁ%f§§%§§%ﬁ%§&%#§ gﬁgghiﬁLJ%5ﬁﬁ§§ﬁi§gh§rﬁﬁﬁ§ln121ng

hpemondrihost ed @dhdwrs Termt e areh-ivwrall ami@hadftdhgedte female

col l ectli (the sane as in.in vivo fertilization is X

BPEPE HBEY Astale JEOURF dR EHIRID AdF tid-i4eduEg0, wherein the

amuliati @p, tRét£61 mw&ﬁ%@aﬁcierﬁﬂﬂoeﬁ&l% %Qﬁ:}iﬁl#;sttilér%@l is

I
inanmedumfor fertilization (e.g., TYH ned n
8hpYhseBuse cabPeh o obl HigidiBokchial by retfe mibdyodbopt 30

I d t.he like until .in.vitro, .
FUHines SRS AL LIS dngha'RY end 2MssiGi ajpeahormone
nembuLdtérom As @b 35 VIR 1B MU nefi viile 238 referably
sBec'eg ithe sane_as. inin vivo 16 fertilization is
BPEREr AbfY/ 1R 1A a spermat ozoa mass is col | ect ed

and pregpbiuledid & r@ﬂﬂa@rf Yifeer lf'e%n%tl'eoplbné‘g;hglga mamma 1
conpl etion of the preculture, spermatozoa are adde {'o
chellnped uhe florved erapuliatad &y ocetiaali pdughexamdnadien and the
%EEeOVQ gre s cultured i 5%%33§eous car.bon

T oXi de/ 9808 57 YOBYA G He i FeL&urle FErREGIakgom the
bhedhéke, wadlied WiL el tidr 286:€80 cul@vicBy (kWG ., Mis
pronuclei is selected under a microscope. If DNA
HPE+@hnj Bed} BHed FHdtt smmediiare| pWie meddnmd, Mehwedium, WM-

b g ] e} 2T b t d r.freezin

bt LhaTmR At eBEte R RNab e ) 058 URIST o SRBLDR, cumutus
dolRleoru§ 08261 s DNtndricariaivijeelc tinoB 3 aheebhe tekbbhi de8xide/95%

e can_be erformed hy a conventional nethod using_ a
SOOI Y% TV O C¥LGHER HECHOR aRGBAFpYE EoRNEL1 DNA
ﬂﬂ¢£ﬁiﬂﬁeéﬁ¥bﬁﬁrﬁE|hﬁ%gogﬁgeEQiBEaggdnbE §g§b§%§g599 performed,

of a medium for enbryo culfure is aspirat
ok It Yoz adiqay adidleditrg papebee stamddaubdr freezing by

the slow method or the ultrarapid method and the like.
(0024}

Meanwhile, in the case of in vitro fertilization, a
follicle-stimulating hormone and a luteinizing hormone are
administered to a female non-human mammal for egg collection
{the same as in in vivo fertilization is preferably used) as
described above to induce ovulation, after which ova are
collected and cultured in a medium for fertilization {e.g., TYH
medium) in 5% gaseous carbon dioxide/95% air by the microdrop
culture method and the like until in vitro fertilization.
Separately, the cauda epididymidis is removed from a male non-

human mammal of the same species (the same as in in vivo
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solution is injected directly into the male or fenale
pronucleus preferably into the mal e pronucl eus, using
|nject|on pi pette. The i ntroduced DNA is used

efer after 20 bein purifjed usi

GEFLrT Dl ote Tneatnc R Gicbr aheaibgnzon mass is
eas@m@@@ed esid R ARl tihe a IndtBunl tForS FRk%Q1ization. After
preferable that the introduced DNA be linearized in

CI90 (Ut thihRy RIRCUALCHST FRemetagsiangrg added to the

r t 0 Ly Ci
[gﬁléA&Nlﬁ f‘?“ﬂr ilze agtgg‘ir} g_‘?ogilﬁﬁﬁlrle tri]ln %q%édlg‘%m TtglF ova are
em@k@umaﬁﬂinu&%|gaéﬁ%q;as&nﬂﬁncatmumidéﬂﬁﬂ%dah&S%y a@hke microdrop

he m cr [ture method and the like until the
é/L”tc“eﬁ“fes"e "a“eoqo o’ﬂﬁj 3)?§‘te's T 3ash ghifertidiged egg
IR ARSRY A e bthil@ dihg Ottt Rf ulrlltcﬁrru% @i c®oscope. If DNA
pseudopr egnant enbryo recipient fenmal e non-hunan

redh@ied 10 JREE b riyo nideiipimasti afteal @erdoriedan theadrekilized egg

th
B ol OB N TP B A IS 8 8870 o or ehe
bet # sl diteathdd arderineed;ideqr exanpl e, when a nouse

early enbryo is transplanted, 35 a femal e I CR nouse
%g%}ably about 8 to about 10 week-old) 17 and the

li ke argypreferablsesed AdNee 1RLRaq;9E 4 8BgerLAg

an enbryo reéﬁglegk'feﬁgﬁl'non man nan%a% 88 ba%e

mmmﬁhmm&iﬂhyna|anvdnn1aﬂaiHMG£hom mestingd ac copmbail ggknown

R o it o kOGRS 5 ShLtt b (11 fettilized sgg

Bt @, irl M iR AR P fA RIS umMebl 3mBRLE I:QBture is
mouse (preferably about 2 nonth-old or noré)), and

s%?r!é?elfatrfﬁi @ng digod iddmeidr med o ahhed dangagipertel ugnd a DNA
SNSRI O 4 S RN AT Y IA IRLnBengTE, DRk

ovu ate nat ur y, Or oner cevn el nit zi

rpmannuﬁémBgwﬁnafsna@l@onmmﬁetb@emeﬂalbyoabbneusataslng an
or _an ,anal ogue thereof adm ni stered prior to

rﬁdn Wt PiPsdSect Ghf 80t regaceri ik ety W@ Pieferably after

1 | S
e e B e oy B T B a6

LQ—J-WCE{TU‘-(;@—fGQSatO]OILHrRHn [ab-llams(eazha)lge] refinRephadn and the
o3 2o ! S LK EOER L Ll Kene THECSRAIL, Hi v
tiimewyr iofedrdtn REvande dymeuetied- thumgacoBimBbrai 668Musing a
tgg%é¥¥ggyé§|gﬂgy%g vary depending on the

(0026}

After introducing the DNA, the fertilized egg is cultured
in a medium for embryo culture in 5% gaseous carbon dioxide/95%
air by the microdrop culture methoed and the like until the 1-
cell stage to blastocyst stage, after which it is transplanted
to the oviduct or uterus of a pseudopregnant embryo recipient
female non-human mammal. The embryo recipient female non-—human
mammal for embryo reception may be any ocne of the same species
as the animal from which the early embryo to be transplanted is
derived; for example, when a mouse early embryo is transplanted,
a female ICR mouse (preferably about 8 to about 10 week-old)
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speci es of the non-human manmal . For exanpl e, when the
non- human mammal is a nouse (preferably an | CR nouse
and the like), 20 it is usually preferable that the

a%@ﬁ%%e”qq%% g?e E%%e?ﬁkgﬁ usggle T abo%ﬁﬁg*é%?Ienderlng

arter adn1n|stra on o H or an
E@eembmwntretlpHEHtofemalanﬁbﬁghﬂméhemﬁﬁﬁal pseudopregnant is,
nmnistered i s usua about 110 to 60 pg/lnd|V|dum
et EFaBPy © absufﬂeﬁgoa/ CRBPYIaiAg. mabing ooby] femabe |With a

skt opakbn eFRE¥01LtR8) thaNsPhERL RGNS ﬁ{h&gf o% the same

norul a stage or after, the enbryo Is trans nt ed
ﬁﬁ@caﬁérdioroﬁxampéﬁbryn thelpaeﬁtofemammqsef wihteh a male ICR

I ge for the nDruIa S
PPt JEReY arabilorfoul 3 0Re8Pa 5bd B I mat e e yaglecting o
tfeeadebryafi smedassphanted tr@gm@l Ogﬂ@@ct The femal e

for enbryo reception_is used as_ appropriate after

el apseT8F §MBr¥enrRGHPEENEf fTemgke apsed MRicdve mpe that has

gegqgggaeg epndi 0 e nt.al stage

e R A L S e R e

cgdeasing houwenea(fenatal Bp ammsevmt@bcnmm Endam analogue
is .18 preferable for

b L rARE R PP ER b 505 o1 i o b 2sasieomi zod

eaabelgEﬂéa)aha§BOUto21§dQ@an@%EfIIQ¢C°@kE& les of the LHRH
pseudopregnant is preferable {or the trans ﬁtatlon

eRa4cIBeasnetydei £ eﬁblayb—Tw leH-RE, erf5iy ermm,enw Ala®]-
e st he d Br fer b
iﬁggﬁfaiégﬁdé? Ir &eﬁgfe ugea)g %x ﬁ%ﬁéﬁLFQQSQEgﬁéamldes

therewar yndstlp)ell l:EHe OUtTheaRthoRt! ¥ £ e,ﬂ’aﬁyes: GabaHk18que
in suspension in a medium for

b 0
Eﬁﬁ%g ‘i%‘f‘ eeSE\ e‘%nj%r&‘iieibh? i ignktee of @atiing ofitthe male non-
BhfeRAI ﬁ@mn@ﬂ@f’ﬂé@ft}ﬁ@eadﬁﬂig@ratﬂ#?ﬁ] q{artgﬁ%e}te%rdl%[%t on the

tube o0 junction of the uterine horn usi‘ng
FBECEABr9b th¢am@mﬁhﬂm&nImnmmélﬂ328brléxhhple, when the non-

enbryo | s sugcessf ul and t he
KBRS ChAMFE SR VETE BRrRiiRiamAck Rohamusad che like),

nﬂnﬁﬁlu@w@BlylpKQWéfaﬁEh(ﬂﬂéﬁ'%HE Ekﬂﬁﬁkﬂ&@bs@ewev%5¥ed with a
or_caesarean section. Enmbryo recipient fenmales that

AR BRIFS R hat Haws aftier agimisvied res ioonoifnd8RH or an
SHEKS R chd rd bE: RURS o%rpcelqj‘:vglﬁgi Y %853 %}%ﬂe thereof

section, the pups can e suck separa e
admlnlstered is usually about 10 to 60 pg/individual,

preferably about 40 pg/individual.
[0027]

Usually, if the early embryo to be transplanted is in the
morula stage or after, the embryo is transplanted to the uterus
of an embryo recipient female; if the early embryo is in a
stage before the morula stage (for example, 1l-cell stage to 8-
cell stage embryo), the embryo is transplanted to the oviduct.
The female for embryo reception is used as appropriate after
elapse of a given number of days after becoming pseudopregnant
depending on the developmental stage of the embryo to be
transplanted. For example, in the case of a mouse, a female

mouse at about 0.5 days after becoming pseudopregnant is
18
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provi ded female for suckling (for exanple, in the case
of the 20 nouse, a fenmal e nouse with usual mating and
delivery (preferably a female |ICR nouse and the

like)). [0029] Introducti f th t hat d
hbEtaiahlorre it I TR Gy O TC e s embryo,
Seedr gdrSRalbatotdie 20 d¥BUOdUoLHANA Wddr bR Jsent

in all of the gernmline cells and somatic cells of “the
SRBF eEPPFRPR #ikrahs sl cabiiretfiver the dotans@ntation of a

i ﬂié@@g&f&%@rwﬁ eqrated, |,at g, g0 8”9385“@19;'}% F&llale is

be determmned by,” Tor éxample, ScCreeéni ng Chronosone

Dhiftss slepat 2@ d ( paate 2ad g C tzedk foiem tNeenthaldl efhd e like are
by Southern,BOéberidization or PCR The presence

pup,
o‘f’g%dbl\w@?hh‘i‘“e%% A5 %ex Jd¥en SIS TEPRA0 AU ek cut, and early
OShH I -~1h . (F .
OO O8 Faba O Lo R0 Whe NI IEIR i Eh & mediun
efevdREbIve exbyers s CHRIG dtedriasentt ien vEldindftyt bé the

rmine cells and tic cells of all animls in the
S ot Sy IR A e U4 R er S E R g Sube
afenobien Nefl @se heter gy 3Rires avH & #i'ib%titrét rFeAUeRBryvo
DNA in either one of the honol ogous chronosones.
DFFRFRIAN D19/ vi dual s have the introduced DNA
iE§@ég?d randomy into different chronosones unless
the insertion is by s honol ogous reconbi nation. To
obt ai n Bf hione ztyxgaot sp eatieny eftver yeDhlptl bait sestedesstrhely and the

exagenous GPR40 i n_both of the honol ogous
c %&%%%Ph?ﬁtpof%%?a%egﬁa\eé ﬁ&ﬁw%&ﬁsggﬁpehaﬁ‘?ﬁamammal pups

ah£11 GEOSSIOth 1R PNRPIHA 133 1F AR, 3NEReReEARYI8 S ion.
siblings thereof having the introdiced DNA in either

OffEP B © t IRC IR el anpdies  diedmbeoeesleddyelsedc nesvedlly are

I ' 0 LS .i_nteaqr d only at one.gene

ke o8 PR S S Gt e 8RS 7o co1958%ed by

homezygedressed 3] dhe pugisheanemeoduaRied 8Y a separately
conprising a_ is DNA that encodes an

expressi on_vect or ]
SRR PR 1% itYdddeed (ifrro sgamRde cénl the Fage of the
nGudwImen faEEl RRIRY Jike %%quchaQXH@a§9E”B@h¥very

known met hod of gene I ntroduction suc
elreefopdrl ionfemdBG0ILR AvuES eel thef éikefd.a cel

d%éé@]d froman inner cell

Introduction of the DNA that encodes an exogenous GPR40
at the fertilized egg cell stage is secured so that the
introduced DNA will be present in all of the germline cells and
somatic cells of the subject non-human mammal. Whether or not
the introduced DNA is integrated into chromosome DNA can be
determined by, for example, screening chromosome DNAs separated
and extracted from the tail of the pup, by Southern
hybridization or PCR. The presence of a DNA that encodes an
exogenous GPR40 in the germline cells of the offspring non-
human mammal (Fp) obtained as described above means that the
DNA that encodes the exogenous GPR40 is present in all of the
germline cells and somatic cells of all animals in the
subsequent generation (Fy).
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20 mass (ICM of a fertilized egg in the bl astocyst

stage, and can be cultivated and naintai ned while

keeping the undifferentiated state in vitro. ICM

cells are stiped to formthe enmhryo body, bein )
stem cOFFetEhs vl @AY s, COt R ReRudneseRRFVEPFes having
ene haseddudba B CehleSIesh NBye ReF ofnddm B&I 1Y duEh b romosomes .

cell line, 25 or of a cell line newy established in
BeE5raanE eFwi infliHeluads ey cofthey dnd redd cRduPNaninserted

2 , in.t . .
raBUthey (Ako%dEredrnt ablilgsal Gl Y fnd MsiScion i by
Bomal ngnossecacmebimat ot | y Tgerdrtaliny ausetpzhgbtehRaving the
' npol ogi cal ,background thereof is unclear; for the
b D888 “sncarenctin e o erstel $2R4R 1D e @ dine homologous

ERsbR8dohasr egh W thidx1 ia@@%‘”m%i—%@"ahﬁg@h?ér aHeRsL! Sre

background and the like, an ES cell established from

aresyed/ sonpuekabe 4R ofn @amBDRL, meusle heEeroef/gCBFBEIBlings

. wWherein, t.he snal er af_.ova
B r BE LB e P oE R ot Tl U SR e s g
b8 1 3§oDBACRr orabsbride ik &€ adr sl be TdSeHeSht 2bliced DNA
In addition to 20 being advantageous in that the ,
hEnbRFegrabed edly ekt able gane NS and 4 Ipft thige Fovanimals

aggﬁgggas&ilﬁqgg @ﬁﬁ@%éhe C57BL/ 6 nouse as the

background t hereof; ore, ES cells derived
theseirom can be used advantageously in that, when

reparing a di sease. nodel mouse, the ,genetic ..
backgr BUna QRS SPRORHETY + i [FHBRES PN AEEeFacPRPTising a

DRNSEhEY 8R6KdES 0SSi doydidud EERAY-/1& iMUYSBue®03Rko an ES
ES cells can be prepared by, for exanple, as described

381 bepbutheween hwrars roayea } deire e subdleicéc byd af commonly
ERGH LS aq O £ el Sl M T s Lhl SXRIRLS s on.

en a nouse ef erabl'y a fhouse "of "an i nbre
$0eBlas C57BL/6J(B6), F1 of B6 and another inbred

strain ang t he Iik.%ﬁ%s used, a fenale nouse at .

about &7t%° abdtd A% DI (o e vedgdyomopni dnner cell
A8ssatiom) Sﬁt@dfd%ﬂflf&éﬁﬂéEQ?ﬁﬁﬁiﬁg ABMGLS st stage, and can
nonth-old or nore is preferably used] (or an early
kabeybtivaterd amd yhaintaigedwhidef deepingcdheeonddfferentiated

LEgIL e OYLANCt LA ALO L TR OULLAL B! By moay,
béenl aséncystl St@age)hidnticuldilRE QN iadianehgobe2 cells,
appropriate feeder cells (for exanple, in the case of
%rgngg%?d. The ES cell used may be of an established cell line,
of of a cell line newly established in accordance with the
method of Evans and Kaufman {(Nature, vol.292, p.154, 1981).

For example, in the case of mouse ES cells, ES cells derived
from a 129 strain mouse are currently generally used, but the
immunological background thereof is unclear; for the purposes
of acquiring ES cells of a pure strain instead thereof with an
immunologically clear genetic background and the like, an ES
cell established from a C57BL/6 mouse or from a BDF; mouse (F;
cf C57BL/6 and DBA/2}, wherein the small number of ova
collectable from C57BL/6 has been improved by crossing with

DBA/2, and the like can also be used suitably. In addition to
20



10

i5

20

25

30

35

primary fibroblasts prepared froma fetal nouse,
comonly known STO fibroblast |ine and the |ike),
sonme cells of the blastocyst gather to forman |ICM

tHedtngMaldvadichbebaBt At enhot Eh@MERBEY 0ot JHY Scd table is
cell mass is tryES|n|zed to dissociate single cells,
Pd ghind afi tBafmitheabrangranrebpsoprBRfe mield hdomsithe C57BL/6

i ' a i ssociation a ,
TR0 BN BUENAPRES o 8! SRSLOHAPD. A BOEETErs e
Ahetredigbmboth bel asaddafiesnt @g&SusEy | Bn cga e Wt preparing a

ES cells are usually pore convenient in

mal e 30
FrEFASPnECdegelMAlFfie LRAI ARRAtIQ RFkGFoWNE Gk dofreplaced
%@%hnﬂhﬁﬁ'B?t@Kbn95b§ﬂpé_ﬁgﬁseQyﬁt%%?ﬁté§§%$%%§fﬁi;h a C57BL/6

desirable that sex identitication

@atisg.as possi ble. An exanple of the nethod of
i%@@bhfying the sex of an ES cell is a nethod
éonprising 35 anplifying and detecting a gene in the

sex dekgr gDl 8JcaLIbNpreda vt o ENr P SOME e PER described
Using this nmethod, about 1 colony of ES cells (about

Bgledl| Hfher & ik stiasms ticompipre® wist IFolliected from the uterus
GeNYeRL I t ' epl s € t 106 cells

for Eg}rn%téy%gﬁaﬁgﬁ?/%}l@%ﬁg%t ﬂ%%l[ pe%a?rﬁ%% 's éﬂ%ée@t iYoo' o
Breékksbly & mausy of agesimbredldtinald udaRDES5TBL/ 6T (B6),

E
erformed by sex . identification, thus naking early
Eol ELTRIPTH Dl ro5osdiBre, fREr EBY Lake) ih used, a

€amhYeShaGse ot SMbit VALOLISAR D] JRAUCAY (about 3.5 days of
significantly. Secondary sel ection can be perfbrned

BgStebioakanpted withonfhaks mpuste eipstoetndnenshrpld or more

- he j d nd the . like. It .,is desirable
LRopTRRaPRlY BRIL ol e 1 YL diY €56 APiddSbetage or
befdref isheohDetwdd NEIRIEhdNEMRIGL | fafttRirS wihSch it may be
ggﬁficult_to achi eve because of physical operations in

BBF PShifg? tHRAEER 1 £4% bintp (dvd tidee 2si deissribed above
deeiiabhe Lidedoyd |Rladifne il OAGLIRN Lo 1LIE s

cell, the gene be reclone into a nofrm
arphpheiate f¢edenselofs al fmusxampleg! lin whesease of a mouse,

SRURIRROER MRl | 5 A% L0008 TN BBt LEeensy knoun
SRONE fbFob hesthal ire Hd WHE ffigegnt isdhRd 8189 6¢l kfe blastocyst
For exanple, the ES cell line is cultured by, for
g§gh%;e§oaform an ICM that will differentiate into an embryo.
This inner cell mass is trypsinized to dissociate single cells,
and while maintaining an appropriate cell density and making
medium exchanges, dissociation and passage are repeated,
whereby ES cells are obtained.
[0033]

Although both male and female ES cells can be used, male
ES cells are usually more convenient in preparing a germline
chimera. Also for the sake of saving painstaking labor for
cultivation, it is desirable that sex identification be
performed as early as possible. An example of the method of
identifying the sex of an ES cell is a method comprising
anplifying and detecting a gene in the sex determining region
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met hod conprising culturing on appropriate feeder

cells, like STO fibroblasts, in the presence of LIF

(1 to 10,000 UmM), known as a differentiation

suppressing factor, in a gaseous_ 25 carbon di oxi de

i AL ubatororpFere %Rscy?]@a@eoﬁglléafn%ﬁoddi arrué/ d59plony of
kS 061530 QXYORN 30 HAEROUS; LADON A IRIMAA dus th the

at about 37C, and the like; upon passage, for exanple,

t benEsnt fenal | nethed, twheattedaguires ysiut/ BDFfAcells for

| ut i ly, 0.001 ,tq 0.5%: in/Q.1 t .
EErhvo et (ARl VLT O 6 S e chicbes By cells in
obaaly StaGEE 62! diSlt WNHICIHRIE S B B rdd L HY ¥ex

prepared feeder cells, and the |ike. This passage is
nbfeaF 1§ prt e nelthey araking ¢ag lgayae leftfdiany afhimer et isells

. r j A O l.Qqj I r.nal, .
CBpbS1oYE] SuExApetind] & TELANPIAGIAA e ANGTlon can be
cetdische sigehfdexht3b. ES cells can be differentiated
into a wde variety of , 22 types of cell, including
pari et a e‘ﬁ?%%ﬁ”"e? g rﬁ?&‘.’gﬁ’@sp%ﬁ?m@ﬂ i¥ac for example,
MYSEE Lrm by NONOLRYEIME Wit LMyt H & RAEN rf n@tﬂggh and the

density, of suspension culture until the formation
ckike. addr dgatdesirabder thppr bpei aheovondingi ousbgM Jf the ES

E M H., .s Nat ure val .292, p.154, 1981;, C
SEE Bl g CTEE o Mok pimSie k. Ry e 1t this is
Séiefteslt USA {dliiaeve NaddausAicat pheisical SpArktions in

vol .78, p. 7634, 1981; T. C. Doetschman et al., Journa
of SER iRy el Bdderdimenend e Hdikegy itvdis. ggsirable that

Pa 2¥er 19874 | i nd NSO W &mc'ﬂgillfhsc g e;&@lree%%ingg b&Mrecloned

exogenous GPR40, 10 according to the present

i hvent & omorrobt aieleld OforidHaanpdmt,i din e amseSofelal mouse, a cell
i ncorporating a DNA that .encodes an exogenous GPR40,

R e?%ﬁo$é% § 1M ogdis nﬁ4ﬁdestigations of

exogenpus GPR40 in vitro. [0035] is Although any of

t he calciun1§hosphate co-precipitation nethod,

el ect r opeft &3 oteletia thusoobdeilaednaeeds, teebeosibgyltured

i ' ) : ti t .CrQi nj '

SHESEIN, T M 1 Q03 LT BT stem conis.
me¢hoelxamoll ¢ hechd iB® cedn Ndnesdd foultgered byl r dducekample, a

i nt %? cells, the 20 el ectroporation nethod is i
d@%g?%.Iipmﬂﬁﬁﬁ%PQMﬁﬁikﬂi¥ﬁﬁ ORe apRIOPTaAter L8eRERt CBAL1S, like

ast@r g el Of Gl dsheel idfeLIEOglt RS 10,000 U/m1),
el ectroporation, ordinary conditions used for gene
i prewelrs imrdifferentiation suppressing factor, in a gaseous
carbon dioxide incubator (preferably, 5% gaseous carbon
dioxide/95% air or 5% oxygen/5% gaseous carbon dioxide/90% air)
at about 37°C, and the like; upon passage, for example, the ES
cell line is treated with trypsin/EDTA solution (usually 0.001
to 0.5% trypsin/0.1 to 5 mM EDTA, preferably about 0.1%
trypsin/l mM EDTA) to obtain single cells, which are sown onto
freshly prepared feeder cells, and the like. This passage is
normally performed every 1 to 3 days, during which the cells
were examined; if a morphologically abnormal cell is found, it
is desirable that the cultured cells be discarded.

ES cells can be differentiated into a wide variety of
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into animal cells may be used as is; for exanple, the
el ectroporation can be perforned by trypsinizing ES
cells in 25 the logarithm c growth phase to disperse

as £Si e ¢ . Su ' ells. in
LR B HaNS, TALLAain g BREPOLR IS8 SRy muscre, ana
taadsker miaglehebgehbsolayar covkthiee wehti NOHD tenchHl Y a high
of .a vector conBrlsin DNA t hat_ encodes an .
$B3ER0s OF CRRABCASHAR aPpl bire Rt b} ol | oA SoTpfof cell

290rtga608, Vi r 39phPOSRl aES &6hdi AL 1\@Yd NGt Lhe Evans and M.H.

i ntroduced DNA integrated therein can be determ ned
BpusBpeenNafutar 6absdfR, DNAL3epat 2 ed GuRl Medtiriact droceedings

EEO bs al by-culturing t sjhal e cells .
SEOFhE S OBNAPARNRRRy eSS P i ol PR T doad. sci.
Ui §grst , 3boledBure. D634y aANSYENIT. SYStEFE: UFih B al., Journal
cells resjides in the 23 fact that transformants can

BE EBPE¥PLT¥: ARt ERET IR WiRFPhakpawx picdsdion o7, 19851
8hdr HOnL RS h MNEEMIENEe Pl s fﬁééﬁ{ Qa%ﬂee)ﬁc;qeegfcﬂlé%r SPRAO,

index..Therefore, the intro on ctor
desprdbng tartherprosprt sbsvenini audidhtonirten] &y differentiating

PLESSI 5 _cassette, conprisj DNA t hat encodes an
eloBEnot! FRASTPI A ENTT | OF e HaRE S @h Sxogemous GPRAO,
dregusesust aNCeeUENGidBodhical NP fhations of exogenous GPR40
phosphot ransferase Il (nptll) gene, hygromycin
bRo¥phBPransferase (hpt) gene and the like) or a
Fegeeier gene (e.g., R-galactosidase (lacZ) gene,
chl or anpheni col io0 acetyltransferase (cat) gene and

t he |iké&yhoudorarexamplehe Whelcian Woisphatepio-pregibieation
ng{lldgeng as_the se] ection rker gene  is used, ES _

Tel P ar T e LM TH TRURA T A 1 tigine metliocyr ggtrovirus
iAfactesh LA Cosd Ai A4 i P IRRIU N RAY %R jRQLLG method,
such as (418, the resulting resistant coloniés are

eRPsTeR r R TElebe reypedd i dul REAR dsixdires), mettiod and the

sLi zaf i i um. exchanges ar.e, .repeate
%¥¥€r&€%i%% %Q%%r ?%ﬁ?%%fr%éﬁﬁ%ﬁkﬁﬁ%ﬁn TR | aFFgHF' the
abelct hepo eaed srdatietilfod Ul efdred-410 PORRenSeeChGER of the ease
$%br|d|zat|on to confirmthe presence of the

tToRRICEN BN 2 [rgy bW facsRd scemd &baf Liked For the
S50 L0t R DS SAPOLE b g posicrion
bite henbeake opekd emy thwe ES G eld iget foameegnplied thato
éf@%éé@%éﬁaéfg%rg§ﬁ 6%“%99%&£%J§“H¥ %r%%gqggggngnggygélls in
the logarithmic growth phase to disperse them as single cells,
suspending the cells in a medium to obtain a density of 10° to
108 cells/ml, transferring the cells to a cuvette, adding 10 to
100 pg of a vector comprising a DNA that encodes an exogenous
GPR40, and applying an electric pulse of 200 to 600 V/cm.
[0036]

ES cells having the introduced DNA integrated therein can
be determined by screening chromosome DNA separated and
extracted from a colony obtained by culturing the single cells
on feeder cells, by Southern hybridization or PCR; the biggest
feature of transgenic systems using ES cells resides in the
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This is transplanted into a recipient nother (enbryo
recipient 25 female) and allowed to conti nue
devel opnent, whereby a chinmeric transgenic ani nal is

tain ES ce contributes to, the formati
?agtpfﬂﬁﬁr%FSPsﬁarﬂ?e Flc?ﬂa?emf?f %ﬁ?qeﬁEwﬁﬁ%u%? 1 Yever witn
| Bhe aRpeges9bnSPEr ABHPEQO0Res st AifcE NydRL &N NBlpoer gene as
germine chimera will be obtained; by mating this, a

T§P&niREPXhavitRr Stdre thi Figdues g yiestairnaged here
98ReLHaRh LY rLReRELN: %Pgespfﬁ%&ti&? afexpression
preparing a chineric e ere are a ne
WheBSEMteacbmpembly@sauDNAothme éﬁwmdesfﬁﬁﬂﬁkdqéhous GPR40, a

adher and 3 ated to et her (aggregation

chkf ﬁEFglﬁﬁtﬂéa eﬁng n%‘ﬂ%da 22 YR et @dge jgene (e.g.,
MhebRythheph89phbt Pais P Astocpe! 11 ,
blastgcystﬁ(lnFectlgnSchlnera ne{ﬁ%% W'égtiunj%?roq¥Cln

| RhpephR&sansiadnseofbpt)y deen awcdjettl;e chdd.v)ctcad d rdpeter gene

i Ehga- uhapefac b S5, biaePo ot matik e oy

i apecwngaﬁafasagel kcat) ogée add@nehdelilnei darek aRample, when
B-cel |l stage enbryo, and a nethod wherein an

a@gW@ﬁEPFoﬁO@RFh@%&gu%h%r%%%l e A dihaurddgedrion marker gene
aggr i Ngsa c r

o ey 3 PR RS oL o en e Al on SRRy Y

doed tnoedr éguareedidn oocraimingu atermyanich-whirdlescamtibiotic

be e S|Iy d, hav recent)y been conducted. In
aFPeRagascthBl ot be LraRybr (0 Tee Lo et PR @ o ransTerred
hubBReBpEBRE vEhah1 €a@re b5 Msesl, asnd 8 16170t 1880 and medium
collection in gene introduction into a fertilized egg
i BXfhangafearanpepeaten, sftexanpich 4 pattd gase afesgrved for
ke et rm.ne. t.he, per t
con?F%g%?.l%ﬁ PR IR SR R B or southern
chiylrei dimetisen byyo coat £ Tiak othe |pra§erpraefcﬁzr ajmlee 1Ht&todﬁ;t¢@d DNA.
hx§§ﬁﬁgbryo be collected froma nouse of a strain
coat color different fromthat of the
strain frem ¥hi gd tde) B340 Geld ‘doS & \{:?%' iFroduc 51 DNA
exanple, in the case of an ES cel derive #row1a W
sttn‘aearﬁba@etl(l@mncxﬂsowet@gmd@q s @iBlylc6 deniysel from a non-

‘ | CR
aﬁgﬂgncﬁgﬁé&%sed lﬁ)letshan??né‘?%?celrg)sgf%g olqegc!“( 95%s fRptegrated

t IilﬁthBEe ofcncES he atdstasibegh TP ManCar Blitheds cDBRbryo.

mouse (coat col or: bl ack)
This 1s transplanted into a recipient mother (embryo recipient

female) and allowed to continue development, whereby a chimeric
transgenic animal is obtained. If the ES cell contributes to
the formation of a primordial germ cell that will differentiate
into an egg or spermatozoon in the chimera animal, a germline
chimera will be obtained; by mating this, a Tg animal having
the introduced DNA maintained genetically therein can be
prepared.
[0038]

For preparing a chimeric embryo, there are a method
wherein early embryos up to the morula stage are adhered and

aggregated together (aggregation chimera method) and a method
24



10

15

20

25

3¢

35

25 or froma TT2 cell (derived fromF1 (coat color
agouti) of C57BL/6 and CBA), an ICR nobuse or a BALB/c
nnuse (coat color: albino) can be used as the female

collection. Because.the germine chinera
t BhREEarRaroli PT mictatesi taredl At & ek icavity of a
Ofalaﬁtgérﬁﬂ |(1ﬁﬁgc§18@3&hﬁﬂgfé/%e&ﬁod}30 Llﬁtmh%h the latter has
referable that a conbi nati on showi ng a high gérmine

cﬁFﬁ‘éFElPB@hﬁh}éﬁe%a‘ﬁh@ﬁy Gren@eisach. 1¢o‘¥heemﬁﬂaeranwn of a
| t
'BRifBRCc BhpByfPUSehg!in! B RLET P! Al difd S A 105 L,

enbryo 'stTaln and
f eggESgeeibs deimwead isomréimadlﬁ&ifﬁjéuﬂnngﬂﬁhtgsltﬁil into the
a host e B¥O derived fromthe BALB/¢ 35 strain and

t BOR RBLIGFIES ¢8I 7R $efeie St 3Pm T XS 7810% 2 Method wherein
Shﬁahﬂlgreé_;&ti&l péﬁirﬁéﬁ?l fstcl?).aéa’éé}f bfweek J%ﬁﬁr{?o and

egg coll ection be about 4 to about
t Ragreqet ey eanoiSecé bt maves | anyd e Cﬂ dehiel &etn@estanézmyo deprived

%F?Qﬁgt zozn%gpgpfﬁcté{,g? gFQ%TQ? ?rhegth?cf CB‘?gcﬁ)h sakﬂo);: require a

pmﬁ_ﬁﬁblﬁﬁﬂlﬁlﬁlﬁoﬂdaﬁﬂuﬂll WwhBEh NEar) Wt 4 08} GIYHATRRES have
(follicle-_ stimulating hornone, then Iute|n|2|ng

hBFﬁﬁﬂE}Yt%e?%d%%%du%ﬁ%ﬁovulatlon [0039] 10 In the
case of Iﬁh lPl §8§“ % I'l@étecé an'que acollecfted from a non-

blastocystlc e ryo exanp ) he case
nrbursen laanunabo’uhaf% t5aldatys Laietdarasmaet iffegalies oot leegf @dllection in
romthe, ut femal e for G%? coIIectlon (or an

eg?P§ EHbFY u?El?%el?ﬁﬁLﬁ' et g he sgme manner; for

bekaipte| | et ekle f &80 the D\hslugd , ﬁ’Eﬁ)fnab@e '151: P +o
in the above-descri bed nedi um for enbryo cul ture until
tﬁétﬁrlaisltl%c'sﬂé@ BeEeR) . contEdwEdrs qhafsutceld s doalibet formation

e V. t ncode an ex
Gé&% r%%%crlé%gs h%én%% caorele i'nj cht “ed BY r‘?%e gble that the

bhastoembi:y@alv&at(yob.’fe&ﬁ‘@i ht@astoeaisdl¥MG &train showing a
nicronanL$ tor, after which the enbryos 20 are
t FRAEpFAPEadt hiDreHe 1A Jaft of glwuddgadgndmom which the ES

epbiyOis ' @&+ PL el freRle&RPR=NURNtABMRBLe AF LACRS cell
enbryo recipient. femal e non-human mammal,” a non- human

nﬁﬁﬁaVE@hétomam beo leerobJas maars e nfmoad IC@quII eraatgofue;lial ea C57BL/6
RGHE2 LT CHESL O, B (81 i 20,209,080 BS10r a1mino)
COsCubédr£s nﬁﬁé‘loﬂemaﬁté)efdr sHqf@ocllection; in the case of an ES
cell derived from a C57BL/6 or DBF; mouse (coat color: black)
or from a TTZ cell (derived from F; (coat color: agouti) of
C57BL/6 and CBA), an ICR mouse or a BALB/c mouse (coat color:
albino) can be used as the female for egg collection.

Because the germline chimera formation capacity depends
largely on the combination of an ES cell and a2 host embryo, it
is more preferable that a combination showing a high germline
chimera formation capacity be chosen. For example, in the case
of a mouse, it is preferable to use a host embryo derived from
the C57BL/6 strain and the like for ES cells derived from the
129 strain, and to use a host embryo derived from the BALB/c

strain and the like for ES cells derived from the C57BL/6
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enbryos and norul as (for exanple, in the case of a
nmouse, about 2.5 days after mating) are coll ected
fromthe oviduct and wuterus of a female for egg
collection (or an early enbryo in the 8-cell stage or
EEFBFEJ after being collected fromthe 30 oviduct, nay

be cul tryr ed FBeEEEaﬁPQV%Q@S@!ﬁé bﬁéjmi]ﬁgirﬁﬁngé)rfoﬁr%j’r%%ollection

culture until the 8-cell stage or norula stage),
PReabgyRadpéprl abPuh fswegkeeldn anrd dilaTyrloglanasle mouse for

4t.1.0 t ich_an ES cell Ss, i ,ncor.por.atjn
%%ky%lhatg ee%%ogég ﬁ%ﬂn‘geﬁoﬁ%}%u&é@@% ?Znu%ﬁﬁ Bt céelnﬁz’é"éthﬂld'
abohbuph theahatiindSmaglbe)bpmnatufdBaet iy, it is preferably

m crodrop of a mediumfor enbryo culture 26 overlaid _
RPERCRTREr 8 C671 20T HR! 3RV edttadier Rice omrangs  (follicle-

apb : r b : f I rt.her.
B o o e ol T B S e g matuce
AedPuudathbast ocyst obtained is transplanted to the
Egsggﬁ of an enbryo recipient 5 femal e non-human

mmalf as descri bed above. [0040] If the transpl anted

enbr yoThnphantsss USE esisd bl s i 46 n RIBH I HREHRIENG
fenmal e becones pregnant, chineric non-human manmma
BLBStRryFLhe eBPEYPeHiRN rannke, dal ithsr case cfesamomse, at

1 cgi gn ipient f t.hat have

4Ep8ECeLY aaFIENCRL AR, LETELERANAL BT e veerus of o
Sevklenfori eggheoplpst Bore (dkeldw exad yentasgarieéafhe morula

3FaUPoRh beRaPE’ T af o e Qo YEhaach STom fgaRviduct, nay be

gartBked §R Hﬁéaébé@%iéghéﬂ%ﬁé&”ﬂéﬁ¥QQ{fo&5eﬁﬁfy%h%ulg re until
selection of a germine chinmera, if the sex of t he ES
tbe| bhastaryehdytaeeh dorerBR el ls (@hiowsr 4 Omtes ebofat 15

a S e.ES cell first is selecte )
costal IR AR F DR I o GReRER i CERA O p Foduced
ESecei htosavsetjeatst thefo A HIHIRIHIDUSS i$HOWENGha

HLgh ES cell contribution rate (for 20 exanple, 50% or
BYOPESE PRSP Jh FIRPHE S afo phafseypas ichytheasmbryos
§081 £ 680051 afPEq BUAD Gre | f i

nouse ob?%i%ed froma c?.%ﬁéfgﬁéfig‘ggF%gé rgghgnt embryo
tetipient chemabe nommthenE® celrmader | kedthe oambari@9recipient

§%§%i$ ngg§§ gnd a hast _enbryo derived frogla

_ nnu_%ﬁ TR o) =Y i YR (6] Upﬁgtmﬁﬁﬁﬁlnﬁ 8t 5@Rebe used as
shosiBgy® he@lp e enimde afh e e2daktdodeeat o0k Ate Re

sel ected. Whether or not the selected chinera

Fenthliged e9g can be used in the same manner.

In the case of the co-culture method, 8-cell stage
embryos and morulas (for example, in the case of a mouse, about
2.5 days after mating) are collected from the oviduct and
uterus of a female for egg collection (or an early embryo in
the B-cell stage or before, after being collected from the
oviduct, may be cultured in the above-described medium for
embryo culture until the 8-cell stage or morula stage), and the
zona pellucida is lysed in acidic Tyrode’s solution, after
which an ES cell mass incorporating a DNA that encodes an
exogenous GPR40 (number of cells: about 10 to about 15 cells)
is placed in a microdrop of a medium for embryo culture
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manmal is a gernline chi mera can be deternined on the
basis of the phenotypes of the F1 aninmal obtained by
crossing with an appropriate strain of the sane

anlnal eci.es. For 0 the, case of  t

BT g B R R i rE] o hbe s ARt G el stage
0%%r%a©K; mbhat gf Qg)ﬁefé\f@ﬂlﬁrh@ é’%ﬁyé’@u&%lﬁxﬁm aced and
wth a femal e C57BL/ 6 nouse, the coat col or of the

obgvnéde Fo-gybLuredfoYREnsehiect ddenEIos UABUSE béaétocyst
g%@)@alﬂ%dc E'T%F:Qnsgigﬁ f—,lc]l 1:.39 gltﬂg ﬁ@%}?u@bc;@'arheden}brryo recipient

gernmine chinera n uman I ncor porat1
DNAmEﬁatnenehdmanamammm@enmuﬁeﬁE&%ﬁbdfahﬁmkﬂ) is
uibﬁllﬁ obt ai ned as a heterozygote having the

[ 4ddced DNA in either one of the honol ogous

ChrOWUSOﬂESthén@i&ﬁé&ﬁﬁntéd“&%ﬁ¥§b'Eﬁﬁiéﬂ%%'s%kk%@%@%Qly and the

DNA i nserted random’y into 5 different chronosones
uﬁmégyotﬁ@CﬂPSQEtlﬁﬁm$%8598¢mmﬁﬁ(Eﬁﬂgmanﬁxxnﬁmmﬁﬂmannon human

T [ ygot avin DNQ ncodes an
e)%gglg\%lgugu&Rﬂng g% ?X‘ﬁp 1ne aJTTD egl]%everyofor caesarean
t becEioani EﬁbSyObt@d:ﬁ}_Sﬂe@lS ﬁ@s@m@aﬁlaﬁ@m@e Sl ivgsed

of heterozy gotes having the introduced DNA in either

oAECB-APREUPSY hBFRB| BbERECE HFd g e e idss defd the pups are
Sele85tk2B40hy E&é@é% Igoggétf@r@[ﬁ@s@g&gm&%ﬂ . dch%ed by a

exanpl e, screening r onosone rated an
exepacesdlfr pnovh@ecﬂafdamaﬁe afoflsucamm Cca/ fSoutllke mon—human

ﬁgrldlzat%gn or f J]f the dg oduc is
TEFAt 84 TBnhyua %%%l@%rfsencﬂ velm of the F2
ani mal srép ohtasapsctidh be Jl%@éyyg{@%hld&%Z]lf the sex of

Anot her preferred enbodinent wwth the use of a virus
adhet k€ ERplebasonlverdvrbeen defamuinabnyy idilmgra mouse of the

'nggmﬁélt stemgt a8 BRL! ¥s &OPI VR Of¢ E%Cs%]ﬁ@gﬁ %aﬁtia,ésa male

a virus conprising enco
aphéregennuss&PR4Oclicee; diicexanmyls EPreadedisngssedf), and then
t he gptlonal Acade of SC|ences USA (Proc Nat |
ABafNTBEFS TRATS YoPWhRg Ad11Eh g Rido-oPpdg ibpgden rate (for

Fakampxanpbes ¥heforef royViddiseAed & Itfd ¥ dis lb'ffegyhenotypes
cells fertlllzed eggs preferably deprived of th

zéﬁéhpéBIG@aﬁa§0é¢e 25 ogowammp len appthprcase of a chimera
SHBE 8BUE 28 o L ) e BR800, nsen
bésca- maeeens)celhai@ﬁx}éd aff veoré W tll-ﬂgadstfﬂlnlnbﬁhs%, and a host
embryo derived from a C57BL/6 mouse, it is preferable that a
male.mouse showing a high percentage of the agouti coat color
be selected. Whether or not the selected chimera non-human
mammal is a germline chimera can be determined on the basis of
the phenotypes of the F, animal obtained by crossing with an
appropriate strain of the same animal species. For example, in
the case of the above-described chimera mouse, agouti is
dominant over black; therefore, when the male mouse is crossed
with a female C57BL/6 mouse, the coat color of the F, obtained
is agouti if the selected male mouse is a germline chimera.
[0041]

The thus-obtained germline chimera non—-human mammal
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days, after which, in the case of an early enbryo, the

enbryo is transferred to the oviduct or uterus of a

pseudopr egnant 30 enbryo recipient femal e non-human
TRER2atd88Ch! BRE #R9YCenBbgeiNahh

cell,bg selegtion grug sugﬂ ase%ni% §¥S&§§%€%n§%$%gigfounder)
dédeguadd ycobtavaedonsi 8 behtrnmedots ldasimdbelde introduced DNA

b d [ [ t t i nt ted _t herei
G e AL S I

Foageedsngavel thBein28odabbansha ACREERYe@f r SCASRLESinto
USA (Proc. Natl. Acad. Sci. USA), vol.98, pp.
f3dderenboshroposomgsspeiaasoboni nsedt leet kel by dmmaelogous
I ~hupan qﬁpqﬁ! | S 1.pf.e Wi.t h Vi I us t
%F?ﬁ%ﬁﬁgggﬂgﬁrt ivati otnéi\jvln t&E hgj(l:ﬂ%%%'eqeo ar h%é’ﬁng, aa;b?@r that
whicchleshensegpgenatisgoRRUM i s botlecti@tbldd®usd hehromosomes, of
mnj ferous tuhe of a male infertjle non-human
TERE, SAHEP L SR T h T (09 THRch ARG mfrHRings of
mekedowbBtas! 8%k AgNeRe NUHRR. HREER ﬁw$§
exoger?\ggg GPSR40 hetgr o-('erg (+/?) pupsmg:an :éyo%}%%liﬂ noencfe of the
apmpd pgatbycheompaones May g aresmed of Seleqtrieseott

i [ he fol Low ng. characteristics:. (1) the |

MREEPDIBRERS bof R aErtineT i Fok it armgening

chroinbeofb UDNBE teberance HAQG Heeradtdd omesh tife tail of an Fy
npared with the correspondi ng non-transgenic ani mal .

co _ , .
ebnipent PEnaPrihesrmBrPyidheshi @rre0 AGR ni € (Eheeintroduced DNA
RANRAtegtafequgRY eglndo L 0 i
diabeteg aneﬁl??ug %Ec%ﬁ%aﬁ%%% %%H?Q éﬁ%%gﬁgﬁgb H% animals
sbtrenednvwiHbwee ehomot hgobove- descri bed phenot ypes of
t@ﬁ é ani mal of the present 20 invention support the
é é 8; that a GPR40 agoni st promptes insulin
secr et AﬁBtﬁéﬁn%@@ﬁéfﬁéél Embo@fhdist A H S HSQIdH S Lvirus as
prophyl actic/therapeutic drug for diabetes nellitus.
SpecPKPERFSYON| Ve her TS animelfhed edmepisigentinfecting an early
[ I Qn, pht i o] 1 cause t he DNA t.hat ..
Eﬁ}égg%sggnlgéex%%gg%o%’g %%1&416 @aﬁg%ﬁan easl t"'ﬁl%hcoahtvr]ﬁusofcomprlsmg
anDNAsthat enosdéeran tdodeidudCRRAT unadd, 0 10fex@mple,
%ell hgve been enhnaced. Because thiaghenotypes of

[

FRBCFG AP Falb® of e MiA bl @ahiATarRm idh SReaicsifoeifdd (Proc.
NBtIVWORCS4T asAS, agsKIESCrdPess | W@y B PlBad 8 45, 2002). ror

phenot ypes are judged
example, when retrovirus or lentivirus is used, cells

{fertilized eggs preferably deprived of the zona pellucida) are
sown to an appropriate incubator such as a culture dish, a
virus vector is added to the culture broth (if desired,
polybrene may be co-present), the cells are cultured for 1 to 2
days, after which, in the case of an early embryo, the embryo
is transferred to the oviduct or uterus of a pseudopregnant
embryo recipient female non-human mammal as described above, or
in the case of an ES cell, a selection drug such as G418 or
hygromycin is added and cultivation is continued as described
above, and cells having the vector integrated therein are
selected.

Furthermore, as described in the Proceedings of the
28
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to be an effect based on the transgene, supporting the
30 reflection of the normal GPR40 functions. In
contrast the comonly known GPR40 Tg nouse has the
xpressed by the Ipf-1 _pronoter, different from
el SURECRG. URPMAPEEF . Nethr cherd: Sci. USA),

#dm“§§| . bherefaneosit 2081t hQuUIBE rhAebgohM8m collected from
dlfferent ‘phenot ypes wer e observed because of the 35

adinfefley mhmna@(mamﬂonswnéecéﬁér wsEhoa vmuﬁgvector during

SIRENAAN 5 B LRYClr Ol cBABLT L8, 0T LoBELl LN A T e

nosone reason. ani mal

sife rinae RS ent JJsﬂ\zLeﬁtelcﬂlﬁanhtentMeSsdﬁﬁmmﬁéfﬁﬁgsttﬁﬂﬂ@ of a male
concept. of preventing/treating diabetes nellitus with
%?ﬁgﬁﬁédfhgﬁﬁi§F§@na§a@@§ér|BE 5BBvBalBuEnEFED 1@ apPhghuman

kRGN £ YRy 'w‘?&hslés HﬁlEoﬁoﬁEﬁﬂ@aﬁe éPr yw}@éi-‘%y

(1 ncludi ng agoni sts and ant agoni sts

efcemrdiuyy IGER4Chdefiegoefily i(mYeht popsatsnp peovbdesnedlo
iﬁ?eenlqgtnethod for a GPR40 agoni st or a GPR40

SNt " conprising applying a test substance to

tdem3fg ani mal of the present invention or a portion

of the living body thereof, and determ ning the GPR40

agoni Stheadig \mlynaér oéPiRbe ﬁﬁ?ﬁg@ﬁl spventienihys the gfollowing

Jﬁgg%%gégi {gene is expressed, the screening 15 nethod

present invention will be useful in evaluating
@qwnﬂundSEnﬁakxa@br@mhwnonaphelhynhastyeengEnereéEe@, and/or

" q?ft activity" refers to the nature of binding
Q@ GG TEPRAGTES BAPT PeEReIBBEPYEBr i um bet ween

ddipa rfd W& H Q1B %%‘i’rr'e%?%&ﬁi f RBALBEaERAR: £ OXR a1 .

active, the 20 extent o IS not pafticularly
limt é?dmvm@rlefmrlé-y combsﬂanbeewrtaGPﬁgoa'g@nmsce (see

act V|t oni sts i_ncl ude ,what al.l ed- full

Ttk CEUR, pAFeHEr oBbBheb? o7 palfary coiaveres

meAliag e i scorddritiedy by’ ehpasrea iheunah usecobt Pimdi Agwever,

ant a nlstlcauﬁg)to the |1 gand blndlng site of GPR40,
eéirp§|eﬁ9§ﬁfpﬁé efrbhe o@ gpemal of the present

lq%Atll o Wi heiueen ?%glc apti ‘éﬁaf:%”!;?ﬁﬁ‘otQ?oﬂéi‘%?tﬁai’&notes

form or thé nature o |ng to an any s
iE§ﬁMiﬂ(seﬂréﬁldﬂufnbmupbnbteaﬁnbeﬂmeenlkh@ndatiiw&eful as a

AL (RS L o B0 L Qvard Lasgl ¥oe,.
Sﬁgdﬂﬂﬂhéﬁly, in the Tg animal of the present invention, it is
thought that because the DNA that encodes an exogenous GPR40 is
under the control of an insulin promoter, the intrinsic
functions of B cell have been enhnaced. Because the phenotypes
of the Tg animal of the present invention were observed in two
strains as described in an Example, the phenotypes are judged
to be an effect based on the transgene, supporting the
reflection of the normal GPR40 functions. In contrast, the
commonly known GPR40 Tg mouse has the GPR40 expressed by the
Ipf-1 promoter, different from the promoter used in the Tg
animal of the present invention; therefore, it is thought that
the different phenotypes were observed because of the

difference in expression site, expression timing, expression
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30 activity (antagonist)"” is to be defined as a .
concept enconpassing both what is called neutra
ant agoni sts and inverse agonists. [0045)

ificall . the screening nmeth of .t he present
REFLL et oot Bl P T S L e ierelore s any other
Tgeasdmal of 30 the present invention. Useful test

S &@%@ ces include, in addition to conmonly known
sg i ¢ conpounds, peptides, proteins, DNA

[ brariege and 4 ko it Bl 338 SXLT BGHS

cell culture supernatants and the Iﬁke of mamma
(demorxanptes theeoncrns;, gff gssevemtiimey trehedpng diabetes

n hunmgans he 1i.k The R40 .
awrg%%f%lﬁ%n‘fg%%n? s(faﬂg'ch iHA B57a atseﬁs%&f?%ﬁéé"’@anbut also
bea tlehe s ¢ oi i dvl 1 faf i X TRl temd AN G P40 requliih€8ry drugs
fafty acids and the like) binding activity, _
i htrateling fgorsts cort antrmarddtsdi sindg thet ildke - cAVP

productgégbfaggg Si i,on,. . nr in ction.qn

insulin secretldﬁfTrQﬁ% éﬁﬁ%§%§5:¥?v%ﬂ%g§ﬁ|ggg? PREVIIkE @

asc 1 dven i mglene t Hdvk sftorc an dRR4teasyorddt or acGPR48N&Atagonist,
se. [0046] The GPR40 agoni st

T SE U 2P 3 Aeb, (F5 Suhetanca to the 19 animal of the
g?:@@i%@ciﬂxﬁéﬁﬂ?d'rﬁnﬁmé G988 o t‘filiels)qﬁ%gflgsﬂeayaﬁhereof, and

abetes nellitus (typé |I and type | cose
i felorEnmicyg the sER4badoamisdndotsvdliyl bec §PR4Poartagonist
pANC functio regul ator (e.g., pancreas function .
inpr%€| 'aggn?)gupﬁguﬁyﬁe §8§?e?FoﬁgB¥%ﬁ%ﬁ y ,the screening

hyepdgdy cefri theagefdserand nv@merieat Wi 1R el bhsd®ul in evaluating
protecting agent which are safe and of low toxicity in

Wds ARG G ln m8 GPRaGUEgBNiEYPECcaANEl so be
used agidre PrORIbH G I/ RA AP YLIFE 206t tﬁgrﬁ%{:&?gsgf binding

such as ketosis, acidosis, diabetiC neuropat

dirthet §icalgphrop &HRAO dicalsdtiifec thet egitil$brium between the
arteriosclerosis,, sexual sfuncti.gn, .dermat ql ogi ca
AL YT B PR e GOEEb fenF RPN EONBEH) SOt ive, the

i sseane, of Malidgas indt, pARY iIRNBEY yandmk 88ANI Nherefore,

di sturbance. [0047] The GPR40 agonist can, for

ex3pitengrs feadngr adopiss acsivaty degeedsthlh sughwde what is

IR SRRl g L SR SR 8 M heanuni e,
“antagonist activity” refers to the nature of binding
antagonistically to the ligand binding site of GPR40, but
having no or almost no effect on the equilibrium between the
active form and the inactive form, or the nature of binding to
an any site of GPR40 to shift the equilibrium between the
active form and inactive form of GPR40 toward inactive.
Therefore, as used herein, “a substance having antagonist
activity {antagonist}” is to be defined as a concept
encompassing both what is called neutral antagonists and
inverse agonists.
(0045}

Specifically, in the screening method of the present

invention, a test substance is administered to the Tg animal of
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formof an injection such as a sterile solution or
suspension in water or another pharmaceutically
acceptable liquid. The agonist can be prepared as a
phar maceuti cal preparatlonqﬁ§’ bei ng bl ended with a
pF]’Q%lBF%@?EBI 1yveretor ablUs 1r|t@|5t §51bfslta@§ﬁﬁngn01u‘ﬂer in
a Cipi hi ﬁ?fﬁﬁ er
b?s itlgﬁdt€h§8$miﬂfyléééyﬂn A osage(%o n1f%%§| Y E%hes'
forotgéney abiy hileept s prrepariat i bikelesiogn. ex‘Eirr@le, tissue
nts, of ac redients in these pre ti
“FRtERdedn SElLiSrpittrabii Sttt M dikia, OF mammats
doses drsepldednded oWabs [ OOAR, BamHas ahaqd trdo\z‘ﬁ(%ys, humans
that can be bl ended in tablets, capsules and the Iik
i Arfubbepihliel s Jikeh GRR4Gelagond st /edtageaish, activity - a test
[ S c st,al
ce?ggf‘:%g[tég é%gllﬁétﬁ%ég%en sétﬁs)u"?f}g}? J‘%éoorns a %hey %gande (i-e.,
gekati fatapdaal @& ndsd aichel, 11 kiby |mam:s@we:ltla&ty, intracellular

nesium stearate, sweeteners such as sucrose,
I E\gt 0SENSRATEREERBr FRLSIPPaF6FL AT/ aﬁ%%?SPE%‘ﬁd—alson suppressive

0y C [
PRogeee proPR Cattlof th MISIYn AFdeltn 88y, pancreatic p
f aelherorobtai hike | aguihe cindérr [Mhieseavani beomefatred in

|s addi.tion to the above-described types of material.

AEE %F?Flécec h%%srfl?ﬁ?) o]f ? inal oﬁ’f‘ycan be formul at ed
acoounding to an ordinary preparation design such as

di ssol ving or_suspending an active substance, a

nat ur al THE prRRAR et ot dBies oielegiad ds usefade asi
0 r
B pREoPRL oL hERthAGIC eiieny L LR ed KR disbetes
foellnpest (oype nClame tysotDhi ¢ gloladseons twdrprangiend

Si 0 |caI sal ine, glucose or, another auxiliary
OV T P ERanmrat T e e o stnrliin (RnC 196 5 gt on
chbgnidecandetde, | pdradd tilreodidee i R ﬁg%%thGQHsulln
in combination with an appropriate solubiliZer,
e&zacrpt’e-loanprtah@‘mm] I@Ymgmaﬁmlae agﬁd’(an(alndimxdmtdleatlc B cell

o e r | e I

D%F ﬁéfﬁ%eg yco and %Ihe %%aiﬂep)a%d R fﬁgi%)y @%xg.c\‘i% in mammals.

Sanaddiﬁtlimﬁf othexarpd &, agat ysordaat @18 be Id@@dSQsaad
30 the il ke%?rgnd the |ike. Exanples of oily |iquids
|HEPB}PJ¥§ qet tlb‘?”FaP%‘b‘i/’cfeaﬁg‘?ﬂq 01 4iReassse Su\'r"vllﬁ @ ketosis,

NBY¥i86s¥88ddidbetic neuropathy, diabetic nephropathy, diabetic

retinitis, arteriosclerosis, sexual dysfunction, dermatological
disease, arthropathy, osteopenia, thrombotic disease,
maldigestion, and memory and learning disturbance.

[0047]

The GPR40 agonist can, for example, be used orally as
tablets coated with sugar as required, capsules, elixirs,
microcapsules and the like, or can be used parenterally in the
form of an injection such as a sterile solution or suspension
in water or another pharmaceutically acceptable liquid. The
agonist can be prepared as a pharmaceutical preparation by
being blended with a physiologically acceptable carrier,
flavoring agent, excipient, vehicle, antiseptic, stabilizer,
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conbi nation with solubilizers benzyl benzoate, benzyl
al cohol and the like. Al so, aqueous |iquids for
injection may be blended with, for exanple, a

i@t neh@gand (H1ed, examhmi BuRReEPNRS Befsed for
sol ution, sodium acetate buffer solution and 2 the

| 9879136l % R IR hgermpyfadil ax sleslign -hefhal aoainhs of active
S%%%cﬁjleent%][ﬁ?aﬂl{beséq%%{e%%yaq;i'o%es %r}_% L %slénﬁ’ea)s’ a%propriate in

izer or exanp uman serum al bum
podryset dyit enieorg |y dlheantbddie dddea)yibeal pe@smr.vati ve (for

eﬁﬁggie, benzyl al cohol, phenol and the like), s an
a } dant and the |ike. The prepared injection

| qui d gxgamOreti ngd laadiidihed ithA0 ARPHRPH1_3LAATRAULEb1et s,
[ 0050] Because the preparation thus obtained is safe
ampotlepwnd oglicilike iincdadebdiadeins stiehedst gelbtin,

e l.e |s (for. . io exanmpl.e, human, rats, mce,
CIME i OE, ATt Rl SCRges BRVIRAENtRoPEED, 9°

cat st dldine rawikeysos)d dkd 1liidke hgephef 8RBl ¥s tBrnstarch,
animals fromwhich the exogenous GPR40 is derived

(Pretleimablapchikiigyic Afddiodabar.cané SGERED agompgnesium
V§Eé§¥ﬁf§¥“§%@éﬁbﬁ€k§'Eﬁph}% t%%%%%s%'SEQ%%o gu%hgcg géharin,
adm ni stration, route o aéh1n|straf|on ané t he Ilﬁe,
fioraexainy eagant s alass gleppeaininadmacasbhat ool &8 cherry,

treatnent. .qQf diagbetes nmellitus, the usupal = dosage for i
EECRHT I(Jaiﬁ'gh%ESHB%h?ngFQUiBBHPn0‘:"111%gf?36‘“ab%ﬁ capsule, it

1600 nihr tHee efcattla raRouti ghiG @ rahewt 13QeMdn BRi€or fat in
Qgggprably 20 about 1.0 to about 20 ngy, per day. In

t dio gdree mbeval-desdwilbest tapesnoft metdoselof A sterile
t i s Al : ing.on t sybj ecgt _of ,
égﬁﬁnls??g%}g%?!ﬁgpgggggﬁsgageggn%%fﬁgiﬁkﬁé;aFSPrdlng to an

exatipleey iprederatdse efesddi Bushr aki @AsaslafingNpbeckudPending an
to an adult (weighing 60 kg) for treatnment of .
et SUHRATANGTs, & Re T addye Predupsdt vegetabbeapblt such as

-af ut.;Q. 1 oyt 1,205 .
SR il BP0 DBy tike water
sifly) dgtjesftigdyvi ni stration is a non-human animal, an

] converted per 60 kg of body wei ght can be
adm rii'stered. [0051] 30 The GPR40 ant agoni st sel ected

by t he FsengaRisn@fmeldueduel 1igieder €58ntnkB¥ENbH0nk Sude
useful as a _prophylactic/therapeutic_ agent for

i L3ONEH €SPy L SApFePhypémiagdicgpesaline, glucose or
another auxiliary drug (for example, D-sorbitol, D-mannitol,
sodium chloride and the like) and the like, which may be used
in combination with an appropriate solubilizer, for example, an
alcohol (for example, ethanol and the like), a polyalcohol (for
example, propylene glycol, polyethylene glycol and the like), a
non-ionic surfactant (for example, polysorbate 80™, HCO-50 and
the like) and the like. Examples of oily liquids include
sesame ©il, soybean oil and the like, which may be used in
combination with solubilizers benzyl benzoate, benzyl alcohol
and the like. Also, aqueous liquids for injection may be
blended with, for example, a buffering agent (for example,
phosphate buffer solution, sodium acetate buffer solution and
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di abetes nellitus, and insulin resistance syndrone,
pancreas function regulator (e.g., pancreas function
i mprovi ng agent), 35 insulin secretion suppressant,

nd erglycemc agent whic 33 are safe and qof | ow )
B LYBST {1 ahin B9 Rl abior i &7 MSaA iy an chloride,
phecexNgenpiiso ity ds Aed imed, 1 Tre e, i efeAblizer (for example,
humans). In addition, the GPR40 antagoni st can al so be

Rigen ageT M pf BRIyl i tRel Yedralrng i sl varehtarfch it dddeds a

- hyp cem y [ [abeti X
égﬁg%ﬁg? ﬁ,gd?%%%t§%§ﬁ%%§%hﬁ%%% ygéﬁh%ﬁﬁﬁﬁ %é§Q%ﬂ%ﬁ%Lthe tike),
anlenmt idxidahe ahdbeteslikel | iThes prepuratr 0phgction liquid is
insulin allergy, jnsulinoma, arteriosclerosis,
i SR SRR ARtARRPGRIYALe APLhfeers. The
PhYH; ant agoni st can be prepared as a pharmaceutica
to preparation in the sane manner as with the
above-Beszesdehe GRRAR erjomirstthumdbtainssl is safe and of low

mpistered oral.ly o arenteral | o mamal.s (for :
SRS "L R e Sn RN o, At BBt aBimals (for
shanple Pi lgEma®OVINES, MiaiseSguiatds pidRgs raPyikey s stkdp, pigs,
the |ike). 15 [0052] The dose of the GPR40 ant agoni st
RAY¥122S depeiffig AT hedoGsr gunkaweand thepjlddke)of preferably
e ti hal . g L Ke:
LT Gip? dle MG Tl A vt
{reatepatl pfhwhessty, the usual dosage for 20 an adult

(wei ghi,ng 60 kg).i.s ab 0.1 ng to about 100 ny,.

pr ef eti%%ﬁ%yb%u%f 11:.5}5e {5 B RIYY Sy, VAHISS ﬁlfeé’feg%&ﬁ‘lgy on the
ehpgdt ldDsed S ADOU 0 MBE NB(i rdidE rdtidle CRge off
parenteral adm nistration, the dose of the antagoni st

&R whs gepleken mndithe Hel kamjfon estampdiei nilst tdwei ease of oral
j | ke: (g q s th
%%ggﬁ%?g%%?n ni str at%%ﬁa%ﬁs&gﬂn C{tgjdelé%eon%eg% 1tz§115'ul t% he usual
dowi g Hgr Gh keduXtor (deieptimenté Ofkbes apouth® .dosg it® about
referably about 0.1 to

g@@ut 0.01 to about 30 n%éﬂr
B9 2Pyt Tt e Fhrdtteradl Fakhauto S0 M9 aBse pyeferably
MoutPel . fayo dbortthero D §6&dr HayAdMrRi sheathon 4§ a¥enteral
non- human ani mal, an anount 30 converted per 60 kg o
ddreiyn st gt iean e athdenict avhed .agdriGi3vass edesiepebddng on the
ve,, t Tg ani mal_.of th resent. invention.has.the
%%ﬁ%% ng]gﬁc%cg?%%%sgrias liocns’: %aprgesc c{lsease and the ilﬁ(e, for
example, in the case of administration as an injection to an
adult (weighing 60 kg) for treatment of diabetes mellitus, the
dose is about 0.01 to about 30 mg, preferably about 0.1 to
about 20 mg, more preferably about 0.1 to about 10 mg, per day.
If the subject of administration is a non-human animal, an
amount converted per 60 kg of body weight can be administered.
[0051]

The GPR40 antagonist selected by the screening method of
the present invention is useful as a prophylactic/therapeutic
agent for diseases such as obesity, hyperlipemia, type II
diabetes mellitus, and insulin resistance syndrome, pancreas

function regulator (e.g., pancreas function improving agent),

insulin secretion suppressant, and hyperglycemic agent which
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(1) the insulin secretion capacity has been increased,
and/or 35 (2) the glucose tol erance has been
i mproved, 34 conpared with the corresponding

IR TR T L D Np—

sp&rnetmpirbrar}g{éa fe dodje nhui4C @R 4100118 RGE vEBJUMALRr breferably
drugs. s Accordingly, the present invention also

pgrovands- aInseddéning, nehRod@PRAP gnyagesist ncarcabsd dre used as
DU A AU LU AR LRIUA AL AU uc, 2o

r1'si'ng ap test st ance Re~Tg

dfygidiﬁl}mee;&&nt Hypéattienai ooy, ailam@ttucoﬁeqfropaehyl Vdfgbetic
bod thereof and neasuring the (1) io insuy

REH-Difrd /bRRESY: g et a4t e FERES bFeGSAF diabetes

%mclllfmfsal | 9ot 1t AdpRyS CrieeM1Ng: 'm'a&% , ﬁ)ga& noma,
substance is administered to the Tg Ahi mal of | the
o saTiito 5 ahesTais ion). tHﬂaﬂbMtlmeduseabsbaﬁaeStbaibmdg, and cancers.

dit o commonly kno nt heti ¢ compoun
s el SR SR By B b B o6 & PR RrBS ey tcal
q:)(ﬁﬁlil%tltdrﬁ%.% e Isagdes ma(r?ﬁ'elr Gl WHke $HRehBaYVARHSscribed
and the li ke of manmals (for exanple, mce, rats,

tﬂﬁﬂrhléist a§1‘i’e@(§m kenkeyrs nigGraed andlibeoki Rayenterally
d
O A o S8 A 50 A g

erance regu atory-act subs ance c
beableasyr echdep,r gspact boerimetshoterkeeywncpes, degsf omonkeys and
eﬁggqy%ﬁﬁthe nmet hods used in an Exanpl e bel ow and the
I 55] The insulin secretion/glucose tolerance
qﬁngzyory drug 25 selected by the screening nethod
can be used to inprove insulin secretion and/or
gl ucos&heldarsencd ¢@ew§ﬁﬁémsa@¢ﬁebenablyaraasnaEBeﬁdbng on the

d f bl
k) RO RIRAESE) O B SEe o5 Bha sHUEe R

pharirpicaitdtcialn piepahat ilakei;n folte exafplBRNAAT tAE mbb@ of oral
t he 30 above-descri bed GPR40 agoni st, and can be
AT stieradd By Ty LreAtgREne rabﬁylw nbRfapgupi odosage for

SR WG (0 0%s WBU%D, 185 cEALEE: 109 v
toee flededly [0@66] 1.0 to about 50 mg, more preferably about 1.0
to about 20 mg, per day. In the case of parenteral
administration, the dose of the antagonist varies depending on
the subject of administration, target disease and the like; for
exXample, in the case of administration as an injection to an
adult (weighing 60 kg) for treatment of obesity, the dose is
about 0.01 to about 30 mg, preferably about 0.1 to about 20 mg,
more preferably about 0.1 to about 10 mg, per day. If the
subject of administration is a non-human animal, an amount
converted per 60 kg of body weight can be administered.
[0053]

As described above, the Tg animal of the present
invention has the following characteristics:
(1) the insulin secretion capacity has been increased, and/or
(2) the glucose tolerance has been improved,
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35 The dose of the insulin secretion/glucose tol erance
35 reqgul atory drug varies depending on the target

di sease, subject of adm nistration, route of

adm nistratjon and the |ike; for exanple in the case
oFOBRAFS ANt staGT SBCRHNE Mo ternsgieaia apimal;

Mehd e BSre | hﬁq@%mﬁoa@ Jﬁlﬁﬂaaﬁhy tu sl gy n%cfi%e%mg for
kg) is about 0.1 ng to about 100 ng, “prefera Iy about

1{D) t Insw&mmnséﬁreq;onnanﬁ4nnﬁk% allypcaseuttoledapoe regulatory
%out 20 ny, per day. |In the case of parentera
hPFstration, the dose of the regul atory drug

vari es mlependinglpn die suien! 9fverad®nnialsatdrofides a

t ar get dlsease and the like;, for exanple, in io the
caskering melikag aﬁ%n l3s i ulijre aecsetienanndden (2) glucose

LI
{HEL Gae Abdilarly (AR Rortl iR0F bEp Ty Rt
abovst &nde tto atttthiChmmggl raff echer efrersabity iakeutidnlor a
to about 1 er, da |f the subject of
LR o s TP 1 o SRR Ta Argh TSR nEs the (1)
cmy@ﬂﬁdsé@fe@&rk%rf&/&odw )\Aralgmos%a%%rance

adm nistered. [0 non-'human mammal deficient in
t h@024&br essi on of the GPRAO gene nmeans a non- human

mamal havin expression of _t.he en nous . GPR40
|nact|véhe?ﬁ fﬁgﬁﬁalng no qreﬁaﬁagoﬂﬁgﬁg rafii F§P§ Substance

ptep@dﬁmismaﬂ =S trd ITd‘@ﬁlﬁk@lt ke T4 reeeatknogkadion.
KO as described above, but al so knockdown (KD)

a%? 5 t?ﬁﬁn%RP%W%?Q%&N%EQ%%ﬂ?mﬁlqI%§GG¢R@@ &eneommonly known
|
:%‘i@%ﬁé}fﬁé%%o I %%ﬁé)%eﬁh?ﬁgtt%g&%o %ﬂ%\ 3 Lh€es and the

pl okleict fon efamgslml GIESWHUIM bloe125 cltl)lture supernatants

es rovi novi n endo e, reas
T R TR S o ShiRe (VAR SACS PigRy bovines,
nﬁh\@elﬁp mdedwd n Htﬁnatrfberaﬁﬁb’ HHRaqliikeat e the eXPhess! Sfcretion
of the endogenous gene. [0058] 30 In the GPR40 gene

KEP KD & el 2 il arh@nst edeso senereirence( egeilagbrer action of a
a&é&ts Mtyaﬁcfg %a{,rseq)et e%%urtehﬁ ?gﬂé{?g%@t@l %eth%ﬁ@ known per

presen i nvention non

bee i hfor sarngelie | SHeomaididdsCculsad Y nl oM Edmpae belgw and the
is a non- human manmmal for which a transgenic

ai%*%n1has been 35 established; exanples include,

ni@gss57 ats, bovines, nonkeys,

The insulin secretion/glucose tolerance regulatory drug
selected by the screening method can be used to improve insulin
secretion and/or glucose tolerance in mammals {preferably
animals from which the exogenous GPR40 is derived, more
preferably humans). The regulatory drug can be prepared as a
pharmaceutical preparation in the same manner as with the
above-described GPR40 agonist, and can be administered orally
or parenterally to mammals (for example, humans, rats, mice,
guinea pigs, rabbits, sheep, pigs, bovines, horses, cats, dogs,
monkeys and the like).
f0056]

The dose of the insulin secretion/glucose tolerance
35



36 pigs, sheep, goat, rabbits, dogs, cats, guinea
pi gs, hanmsters and the like. Mce, rats, rabbits,
dogs, cats, guinea pigs, hamsters and the like are

preferable; in particular, fromthe viewpoint of the

pFSEHPQFPBﬁ GFualgééé%sn%%%?n%hn%H?% thedertset diffate, subject

haye abek At kveky i SHOT LoRes | OF Kinil SOEY: M%hid fhe 1ike; for

cycles, and which'are easy to propagate, are nore

peeﬁ@pébbelnahbenteee Qfomr@kam¢mxnl$Eﬁﬁi1@nsfwzﬂtreatment of
d t he |ke as I ns

SraPRteRoRe e rafn atraRle DiGrade lomian "Wyl pfveioning 6o

s | €R) StBaBBoﬁﬁdOtmemJ_;I k& @Solyb100l i) abrsfevdwsl ¥ allsodt0 1.0 to
(for exanple, Wstar, SD and the like) are

pabppéuﬁﬁrwr EPéFePﬁ%f-%ra]{’bY)S@?O%gjaf@l% apreeh f4¢ mg, per day.
ﬂnﬁhgoFaEQOS%' rQHEe%Qf SERA0; 988 o T 1150 dois of the

preferable to us a method conprising rsolating t
GPR401lalergedeuggeanies dipgndiong ved tfln@mmlhjaecsmb}fect

- hun nmmal by a conventi onal t ho and
R R R Lot rP e Tt st Thd Ue chifoncier example, in

10 CORst EHSEedrt aampackt ¥at foft Nes 98N el PYect Min @MY &dult

15 88h9RrERqgi BBEdGotE& & A0S AL OO Gy 6 Q4!

20
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(1) destroying the function of the exon or pronoter by
i ngeighhgoahbt ket DNA treafreent (¢hrdiakete® mekligus, the dose

tﬁgl §I—>8H€e 2 1g€geabéepo§6te?gepglee en:rgal%gge zhéé(eé dnlt 0 about 20

exon pof F oho excl sing t

enti, r eooe ﬁrﬁﬁéthbnyoibéﬁe OCE¥¥6)4hﬁutLEnrmg;fpbr day If the
Cre-l,oxP systemor Flp-frt systemto delete the gene,

( SPPIRSEr PENEMIRL BT RbHYN 1HtD RO PR N iRl A amount

éﬂﬁ?nistered.
protein, 25 or (4) inserting a sequence that stops

t H€06ranscription of the gene (for exanple, polyA

additio si nal and the into the transcrl t.ion
gl on_ RorpinaSE st 1S R otibl Wi CRGESLOT of the

(Geaeong&h@rmeabbrsvm@xﬁa@lura@n tradreted 1 Neawekd Afhe eaxpxtés%lon of
GPR40 gene | ocus of the subject non-human manmal

h&h61 BBEAgengBST EERADI m%wﬂ%oth@mm%msly GPR40 KO

[ Fo2RRL02BLEaPRoCAGH U O o f Hav AT o1 Yene Knocked

Cri rgetlng Vect or ace
DNAtt HHO) eas odescaibed cajesmon,s MEEMi&sorkﬂdukdown {KD) animals

Cﬁtﬁﬁgggﬁ{: 8 gﬁgggg%%:}_&? ?E‘).‘[\IA §§;§ aCEPRtP OC og?eer?e tlhneacetxlo‘gaetréou%y

antisense or RNAi technology and the like. Here, “knockout
(KO)” means making the production of complete mRNA impossible
by destroying or removing the endogenous gene, whereas
“knockdown (KD)” means inhibiting the translation from mRNA to

protein to thereby inactivate the expression of the endogenous

gene.
[0058]

In the GPR40 gene KO/KD animal of the present invention
(hereinafter, also simply referred to as “the KO/KD animal of
the present invention”), the “non-human mammal” that can be the
subject is not particularly limited, as long as it is a non-
human mammal for which a transgenic system has been

established; examples include, mice, rats, bovines, monkeys,
36
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nmet hod of preparing the Tg ani mal of the present
invention. If the targeting vector is one having a
drug resistance or reporter gene inserted into the

e or t orti,on. of the GPRA0 gene, the.,

PaHebealc oS der e e deg it (oS, hansters

residsthackibe. r efierd, erraaet,i Habpias,t BegsndextsThgudhbd pigs,
ance or orter gene is preferably in the form

ggg’ég‘t'eﬁﬁp?%gs{lg‘g_]c]a'%%e%lf% RIGHATaRY dft @iy tprcorstrer from the
capapbeint ofuﬁﬁé'§¥&ﬁ5kéﬂiéh'Hﬁnﬁﬂééﬁﬁénﬁdq§£¥%#qggag, rodents,

if the reporter gene” is inserted into the

svhigathavie repatiwelyeterits parigdiced amdeerivhend 1ife cycles,
c rol. of the endogenous pronoter of the GPR40 gene, i
CREGLEN G 308 A D e R ks iRt mieret e, and mice
Y

K SoDt exambelal ¢ Y7 BIYEN & HRCANDIDEHI Rt dR 2 SWREe 1ike as pure
occurs nost| non- honol ogously; the introduced DNA is
r AHERHRY | PR Tt sFaing BRY: pperaimn BEDAMe strain, BALB/c

CHE POPS ONEer ThEL £f,07 dyit?’hei SEy a%o‘chizibk}li% ts%&atigst)hgnd rats

efficiently select on ose clones-targete

e hfioy eeroarsp GPRAOL gy, t30Y geted ey 1ike)| e@euparticularly
recggbiqgtion by selection based on the detection of

the ?ﬁﬁ %ion of a drug resistance or reporter gene

apgosde like; it is necessary to 20 confirmthe site

of integration by Southern hybridization or PCR for

al |t heReJanting gpsstidd.c Meses, forokindedingabutf bhe GPR40 gene,

e r j.nplex virus-derived thym di ne

e e P o i B s sPEoiiph apiating the Gereo
sgerse t {géigmic DNAY riedived Sirde the seeHeethaBR-AGRAHS mammal by
to the target sequence of the 25 targeting vector, the

R TR P h &t iy s Aséegaatiast or DNRaghsengr baving a

i § iy iy [ a av
(R IR0 B, TERTHELRSS, LAY w07 Fox canpi,

ehblo géemiury iGRRAMeg dnadicons offatyet edohy oroppbmgoes by

r [nation.heco resi stant to gancyclovir and are
§§%%%5%H“%é%éﬁ§§ﬂi . &%aﬁUPnt36fﬁév@x?%B}ﬁsvgfkggéﬁé?Stance
Abdras natdptiar edd ded Eh@tl&h@)d&ﬁhbhﬁﬁéaek9§%£pfﬁion or

gene, for exanple, is joined in place of the
JgerEiotate megicR hddi n§Xche ipangbal gntaser cedaveerbion of the

g AUR D LN ~RLO d enselyes. _so_t hat
a honn#%%oussﬂ$lcg eiﬁg%tqggg gpégggeogekégtgﬁgiﬁy§ﬁ%m to
alslatee e gyedreyg.(3Théndbriteagl i BgopesbabaAnintd! BRE 5rotein
are,transferred tq regge%%ive 38 _culture glates, an

u

51N TR t8ndRE ExthRaRgéatapR into complete protein,

or (4) inserting a DNA sequence that stops the transcription of
the gene (for example, polyA addition signal and the like) into
the transcription region to impede the synthesis of complete
mRNA, (hereinafter, abbreviated as targeting vector), at the

GPR40 gene locus of the subject non-human mammal by homologous

recombination.
(00601

The homologous recombinant can be acquired by, for
example, using the above-described targeting vector, in place
of the DNA that encodes an exogenocus GPR40, in the introduction

of the DNA that encodes the exogenous GPR40 into an ES cell, a
37



repeated, after which a portion thereof is reserved
for cultivation, whereas the renmai nder is subjected
to PCR or Southern hybridization to confirmthe

presenc the 5.intrpduced DNA. 061] Preparatijon _
OrEHHoFS BHPPaL OeEhbl FSARUARLob S f bBRdBFSent ivention. If
preeRaaliget igly hespaygekesnandatifgl bk8r&@nrd8€istance or
perforned using the sane methods as those described

WP Y E§Fe SENLo 1NRETHEENBAT 20t B¢ prepart ngremetqy portion of the
aigml he e ' tLan i n S _cell. .

"ESTRl Shatl RLe e BHEE TG 0TS Pkl i e
5 GeRdy gesd staaceebhodeponpersaogivityodsciig anddNA  The drug

t hat .encodes an anti sense is RNA or _si RNA (including

s HRNAP "6 CEPREOTHEPRESHNESBF 1 fiePEBESERP HestR B Toxm of an
tes@ﬁg%%qgnoaaeg@eaéa&bﬁﬁr9§iﬁga@ﬁgsﬂycpaa¢a§% icgﬁﬁﬁle of

allowing it in the subject non-hunan Tamm
t Handtienisanibeanpaminohédn $6D63howd@ver DNBE the reporter gene

c ri_si_n a u conpl enentary to the .
tgggép FggfgnQB?Saéggsgpggopg? %u%?e%??%e?h?.Ef?O%F?fvgene 18

10 hyllieicdicz ablde rwe h @ofle8bL egf POhy NMEHEHENSIEs ERIMPEr of the
said to be "antisense" against the desired _
pGBHEc 8BEr dEheTHEChAT | SeRsEhenrepayt ol emmisdoes not require a
segRterconpl enentary or 25 substantially
conpl ementary to the base sequence of a
pol ynucUeokitdg, t bahe eneodeisi PR oin aa pEarimah ddwieofmostly

may b a antisen as long _as |t contains a

b I8 CRHAAREBUS LS fpF BReAR BF9IRF QB aht | EAIGPmLY inserted at an
15CompYl paBAtaby bA the BRSESmoSEAYENGRHerlI®, it is not possible

pol ynucl eoti de that encodes GPR40 or a portion 30

t kér €8t icanathdvengean eriyobhese schpresstatgeted to the
XRIS hgﬂsoﬁFﬁH?iggﬁéy@&%%?g%%gg%x%é$%?%9gg§3éggg%bination by

sequerice substan y €O _
peleyeatieat bdeetihah eheodesedPRE) o8, tHOre)edd ®&n &f a drug

base, 35 sequence having a honol ogy of about 70% or
noFE SHRBFEr 9bI YR 5BBLTSRD B RT el ¥y el toriet aragnspary to

20 2R A% 8L g@fg’oﬁoﬁte%}ﬂf&ﬁb&y DU e PR W r B Frtion or
to the base sequence of the

PCR for all the clones selected. Hence, provided that, for
example, the herpes simplex virus-derived thymidine kinase
(HSV-tk) gene, which confers gancyclovir sensitivity, is joined
outside the region homologous to the target sequence of the

25 targeting vector, the cells having the randomly inserted vector
cannot grow in a gancyclovir-containing medium because they
have the HSV-tk gene, whereas the cells having the endogenous
GPR40 gene locus targeted by homologous recombination become
resistant to gancyclovir and are selected because they do not

30 have the HSV-tk gene. Alternatively, provided that the
diphtheria toxin gene, for example, is joined in place of the
HSV-tk gene, the cells having the randomly inserted vector die
due to the toxin produced by themselves, so that a homologous
recombinant can also be selected in the absence of a drug. The

35 resulting resistant colonies are transferred to respective
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conpl enmentary strand of the polynucl eotide for the
over | apping region. Base sequence honol ogy herein
can, for exanple, be s cal cul ated using the honol ogy
|.ation. al gorithm NCBI .BLAST Nat i onal Center for
T B R T DEE Pt AR e a ot R Tanges are
Bepegbed pod Jtemndaiidine fpd d@wWm@heordft i@NSeserved for
é&i ect=| 0, gap allowed; filtering=0N;, match score=l
pLhRf R ocorlietens the mgmaingedy 1y, sglesderulte FgBeox
. ' d

S o (LT e Chaoacs bl 1o pFeckte. of the
ant pedusehsBNDNA i ntended to inhibit the translation
ﬁ@ogf}isense DNA havi ng a honol ogy of about 70% or

re,” preferably about 80% or nore, nore preferably

aboutp 9494+ 5t Ofn BN &hileSa RIRIGAD! ¥ s2ROUL sBR¥N® of founders,
nore, to the conplenentary strand of the base

RESRRFRELN ehdgenzvaniashand éheoddket FenNbeepritfgkmed using
t [ or | e, b seguenc
PRE Lt AT dE G e iR IBs B o TRGoBRE € Rup method
o5 preépabireg g Td)animdlhefcase preaenintinsensechNAsing an ES
20 intended to degrade RNA with RNaseH, an antisense
having a honol ogy of about 70% or nore,
pigéer ably about 80% or nore, nore preferably about
90% or nore, nost preferably about 95% or nore, to
t he cRegiethiars aneciiiandesist Horf khockasg segnetbe GPR4A0 gene,

nucl eotide t.hat encaodes 0,including the .
iR SR i e G365 "shEb £haki Fctpenapnant isense
EUb] @cts TFNE hUimadl usRIshRNAY  oFDE®RA0a0s3RY 588BS8fDMAe above-
conprising a base sequence conplenentary or = -
et hRd dteghtisHsednPaeparatine piséransseqiengaimals, and

' ' aGCess 194057 .
R T oo T e s e B o by BEBR Tand. the 1ike
tdrersoinentprefeatabl y, an anti sense DNA conprising a

6??? equence conplenentary to the base sequence or a
0 n thereof, and the |like can be nentioned. 35

[0066h¥4@Ufmtdﬁﬁﬁﬁ§$ﬁﬁeaDNésEaﬁbﬁgeﬁc@aégméﬁgﬂgﬂﬁsr to the
conpl ementary or substantially conplenentary to tﬁe

ge s afEmie ff aa degéirpdupbdonidéephateentodes &PRED
ﬂﬁbfﬁ&%&éﬂfg]Jfﬁq%P%esired polynucleotide, can be said to be
“antisense” against the desired polynucleotide.

The antisense DNA having a base sequence complementary or
substantially complementary to the base sequence of a
polynucleotide that encodes GPR40 or a portion thereof may be
any antisense DNA, as long as it contains a base sequence
complementary or substantially complementary to the base
sequence of the polynucleotide that encodes GPR40 or a portion
thereof, and having an action to suppress the expression of the
polynucleotide.

[0064]

The base sequence substantially complementary to a

polynuclectide that encodes GPR40 is, for example, a base

sequence having a homology of about 70% or more, preferably
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(hereinafter, also referred to as "the anti sense DNA

of the s present invention") can be designed and

synt hesi zed on the basis of base sequence informtion
on,.a, Lhat gncodesocloned eorbldet rningﬂPGPRAO. &
SAER"ENt I €eREMDNA i ROTAFANT ity i Bt itg (e MOTe, mOS
rppkifeatbdy 8boe¥PsESSbOMmdde t ey GHMBLRNGequence of the
Speci ficall the anti sense DNA of the present

i ﬁﬁ?’é‘ﬁﬂ—?’aﬁnFéfYosEﬁ?)%l%f JFhenyra G krptiiden far e overlapping
t o h &
L-a8j36h!t Eﬁggé(§E%H§§§%D%%%gl%§ggg%g§o gén'nggkaéxa?R%E, be

transcription pro an I'nhi br'ti ng
sgail hesatedpustes st ) hano fagye teadrcytatans] atligaritint OICBI BLAST

prat ein) of . [ 0067] . 15 The target reqgi.on of the

D RREL Rl RO LR T e g Basit Local
pALt heREAE | YehidhtBb W tithdaspad £DitRBnd @A tions

thereof, as long as the translation into R40 protein

i $eKRAFbTied @3P aaklkevwed: ofiltAaningi=at/i owteh tSeere=1l; mismatch
aggg§gg§§)DNA; the target region may be the entire

sequence of a partial 20 sequence of the nRNA that

encodesPaheipubieiy, @hdHdhedldn@dse isqbode BT hases
for the shortest, and the entire sequence of the nRNA

oF OTR PREP L2 FUnSEFai i Oh rodpiyrusladid deorgedt encodes GPR4O,
gmgsﬂ ihcaﬂuéymé@eoé'aﬁgb%%ﬁggr@éﬂ DMPRntRend®¥ to inhibit the

- base-palr repeats, unt ransl ated regi on
t taapbagtooni niniantigerzs: ddomawpimngt e hooodiogy of about 70% or

region, ORE translatiaon op_codon, 3 end

PF8nsPErEar 1oy dipod B aa A oo Teog s Tgply. about 908
epd mBak| phdst 0oPe Hirdniey GRRAG 3% JAWmdIe,Cheseneas a
preferable target region of the antisense DNA, but

afiy"Bi ABPNEREY oRtFand IRf WGERIB sfeeavencsl 8 BbaecRossion that
A8ntB8el A Bty £QIn BRI WIe HRA RO IEBY Leanpie, a

e gene nay al so e targ regi on. ar't hermore,
t hasansegeasee DNA tdie thieciprigsendf itheernmnioiatiey kedoneand the

t ha ot _onl ridizes with the nRNA or_initial,

t?aﬁs%&%it ?%.t%}/ﬁ@u&m&{%ﬁdb% GARSOf PReantisense DNA

t § ARshatd Ofo | b Prady Al Mui tUiRNBIR®, | SirCaR?Rksendt PNA having a
bi nding to the GPR40 gene being 35 a doubl e-stranded

DRAme o9 vr ¢f atleeutpl Wstammpre,r inylederaimy abbuhefifd by more,
gﬁ?k@'%5%9§%é§§§“§ﬁéd¥'éﬁé %&'ﬁgéé Ah%%%g%%%%%&¥b1§?%gPut 95% or

I Se € present inverdtion pbe~one
foaons, ato DNfe RMAngddrtt 4167 istduer idfe thegfadat baBeb¥equence of

Rt geggl££gg¥%otide that encodes GPR40 including the intron, is
suitable.
[0065]

Specifically, when the subject non-human mammal is a
mouse, an antisense DNA comprising a base seguence
complementary or substantially complementary to the base
sequence registered under GenBank accession No. NM 194057
(VERSION: NM 184057.1 GI:34610212) or a portion thereof,
preferably, an antisense DNA comprising a base sequence
complementary to the base sequence or a portion thereof, and
the like can be mentioned.

[0066]
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5 A DNA that encodes a ribozyne capabl e of

specifically <cleaving the nRNA that encodes GPR40 or

the initial transcription product within the coding

regi on %lncludln the intron portion in the case of

the ini fPafRt+ERR%F | A &ﬁvw%cﬂjaé)secaﬁ?%e@&%@omplementary or

engpaPaseedLi é&ﬁpfélﬁém fNA S e 3;#:9 RNGs a

i nvention. One of the nost “versatile riboz S1s a
sebiysptievhydeNidblentddes MFRRAU ous aRiMas tswoh thereof

vi viru 0|d hann&rhead

R AR e, P e e B A A e R s o of che
t ppesenbi bntr@nemyme @t ibd tdes Wridd ahRUis v Heasesd Bn the
| engt h, and it is possible to 15 specifically cleave

t ReSiar gt PAFRUISHYISRIG rig EuvErtdiorhasea ANA Bdel engodes cloned
fbfngéﬂgrﬁ@né@% er heag ShEYSEHLE Bﬁ{\tign os?ggé of

bases in tota a sequence conpl enen ary
deshlbdtlngeahagsepiimﬁtﬁoniurIﬁﬂﬁkes&ﬁ@@U&é tthies GPRA@® gene.

of _riboz has . only RNA as the substrate, it qffers
a%pgfdﬁ?ffg%ﬁja SRR AT B S PN al e PESF egéndRvent ion s

abLevé felybhadi 4118y GRRAD SR MNA 339WERS iBed from the GPR40
doubl e- stranded structure per se, the target sequence

cannpe (MR @B tﬁﬂ@ﬂ&kﬂ&;@nQQﬂmnaiCmypGQﬁmgta hybdi ¢apable of
riRﬂf%ﬂPln r@ﬁgrfibéﬂgé OIn E%%é%ﬁ%g?%%'%HggﬁkﬁgaﬁFﬁanslatlon

froma V|r nuc aC|d can
t ontBlAvhetetasecf RiRNA. Nat| . 25 Acad. Sci. USA,
ﬁgé&gi: 5572-5577 (2001)]. Furthernore, the ribozyne

a hybrid ribozyne prepared by further joining a

sequenceniodi f48d fI LM b WHRNA 119 1RER @gtﬁNhth the present

transl ocation of the transcription p
ciynophbsom [ Nelchat @aﬁtﬂldsllﬂe:iy, 1139@1331) wi2F8@e2p88t to the

(RO00Lb: 20 B00Ls Hrst e A ouble SLranded BVAC, o gt

seguenseb{tae| agliangddha d s h&QBEbﬁﬂlohnthQhQaﬁﬁtQEense DNA;
the initial transcription product) in the coding

r BgP o2 B¥SE e oiN Y b tﬁheﬂ etdgec segreoreppodacpastial

C%EEQeéée ?hégggﬁgtﬁgﬂpl §r¥h%h§h§E%1nRN%§dl%he length

cal'ed a sin hain |n ering
al s ocalbeutuskd li@a:sq:rr efpar e:rtehahd@eam mahdoththenptieseBéquence of

i nvent I t, had, en knomn that so- called RNA
'ﬂ’e%r‘?%l}?@n% J(TFér%a) DLt Oph BRBRBREN TPRaFhahaRngest -

SSﬁ@@hfﬁcéIEi°dﬂﬁ?¢"%&@.%%lE%unaﬁoggNAShOQHBOGQB§SEQpa1r
the RNA s is degraded, occurs in nenafodes, insects,
prepeatand 't n qa;ranslated region, translation initiation
codon, protein coding region, ORF translation stop codon, 3’
end untranslated region, 3’ end palindrome region, or 3’ end
hairpin loop of the GPR40 gene may be chosen as a preferable
target region of the antisense DNA, but any other region in the
GPR40 gene may alsoc be chosen as the target. For example, the
intron portion of the gene may also be the target region.

Furthermore, the antisense DNA of the present invention
may be one that not only hybridizes with the mRNA or initial
transcription product of GPR40 to inhibit the translation into
protein, but alsoc is capable of binding to the GPR40 gene being
a double-stranded DNA to form a triple strand (triplex) and
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since this phenonmenon was confirnmed to al so occur in
animal cells [Nature, 411(6836): 494-498 (2001)],
siRNA has been w dely utilized as an alternative

chnique to riboz si RNA can be i.g S .

PO Fa ATl T e R o S G o1 ©fo B o8l Eornat ively, the
| BhetigBhsOMNDOA &her iR haimig ﬂﬂ"l}%ﬂt@ﬁﬁﬁ&n SiJ@d one that forms a
conner0|allg avai | abl e software (e.g., Desi gner ;

r

| RYP ¢ RBGehyPridoto)i mtm-cearﬁheséi«agera@iautg@mm &NgseH.
rTBQé of the present 15 invention can be prepared
by detern1n|ng the target sequence for the nRNA or
|n|t|aIAtBmmstmamtemnbdﬁsxhuﬁlhmzyhhecb@&bﬂeobfaspeamﬁlcally
sequence oy enonlc DNA sequence, of GPR40, and

SGAERBLNG| HE® ARl it SRS, Fnée: dNisiag a

C@BHE@@&ﬁ%fYoﬁ- té&ﬁ&ﬁaﬁ%@ﬂﬂﬂN&h&kaﬂﬁ%bF%% gBRPl(18d1uding the

Bi osystens, 20 Becknman, and the |ike). "By |nsert|ng
thetsymlh@stz@d mtiemmse off gheDNAiGdali boapseription

SRUSSLLERTLSh 5 OIS LDE 1 PIRECS IS B o ene

rﬁﬂés«éﬁ’d iavEINAL @xPr emsl off vaet Abst habreacolesrib6zymes is a
ant i sense oligo-RNA or ribozynme can be prepared.

ER&Mprarl b?l% %@@br@m%ﬁweﬁ%w& &8 puchsag viroid and
pG?Eﬁé@??Y ﬂﬁﬁetﬁge% qyﬂé aheve QL. Eﬁetg%e and the
| nventl 0

ani nmal pr esent "A DNA ‘expfessi
véckerarﬁakn@mmodaheahbmmgeheadttypasexﬁ&wutéoenzyme activity

exa ful engt h conpl ement ary, strand of 40

PR LFtthe § [RSe T D e Ael By IRaBPERIBIE to
@Bé@lﬁ%lly&ﬂ@éﬁ‘%é’&taarg%&nm oRhaBhhodevbPal bases at
the reverse direction, via an appropriate |inker

(‘habpt ergs s%h@!é‘ﬁ?e@m his hasgpeinhead s§owssvreappstion (about
t t
08, PRPELES D £EAA MR Sher U5 LRy Bosioc

syhehesgelmgt@.df#%HdHﬁRNmnCOEESaﬁsseﬂBESStfﬁ@dofwmhﬁbzyme has

35 hat encodes an antisense strand, and inserting
t‘ﬁ]aw'A %&t'% ag 30 SHpoRTCat & te FEESSi 6R ¢EEESEONAL efgantage of

Sh&As BXPERSSE Abndtfid Mna .ONerB3YLES @hé’el thd | GBYAS GRna
pronoter such as U6 or HL can be used. In this case,

i ASSWeeHNg muleleﬁshmmngrsa:muwgurehee\reemr theh&arget sequence
S trand and the antis nse s nd_are

t ?gﬁg%%lr%a & and qjaen Hea grrsl(? 10 cr)]l f %Fﬁl\l}&SlgﬁRﬁlAhggﬁlgembozyme
preppaeed By Joueind ntth RN notG@NMPerSved &rsfnNseviral nucleic

Sééggdtggg gﬁ)%&ﬂ*?i&i%lflcally to RNA helicase [Proc. Natl.
Acad. Sci. USA, 98(10): 5572-5577 (2001)]. Furthermore, the
ribozyme may be a hybrid ribozyme prepared by further joining a
sequence modified from the tRNA to promote the translocation of
the transcription product to cytoplasm [Nucleic Acids Res.,
29(13): 2780-2788 (2001)1.

[0069]

Herein, a double-stranded DNA consisting of an oligo-RNA

homologous to a partial sequence (including the intron portion
in the case of the initial transcription product) in the coding

region of the mRNA or initial transcription product of GPR40

and a strand complementary thereto, what is called a single-
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strand separated by a length allow ng the formation of
an appropriate |oop structure (for exanple, about 15
to 25 bases) into an appropriate expression vector.

-he. essh on_ i ect or ne havin Pol
Fhps 8 APBEREe SRL SRATTS L WL i 1Y% TR WIRE o rrgpare the
Kb andase, ofhehshRNfs émanbeveémeibn n thehadl Bekn &Abkn that so-

i ncor orating the expression vector fornms a_| oop by
P @3?3, RNAnd F@rf%‘%ﬂe obBYEEY BYP i et gy asiemeRspndhat when
di@RR 28djhBeodlibke 19 akdm &t uhe siNAA omelogous to the RNA

Alternatively, it Is also possible 1s to achieve
kRodrdordedy RNAILrHyimxperastsrdesa iTiseaRNA plarRN¥ABnd the like;

rising the si RNA sequence_bei ng .the .target usi.ng a.
SR Ehid biSnahahce af ROt s B, Bl gy ahimal
gsbOWSNYNLEEASHL- 43PE6B36 C: exgy-e85g OfR0 (1 )ISUIRMAC HalsC been
knockdown is al so possible. [0071] 20 For introducing
YAdekyr Bl dAedert A KPR I Hig e Ighnigwe tencddesvaes -

Lie e ' m of o
STRNACEas B sl N EE Wb e P o e Botie iy Oplse
apgmehcef ihherpatsemtof ntentmRNA i igpdhas tappeap iisdng
accordin io the,%%%get cell. For example, for
CRTPGAGLTION 3881 D s RETAF Sty 15 W Ia ez igner ;
ﬁgﬁgtkbégﬂ)egg, the mcroinjection nethod is used.

For introduction into an ES cell, the cal cium
pABSPhat e co-precipitation nmethod, el ectroporation

met hod [ ' t ho etrovi.rus _infection
ot hod TPo EREEEHh A0 R b el e th pragent
parehtlengusn nieé hetk pd FAE-e ddtarrigtited tard thRgelti kequence
%an be wused. Alternatively, when retrovirus, '

ght FORr RNA NG t Heltiadke LS ARRT 10D Bredistt 6n, the basis of a

SONR! LBESeROSSHP! Gord GnAC Y & e ARMR R @PHAY, 0 ng
conveni éntly by adding the virus to an early engryo
s¥naheEbztryl a2 seghente urdmg dnfemtemyr rheaetoellsihgr al

3s_2.days to_ipfect e lls with the virus. 44.
EISr e bnet it T PRI nePares, agPLjed Blosystens,
BEbkYEnPraf® t€el1i kst abhi sheeptinl tRENEGHYhe PASSAOtisense
éiteparatlon of honobzygotes) and the Iike can be

FEBTHEY @5 HERer e Hawie epmwvicth thes peemotert e The
e
used as required, a DNA expression vector that encodes the
antisense oligo-RNA or ribozyme can be prepared. Examples of
expression vectors that can be used preferably here are as
described above for the Tg animal of the present invention.

A DNA expression vector that encodes a longer antisense
RNA (for example, full-length complementary strand of GPR40
mRNA and the like) can be prepared by inserting a GPR40 cDNA,
cloned by a conventional method, in the reverse direction, via
an appropriate linker (adapter) seguence used as required,
downstream of the promoter in the expression vector.

Meanwhile, a DNA that encodes siRNA can be prepared by

separately synthesizing a DNA that encodes a sense strand and a

BNA that encodes an antisense strand, and inserting them into
43



nouse of the present invention prepared on the basis
of an ES cell derived froma 129/sv/Ev nouse to a
C57BL/ 6J nouse, i0 conpared with wild type mce, no

kabl h t b } 074], W th )
O R AP B Ao P EE B HEoR Tt o s hee RiAcA%bagss ion

byechse,t bRe BateRGr hePoUENEr | §f e It vener s U6 or H1
is destroy the gene, and the reporter gene is inserted

at28 PBsHEFrEn dihiheanmt el the amimmdogeAdugncorporating
PraroLek 8t thg. GERYQ gﬁ?@ﬂ%&% ug, £ egil atdng. té{%adld are

pronoter acfivity on the ene can ‘be scr eene

5 f arabgcappkyi agdaatheshlsdbss aficen t©i RNAHe ahRNAl cah Be prepared
pﬁrtLon of .the living body, thereof, and 20 detecting
t

& ERFPESNEN20F  hetP FEIT foriteN IS SHT Y Ang i@ antisense
reperhar sepReatBgl vgea Puhqak & MUwiddNERY APmdMT of an

that encode |uciferase, peroxidase, green fluorescent
pEBPEPRTiEEe) loop| Rariakuphoshhatensamp R ,gabasttodiddse 25 bases)

] I iLke, i Vi b d .
S R RPRSEL g Rl S8 00 REHHLE 0 R oression

10 usedtobsebik hasingUHSPANCESI i Higd tisle prdincdd tdudh t:& U6 or H1
commonly known synthetic conpounds, peptides, i )
pF8PePRsUSERA | §bridie£asnd tive ShRRB, trgpsexahprein the animal
tissyey i Gel u - t t 3
RS RLERG I 58, bt LS PR A o Woop by scsens,
beridnés, tbhreprooesiey sby hamesrsiagehditie dridgaje difceax and the

significant difference,is observed in reporter, .
24ERGI 5 Copttolr Ut e O ant iSRRG LXRLYh Lheifealso possible

15 sUbshanseveNREcBRECRE Co R PRVA £ b Prle i RY iR OmilI@rNA (miRNA)
living body thereof, the test substance can be

sePEEréaing EheupbRihceeqrrncedeioylitdiesangetproipger Pol 11
Bk oy pebnb e, PP (9910 ot KOOI b-BRGRUR ShBRing tissue-

noter activity enhanci'ng“dru
t bpestfeéenergraes hod, | sicapabdme Off AW kidwnsd®se also possible.
gigagiﬂas t he above-descri bed GPR40 agoni st, the sane

ul 5 as a prophylactic/therapeutic agent for

20 di seaseposUCht ASAEh BRS84S dBlddUSd LS Jr %%9@&M%§ng a DNA

1), inpaired glucose” tolerance, hyperlipema, an
nmefabofneocdgadanment pearsedRNA f umidiNfon sh@&dl, atcar miRNA of GPR40

(EnQO'apggfi?a§n§ugftéﬁg]%éggéﬁgrgéégy?géh above for the Tg
animal of the present invention is used as appropriate
according to the target cell. For example, for introduction

25 into an early embryo such as a fertilized egg, the
microinjection method is used. For introduction into an ES
cell, the calcium phosphate co-precipitation method,
electroporation method, lipofection method, retrovirus
infection method, aggregation method, microinijection method,

30 particle gun method, DEAE-dextran method and the like can bé
used. Alternatively, when retrovirus, lentivirus and the like
are used as the vector, it is sometimes possible to achieve
gene introduction conveniently by adding the virus to an early
embryoc or an ES cell, and culturing the embryo or cell for 1 to

35 2 days to infect the cells with the virus.
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insulin secretion pronoter, hypoglycem c agent, and
pancreatic to R cell protecting agent. In addition,
the GPR40 pronoter activity enhancing drug can al so
35 zggd as a prophylactic/therapeutic agent for

g es such as ketosis, acidosis, diabetic
neur opabh¥ne A ePek | & NBRIN-PRAIAN HRPYH ©ar18t IRiyS or ES
arteriosclerosis, sexual dysfunction, dermatological
Feldi seateblashmendarhyl owrdepeRassady olfyspagation of

' | di gesit | n nor d._l earnin .
B2 onedl S Sls g ol R S ity e Sgoriped apove
pieparedpast atphaiatbe il §fF epay aidedenth itkentass .
nanner as wth the GPR40 agoni st, and can be
S6BR7 At stered orally or parenterally to mammals (for 20
exanpl g, Au eni@trﬁ'oui@ Cht HHREDPIHTK FRiSy the KO
sheep, pigs, ovi nes, horses, cats,” dogs, nnnkeyg and
npesei @€) the OE76demh el miveet iain threpERR4D opr diset &asis of an ES

activi.ty.enhapci ng vari es dependin n_t
P} bep i BRI BRI Ty 129 o ptaeh Bt Ao/ Boupevae
adfpatsdrai tonvard ¢iee Inkes, iy remedRiae phehbe ypa8Cwere
of oral adm nistration for treatnent of diabetes
#BFETY¥eS; the usual dosage for an adult (weighing 60
Tg%Thf about 0.1 ng to about 100 ng, preferably about

.0 to about 50 ng, nore preferably about 1.0 to
about @BenptheeKO dayima0 din e prasemf ipacamtenahas been
adm ni stration, the dose of the regulatory dr

u
BErPRESACREASRE I 1o TRYEET GENeadta ShPalPBAO gene to
&as0eby di seagen@nthid e td kespd e XN eigdbllﬁtsegﬂgdcaﬁea

of admnistration as an injéection to an
poet ghtngusde k gihd grontealt mehtarofendicgissioss mpebhmictes, of the

0 5 is,about 0.01 to out__30 .. preferabl
GPEA0 BEaY o BT Ut o T ool BRS LT aH Yn the
OPR40 ogaheutard b ci@ngtByEod byt Bppisubigeat tekt substance to
adm nistration is a non-hunman ani mal, an anount

ERRVRRIBRYL RF BPNG I dy-Reilgingakosly thereof, and
gar ; . A
APLAL shET ak é,gggg%s]gm ru;sef%%e ﬂeggr@%@ g{ea@”%%%les of the

activity-suppre sel ect by t Heé screen
rephoder sgerpabtelwie hdithgrecherckatdmiektietb, aBNRBethat encode

bove- descri bed GPRA0 ant ist, th is . usefuyl
DUCLERT Gy | R E A a U HIOESFOR taPEehedd 6ER) -

?ﬁ]aa]i?%gtﬁ: é%@sﬂwﬂ%éé,p%ﬁg%’la@ﬂa%ihhsgi ahgt efie ™l kbt Useporter
activity can be measured by a method known per se according to
the reporter gene used. '

Useful test substances include, in addition to, commonly
known synthetic compounds, peptides, proteins, DNA libraries
and the like, for example, tissue extracts, cell culture
supernatants and the like of mammals (for example, mice, rats,
pigs, bovines, sheep, monkeys, humans and the like).

If a significant difference is observed in reporter
activity, compared with an animal to which the test substance
has not bee applied or a portion of the living body thereof,

the test substance can be selected as a substance that

regulates the promoter activity of the GPR40 gene.
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i 0 resistance syndrone, pancreas function regul ator
(e.g., pancreas function inproving agent), insulin
secretion suppressant, and hyperglycenm c agent. In
aq@b b on, the GPR40 pronoter activity-suppressing

drug can al so be used as a prophylactic/therapeutic
agent fBecdizseashs SBRI0 asrdotypogttyteniy, enhancing drug

h rtensi on, . di abetic neur th di abet.ic

EBTELERS B e et iay e aaed i Gapai i (@f having the same
db@ﬁ@bﬁsasnﬁhb|EHévetééséiiﬁﬁ@YGPRJ@L&?éhfﬂﬂ‘Hﬂﬁé same is useful
i nsul i nona arteriosclerosis, thronbotic dlsease fat

t 8%i 8i PyoPhidacaheérherampiet betagenty - Supptiessises dump as

CRRBEL BLCRANSYRS il PRUBCELCEL PSR Dooe

adaﬂarsheéedhypakkyp@mlnar£mmemé&ébblib é?ﬂﬂﬁﬂﬁé(fﬁﬂhcreas
npl e, humans, rats, mice, guinea pigs .rabblts
sﬁ@@ﬁtlﬁpg§egBééFﬂés(eh‘ér se%an%la%%s 1%@1@53@% agent),

t hashikg) seck0918h ?orlg@efio %%.Se Cé?zlagg L, et ot &f pancreatic

activity-suppressing drug
tﬁrgelldpseaeetlsgbagemtofInﬂdﬁﬂﬁt&bhattna GPRUDep@bmoter

n% rat| n and t% %ig ex§g$cf in the case

o? %XF Xdﬁ? PEFHAY| ﬁu$o?a¢r Aredty, the
U@uabh9maaﬁ§c?@heaﬂpéﬂﬂié é?@ﬁﬂﬂﬁdﬁ)dﬁ%éﬁﬁeéféd%% aOWetosis,
0.1 to about 100 ny, erably about 1.0 to about

eClﬁ@Slﬁnrélﬁbef-é?a@wr%mya @abﬁ*albbmemqmtmfer diabetic
r {1 th

RLpihReLle pEespupLoparenter oAU AARLAN, | B racorogican

sdbpeetepf anthrapsthy} | e edpemgid, ﬁhﬁﬁﬁhﬂtﬁﬂuﬁﬁd@ése,

l'ike; for exanple, in the %@% of 35 administration as

ARALHFBEEF At 02861 HEPEY (R4 GHIHE B Ky tgioange . The

taea&@e Ohn8RESh Yarkdec oSS IRy & HL
0 ny, greferablyéabgu o1 tolg%out 50 Ty, Eguﬂﬁﬁ%%utlcal

ppéfﬂéaabtyoab@ut tlie 1same mbogr 14k ngJ,tI'peThed&;PRﬂOf aghaist, and

SHheph SEofb AL LI 5 R B YR g (200

adﬂhmp$éerEdmaﬁ@Q?Bétgthﬂ&kEﬂﬁﬁﬁﬂeéﬁpﬁdbﬁ Ha@38fls, sheep, pigs,
ipvention is not particularly limted with respect to
t RBVERBPeshPEREdl Cabtioddimbs TPReDY,S @d kg dsken -
ampynkjof exogenous GPRAO io0 expressed is secured to
t he extent that enables a quantitative
The dose of the GPR40 promoter activity enhancing drug

varies depending on the target disease, subject of
administration, route of administration and the like; for
example, in the case of oral administration for treatment of
diabetes mellitus, the usual dosage for an adult (weighing 60
kg) is about 0.1 mg to about 100 mg, preferably about 1.0 to
about 50 mg, more preferably about 1.0 to about 20 mg, per day.
In the case of parenteral administration, the dose of the
regulatory drug varies depending on the subject of
administration, target disease and the like; for example, in
the case of administration as an injection to an adult
(weighing 60 kg) for treatment of diabetes mellitus, the dose
is about 0.0l to about 30 mg, preferably about 0.1 to about 20
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nmeasuring of the action of the test substance on
exogenous GPR40. However, for exanple, if the
exogenous GPR40 is heterogeneous to the endogenous

GPR40, and the Tg_anijml o he resenf _invention is
T8 P8 2o i BEE A ARG E apabl EOoRDSRY | HY B4 RAE G- If the
ebtikethelrenas@neausaPBA0; s bt ngh SRuRen t A o aeN Aifount
GPR40, it is desirable that the expression of the
ERBF§ERE6ds PecPRI0 kBeof nhedy vee daht Than Tee ardmin i sfendrd
gggqut i nvention having the expression of endogenous

i nactivated can be obtained by introducing a

DNA t héecensedeheh@PREDgpnemtte GO 20t yévbifed=S ng drug
cell havigg the GPR40 ?ene knocked out, selected by a
0

S&HEHES WHENEFRBAN g%e@e?%?de&%nﬁ@@ﬁb}ﬁnﬂﬁunﬁﬁlng the same
@Q@%E@nbs3thébgﬁe%e98958§iﬂ@&h@§R§§S§ﬁﬁ%§?hfgﬂy 1&9E§me is

into an early enbryo or ES cell prepar romthe
sgeeifudepisvedptpphy i Aet BPRIBe KEpewini cedgdyt tfer diseases such as

ve.descri et hod, . in accordance with the 25 . .
Ot EYPBE ERIS G CHPE of hot SFYES il 1y g insulin
efestiBeanpeesgatirbR¥ LNbaROr&aY 1 AgnE Mo XA Y Ofe. g .,
endogenous GPR40 inactivated can al so be obtained by,
Rengesapi fERCRBBVIMPIAY+BALRIFRE by DS R serIRfden

us j : nbryo _or . ES cel
P SR R ARk By s S o T sPAIERSRY pne ceRa0
PremGPR40agtneitpastpratesihy dntdg sensealao RMAiused as a
technol ogy, i,n. accordance with fhe apove-descri bed
%Fﬁga.aagfééségi‘eﬁalﬁau ht IR TP o of
ﬁ@r{i@g@p@@ﬁiﬁ?mag%etﬁ@ﬁéwﬁ,t edi a3l XSy, diabetic
het erogeneous GPR40 only, can also 3s be obtained by
reEPhAgPaknini FARPABLE nget el bhelogedrns, GRAAG148 diabetes

ou 0 ed. a an_ani.mal ..

R a et Eal pR BB o LA s A A Fr i inoma,

girteerdogehenas) s GPEdPomiodt 1 hed bedase SpRM @oxdcittie 18@d cancers.
&ﬁr KD%.aninal. For exanple, by further mating a male
§ ACFeial¥ BFPBFFEH RAF B SFHedDPIARATRY &5

EHQ%SB@H§1@$3QfQB£@é9%ﬁ Ci@Mhd -dane %@%418%% %ith the GPR40

uman GPR40 +/ -) nouse (endogenous
RePBigtdefndi ean e/ adrhubhsire r@PRAKR Het erophgent/erplly to

%géﬁgi a d seLgcting a_mouse confirned to .have hunman bbit
$o (9F - Sx il o DB et PRy Smea P1gs, rabbits,
shdegenpigs GPR40i ReR M EFEUY), Teh s/ -dodDUSRMERYP@n0 the like).
pregared. [ 0081]

[0078]

The dose of the GPR40 promoter activity-suppressing drug
varies depending on the target disease, subject of
administration, route of administration and the like; for
example, in the case of oral administration for treatment of
obesity, the usual dosage for an adult (weighing 60 kg) is
about 0.1 mg to about 100 mg, preferably about 1.0 to about 50
mg, more preferably about 1.0 to about 20 mg, per day. In the
case of parenteral administration, the dose of the regulatory
drug varies depending on the subject of administration, target
disease and the like; for example, in the case of
administration as an injection to an adult (weighing 60 kg) for
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Alternatively, a Tg aninmal having the expression of
endogenous GPR40 inactivated may be a knockin (KI)
ani mal havi ng the endogenous GPR40 gene replaced with

a,DNA that is epcodes heterqQgenepus GPR40_ b ene
EPGEETRG LS GPRO Y 0gblS. GPEEohb: AT ord - (ggojakgut 30 mg,
apire®ksabal BBoAEepal edoushagr b2si kgl |Notd & ¥ B rably about 0.1

techni ques as those for KO animals.” For exanple, a
t &pgabpPry 190mgecper devpr ik ridiea sk estht aifnedmipistration is a

exci si ] c | S] h F of th R40 ne .
SBErS bR SFEhTCRTERRSLAL AvFedimnt UET SR wesant
apphopei atminésteretii on enzynme, and inserting the
cgrrggﬁonding regi on of a heterogeneous GPR40 gene

i AP , may be introduced into an ES cell derived

from 25qhher UQh%El”QE'fWé'H;? Saomal 5 | G o
w th (he aboée- descri bed ne ﬂod, aﬁghgﬁﬂé' cgﬁ$qgrbne
haeirtgcalokbyt hamitedcolles réspdet erogene aurprERMbdn of

i nt egrat ed he anj npl’ d GPRAO
| 30E85B)CHanbPEAB ST chand: AR Tor M bt ECHATaRS GPRIO

10 Thepgkepadsekestbahegato bendest sl NGhIHIR O3 PRantitative
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Sout hern hybridi zation; for exanple, when a positive

sBPEEVIHRY ffr kbe gehtcrueh e tirsthevatiange sinsexegenous

9EBR4DS ISRL ' ' S| Lag! -

PReR R 1% BHRgE s AT SEET sRORORRLPRED, 1o .

ahdtarnggatoue sel bt i endogekers GPRE Sutid ahd ITg animal of the
ne or, the diphthgria toxin gene js 3s further

HSV-tk ge _
 REGPEBH BOTSPHEOR hbS rAREBrt horit R 3 Gftie PRARAE of acting

4808€aHEPCOn BhEORDLOBOYENESEOPHAN! AN A& S IEEHd endogenous
with drug resistance as an index. Because a positive

sEFREPI oAt nhp kdesjerlele oeat e dxpmafsdiogs ofi tthet kedogenous
' . ' het GPR40, . .
RIS et k' OGP IRV 3 ST s vens o

S prefera t he po

ghaeihg the expressngn aof asrgRiddruse QR OMQERItA viated can be
IgéP sequence, or frt, sequence is placed at both ends
0

5ApBSE t PY el REFREFTHIY dreWerthinenasred haliengogneous GPR4O
CLRt Ol affl Psr £LOITDL AR, O pd %RJ(Q%Q&%&%%@@E’% 5! Qliected by

vector (e.g., adenovirus vector e) to
ast canmanl ppknoyn i e chaed nsed t efor@raEmpdeys nonpatent document 3

R L R TR PR —
SOEHUEBCEe NDMPLrOgPtSd tfrom the ES cell derived from the GPRAO KO
animal by the above-described method, in accordance with the
above-described method. Alternatively, the Tg animal of the

present invention having the expression of endogenous GPR40
inactivated can also be obtained by, as described above,
introducing a DNA that encodes heterogeneous GPR40 into an
early embryo or ES cell derived from a KD animal having the
expression of the GPR40 gene inactivated by antisense or RNAi
technology, in accordance with the above-described method.
[0080]

A Tg animal having the expression of endogenous GPR40
inactivated, and expressing heterogeneous GPR40 only, can also

be obtained by mating an animal having the endogenous GPR40
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the target sequence may be arranged repeatedly in the

sane direction at both ends of a positive selection
mar ker gene, and is a positive selection marker gene

u u y, eans o i ntrageni ¢ r.ecomhi nation_ . .
ggﬁaggﬁatéges ageﬁ%%gkg?d%ﬁﬁ?PCE?nénéﬁugﬁ%%b@ﬁgﬁgporatlng the

CER40e KEE KDr kxbaet ex ogemnens s ( KR b geghedrd )T PRI0 Klof the same
ani mal obtai ned as descri bed above, as in the 20
aPBYEL 88seFi bl BRofhdtie) @pratrly dRTnBKaTRdPechRY nfurther

f ALt ERRAD mRYONLSE S; apltn AT GO St riiy ‘;o%éi'h%l& ibry]’ mating an
secretion/ glucose tolerance regulatory drugs, can-be
penflogardus BeRRUS ehsuetde K@ KBXT g -ahi )malcgiser alid a human GPR40

ani_nal 0 _not express endo GPR40 r_..has the

ohir L6 L7 P Res kP PSSRt MR St B 8 9 /-) /numan
t BersanReBE o UBEl P /N dd\ade) f And WGtk A& sROtonfirmed
only on heterogeneous GPR4O, but al so on endogenous

GPRADAVE heware | OPR4QFTY het A unsh meitser §FRISodiefdpRepcy, an
;%ﬂ???e%gg u@f’ﬁ% yP»Uﬁ‘I‘)‘ !} qjil.lu?(a% m#ﬁ% { +?g—dl pnouse can be

on to sta retaining a at® en es an
erogeaoed. GPR40 in an expressible state (Tg ani mal),
aﬁg foing t he expression of an endogenous GPR40 gene
i h488{Yated (KO KD animal), the Tg animal of the

presental pyenit oRe ARd 4 hey KRIKR1 aivIRlg he R&RESSEBh of
i nvention may have ‘one or” nore other gene 35
noadegentudnSPRAQL 1 prodiutt adhenaame ¢ ksiogkiar (KI) animal

c k1] 0 S 50 dis { n,_whi ch R40, act i vi_t
BE0HAG PERE e Roath it B (U, ST B thpmadna ehat
aehtviiéy hegetofésons GFRAD Bl gdre ke tundeust @gdhomol ogous
as a copcept enconpassing not only diseases resulting

f FBAPRRA23hbPPml ity in GPR4O activity 5 or resulting

| ppgg pbnormal ity in GPR40 activity, but also diseases

on which a prophylactic and/or therapeutic effect can

be obt akheanbyaleganathagERRIERctsivigt pasEonldyanhkesame

dj seases that can be prevented/treated by actjvatin X
CHRAB T RET " o B P YAy pe PEARKSTg LS 1) Cargecing
| Pe GLHE 066mb £ SIBNCL DN BIERHed MYPRKIIREWAa #8Eion

nmet abol i ¢ syndrone, as well as ketosis, acidosis,

dF bRt 1 1 M@ Uk lep RHy of diteh 1BRA hgsmeoslgriyeddifapat the subject
SRR DL 08 oS broail LB R ensyme, anc
inserting the corresponding region of a heterogeneous GPR40
gene instead, may be introduced into an ES cell derived from
the subject non-human mammal in accordance with the above-
described method, and an ES cell clone having a DNA that
encodes the heterocgeneocus GPR40 integrated at the animal’s
endogenous GPR40 gene locus by homologous recombination may be
selected. The clone selection can be performed using PCR or
Southern hybridization; for example, when a positive selection
marker gene such as the neomycin resistance gene is inserted
into the 3’ untranslated region of the GPR40 gene of the
targeting vector and the like, and a negative selection marker
gene such as the HSV-tk gene or the diphtheria toxin gene is
further inserted outside the region homologous to the target
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ost eopeni a, thronbotic di sease, mal di gesti on, nenory
and is | earning disturbance and the |Ii ke, and di seases
that can be prevented/treated by inhibiting GPR40O
[ besi I e.ll diab
rer e aahbnel PHRSE LPEBLAbHE Rl e el Saq wigh aru
hypsdkyeencaashypethdasi on, di abetic neuropathy
diabeti n hr opat h diabetjc retinitis, edema, 20
brittle ah&ke fgwﬂﬁ% S¢LRChi PR IR kS RN Sometimes

alheegy »snasakhngﬁ@ L5k 05! 2 0BS54
dﬁseaseerfat tOX|C|tye§§cancers and théllIggﬂn%%%gg?ﬁrogeneous

' BPREP géﬁelﬁnﬁréf@a@bbﬁsthahC¢®d€pd§ﬂ%ﬂﬂ&nﬂ&iectlon marker gene

25 _di |'s h
SBROFRETBHS pizal SESEAEHE SRSt RS EuRR gopr sequence

SpmnEaEGGBQuﬁhtati@nplgﬁe@ﬂafﬁﬁétﬁL&ﬁdﬁ”of a positive selection
i ncor porating another gene, KO/KD animals having an

eRasgEROBE e gehE Bt heYitdia GFR TPRELP gesronbidese, sred he
(k@EBHE&HnggexﬁPég'%iénV‘@@é@éf‘ g?ncf oxbs %%%ctqr and the

been reduced to 0 undet ect able”or neglig I"ev
byikeyehe destaticanomppitept ateé niskand | it enthainodn g
anti sense

nt f DNA
oFSsobRne b Seheshitera rn’@&%&éﬁ%ﬂ‘f%gwgﬂﬁpbsaﬁfe of using the

dofeRraBkpnegat b eo AUt ROt FIg- S NBL St dilC Y RQJ, daé %omologous to
nmut ant endogenous gene, and the 1ike. 3s [0086] 51

EkBAptasgst ﬁﬂgmnc@nrs@:astee rdelngethvigrpaieeilyr imtde same
gPQ@FCQEBﬁ gfﬁaéﬁggsdﬁggt &gf£&%§it%}qé%%ﬂy marker gene, and

|on as a SE |
aatpwsuylvegEéBECEDomSmatk&ﬁﬂgﬁﬁb mAe v MO & means of
(Ma glno S, et al Exp, Anim, vol. s 29, page 1,
198 fa‘B’%BlFaF§C?@+%%t{°n e‘i’e%i'feen b st amsess
Rewogzjvol . 8, page 4, 1992), ob/ob nouse, db/ db mouse
(Hunneﬂ L. et al., Science, vol. 153, page 1127,
1966), KKinguse, em@@gencmmgﬁeR@( KKK Cothet¥rogenalous GPR40 Tg

T 1 Zucker
Ao (BRordbar Wi ing? asiibaniieg’ AbSle o6 in tne
VabovéS&es@ﬁgﬁed45ko§éﬁﬁﬁ &R0 aly ik r%bre%KQW@nQor GPR40
K. et al., D abetes, vol. 41, age 1422, 1992) and the

| PRENAST i At RRLIANITRE ALY IoHE misesx egBpay glucose
I -
rK@ﬁKDSTghamim@lsnmquInanImdkBNdo not express endogenous GPR40
or has the expression thereof reduced to a negligible level,
the same are useful in that, for a drug that acts not only on
heterogeneous GPR40, but also on endogenous GPR40, the action
of the drug on heterogeneous GPR40 can be evaluated
guantitatively.

[0084)

In addition to stably retaining a DNA that encodes an
exogenous GPR40 in an expressible state {(Tg animal), and having
the expression of an endogenous GPR40 gene inactivated (KO/KD
animal), the Tg animal of the present invention and the KO/KD
animal of the present invention may have one or more other gene
modifications that produce the same or similar condition as a

50



is density |ipoprotein receptor (LDLR); Watanabe Y.,

At heroscl erosi s, vol. 36, page 261, 1980), SHLM

(spont aneous m ce havi ng apoE deficiency nutation;

Mat sushima Y. et al., Mwmm Genone, vol. 10, page

363 5e4989)n WDﬁ.RhK@HéQseC’GightbasmuEt@n als irgvolved.

ouce (MReliaRRES snaanifRYERRRG aC0: (IR e ARERIG 1
USAvou@kd”89s pagdeeddrderifO2d, aduanrorpepdV dunmanpagoihg not

doubl e Tg nouse (Callow M J. et al Proc, Nat
Seinlyushseagsl. rosulpage 5130, 21 93CHME 1 17 @P%‘god activity

hyperl t ' , &1 rﬁd%falso
o LB BEAEFARG S SELSELesgheloy) sgtgle oSS
Qéus@a99566ﬁ6whiaﬁ7h pmdphhéattke aBd/hypb@¢§@ﬁ#ﬁtﬂc effect can
nodel s, qQb/ob m c gﬁb bR g t an D. L.
VA ISBIERS REC, B, r?@ 65é8g5§ 19795t l %buse
(Nakanurg Mo xah %leYa@ﬁgéages Ehabe&@hoﬁéapr&ﬁéntéﬁ/treated by
page 212, page 967 ), FLS nouse (Soga M et al., Lab.
Amthvsmlng GBRA04dnchade déobeRes 106b} 1k4s 4 (FyRe yI “and type II),

l%ﬂQﬁu§ﬁﬁﬁj Cg%%%?DB%aqgﬁgh? Tgyﬂéﬁflé$@£§”9%584%% bolic

angdyidiend, k%sa&euachenm@tbeast dt$dasEsnDdEéhet1c neuropathy,
interleukin 1 Tg mce
Neftjabetdd nesarop@;fm'vé‘ﬂabgﬁlc 535%“@&%‘72% 1@5%?%%"16”51sf

t@%AL{J&e @%ﬂ%‘&@ ot yepdebsogitse §§séQ§QrpQ£@ﬁt@@a@1y,

i'd precursor proteln gene and t he
a% Al eddpeimiey,' &hmomhmyacnddebssEbemalSAEEGbépa: memory and

S-Antilles Punjab) T e (Trude
= {3ming disai Begp, “ebGtp ARKElna i RESaEsRemET can be
ﬁbd?ﬂ%ﬁé%edﬂbywyﬂﬁageﬁhﬁg Gagtor ihckKoHel 6besity,
( hao L. et al., Devel opnent, vol. 128, page 5, 147

20emedhidartie, | ithwend Iyshakaitedi BeldétUfpdand, 1pgal i resistance
nlce Kenp | e 0og 1
df%ﬁ“ f%%elln tgl I%i K %glllﬁl Vgpﬁ%gﬁg{g%Q%ael&?betlc
c m@rdﬁ@ﬂnpe dJJ%a:(btﬁ.d\lne@fnro@lathyBr daabeeanceetmétis, edema,
Treat, vol. 48, page 1998) and t €88 .1
20brlé%lstf kearftied ech?osemfl 550 PGr PAFEREYY égﬁa R allergy,

*ﬁ%ﬁifﬁgdéJ'Hf%éﬂf3§dié9@%r% ehrahmbotd ¢l AMEBAke, fat toxicity,
0 161, page 7063 1998) and the |ike as

enciomesrs targd iddelsikethese "di sease nodel s havi ng
otg ne nodifications" are purchasable from for
éﬁﬁ , the Jackson Laboratory of the United States
and t he Yditesr QfertannRbSiiloa thenprepacdddesTggandmals spontaneous
wel | known gene nodi ficatiaon technolo%%

25 disease model animals having an abnormality in an endogenous
gene thereof due to a spontaneous mutation, Tg animals further
incorporating another gene, KO/KD animals having an endogenous
gene other than the GPR40 gene inactivated (including Tg
animals wherein gene expression has been reduced to an

30 undetectable or negligible level by a gene destruction due to
insertion mutation and the like, as well as introduction of an
antisense DNA or a DNA that encodes a neutralizing antibody),
dominant negative mutant Tg animals incorporating a mutant

endogenous gene, and the like.

35 [0086]
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[0087) The nethod of introducing one or nore other

gene nodifications that produce the sanme or simlar
condition as a disease in which GPR40 activity

regulation is involved into the 20 T%_aniwal of the

pr esenEXpAREAsi 8A BROVAC KPS AMIRE L DA REY s &t more
LRY.ept ggﬂ ' ?\OHQEiBﬁ‘E%bﬁH' arly ﬁf&ﬁﬁ@@;t@%@%r similar
i'nclud ?1 a method conprising crossing the Tg

apnalk ioh theapdéseate inveniclhnGBR4Q ectKE Ky ardgrllation is

of the present invention an . non; human mml_of .
tllr?érloéé{ﬁﬁl sbBEﬁ‘égehgngnlﬁlﬁﬁe?%gk%? e bt%%ragg’ g% y Anim., vol.
modi Hihgat 1onsobhft PROCHEE (HOLiSANE. Ot AN ) abiabetes Metab.
condition as a disease in which GPR40 activit

Regul at von-i §,i peekvéd; 1982), aobfé@ihdwomrqﬂ%/.% mouse (Hummel
introduci ng.a.DNA th en es u 40 ¥
i 65, 1y 6nBrH0 5r EO kel o0t B Rne T i ouses KA
haviseg QRerat mabecotheetgebe, nDohdkeali dbwept ddgd., vol. 119,
produce 30 the same_or simlar condition as a disease
PROFhSCh &PRRO, &BFKGFt J2FEYuFati GRIFEST vdfvet, % Ann. NY
tAf&‘”ahda.‘b%Yﬁ'.qe%BfL'.b?iglr,reFQBQ' 44%0 OHE9Y N ZOFGr TRIETA rat

net hod conprising treating an early enbryo or ES cel
ofKavamonKhuetinadmmmiliahateng vok. ofl nopage ot4rd, getfy?) and the

i ficatjons, that oduce the. sa (. simlar,3 .
b0 0eto, ETAECIA TRTERS CRRAOOBALT Ty o mice, KK
hREdat KRAY i fouds, | NYOkyeOf Dyt ¢ hextab@ne dessr i@t rat and the
met hod, to inactivate the expression of an endogenous

@Pr%0 agepbess tybmarals, KEHRD ralbibs) (h38ing Metdokpn in low
) SgERes . )
S, A0k QLR 0800001 (PBLE) O et v

e the sa or sim
petHealcegile rosieondiolli. oB6aspagdi 86asel 50 Whi SHLMGPRPont aneous

activity regulation_is, involved into an early enbryo
1G85 NP G0 PPE En B G AERC HelGF £ PRE R por At PP R SE 2l

hhak eredes , exeqenays EERA03BY, t hgoapovepr Hegs rmbesk

met hod (a method conprising introducing one or nore _

otIsdribgetd Bodieti edtiods £han.piodese- t heckan®? orpage 883,
iJgd.ar _io haol ogi c ,condi ti a disease i [

S Rt B R RS PaSd B e RS Pul) s neac

adrywsy, ksicells,obage Banihumen2 ppniahahaype gl Auman apoB

endogenous GPR40 gene i nacti vat ed by the )
aiﬁ}\kg'—edé@cfri%& Ho@y Mnd-t RE Pike.gr?con‘%aa-n%%d- Sci. USA,

Qidier fenegRdihisgat i thah PhedYERetHE SRAIEr Pipemi
sfﬂilé%”i?mg%n }E?onlggié di sease In ahich gg%ﬁo pemia or
aattieditosdlegulsatsi owdied s, i BP6RVEES miceachieved My et al., Proc.

LWILrodyci ng an ;expgenous 0eqq Of . e 6646, 1997) and the like as
hypoglycemia models, ob/ob mice (Herberg L. and Coleman D.L.,
Metabolism, vol. 26, page 59, 1977), KK mouse (Nakamura M. and
Yamada K., Diabetolegia, vol. 3, page 212, page 1967), FLS
mouse (Soga M. et al., Lab. Anim. Sci., vol. 49, page 269,

1999) as a fatty liver model, CD55/CD59 double-Tg mice (Cowan
P.J. et al., Xenotransplantation, vol. 5, pages 184-90, 1998}
and the like as ischemic heart disease models, interleukin 1 Tg
mice (Groves R.W. et al., Proc. Natl. Acad. Sci. USA, vol. 92,
page 11874, 1995} and the like as dermatitis models, mice

incorporating a mutant amyloid precursor protein gene and the
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dom nant nutant gene, the exogenous gene and the |ike
and a DNA that encodes exogenous GPR40 (or a
targeting vector/ a DNA that encodes anti sense RNA or

si RNA) be |ntroduced 20 si t aneoysl! r

SGKENET aF9ie HGE o G e SR B TES oD (ppty S-Antilles-D
%hﬁjélxper@qnlaémpﬂnm ta Qht.ali VEM:BOTQI (a1o1KOED) page 3157,
ani mal Furthernore, if one or nore other gene

mbeP1] candoblse Lhise a% othereq HypsaAnicr tsidRlsar steroidogenic

?g #tIOP /s 2;4Ls e '”,E%P'%h GﬁﬁﬁgﬂggEgét;yvol 128, page

fion Ts"tRvol Vel dt'e Achieve st’r oyi ng
5 am4end@genpU§n@eﬂﬁe Hl]aNAﬁEt hjiina&mﬂodﬁssce:)otﬁg:emm:l.s, p53 KO mice
GPR40 may be designed to be, targeted to the ndogen

G4KETPoC . Be: SLPOYLAE GaIE IR Eetge 132, 199%)
0bng ¥htdy 1 ¥Re, s NODG I MBI, SRl Ge 114 tc!'“n%tpqitﬁ,mltd%e (Rao G.N. et

targeting vector used is preferably the sane as that
exénpl Bfteedt WahceesPpestTrenlt her 0 aﬁl;&)v@mo%%ed%m and the

preparation of a Kl anim the

ﬁﬂg eﬁﬁugr@ﬁﬁocﬁlé‘ﬁ%rlrgoc%ée]pﬁ acagg‘{ ]%tcf R ogll Gig double-KO
10 9RRBe! @sphe1fest royed. al 0088 1rburidie. ,Torcini med1 ,ofpagee 7063,

present 1 nvention or the 'kQ KD 35 ani mal_of the

pi888ht andvehei bhke sagrordee byt s trd¥dse nodel 54
non- hunﬁﬂeggrmahsggsér}ﬁo onsﬁ%ﬁ{fso{}?é’ b eddifications”

nore ot ene nodi fica produce the sane
ORr8i pnkahaeabaiet foom, abon ehkagake, ithewhiatk(@PRAGboratory of

collViaNenehation s [volued 11 Le Se8lrPle Lt oq uaing

15 DY GE93SkAGwA HEARZYEQ) £i APHESH NAwd o PodNA t hat
encodes exogenous GPR40 integrated at one gene | ocus

ari@0&71db/ db nouse (di abetes nellitus/obesity nodel)

is heterploz thre pect .t enes t

F2 i ndi @Eaugfggg gt g}gﬂn%ﬁtfﬁ/ ELT n(%]és)l(ﬁ]lngogl[sb tl‘f%; sd%%e
Fhodifi6a@tionexegeaopso@RM Ot {ame)oulbd il laf GRition as a
The Tg animal of the present invention or the KO

afiLFER S8f lph@hapbsﬁﬁfi‘lp n¥eht Y BhY nESo Rl Uh diet g]théBd’r?éi into the
zoo&gngﬁgpg?o§ggﬁﬂgtFfegéﬁétfﬁ@éﬁtf@@loﬁréﬁguﬁbiﬁﬁféﬁﬂﬂ%l of the

sim condition as a disease in which GPR4
agiregehy negehatbonissnot ny@rwe@ulamlmomrgzemda ccxamples include

R Eo e R B A S S O P BE SR prosent
invention or the KO/KD animal of the present invention and a
non-human mammal of the same species having one or more other

25 gene modifications that produce the same or similar condition
as a disease in which GPR40 activity regulation is involved;
(2) a method comprising introducing a DNA that encodes
exogenous GPR40 into an early embryo or ES cell of a non-human
mammal having one or more other gene modifications that produce

30 the same or similar condition as a disease in which GPR40
activity regulation is involved, by the above-described method,
to obtain a Tg animal (a method comprising treating an early
embryo or ES cell of a non~human mammal having one or more
other gene modifications that produce the same or similar

35 condition as a disease in which GPR40 activity requlation is
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mammal . Exanpl es of such treatnents include, but are
not limted to, induction with drugs such as STZ,
dietary stress 20 | oads such as high-fat diet |oad,

sugar | oad, and fasting, external stress |oads such

ad"U01VEE: PVe tHRy dRAVCT €eeFT 1and MBFRRA edsHlactivate the
'b&g&b@%&bﬁp%&f Ui BRasRanthe thke §ORO0o Thetain a Ko/KD
pat hol ogi ¢ conditi on nodel animal obtal ned by 25
sabjieeting (BheaTgebhodatonprihengr bsenedigientdrgh @t more other
the KO KD, .animal _of th resent j,vention to another .
(B DAL AP SR™Sr P RO EERRCE cLEF R Her? et pathologic
sdesekikednabeve 6aBebSe USRUwhOcBCEERNO AOFiwiSubS@icion is
having a prophylactic/therapeutic effect on a disease
adoyppardednby fhec3tkid OFPEYH PRIEDaEHbl Rff @ non-human mammal

BQQ%BEE%Qatﬁﬁga Nhhg?QQtFﬁéggég £Q5 éﬁé&%‘éﬁﬁﬂé‘%ﬁ‘%%e above-
y the animal.” Specifrcally, by appfying a test
sdesicaribed acthedpdthntbgod coopdision iwdetdanimplorssr or more

a portion of the living bod theregf, %Qd det er m ni ng,
{ REPRFOFOPa PR EOFAERERPat HBF oBF CILGRATES i, O Simi lar

10 PRRAVhAGHICLLREL aPEHt b6 §UASEERSE {RTwRidh SEASE activity
acconpani'ed by 35 the sanme or sim |l ar pathol ogic
caorgivtliagd oas ishéenpaleiognte 88 eankytempryamhdEsS cell of a

sel ected. Specificall pref erabl e path iC . .
C G Tbke Rrinage =Lynel 8. Sh80eFuaR \rRl dyepe dnactivated,

S RORE ablode-asaaRli Bed dhabkbey an@l thé ubiké NSUfi Bne or more

resi stance, glucose tolerance abnormality, 5 obesity, .

hpF&ere gigngn mogi faeabsenar bRak, PRYPese TR nfale Mpetimilar

LD - G-emi a, 0 5 e t hKemt{ ] lati ;
s Rorfp o/ BoetBlate oAl Benlh Kot Lo lceguacion 1

substcdvee aire adhipvsetiebepditbrofiecabovar desoyemars gene or

pat hal ogi.c condition i nodel animal. Useful test..

S GBCaREss TIREPGAESrn AH) FRORCE LR GHFBRI 9 kridhm 1 Tke and a DNA
SHateldneotREPeyBdencREPE PALS, (BF 0L etAsgetIMy vector/ a DNA that
libraries and the li ke, for exanple, tissue extracts,

cemicodasl puntd sepger RARanr ssailAL heayike Hrt
20(% vitd ld%s%? %%athggﬁFﬁg;g§i%H?¥lQgseaf F%hbﬁyo or ES cell

nonkeys, human a signitican
ard i=0mdtlidon ypke hba-phamhnl aginaalondi dhboainis D sesw e /KD)
conpared with animals not receiving the test

s @BStHrice, FYRENEERSTRubSE 4t YarlMBe st gfgs mgdifications
SUbMARGSaAVicRe 3aREORRYLaRLLSLt BERAPEISH CadCd Ididdhse in

for di Seases
which GPR40 activity regulation is involved are achieved by
25 destroying an endogenous gene, a DNA that encodes exogenous
GPR40 may be designed to be targeted to the endogenous gene to
be destroyed, and introduced into an ES cell of a wild type
non-human mammal. In this case, the targeting vector used is
preferably the same as that exemplified with respect to the
30 above-described preparation of a KI animal, except that the
endogenous GPR40 gene is replaced with the endogenous gene to
be destroyed.
[0088]
If the Tg animal of the present invention or the KO/KD

35 animal of the present invention is crossed with a disease model
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acconpani ed by the pathol ogic condition. 20 [0092] The
prophyl actic/therapeutic drug for disease sel ected by
the screening nmethod can be prepared as a

har praceuti cal ation in the s manner as with
PRG-BUORE. HECEALbEE CEPRAOMSGORFSIeS Ay tkh G OF more other

AdMeNin®li@ e a0hB8hkYtRAL PBESALGE AL hY ZAnd Qo BN Bak fndition
exanpl e, human, rats, mice, guinea pigs, rabbits,

§F$eépdl|§|eg§e bovihash ﬁBRé@sactavstde@@ulmmsts arolved, it

Eged ﬁ lLO?ﬁQL Egﬁ??gagtgg Egecross?ﬁ) For xample, the F;

prop y ac |c/ erapeu rug varies depen ng-on
bbeauaegebydbseasengsabhembzpéoaﬁnm@m§érmaving a IINK echat
of adn1n|strat|on and the like, for exanple, in the
Ersedest egPgrNHf ﬁP%#?awB'ﬁG%Fe@rfé%t%%tg%?e diomet and 2

@Eyhbt%%us%h?leEHQEsdﬂé?ﬂftﬁ@?o@@sf%@”ﬁo&éﬁﬁEﬁ%x%ﬁﬁﬁﬁolozygote

is about 0.1 ng to about ng,” preferab
Hl@htaeabeat 50 hgthnpeees5 [refdrealiyintduidialstobtained by

A304hc29 g per day, L et e £ase of 56 parenterah

qnqphyhbqabcltherapeutlc drug varies dependi ng on the
subject of adm nistration, target disease and the
ILOKESf or exanple, in the case of adninistration as

A : | f
rcat mnr oF Brafet ot Ehf PHE- A Shib 4 che xo/ko
en@hafloodbaht ﬁ@eagntpteﬁenabby |y ate iridespmd e or more

, hore referabl about 0.1 tQ about 10 ng,
PPn-FnesRb; cerabrlafin Hhaty BroOHEs he O e 1 Tar
éﬁhﬁgkaoﬁna@”ﬁualseQQQVfﬁtﬁﬂl@ﬁrGﬁﬁM@@héﬁlJ¥¥pfﬂ%ﬂdﬂgtlon is
can be adm nistered. io [0094] The sequence

iaeptvedeat TAmenrdsret it ttratgepidhaeans ¢t tmgatoent that

PEB T B P ot STnE DAL S ThotEe D e A h qrom-human
eatedes howaEnp (RRAE ((9) .t e tine®@d Dnld@udlke, Shaws athenot

am no acid sequence of human GPR40. [0095] In the
pradERe H@scFPQPPBhont‘Hétlab‘BF‘é% FrThLUSTE 4 Siadafot stress

hases, sﬁghngsaﬁhgﬁ and ab§t|155d9r§bégfﬁﬁ%éﬁl and fasting,
external stress lcads such as UV, active oxygen, fever, and
blood vessel ligation/reperfusion and the like.

[0090]

The pathologic condition model animal obtained by
subjecting the Tg animal of the present invention or the KO/KD
animal of the present invention to another gene modification or
non-genetic treatment as described above can be used to screen
for a substance having a prophylactic/therapeutic effect on a
disease accompanied by the same or similar pathologic condition
as the pathologic condition manifested by the animal.
Specifically, by applying a test substance to the pathologic
condition model animal or a portion of the living body thereof,
and determining the amelioration of the pathologic condition, a
prophylactic/therapeutic substance for a disease accompanied by

the same or similar pathologic condition as the pathologic
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20 abbreviations in accordance with the | UPAC-1 UB
Comm ssion on Biochem cal Nonenclature or on common
abbreviations in the art. Sone exanples are given
bel ow. DNA: Deoxyri bonucl eic acid cDNA: Conpl enent ary
demydirti fmonuerebe seiléct28.A: Adenine T: Thym ne

Guani n in q
I\/Essengs fecmf%:r?&élyé ac:leﬁRlbg%ngk:Eé ggéeﬁggdg%s include
tympitasph ades e rarEEP: 1nDﬁ@t)abh>y_IIbd Epadibinphosphateamd@P: diabetes

Deoxyguanosi ne tri phosphate dCTP: Deoxycyti di ne
§B%F@“§‘? ghprarmality,

E%HB@ %g% %Er@QPe%&%e%ﬁb@clé?@s1§0dh9%kgoﬂgcéh1a, hyper-
yCi a

ul fat ne a: Alanine s line Leu
Udﬁm@wemﬂa,e.hywo%@lmcﬁemlseandsehenélk¢hr . Threoni ne
tAg Q%/]Z]s Cysteine Met: Methionine du: dutamc acid

% partic acid Lys: Lysine is Arg: Arginine His:
H sti digicifieialRRenyimhtdei Reredning TEOELAS aTtBst substance

Tryptophan 20 Pro: Praline

is administered to the above-described pathologic condition
model animal. Useful test substances include, in addition to
commonly known synthetic compounds, peptides, proteins, DNA
libraries and the like, for example, tissue extracts, cell
culture supernatants and the like of mammals (for example, mice,
rats, pigs, bovines, sheep, monkeys, humans and the like).

If a significant amelioration of the pathologic condition
is observed compared with animals not receiving the test
substance, the test substance can be selected as a substance
having a prophylactic/therapeutic activity for diseases
accompanied by the pathologic condition.

[0092]

The prophylactic/therapeutic drug for disease selected by
the screening method can be prepared as a pharmaceutical
preparation in the same manner as with the above-described
GPR4( agonist, and can be administered orally or parenterally
to mammals (for example, human, rats, mice, guinea pigs,
rabbits, sheep, pigs, bovines, horses, cats, dogs, monkeys and
the like).

[0093]

The dose of the prophylactic/therapeutic drug varies
depending on the target disease, subject of administration,
route of administration and the like; for example, in the case
of oral administration for treatment of diabetes mellitus, the
usual dosage for an adult (weighing 60 kg) is about 0.1 mg to
about 100 mg, preferably about 1.0 to about 50 mg, more

preferably about 1.0 to about 20 mg, per day. In the case of
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Asn: Asparagine dn: dutamne pd.u: Pyroglutamc

acid Me: Methyl group 25 Et: Ethyl group Bu: Butyl

group Ph: Phenyl group TC

Thi azol i di.ne-4(R)-car boxam de gr,ou l es 30

[P@(‘fé%’]%e?ﬁ‘é BPE‘&E%H?':F%%HP?oﬁh?sd‘f’lﬁéje?ﬁ;%n‘le)r descri bed

IR aclietakhePYpEBANS ah%heafpéé ONé Peh XA e Sthe subject
whi ch, however, are not to be construed as limting

tofe asBepé sratheni nvengpbndiseape 7and st akidfes 1for example, in

SHECERS sinathi BREERELSN, HERE n e ST o (P

hursRhERB4G0gkNe Ebrt hecaomsat PpAndtSasted heell Aswd d the dose
pl SLIL 14/ GPR40, incorporating the human. GPR40 gene
iiric APty Or e §© GRPRANP aRdd Péaf%mb%v@%w%g% bftg about 20

hide mRM4Se pirRsul-bR1L! ABHREDHET . t¥BSHLPLEPES 8y ASper day. If the
descri bed bel ow. roma nouse genom c

(Evimigicac odr edmbpiCLONTECH) is ashag-hupan mninphpramsiagpunt
?::%)gjgr!ggte%g%e'\{l %'o Il’(SSFDEfI gghgnwgliéﬁé getm lggeaénir?{]sdtered.
ADDAEAAAGCT TACCCGT GAGAGATAGAGGAGGAGCGACCATTAAGTG- 3'

SEQID _io NO3), a primer conprising a Sall
restri dhicosegireacgt idpptEficakionhe rs in the sequence

8 RIS A PP e

Toyobo)[[SEQPCR wWas lpeshowsethandaset beqeoanck toDnshaofDNA that
94C 2 min -> (94C, I5sec -, 68C 45sec) x25 cycles, and
T B RePn o)

$ nouse insulin Il pronoter

was subeirenad hoto)PSRAwEOPRLBhMMhe 4FPAUEEGHEHKES &Y human

I nvitrogen). Likew se, froma human genom c DNA
GREfF-act ured by CLONTECH), using a prinmer conprising
%$¥K$$II restriction site at the 5 end thereof (5
A GTICGACCACCAT GGACCT GCCCCCGCAGCTCTCCTTCGECCTCTATGT
GG 3'; Ir2@hSEQrkbeN® BEscaiption] bha¥i sightdeisepesnoesed to
5' - TATGCACGCAAACACAAACTCTAT-3' (SEQ ID NJE%, gnd KOD
Heses, amino acids and the like are based on
abbreviations in accordance with the IUPAC-IUB Commission on
Biochemical Nomenclature or on common abbreviations in the art.
Some examples are given below.
DNA: Decoxyribonucleic acid
cDNA: Complementary deoxyribonucleic acid
A: Adenine
T: Thymine
G: Guanine
C: Cytosine
RNA: Ribonucleic acid
mRNA: Messenger ribonucleic acid
dATP: Deoxyadenosine triphosphate
dTTP: Decxythymidine triphosphate
dGTP: Deoxyguancsine triphosphate
dCTP: Deoxycytidine triphosphate
ATP: Adenosine triphosphate
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(manuf actured by Toyobo), PCR was perforned under the
conditions of 94C 2 mn -* (94C 15sec -> 68C 3m n) x25
cycles, a DNA fragment conprising a human GPR40 gene
coding_region and 25 3' untransl ated regi on was
ERBAF OREAY L ARBpERIDTERE BRTRT LC (Pt act ur ed by
b@gktggggﬁm.dgagcgla§ﬁ1§a{@to whi ch the nouse insulin
Il pronoter had een subcl oned was doubl e di gested
wivh GlWgine and Sall, the obtained 673-bp nouse
hﬂ%ulkﬁahk Rr onot er fragment was 30 introduced at

i ndl and Sal |l sites of pCAN618 (described in WO
0a4114226ineNext, a 2256-bp DNA fragnent obtai ned by
doubl e digestion with Sall and Spel fromthe plasmd
CRPS WRPEANEhe human GPR40 gene coding region and 3'
gRLraprshatgd;hggi on had been subcl oned was inserted
at the site resulting fromdouble 35 digestion of this
peasnBeérwneh Sall and Spel, to yield the 59 human
EgR4O ene exgression plasm d pl SLI| 4/ GPRA0 under the

fitr OFPTEPPLRE nouse insulin Il promoter. This was
cRErodygedinknt o Escherichia coli DHba to obtain the
transformant = Escherichia coli DH5al/ pl SLI | 4/ GPR4O.
¥gits MethilAnNRRS been s deposited under accession

e . BP- 62 at the International Patent

%Fggnpéﬁgggggsﬁggéy, National Institute of Advanced
hegushspalrtbei andd and Technol ogy since Decenber 1,
2005. _The above-described plSLI14/GPR4A0 was triple
$Y§est¥d %0 with Mul, Kpnl, and Spel, after which it
Wag -subiygatigd to electrophoresis on | ow nelting-point
agarose gel (manufactured by Takara Shuzo), and a
2928- Bpsbldifheagnent was exci sed out. The DNA
f.rag t s.purified using Nucleotrap (nmanufactured
E@e'ggg ﬁ¢%§%§?ﬁ€§), wher eby a DNA fragnent conpri sing
ayrymayrdsiGBRA0 gene expression unit was acquired

FIG 1A). L0098] Exanpl e 2 Preparation of human

R40 T§&RECPFAAsgeni c mce Preparation of transgenic
H0e BYAkgeOi njection was performed in accordance
with the nmethod of Hogan et al. 20 (Manipulating the
Asns e Aepbirpgin€ol d Spring Harbor Laboratory Press,
é§94). The _DNA fragnent conprising a human GPR40 gene

BreSdP5A™IRFL, prepared in Exanple 1, was adj usted

100t @R oglutamic acid

Me: Methyl group

Et: Ethyl group

Bu: Butyl group

Ph: Phenyl group

TC: Thiazolidine—~4 (R)~carboxamide group
Examples

[0096]

The present invention is hereinafter described in more
detail by means of the following Examples, which, however, are
not to be construed as limiting the scope of the invention.
[0097]

Example 1 Construction of expression vector for preparing human
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concentrations of 1 to 3.3 g/m in 1/10 TE solution (1
mv Tris-HCl1, 0.1 nM EDTA, pH 8.0). A fertilized egg
derived from25 the C57BL/6J strain was placed in a

p of M2 mediumcovered wth mneral oil, and
ggﬁﬂpaBQBeaﬁaaPﬁﬁﬁﬁﬁFl?é89u3|ng a hol di ng plpette

and t hergbgygn dgsgkpbeds ONe Skt OPPNBS RSRI ral @the mouse
into an injeCtion pipette, and injected into the male

peosreRsus the p&esmedt plISIzéE‘ié@@R@@: ngngorporating the human

fnélP%trl | | Zélgml%tcg %8 %acltnlil{ggng%/agg‘(ﬁlf@égoea J(ﬂﬁ]stream of

&g rece? V|ng

thansphiaet edstoia m$epdemegﬂan¢;a£ epBbea Pedl S5 deaertdnbed below.
the nouse was reared. O the pups obtai ned, DNA we
col | ect&@™ RoRPLEE BENPE1GF DA, %é%%@%CE¥%%ﬁv@%wFQQ%RﬁCH)f

?gaP%R% @rlwg%k gﬁgrlzhﬁ g G AN ffﬁ DA Mene sabi ectethn sites at

ing a r'i mer ”set aV|ng t he sequences
5heCEAGEGIGERECEPAATECSCTCGTI-3' 60 (SEQ ID NGO 7) and

A AR el LA Aot Faat ArobbBiac Bt 50 10

A0, eSS bR merd cBRPIB i ARk YSA ST Of  BUABRL {HRADI 9ENE: the 5’
5 transgenic m ce The acquired human GPR40 gene

engndheree (&6 - GﬁﬁGacageﬁTA%¢@T6@A%$$%$GG GETRGAGEATAGCAAR-
Vgl ALh S 7%2/ % ﬁgr a'aﬂdnkeﬁ glﬁ ége uf é%w Toyobo},

mhlch ansgeni nmouse 1 ndi v

ok ske pB@Bomtaaoe{naérExa@pb@naltE@ﬁs e@t:h94°m: 2 min — (94°C
transgenlc nouse pup, total RNA was extracted fromthe
pgaseceas 6BIC g3faK- 31%P GcAGSK SenENy( kaaargptuFegrpysing a

NRRRN 1G8)n @%C9&9&89e£0w59956£&§698§ PHOS 4- fﬁﬁb Blunt
n1crogran1of the "obtained total RNA was treated with

Hﬁ@m@@nmpmﬁmebyaﬁnVltSQgenScnhﬂkQWls&»uﬁﬁnm 2 human genomic

TR IR, OPRACERL Y, £ 5 e o

=adi mets@tm@ﬁ,mhh@méeatpth@t ed ebBlArMasedf se® ved in
40 | of TE. this solution, an ali

uot of cDNA
@&JAT&IG&@@BFSA@@AH&GAS?Tﬁﬂﬁc%gcﬁ@%’acg SCTHeCE it BRESTCG-3" ¢

LS?T%E?Q?@” oeriaechitile. SR e N0 .

CRRACEABETASCCCAEISTADOMO 86) , S | KPD polymerase

yg%égéﬁf and FAM | a%ﬁ%ﬁ? ngg?E?E %E%RE $O?A§Er the

JetrRGLH 1 Ofg ftr‘ﬁ!%hgnﬁﬂneﬂm@%nQSsE%qwnGQ‘@l341$11§) x25 cycles,
(aT%?ﬂga%r;g)n%n%n%o;;ggglng a human GPR40 gene coding region and
3’ untranslated region was subcloned into pCR4-TOPO Blunt
(manufactured by Invitrogen).

The plasmid into which the mouse insulin II promoter had
been subcloned was double digested with HindIITI and Sall, the
obtained 673-bp mouse insulin II promoter fragment was
introduced at HindIII and Sall sites of pCAN618 (described in
WO 00/14226). Next, a 2256-bp DNA fragment obtained by double
digestion with Sall and Spel from the plasmid into which the
human GPR40 gene coding region and 3’ untranslated region had
been subcloned was inserted at the site resulting from double
digestion of this plasmid with Sall and SpelI, to yield the
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sof tware, manufactured by Applied Bi osystens) was
perfornmed. 25 The working curve used to cal cul ate copy
nunber was generated from CT val ues deterni ned using
known concentrations of a human GPR40 _cDNA fragmne

BampRi §FRE0t a@ngnﬁw%%ﬁl%g%%ﬁmwfzaﬁLIWﬁ;g% i ginder the

EBB%E:BLSM tRgapbbha fnmmsIfﬁsT?fm&&lcopwﬁasp%s introduced
to 101 copies per well. he expression of the

hnm&nE@ERéﬁlghme toalt heHpanco ealstaim t&a&:ttzsatrrsﬁqrrnwfnt

BRRArhhip oot s DRARPEERLE IV EseRh. SafSRoteadn Rag been
H@@o@&l@é@sﬁh@éroécb8§shﬁﬁ&%r@&4%mﬂl@mmQ—fﬁ/&.d}e

The 47M strain and 81M strai n_exhi bited hi ghe i

éxpeasgitoanpéyBpEenhaArgantsp| beresitant, NF 9ﬂ91 Institute of
g t kAl 1 [

BBl hafe LA pE So e I T eho Rl e December 1,

voassgenic mce, i.e., the 14Mstrain, 41Mstrain,

47M st r 81M strain, nd e

was anz%zaaors? 4BRERLPR h%ﬁﬁH;‘%%’@W wit Wi Hgested

§E%ﬁ'ﬁﬂﬁﬁllkpn§ bdokpthe Phbeyash tdipamedad tdudeiled to

and Bglll, 1] O@bagarose gel el ectrophoresi s was

pénefc@n:mborafsner onhieW-me hel DiAP bRt tagardsd rgald t apufactured

I on f||t IS fllte h |zed t
5 Fhnier Phgrihe et AT AP R TRt i 0 D LAY out.

rhev DeaSs Ifyabﬁbatedasspﬁglalaﬂ G:Rivy | rahelécngrép t (mamufactured by
(manuf actured by Roche Di agnostics), overnight, washed
tj\ﬁP@él Grneh 122 55CTNET Y SHSPHE  FRRFNRIIBR AN /Y human

B0 gy ph PSSl MhSTEe s 086 For

(b&®&flact ured by Roche Di agnostics) was used. As a

resul n_about 9- kb and jdentified 15 fr

21 JariRParakionent: Riian CrRAd st SR Y i ce
human CPRAAraeAen bE WesnahsAit oMiee thptmSdfdinfection was
having the transgene integrated into the chronobsone

aetiioghedopy Agepedanger eithethanrathed ot 4ogan e R1-
a av t
a5 s BB SR DOy B LA TRORRE, paboratory

\Be:reest ha 923F .st Tleé M df Hdvhesitt atomprifsamey washuman GPR40 gene
eneral , correl ati on between the resuLts fo

r
7550 H8HfrunBREPEPRA0 fefiE2BRPT soPARATfEed to obtain

'Egﬂ@éﬁif%Q ohli€o %Ogyﬁgugbgr /ﬂiegﬁaifﬂb'fﬁ(%éfﬁ%lon (1 mM
chronosone; as a expre5ei on strain,

Stnigi-#Glas O ﬂog\&nEDa& apBt 8nfar d %)&ﬂ@@émdswgeﬁ\eerEd from
the

thé C57BL/6J strain was placed in a drop of M2 medium covered
with mineral oil, and aspirated and immobilized using a holding
pipette, and the above-described DNA solution was aspirated
into an injection pipette, and injected into the male
pronucleus of the fertilized egg using a micromanipulator
(manufactured by Narishige). The fertilized egg receiving the
injection was transplanted to a pseudopregnant female mouse,
and the mouse was reared. Of the pups obtained, DNA were
collected from the tails of 154 weaned mice when they reached 4
week-old. The acguired DNA were subjected to PCR using a

primer set having the sequences 5'-GGAGTGTGGTGCTTAATCCGCTGGT-3'
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25 23F strain was chosen, and the subsequent anal ysis
was perforned. The above-descri bed m ce were
propagat ed and mai nt ai ned by nating with mce of the

C57BL/ 6J strain. 0108£ ressi on of GPR 0
GoRE TR NOLB7 saol bAnBerRERGCBECT T RS A (SEQ ID
tN'Eﬁ%% gb%eﬁ??ﬂr%ggéhﬂgaﬁ% %366‘@?5 é)(l;%nlfé@nsgem C

m ce F strainh were fed with a

H@WQBat di et (D124508 10 kcal % fat, nanufactured by

Research _Di ets h-fat. di et 2492,

EERMieat EﬁBﬁEP&&PBr@H%?eﬁ‘é‘g%a‘?%lﬁ’e? © E?mm}n {0 gene
flenr8queeksmiEach nouse at 16 week-old had the

duodenal side 62 ligated, and the common bile duct
cannul§h@dacaﬁdrad1hn@ﬁﬁ1GPB@DIﬁ@@%a%@a%%ﬁ%ﬁ4@wmlcer at B week-

QH?PUfaCt red b%rgaﬁgtgar%ﬁEHeEB§§£}6$ﬁ§tréﬂéQﬁfg to obtain

Sude pancr eas € pancreas receiving t
ipUpRG ifdmramotyC ivhedh plraﬁedenﬂcamwbe trodit el dianlys tweere
sane S coIIa enase solution, and shaken at 37C for 20

qEeRel YRt REtEBfueF oh*HBRL%i for S ach
%%%g c391o% copds, BRLIARRUCYSL! Bhe PALLE EALHIIN pancreas

ance ol ution conprising 0.00
BNa@eMamh&dma mMmHEPESpGEBnﬂaanuﬁgcuaze@B@y M@Bp@@déa“ﬂ

B ahe’ BeEREngasRroRREolac B Miabddh, Indhe

Qlﬂraqmer&g dotlafiemnpokubi eRecadbliewivhi ghrasdehsppimer and.
Langer hans were recovered using a pipette under a

'ﬁQHQ¥ﬁ9ﬂ¥Pt éﬂdIﬁﬁe§5ﬁa§raﬁ§§élﬁ§lpﬂeeﬂégmesém%m%factured by
IS| t r ha r | f
AU A00 1y SLal 3l nAlgR! Hags e e LAg! b, T5PMr ethanol

|dua I'sol ate et's of Lanhger hans

\Maétﬂpmﬁatmbn;eihbnprb&@ﬁENauedngDan &Ssgaﬂggoneedlfn 40 pl of
and t ot al am&s extracted extract
p&P

vids fQﬁtFBFS PFéﬂnus?ﬁga%hq¥$Ed%§ kﬁh R te feri o 25 ng
(RnifaGcldy eddy aQ AFENEempndthl Fak! Ya%ﬁeaﬁéﬁﬁﬁi@m Using a

was perfornmed to renobve contam natin Not nore
tﬁmnnej;r gs@Oqﬁ Etog:waalrdRm1m§ tﬁéaﬁ@@C@FT'ﬁCAGWTgTCT 3'; SEQ ID

g4 NSSHeS: it HIRRUEREEUERARIARIL SR 1D n0:10)

pro ocm
Seyiﬂi Imaeakﬁel@al\waqwnc@mrumdbas (Bhe terrpl at e for

agMan anal ysis. For detection of th
d@%@3 q%%ﬁdh? CPECE Tigs 7 péﬁpoFPeHou%Fhgf?ﬁedﬁF?ﬁE?on of the
SaimddesBa L ddd Zﬁh%mﬁmp%%aﬁysggr(@ghﬁﬁh'@?ogfah5677OOSDS

nouse GPR40 dene, Assay on
software, manufactured by Applied Biosystems) was performed.

The working curve used to calculate copy number was generated
from Cp values determined using known concentrations of a human
GPR40 cDNA fragment comprising the amplified region in full
length to obtain six logarithmic points from 10¢ copies per
well to 10! copies per well.

The expression of the human GPR40 gene in the pancreas
in each strain of human GPR40 gene transgenic mice at 8 week-
old is shown in FIG. 1B. 1In nearly all the strains examined,
the expression of the human GPR40 gene was observed. The 47M
strain and B1M strain exhibited higher expression levels than a

plurality of strains including the 14M strain, 41M strain, and
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demand (rmanufactured by Applied Biosystens) was used;
for detection of the 18S ri bosone RNA gene being the
internal standard, the Tagman Ri bosonal RNA Control
Reagents VIC Probe set (manufactured by Applied
BPEs§sraimB) was used. The working 30 curve used to

cal cul gre gggyaﬂgg%’e&ésé‘@fbgﬁnﬂ@é e&fi]?{g %%u tvrﬁa!ﬂ@%&)ic mice,

det erm ned "usi ng known concentrations o

¢DblA, ahaptsH &PR4DN £ DNEM SWr&uﬂI#ﬂTMZﬁﬁﬂﬂﬂniiﬁﬁM Strain, and
odes nouse 18S rjbosone R coppr.i sing .t

gﬁ%l FFFadnr eGFBATTG P |Wa?e‘?fwzﬁcg bt H Ut hyb”dlzatlon

%ggéifﬁéﬂ%go?”ﬁ% 5f %%O@Nﬁ%se%f@e{veéﬁu‘@l lddkl@3d Bgliz,

pi es per own in FIG 2A, the human
@QFM@ gé&nagpnpredaetde West rexdpressiesl Was thrriaolefteqfter which

D6y PP oA aRAeDSE E Pl Fo A TR SADIRT GrproRigher was

wgbrhaglaeﬂ Wit A7) pasditle COF r@lt&ﬂ}edfquﬁeﬁme:c&)wmsigmhe human
| evel in the pancreas_ (see FIG  1B) . For_both th
&?R/ﬂgt g8PR. BREVIARSLYrhiheledeitings W%ﬁ@?ﬁﬂ@&ﬁ%ﬂng kit

%55@ SREGrLA %2 Fo@ﬁ r6834:90st £48) , WvdMiBghiGPRAhed twice

gene etvveen t at diet Toad group and the
Riigh- 2assai el . u%aEDgr@tlpromamd@dzmtdm, drol h-hare wiidded twice
straln and 23F strain, in ter he anmbunt of o

Woh8el eﬁ&éégnoasl@ﬁé&% Jenes &'pr §§§e93t?ﬁ5i'“%nwa§ e

shaprbseafte dibtbetepgexbet wremu then et ') HBdR: aidignostics)
the transgenic mce; the expressi on Ievel of nouse

GPRADSgERe Aas? n’éaﬁiflll;ﬁlratart Poddne - ki bpadweag fpentified

f e a a
SR Shef e EiB Or PR, BAGH DTS il aucelifh of the
penanlBPRAQI gkats aft Lagerlhans dumer m&d st@atingehaiviing the
the 47M strain, and about 30 tines |nthe 3F strain,

EGﬁ‘ﬁﬁB@BewlPEe?HaFer INER gbiyR nORECTHAL gEnd 19 msiRYe nunber

%E?’et EaBsgeni LPheR, PieRALefa; NeLfd execdech /0, NANE R rains
physi ol ogi cal l'y sufficient action. [0101] 20 Exanpl

Ba@anear aheptopesgees an‘degr@‘c@@elmm cthamcchtamysapfe at low copy
BB e Par RoaRar SEEPETD s vEpd SERPRT: T A8 Phgy = general

WeT e W th g nofral

doetre(&kidn ﬁgtlﬁééh%:ﬁ@t re ANt atd viratk Bmddea of) afan human
After each nouse was wei ghed, bl ood was drawn from

£RB4959688 srPraRgad asd neh% Repak i 58 i Fm yrumber
%ﬁggﬁ%@%@ﬁr gﬂtBYthg{ Hﬂy&ﬂgséﬁé enéé fé %Mﬁesﬁ% strain,

Wwas acquirea via
the 47M strain was chosen, as a standard expression system, the

23F strain was chosen, and the subseguent analysis was
performed. The above-described mice were propagated and
maintained by mating with mice of the C57BL/6J strain.
[0100]
Example 4 Expression of GPR40 gene in islets of Langerhans of
human GPR40 gene transgenic mice

Starting at 8 week-old, transgenic mice of the 47M strain
and 23F straln were fed with a low-fat diet (D12450B, 10 kcal%
fat, manufactured by Research Diets, Inc.) or a high-fat diet
(D12492, 60 kcal% fat, manufactured by Research Diets, Inc.)

for B weeks. Each mouse at 16 week-old had the duodenal side
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centrifugation. Regarding plasm conponents, glucose

|l evel s were determ ned using Fuji Drychem

(manufactured by Fuji Film Medical), and insulin

l.evel s were erm ned usi rinaga, 30 insulin

LLERRSRr T AU IFaCPUPER By 6 SeMbrtOan haReds ciid = 1 mo/m1
Labokatobye MBnunaga MnhkuFadusted ©9.wWakd drire Achemical) was
gl ucose tolerance test was perforned as descri bed
Bapewtedspagir thal myusgapﬁaargaﬁf t he RANGTERas greceiving the

é%j'é'c%%nb L,aad vas Sﬁgr a?"@n. %gg&é 5§ 19819% aéoﬁt‘é‘%%u?fthe same

h “mbuse usi ng epa capi 'l ary,
mlus;@dlaa% sheu@ipnhnubadsanpken AExB7°@ fdd 20Minutes.

cose solution was_adm nistered orally at,1 er
GBS G ST gnt hey S8 R ninesas 18 s havaly Tibted bl seconds,

GAdTaNBLRSchiABdLh2@e BBY 8818ht GHahkE Bﬁﬂéﬂté&rgﬁlﬁnsolutlon
bl ood was drawn from the ocul ar fundus using

h@p@ﬂnﬁuzgdocﬁﬁﬂﬁl@NyseénénﬂhééemMeHEPﬁshs@@ﬂb%lm¥ﬁg 10% FBS
SO Rl N EeBPREL LY LA TR PRENS 8 o TES e SRS s

I'Solat e "plrasnma corrponents

greceTerard itesul Petirevalshyeardneasheedtabcdestih bigoe
above. At 16 week-old, for both the 47M strain and 23F
Quemching Rufdeds sefubday wet§Re YaltRsiateFahnngerhans

RS NGcHReS W@ﬁnﬁ?ceb??ghégeﬁﬁaéf Qnﬁfgrégéopy, and this was

respective contro Fasting plasna
glsech s t@wetssmeﬂdmplao b@b¢meﬂ00rn&l&£3tqﬁuﬁﬁﬁgﬂnhans were
nc ose tolerance test was

Tapl e
GY f&ﬁ“hﬁégh L199Rtstrain at 16 week-ol d and

mce Oﬁhetﬁ%oa%Ee%tﬁéﬂBtét o¥81.uRgKrRhAs WBLePhéddFenized in
gl ucose level was is lower in the transgenic mce of

ABAERY ansan@n@nzéﬁ-gﬁpaﬁnn?ﬁdﬂ»eu Andheotaht RBA wrgesxtracted.

I | ev S k i n.1he
i L e e el L
M cxtao W itth &fimainm flalee utrean ®geQIIAGENT e, ahdef ghatbgeDNase treatment
tol erance i nproved with enhancenent of insulin

J&& @ardereg Songemevei cartrednptingePRAobtNGhaPrs Sfan 1 Mg
tdie oM 1S tRia %softretart@asqgahcarrm@stt Ber4dy sbuA Qynthe51s kit

was mainly used for the analysis that followed
[(eEaRifadtPalside bl] Ameysh@m3 Pharmacia Biotech} as dlrected in the
protocol to synthesize a cDNA, which was used as the template
for TagMan analysis. For detection of the human GPR40 gene,
TagMan analysis was performed using the primer set described in
Example 3. For detection of the mouse GPR40 gene, Assay on
demand {(manufactured by Applied Biosystems) was used; for
detection of the 18S ribosome RNA gene being the internal
standard, the Tagman Ribosomal RNA Control Reagents VIC Probe
set (manufactured by Applied Biosystems) was used. The working
curve used to calculate copy numbers was generated from Cr
values determined using known concentrations of a human GPR40
cDNA, a mouse GPR40 cDNA, or a DNA fragment that encodes mouse
18S ribosome RNA gene, comprising the amplified region in full
length, to obtain four logarithmic points from 10°¢ copies per
well to 10° copies per well.
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SrRpggepicomycy yﬂ 43Mostrainpagyl. p3E sz D apd |the @mount
ExBReNsEqY whs higher in 47M, and correlated with the expression
level in the pancreas {(see FIG. 1B). For both the 47M strain
and 23F strain, there was no significant difference in the
expression level of human GPR40 gene between the low-fat diet
load group and the high-fat diet load group. Meanwhile, for
both the 47M strain and 23F strain, in terms of the amount of
mouse endogenous GPR40 gene expressed, there was no significant
difference between the control mice and the transgenic mice;
the expression level of mouse GPR40 gene was nearly at the same
level between the low-fat diet load group and the high-fat diet
load group ({(FIG. 2B}). The expresSion level of human GPR40 gene
in islets of Langerhans increased 70 times in the 47M strain,
and about 30 times in the 23F strain, compared with that of
endogenous GPR40 gene in mouse; the transgenic mice prepared
were expected to have a physiclogically sufficient action.
[0101]
Example 5 General properties and glucose tolerance test of
human GPR40 gene transgenic mice
Transgenic mice of the 47M strain and 23F strain were fed

with a normal diet (CE-2, 12 kcal% fat, manufactured by Clea
Japan). After each mouse was weighed, blood was drawn from the
ocular fundus using a heparinized capillary (manufactured by
Drummond Scientific Company), and plasma was acquired via
centrifugation. Regarding plasma components, glucose levels
were determined using Fuji Drychem (manufactured by Fuji Film
Medical}, and insulin levels were determined using a Morinaga
insulin ELISA kit (manufactured by Biochemical Research
Laboratory, Morinaga Milk Industry Co., Ltd.}.

A glucose tolerance test was performed as described below.
Specifically, 16 hours after the start of fasting, blood was
drawn from the ocular fundus of each mouse using a heparinized

capillary, and this was used as the O-minute sample. Next, a
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[0103] s Exanple 6 d ucose tol erance test of human
GPR40 gene transgenic mce under fatty diet |oads To
exam ne the effects under high-fat diet conditians,

tlpangéeﬁpeenﬁeéuaovh@aami@%rela%elﬁ%eomlev fadd Wid per kg of
Lawsf @Elgm:et 7( 911%41519@@5}015%11{31{@5; TR st eBbP¥inutes,
Resgarch Diets, io Inc.), a high-fat diet containing
Aﬁdk&aD@mﬁantealaﬂEQr tlnan@mlamw‘@nlaibwlﬂeé@]a@h Wiietdrawn from
| nc. nd hi,gh-fat_diet, contai ni o 60. kcal % f at

EB% a0 Pt b g, S oekaf LR D AP A Hd, these vere
9sweeks thems8mpeek- obd, tiaét esspbit€ive Pineqseints. These

tol erance test was gerformsd on the mce at 17

REBR1BEAWeAS SADWALFRIEH GFo 4l sehrte REVER: (ARRARY Bf and
GRS JhGe s LR PR o (e paE Rt g il anove.

| oad gAﬁumscwmaar-eﬂdw fortbeth ovké a4 7™ dsterta:lmaa:hcyraﬁfp strain,
effects of _the hi { diet were V|de

t-Re TESMEr B HPG@ ﬂag heV# %%g%.ﬁ o#aff@g?%m%re was no
sl F2bRenbBeafibHEOERet PLEpaBE BV OS cézﬁ@f‘éﬂ G Ce M T MRS ) .

better than that of the control mice, in all the

Fewtfay giletmhogducosgr bapelastkedddo tatbe| chwaatlrm*é%e

| oad rou, and al fat h-fa t..1oa

51’:83 epﬁgafnﬁcgaggggil ng r| n sgtrsi(}g:e | otr11: ql%a % qut was
ipegreamed Bnt heckr afsgrai ¢7mi ceradndat his w@sndem:y and mice of
was remarkable in the hi gh fat diet |oad group. At the

$afe 23Fi REraiR PhshPi HeSEReidf vHrg, PiaFFR PHCIRE G EL was
Qi ke %ﬁ?%hbstéghﬁﬁgﬂl&hﬁlee%fohvrm §er r2 dhe 23F strain than

transgeni c mce. ese results are thought to show
tleatthlen cohérblamigeni shareas the phismasintwl or akewel was

oved nhancenent of in etlon

BB gnt e EeriPARHLY Bope. (bhfianibne bestllenare
St?l%%wto'Bo\/\@ﬁoﬂreﬂ’ﬁékabhethét tﬁ@ﬁséé‘ﬂﬂ@&hﬂ?e,t hete tdmSse
20 results were based on the GPR40 gene, [0104)

Eedmppace LapuPVAdsEdEbt PBRARESRERE OPAL BT B RIS GFetion.
'3nger %§R§1F9§g§§3§téf QOLOULBP. FEEOr 6RCL AL AWRIN Gains of

m ce upon glu
transgenic mice, the 47M strain was mainly used for the

analysis that followed.
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stimulation 25 Insulin secretion fromisolated islets
derived fromtransgenic mce of the 47M

of Langer hans

strain in response to

exam ned.

gl ucose stimul ati on was
I sl ets of Langerhans were
hP&824ed with a normal

i solated from
diet at 10 to 13 week-old by

t(lfgbggtm?d described in Exanple 4. After cultivation
in"an 30" RPM 1640 nedi um (manufactured by Invitrogen)

containing 11 MM gl ucose,

1 mM HEPES, and 10% FBS for

16 hours, the islets of © Langerhans were culturefl in a

Krebs Ri nger

bi car bonat &

uf f er

(116 mM Nad ,

KCLl, 1.17 nM KH2PO4, 1.7 &nM MgSO4-7H20, 25 nM g L

NaHCO3, 2.52 nM CaCl2, 24 nM HEPES, 0. 2% BSA) ) -
containing 1 354avM gl ucose and 0, 2% BSA £or 30 )
m nutes. Next, e mediumwas 6f replacadiwith a ﬁ
Krebs Ringer bicrlbonate buffer ¢ontainifg|3 gV, e S
glucose or 16 | gl ucdse, and En¢ isletfsSol Lghgerharg < B
were cultured fbri 1 r. Iﬁr’lﬂwe case{of an 1 H HH
experiment wth 4 hie itiomgf|palmiig fci & N
palmtic acid added-t 0 aKeehs s Ri n%e — e e

bi car bonat e buff f&r| contai ning 11|nM gl ices¢ to obtain

a concentratipn of 0.5 mM and isletsjof Langerhans

were cultured | f®r| 1 hour. After |culti i on, the

cul ture super n;at?nlt was assayed{for imns@liin content

using a Morinapaginsulig ELI SAKitt - ( ngfactuwsed by . .,

Bi ocheni cal Regefrich E':g’or atofys [Morinagg M1 KD ?Iﬁ
Industry Co., Lt3.). Eegnwhi I'ébﬂ after ¢cutifvateen, & &
islets of Langes hpns@were dids kU el

using a soni cat
Trading Inc.),
a Quant-iT,mP
by Mol ecul @r
secreted W&s c
secreted i@ th
di f f er encegwas
the 47M st@ain
of 16 mM @l uc
hi gher in#he
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Example 6 Glucose tolerance test of human GPR40 gene transgenic

mice under fatty diet loads

To examine the effects under high-fat diet conditions,

transgenic mice of the 47M strain mice were fed with a low-fat

diet (D12450B,

Inc.), a high-fat diet containing 45 kcal% fat
manufactured by Research Diets,

containing 60 kcal% fat

10 kcal% fat, manufactured by Research Diets,

66
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25 increased about 6 tines in the transgenic m ce,
conpared with the no-addition group (FIG ‘5B). From
these results, it was found that the anount of

nsull secgreted upon stinul ati W hi gh
AR B30 SLed upon: oLl (ULRLLSD MR Mon o ctucose
fucamranke teahsgaBi perfeemuasohi ghermiBanathay wéekheld.
control mce, 30 and that its responsivility to

pal m t ¢ é@P&nwé§ Blghef -t KRR Jinapseftepheredperof control mice

Wd?%eneﬁ E% %%@gqgtﬁg BaEaEFéS%HB¥apedi%& g?ggégg%pg and the

he hi gh expression o t he gene
$OA¢@@H§|ﬁbmnhabhhﬁabldgebsloadogbonpntoﬁﬁanedIBlﬁmrthe low-fat
par ati on of R40 gene defjcien
e Rt S ond: phgcobarer HAELhTEStaFLEkefrverS evident.
Eeapalra ndl tok l&@h@!&bldﬂQngﬁﬁd3th53€l?§ﬁét§@hﬁcCxﬁlée of the 47M
transforned wth the vector, Escherichia col

BHE@A@GTIGERQQHCﬁag b@énrad@pogftéaauaq@mlgcme@%iWﬁs better

%@%%?%ha%RMf ézégn%kgﬁhﬁléF |nst|?i ppal , Fatent Jigt load

ani sm Depositar i ona ut e of dvan

|grmmgnw4alkSaueneatahdgHeﬁhﬁoﬁmgy sbadegbesebend 140 kcals fat
2002. Tment m_crogranms of the GPR40 gene targeting
Vddhsfat Mlﬁéaﬁpféd%ﬂlﬁ r st rdek | G Bhz yiS NG se\ﬁé@tlon

%@EkQQP%%dlh%E%agg 1h°t§@|£§aﬁ§§gngcpﬁi8@, and this tendency

manuf act ured by Lexi con eCtroporation. From
am@ngemhak@@ﬂecuedt384h¢gbﬁéetoﬁléﬁlBeaéngQth At the same

L, di date st
P8 odred PO Ly poRet ERREEYT | EPFS VoS, fig B Gbrdkiterence

dRAwéen( #he 2ontebBGE Cohd TERECEHI6Ageni SER:¢D These
NO 12), a sequence within the is Neor in the targeting

VESIALS pZe ShougiTAGE? CERAATTET GAGGHTT ACCRR 396 BEQM ¢, the
@?ﬁg%%e LAEH %EgelmQH%2#$ wﬂpﬁ %nhgﬁgéﬂé Ehgf 1n?ulln

t/argeting vec aq  polynerase nanufac ured
lsyec'falta.m Shiz Oﬁhe RCRywesa tped f et rm:dacatgrcﬁitfs f mnhhmaelment of
&a 8C losec -> 70C 5 mn 3032 x35 cycles -> 72C
1P E§C£eFé§BIWanF8W??k%B Ptivek ¥R n%%g%%%t% that these

fr@ls%qtsp%lrte' ¥8seHOBASthE- 6pr48 §Oha! of 19 clones, an
about 5.1-kbp band was obtai ned” Qut of them 10

de@éé |nclud|ng the 7 positive clones, were again
g%bﬁkggpiP&n Cﬁégnggéréggisag§9ycgggiggegsis evegﬁﬁ Langerhans
aled 132, fwerehpesht GPR40 gene transgenic mice upon glucose
stimulation

Insulin secretion from isclated islets of Langerhans
derived from transgenic mice of the 47M strain in response to
glucose stimulation was examined. Islets of Langerhans were
isolated from mice fed with a normal diet at 10 to 13 week-old
by the method described in Example 4. After cultivation in an
RPMI1640 medium (manufactured by Invitrogen) containing 11 mM
glucose, 1 mM HEPES, and 10% FBS for 16 hours, the islets of
Langerhans were cultured in a Krebs Ringer bicarbonate buffer
(116 mM NaCl, 4.7 mM KC1, 1.17 mM KH,PO,, 1.17 mM MgSO4-7H;Q, 25
mM NaHCO;, 2.52 mM CaCl,, 24 mM HEPES, 0.2% BSA) containing 1
mM glucose and 0.2% BSA for 30 minutes. HNext, the medium was
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Next, to exam ne for the presence or absence of
honol ogous reconbi nati on at the GPR40 gene | ocus,
Southern hybri di zati on was perforned. Specifically,

-k RI nt bej t ..
Seedediet 38 2, RErbr RRBUSE PArGEPPNGLo e b Sha ppEaining 3 mi
@Q%BetB% D¥AROf gt BecES, cehll vAe ifigestsf Mhhderhans were
coRl, after mhlcﬁ Sout her n hybri di zati on was

thelrr@éld forhdr BBYr-a n theramdl g ardamenomith the

fq@lk S oty PRI ach " bR S T0E g ot o @ Keobe

ﬁhﬁgﬁ&nblbembgnptesanfentsdeaihEn§ 1Bsmar@1m¢o$®eto obtain a
tar etln% vect or s t he ge ihe DNA of the ES
CACREL G §Bs PEd w’Pt ﬂMSaEP Lptebs whf chergetiens were cultured

e idingatd onarv@s Perf DFdethn, Tha{eh Rk Ardim At was
is obtained fromthe wld allele, and a 17. 4-kbp band

ias setyeal Hed ﬂn@nﬂnhecpatgetedsmm el Morsngpp 9impwhes ELISA kit

|nclu t h clL.one d.to be po t|ve in the

QR R PeChRRERRRCHT RE S FoR TR e b fr inaga Milk
E@fddsthyScOsi detar m. SMMﬂ@,kaﬂﬁhxza;tulmvan, islets of
performed as described below. After 2 pg of DNA of

asWedNeRs HfdendisEurleroly cSPNECARERN dRFERY e SPRICator
aﬂgﬂufd@t%%%ﬁoﬁgoﬁeﬁ' §tk8%FﬁEEOTP§§1HG Pnég?Tw§he amount of

agarose ge otted to a
fiNA eras He¢eFodRedSackng. 3- RbpnDNATTY 2inegtreent dsdONA Assay

side ar abel e a- 32 P, dCTP
OB TBR 0 ot Pl MO B OLAPORTSBY) o FAndbME TR OF
th0d o MélcthieRlkea sDNGrkabebing Syst em RPN, 1601Y,
manuf act ured by Amersham 15 Pharmaci a Bi otech), and

this wadnuste asount pf obesuliybrearetad oin vidhe presence of 3

R DR P 88 Bla b Sy e BM gl g pmerol mice

3:9)61 tm\eemr?wm:xaEnnalFt[sz Bashi I’[gmvntdr’(tl(aétx.SS(ﬁ thelYpresence of
SDS was . perfornmed for 20 m nytes_x 2, and
dit FhEEGORH wabet awgﬁnﬁooésﬁﬁauhmm%r%%ﬁu‘r%\%t Righer in the

by Wi Bhn KON chBecdnrshieni s Mr2c ROsAf . [»fﬂ(ﬂhe
each clone and nbuse genonmic DNA were digested wth

@mﬂerxmambmwnhhthheSadﬂlsanHIo@ EakMpttmwaCidagﬂﬁﬂtof GPR40
ut si d e 5' side armas.the Sout

P, SRoAmRiatoa?t oA e REeFea tiatauied bqut 1.5
reisid < ,1n25r.hié0bmtnﬁtlé Gckbpabasd gbsepved ¥bgbrol mice,
honol ogous reconbi nation has occurred in the 3" side

égﬁgﬁ@ﬁgbﬁltgnahphgoradglkgﬁnbgﬁ@up, and the amount of insulin
increased about 6 times in the transgenic mice, compared with

the no-addition group (FIG. 5B). From these results, it was
found that the amount of insulin secreted upon stimulation with
high concentration glucose in islets of Langerhans derived from
the transgenic mice was higher than that of the control mice,
and that its responsivility to palmitic acid was higher than
that of the control mice. It is suggested that both may be
attributed to the high expression of the GPR40 gene.

[0105]

Example 8 Acquisition of homologous recombinant ES cells for

preparation of GPR40 gene deficient mice
68



10

15

20

25

30

35

observed when honol ogous reconbi nati on has occurred in
the 5° side armregion, were obtained fromsix
clones, i.e., Nos. 85, 231, 247, 325, 373 and 374;

Lhese 0% CpRIBeRRRCTR AR DETrLa%RAE LERTUM o 1o

Wasimpalee 20l egopatent SQEuRERDES, tﬂ’ﬂcﬂldﬁgﬂﬁl’a \ml transformed
further anal¥zed. To confirmthat the tar etinﬁ vect or

wad hndihe yesipgd Epph8rachsai ¢pbh BEhR(PEhapPRHR, has been
*&%IHEJS%%S BQEQ”QEEQEEQBMS%B& BERANB P DE2 8T oOSILTE,

not tandenly;inserted into the honol ogous 70
ﬂ@¢@m@mmabmaﬁ ®atentafdgehésini Repos heampnbianeonal tBrstitute of

d S th bridizat is, of t
AEaircuierua gL SoERas AP SECrPOLTEheaar {Brcember 11,
woeh Sout hern hybridi zation was performed with the

1.9-kbp BanHl - EcoRI fragnent s corresponding to the
Neor r @@y mlt:ﬁ@gtramgeﬂf nh¢ eCPBA0 agenp et apyabng | fector,

| h
R
ZéﬂJ537332 angrimé, ChlﬁﬁfacﬁupéﬂrbylLgxb&obhnﬁy sksetroporation.

observed therefore, the targeting c% was, | j kely
T FKOG (B8 GRLERECHeRBlechIFS RbrChbfiotogbttant strains,

HRETRIR %c‘oﬂzb&l:@ﬁ@ egﬁa%até%egafgmg MoreB8elected by PCR.
cl one, "only one band was obtai ned, but because the

kﬁnarﬂﬂmyaldens@slngaﬁrumar 6t ang H2hé¥lel bhe, it was

Aot P RarbRG RS SERLTPLR8 AT 7 st BRHER Hitnin the

iNed=hhi g eh@neargemhc_i;yveéwr) St xd cm-e—s from whi ch only
single 17.4-kbp band was obtained, i. Nos. 231 and

B GISCE AP AT ROTE B TAS ARBADP b 6u50r EBONBT hahi sa seduence -
[éﬁggﬂ 42§%gp§e %IBrSEagﬁE'QQr Etgﬁﬁmg?gggg& and LA Tag

eficient mce and expr SSIO 0 gene in
rpnmymhﬁasa amhnmfaetﬂeeahbyhmahbngthuzetonBCRamasEﬁbrformed at

cell strain No. I nj ected |nto a blasto;
4 Fvéart Lomia ﬁbu§¥36f19ﬁ§CCSVBU9éU ggPgPsegpex35 cycles —

Imoectlsdmghastz%yastré/mﬂr%%m gnted itq vehe1cAkkdlnl 12 false-
of a pseudopregnant nouse, and 31 chinera mce were

(ﬁﬁﬁ%ﬁﬂﬁ? qwﬂn§5nlGeeshoﬂnﬁgtalhpéhlﬁhph@ﬁasra@@oahpﬁh 5. 1-kbp

?rga%ed o o%lttlaall%l% o6 ¢ IIH:SiS celtfﬁédgrl vedﬁ)rglgrgéé? rI'@\jwre yng the 7

goditine tolaneE, ss:e&ze waaincenbint red. b@RORI an@BA s same
eﬂﬁkaﬁiﬁgﬂogékgi E%Bkgs?fltge?eNos. 85, 231, 247, 325, 373,
374, and 391, were positive.

Next, to examine for the presence or absence of
homologous recombination at the GPR40 gene locus, Southern
hybridization was performed. Specifically, with a 1.2-kbp
SacI-EcoRI fragment being present outside the 3’ arm of the
targeting vector as the probe, the DNA of the ES cell was
digested with EcoRI, after which Southern hybridization was
performed. Thereby, a 9.7-Kbp band is obtained from the wild
allele, and from the targeted allele a 4.6-kbp band is obtained.
With a 0.9-kbp SacI-BamHI fragment being present outside the 5’

arm of the targeting vector as the probe, the DNA of the ES
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m ce, and genotyping was perforned by PCR using the
prinmer #1 and #2 described in Exanple 8; it was found
that 48 individuals 30 were hetero-deficient mce.

Next, genotyping of .the_pups bt ai ned by nating th L. ,
rendr shaornLPEnEanr L P raBehor 2 EF e Sect fRS T Ry Mybridization
RelsoWe ribi-he BINA PR LD 4 roMANed ddnPS d Mbtained from the
tenplate, using the primer #1 and priner #2 described

wi LdERdApile  8anRCR Was4plbpobard iLmdelptaired ofkiin s targeted
0f,24€ 1 min 35 -* (98C 10sec -* 70C 5nmin 30sec) x25
cycl'es--> 72C 10 min. No 71 bands are detected in

sanpl esnf Pomlwhkd, Nninelunbed edlse an @bomks Padgddptdars positive
i,s detected in sanples from hetero-deficient mce and

HEnbDGe fPEFERE i gER' LPREWRSED Rgbhbdp?aimepn #82§ geerformed.

SCOELCT A, 350l 8R4 %&%ﬂza@i&?%é‘?@&ﬁedffbrmed as

the lacked s portion of the nouse GPR40 ge
pleismaribgd p&lowAACGETTRGGAT GUT @ACCEZCGECAa3h (SEQel Bnd mouse

NGO 15)., equence,outside .the_ 3' side armof, the .
tgé"P&g%‘Fn@Néeg'F’o"F) slﬁﬁﬁéﬁgs”bé??%?% ' e T PRoresis was
gRitdiot-meds oaf 094€ TARI Bgafoél84e10586d -thd MNAWAL blotted to a
30sec) x30 cycles -* 72C 10 min. No bands are detected

iylcs Sadpres T Frakltiadicilerd Mk ONAVEagEendn cut side the
bout: ;5. 4-kbp_ha h§.d ed in,sa S b1 d

o oo L ety Be 8 Ripel S0 GL ARG Cu T 2R P ES (WEEEL L,
meherfacitefred ept DoPoet) abgd donandet it ant mdideod WMELtiprime

ui,red_as descri bed_ab Thereafter, these mce
TS 1aRE 1A PG ARG aHa BN obARLY ed™HRu FRE T ged DY Amersham
horRnEeihCBeRteFhF e, aAAGLh Sstgs COSA Ods NS YEsKe.

mai nt ai ned and propagated by mating wild mce; these
iyl Lpkdzae td@pplRedpevforhed ekper i mpp 541 Fakiemercd R0 (0.5M

ARre, PRTRPREHE AT M e (ot ANA s LRyl FPGf at 6s°C
ive rpdgtieask ixia Bl yeekagH ithg!siing 10SQGENC,a%$) .28 sSDS was

directed in the attached protocol. One m crogram of
PrRE PSSR TRRAZELTANHESS was? t r3od et vt P FamikRggam was taken

RS B %A%Q@D@U%éﬁﬁféeﬁﬁ%d ﬁ;?viﬁéjzf F{ARSCI I RYORhe 57 side

enzyme as directed 1n the attac protocol to
synt, h@spugecd DNASHE sésandcThINA, aad tresusd hpedmic DNA were

r.eci pitation, .the precipitated c s dj ssol ved i
Rocsr oo el BpCTn SR doPtt T ot SrPar I oi- tisge TNA
Fuigihehenbuteidé fHe 9f KMeWasn Us€deids diod engddiern
for TagMan analysis. For detection of the nouse GPR40

Ggabeidazptippr waet PoFfeoRedras Jrsemibed above. As a result,
%?Fﬁl}%gcggzggggjgggé}§Bée§$§él&%@%)ﬂémoléﬁﬁﬁgEﬁ%combination
has occurred in the 3’ side arm region, and the 17.4-kbp band
observed when homologous recombination has occurred in the 5’
side arm region, were obtained from six clones, i.e., Nos. 85,
231, 247, 325, 373, and, 374; these six clcones became
homologous recombinant candidate strains. However, since the
17.4-kbp band was heterologous in some clones, this region was
further analyzed.

To confirm that the targeting vector was not inserted
into a position other than the homologous recombination region

on the chromosome, or not tandemly: inserted into the homologous
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(5" - GCCTGGGAGTGAGICCCAGIT -3'; SEQ ID NGO 17), and a
FAM | abel ed 30 TagMan pri nmer probe

(5" - CCATCCGAGGCGCAGIGTCCC-3'; SEQ I D NO: 18) was used;
for detection of the actin gene, a prinmer set of

PRI LT S8 CBTCARMAGATEACCHABATERb Bane SE g used in

SN%S} %)[c)mll:lge gf?@g)r]}:g@igg lgf&%fl ggéeg iaq%ﬁgpri rreé pr-1 o%%tSide the

(B' -SHEEGACCT MGAACACCCEAGLCCAT G2 B5wBich SEG t e NO Ri)ridibszation
sed. The worKking,c e ed to, 72 _calculate co

bR S e rarhs 0ot fon ErbyBrhEs Fetkl o adoii ng

ke GRRRERNY 2l @RS kol rauiseh GRRAG ans LANRtR) i@ or as the

a plasm d DNA conprising the anplified region in full

IFeitdch, &F 28C8yAthbY | @PONORY e fuimyg sy tiegigmbinant is
é%ﬁ%§§§ﬁﬁg§$eaﬁhtﬁ—%bgeggn&nagfiaﬁéu&@@e&%ﬁéﬂ(3%% No. 247, 373,

GEAAGTET GAMMGAT GAGTGASATEATET THEATA G TEANAESREACK e re fore,
TGTACGTAG,  CCATCCAGCCTGIGCTGIC-3'; SEQ I D NO 22), to

i P IASE 1N &L ORNTESpdE hESY f Fonka0bPeepred gerthe genome by
\%?d—ﬁdhdﬂ%égagp&%%OHS&naﬁﬁbh-iHhﬁhéééféféhéEL!‘ﬁéﬂaﬁﬁ}ng No. 85

t he nouse R40 gene Is 10 expressed as a ratio to e
exdpressicod 1 enel behdt Resacbtaigede. busbebauwe | thé|land was

6, the use R40 _.gene expression leyvel _in_the
BT BT e SO APV P NP B hEEe evT HeiR® SWEFRaked that the
thergetXie S8ic@br! 8N ghti Bel BEnAARAET €28ESgPEtddei (iPRAhe
ene hetero- deficient mce had decreased to about

O lRg RSy iy egembRap tpnl seghen chnt ol s ngkene anditigd 1y, two
QRIS AnliRe Bﬂggr‘égﬁgﬁeoiﬂﬁ@kb ﬁé‘l‘??gv‘?é@ obtained, i.e.,
hono-deficient mce d di sappeared. Fromt hese
Nesul 231 iandn@2 5, owrdet hdent hEied paesisoronl dgwed récombinants.
these mce correlated with the anobunt of the nouse

éﬂfﬂgene, and it was expected that the GPR40 gene

'Ekﬂ%pkgigﬂ?@@pa@thoﬁCSEiG?ﬁ4@0%$ﬂeZﬁbﬁﬁr@é&icient mice and
phenot ypes associated with the R40 gene defi ci ency.
Nesaressomiin gFRAE aboeeidebendheef hetenb-nete ci ent

MOUSE G, h?L%Bfo(i%f l:)%lseggcgr%gfgar\{\q:.tgsac J?BSL{rGé]in 58231 was
het er o- def I°CLent M cé ere acquired ? rrs
generatddointolhepbhakevoystefieciesd MmeR Hhharneddythe C57BL/6JT

repeating this nati%g five times 25 (fifth _generati on)h
W it ede ol BbeGF ¢ oM HC i te e amh & TRl ddEicc itenthe

e O By Fastron AT EP S NP S cr Tk e R iy were
rakg@ igred .hoMeldehice esttowirne;a tHigge ahigensematsyppliiteéd an ES
ﬂﬁglflg%nf%ﬁ %%Eg%nggte of 50% or more were mated to obtain 106
ES-cell-derived mice, whereby germline transmission was
confirmed. Genomic DNA was purified from the tails of these
mice, and genotyping was performed by PCR using the primer #1
and #2 described in Example 8; it was found that 48 individuals
were hetero-deficient mice. Next, genotyping of the pups
obtained by mating the hetero-deficient mice was performed as
described below. With DNA prepared from the tail as the
template, using the primer #1 and primer #2 described in
Example 8, PCR was performed under the conditions of 94°C 1 min

— {98°C 10sec — 70°C 5min 30sec) x25 cycles —> 72°C 10 min. No
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30 [0107] Exanple 10 Ceneral properties of GPR4A0 gene
hono-deficient mce Starting at 8 week-old, the GPR40

gene hono-deficient mce were fed with a [owfat diet
(,D12450B, 10 kcal % fat, manufactured_ by Research

rar$s 43R detGetechilgh spEpPLlasefren t"Bi%‘@?C%OWIR%E‘F% an about

faty i uard ureddecreseancBahebs, £kB8: hetdBol@rBeient mice
weeks. ‘Starting after the initiation of fatty diet

| i Ingppo el atsud e mias - wel fhewdi seekisingvnthingodd (S'-
RALBIR Gt HRRIPBasy” adp8S BB 38 Y. a SBEERIHEE! LY. the 1acked

hegpat i di Zed tapindudky GPREAS ang) cCapOopeMhsrweg e (5 ~
acquired via centrlfu&atlon and &éasn& glucose )
@@%TW%T%G% A3l eEES er BOa kur@dS%?u%fhfée outside

gt ogh sdfc%raf?@% r&h@%ggtggg 8%.[)9%!%*5? al Oﬁtﬁ'\s n%@%fcmed

was neasured escrib e day bet
tiedest atie Qfoﬂma&mnbm 94°Che men ght (@B°¢ hEOé@@d—)orm"c 5min
the feeding wire net was neasured, io and on th

13 e Y AUes Wi GATC IO 1H@ f oA ’Bﬁnf‘ﬁeaﬁﬁr‘éeﬁ%‘fte‘j in

adhg hes ek ahth o -ldae ibeadrsgatber @elBat NEn CaYSuES €4-kbp band
measur ed, whereby the weight of the food taken was

des edeﬁefe‘feed did Staﬁnpdes\/\égomumtﬂgl magebgndhbetarordeficient mice.
mﬁ$ue each f to %alculat? Hdally calprifi

ero 1c1]en QIO — 8ef1c1ent I[llCE
ake a

the st’i 04 group and

tdﬂ@cé‘llzgiqdnaied Qlist%tdds@adbgt‘:ioubovéhe Tioehye vt gt traldée mice were
of the GPR40 gene hono- deficient mce was equal to
tW%&n?ﬁquﬁa%ﬂﬂnﬂﬁﬂpaﬁﬁ&éd(PVGPa?APgaHBmEJdegﬁﬂl?%t mice, and

t [ t
ool M oy pltpeiiace 1R gl e apaing e

201 ¢4 @h@ﬁ amid-eFwerBosuppilhetthéokrowhtaexderiménbs.

Do G bl RheohEingraesi SRR mifet EReE acne

Neetsé GiH dd Ciaditert tfiRegneadnasntebsenyed, bebreenriAewas
control mce and the hono-deficient mce (FIG 7C D

@Ea%ﬁ%ed Herfee thiet P\ﬁ/@§r@ﬁéugﬁt 8t Haekralderasngf ISBGEN, as
%é’ 1Nt (SRl Qi c%e'd%%%ocehas’@n@'ﬁﬁoegﬂa%’%f the total
asna |nsuI|n Ievel was no 1mj
cﬂmﬁenmnﬁxn&mnmeemr@heeGPR4®h gandohopnaﬂefscaﬁdtSnpeEScrlpt II

and the control m ce. [0108 3 uco
T U SR G GRS Agin e THaNb. 8t A FeRESt Lo £8 attached
FA5toAsn alo SymRaleald ot B8 rSPRAO-a8ACDRAP- defLfEi &Mhanol
precipitation, the precipitated cDNA was dissolved in 40pl of
TE. Of this solution, an aligquot of cDNA equivalent to 25 ng
of RNA was used as the template for TagMan analysis. For
detection of the mouse GPR40 gene, a primer set of forward
primer (5'~-TTTGCGCTGGGCTTTCC-3'; SEQ ID NO:16), reverse primer
{5'~GCTGGGAGTGAGTCGCAGTT —-3'; SEQ ID NG:17), and a FAM-labeled
TagMan primer probe (5'-CCATCCGAGGCGCAGTGTCCC-3'; SEQ ID NO:18)
was used; for detection of the actin gene, a primer set of
forward primer (5'-CGTGARAAGATGACCCAGATCA-3'; SEQ ID NO:19),
reverse primer {5'-CACAGCCTGGATGGCTACGT-3'; SEQ ID NO:20), and
a FAM-labled TagMan primer probe (5'-TGAGACCTTCAACACCCCAGCCATG-

3'; SEQ ID NC:21) was used. The working curve used to
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mce were fed with a lowfat diet (D12450B, 10 kcal %
fat, manufactured by Research Diets, Inc.) or a
hi gh-fat diet (D12492, 60 kcal % f at, rranuf actured by

Research Diets ne. for 11 wee e at. 19

R ot bbbk Psn S8 EBet 4ot Goreinga dgFernined
Ll R M IR RSN RS tE%RABhE Bf al/flof®e GPRID tdend A¥bd@dining a
d| et gro and the high-fat diet group, there was no

lﬁ@f@r@@’é’rllﬁl@gu@l?@eaf“@ﬂéfaﬁ@efe%b@l\?*\e?efh fwel length, or
d Le r

resa’f%er’%l%em@'%% £ EmRATDREERbr A Rbr FLOT of TR JJESE actin
ERRAD (Snagmfelcdtlmtenlobyl Sﬁ:GMﬂnGenbhps gl btese tol erance.

P2 G BT R TR RC U T A A (H AR ACTACGTAG

R EePRicdicae TdeacTexBr S sebhephngepz (PR &@@&r@@ Yt
io the foll owi ng was perforrred Specl ficall Y, by

clrmmrtgmaqwmmts@mm @@neccmmgmﬁ vetdude di0't pepies per
trakn uir e .3 and a

Mgl BRPHLREL DT o e Bl S0 9RIR s

ienchndgierl s et adammgtbhehbuaapr&’% Ob#ee]l adfl the actin gene.

havi ng het erozygous for deficiency of_the nouse GPR40

gene, 5 iO¥TadGuELEd. SThEPRREUE R RBRENI 2o cexrERES1on level

OLLH ail'gieg)a\i‘ﬁrr%asg oﬁﬁe‘Ehgﬂ Ean:f??l f.gg%g)s 08fdent, whereas the

Iclent mce e transgenic mce
m&ﬂsnssedameﬂh imaltéeCPRAOrgenes hohothel e PR4 @fene hetero-

rehy hybrid mce retaini e man GPR40
e W RlentHonsyeaaess b Bt Sabh B Aigh 2o that of
NEHES e deti] 4 cegnant4 ENe TaXKEk s sY\6h €1 R CElk Neshcadd® of the
sanme tinme, control mce having honozygous for

deHR 4 g domendefdgdentPrigegbad, diapppeptedavifmgm these
SJI%JMLB” iEPRAL 4808 ('E'RQI%EQ) é&f&j%@éﬂ&é &hese mice
y gX an

seque’nt y, mce o t al ned SI ng
Nb:ﬁgadj@amémﬁt@xamenadloﬁnt bﬁetpeemens«e ©PRAbsENGE, oind it was
the 25 hu\)n%aé@ O@g wher eby 47M TgxKO and
e 9eBe PRBORGRRHC PRI feheacquired would

té}@ﬂ%ﬂﬁ:n'pﬁ]éﬂoct%tp%fs EQ@O%@EtéBr@tha@he Webka0 Nydid Heficiency.
m ce retaining the human GPR40 gene, and having

honozy dexd . f by dvéfcnog_ehby abomugescﬁm@ geeﬂeel(cz%flclent
i R S
i@ iEmee rilce Wheeghtqliorba fFLest C@@ﬁ@@éﬁdﬂﬁd e hetero-
tég%léﬁgitpguzgeo%égagzglgg ggpégglggugﬁlé}ﬁgggng five times
(fifth generation) were mated to obtain control mice and homo-
deficient micé. Thereafter, these mice were maintained and
propagated by mating hetero-deficient mice, or control mice or
homo-deficient mice; these mice were supplied for the
experiments.
[0107]
Example 10 General properties of GPR40 gene homo-deficient mice
Starting at 8 week-old, the GPR40 gene homo-deficient
mice were fed with a low-fat diet {(D12450B, 10 kcal% fat,

manufactured by Research Diets, Inc.) or a high-fat diet

(D12492, 60 kcal% fat, manufactured by Research Diets, Inc.)
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gene and the expression of the human GPR40 gene only.
[0110) Exanple 13 Human GPR40 gene transgenic mce
havi ng t he genetic 35 background of KKAY mice 75 To

%&Eﬁ%eeﬁ% ef %ﬁ th %9? eE(IPr e5 tolatolon n diet

m Ce, hyperg ycen1 o eS|ty,
muwanjmﬁPRﬁﬂﬂgeMﬁukfansgaﬁughﬁuceeEBWyngwihﬁ gE@@dlparameters
background of KKAY nmice were_ prepared. SpeC|f|caI

HERG GEATHY ki PEPREBALY genP ] Hanisgeive Hiqod pag drawn from
44N Sd Ay aGHEdL iR aﬁe!pgﬁme@g 556%[%??; glggma

retaining the human GPR40 gene, and having the
g EEETdet eratienedduiowdt Néacoantcofogat43M Tgn&kAvgsma glucose

NS G pshe, BaHIAG “RAGTRGVERE Ae-QaREC (appre method

WHddYibareriey axsmole aCqUDiLly dakem Si: 2dfakkg/dA heasured as
and 23F Tg/ KK were also prepared. In either case,

REPWNonPH/ KRe sy P BRre ddit reianh @f measurement,
rﬂ%%lﬁfﬁeyqulﬁ%u%kapﬁsn Ble' gghéh%yw1£glﬂ'& w;§'s measured,

Because and anlna resent
|andﬂdn(nhe(ﬁdﬁﬂmwunghﬂagtypeswéhghtaoé nneefmedlﬁmttwe wire net
are_usef ul

f the normal GPR40 nctions, the

iéﬁ}%d“%ﬁi‘td gté‘Pf ©R6y SeehFane oﬁnsyg%e%g?nwmdﬂeasured
féﬁefgﬁyﬂ%ﬁgnwéyhh&e%gl%h@rYOQHU9§ken[93§2$e@QrMW%é@ and this
the present invention has been descri bed

erFhagilst iaml imdefoay td¢ eaBodiifdat yalie d§ @@vho@@,oql oto calculate
t#ﬁfﬁy égiléf¥1é n th%'art that the preferred

S can Bé "onodi fied. The present invention

I nt end¥dihadotdthe her aserifati Ayent ieadcgrohpe aendothedhbyh-fat
neIhods ot her than those described 25 in detail in the
pHederkoah s TR atthsn PoslycyPdPRGI Y21lbReof pFeeeRFR40 gene homo-

| et %ﬁ%%ﬁh' tgog?stcatf'ené EBLPPPRSREL (FIG. 7A

within the spirit and scope o he appended cl ai ns.
BN Ea)pplam:hmmrtarmsb@sfed:admrafpat entakppl toate o»mamo
2 06- 022913 filed i n, t ntents disclos
EEns, Bt San ShBoRATBa P FAPIE HBFGF niy [if scontrol mice

rﬁfm enge.anther)content Soth SEhOSES L fhtams bl dLBlgr@up and the
cited herein, |nclud|ng patents and patent

dpisihtit sHet doachereby.i ABoEpsMat @8 bath plasma glucose

levels and plasma insulin levels, no significant difference was
observed between the control mice and the homo-deficient mice
(FIG. 7C, D, G and H). Hence, it was thought that in terms of
body weight, calorific intake, plasma glucose level, and plasma
insulin level, there was no major difference between the GPR40
gene homo-deficilent mice and the control mice.
[0108]
Example 11 Glucose tolerance of GPR40 gene homo-deficient mice
Starting at 8 week-old, the GPR40 gene homo-deficient
mice were fed with a low-fat diet {(D12450B, 10 kcal% fat,
manufactured by Research Diets, Inc.} or a high-fat diet
(D12492, 60 kcal®% fat, manufactured by Research Diets, Inc.)
for 11 weeks. On mice at 19 week-old, a glucose tolerance test
was performed in the same manner as Example 5.
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their entireties by reference in the present
specification, to the extent that they have been
di scl osed herein. 76 Clains 1. A transgenic nouse

cxcpr e SRR EES ARG Erh 81ET) SEREDI ASY) FHe oacrat Fon diet
GARAY,t tHa% RN nnakhgasedi rasdbake iﬁ)?m@ogé UES®BErance

tol erance has been i nproved, conpared with the

Lstessoidin Fanérolr ansgennd kbashomerdafigbert oml@ﬁ From
tqhgalér% %é%qlg:%gyntt{q%%gﬁko%lﬁh% + e Qﬁgsﬁeﬁfg%% % he GPR4O

at’ encodes” an exoge
@0 disl underiiffieenaet tak gﬂuaﬁsensuLEﬁapt@nnter, or
a Eortion of the living body thereof. 3. The nopuse
a ing to claim1, wherein the exogenous GPR40 is

ha&ndie %my@'rl%uHﬁb@nbEahhiﬁahthﬁgﬁeﬁéﬂé Ny &¢ilenic mice and
sequence as ‘the am no acid sequence shown by S I D

KBRA 0 grere QQNQﬂ@@f@tlenhemncelng body thereof. 4. A
screenl% net hod f or 40 a oni st

ant agoni tprggﬁﬁﬁlgﬁﬁﬁ gﬁﬁ yFig %F?égfoggﬁﬁghgﬁﬁéitqﬁ?e only,

RN Eolaenaind Mgst Petlfairied . orspedof 1d0N wf By ddsWikgr a human
bod thereof and deternlnln% the GPR40 agoni st

4 GPTGr tEPREISRACaBONFSt OTatbev 1Y, SPEREN gequired in
?’m‘;ga%ﬁﬂ]é”% i 2d ¢l 02Behd) bﬂé“hégléf&ﬁ@t&mé’@s@”éjé&hred in

ucose tol erance regu atory g, conprisi
a‘b@n;plmg % tlemshvmuaﬁeumdtamnnhg hbeskeunsn oF RIRNY geme, and

aim1 or portion _of th lLiving body thereof
e T et B utngar: Hegict BhrBoet e grotss ceRll gene,
HHO R GAIRIBNCehe IRz Pe Arimisenferntidd 298 LWbtained were
retaining a DNA that encodes an exogenous GPR40 under

e seest rolthoffemalenSEREA peoeoheno-deffhtemburice, and the
af%g%r% r{%atn% Célnq.lcn}n{f:ﬁwt}g;:gl r&gs%gi(ﬁggﬂoﬁileeg: (%41940 dene homo-

er ogen e nmou se

diffiiciientt imice]7 whheeeyphgssmnm@teth@t@mgg@m human GPR40
GPR40 gene, or B@rtlon of the living body thereof.
Qenfhefﬁﬁh§@V&@€b Wﬁ§Y98u§I§Pﬁ1¢8f%ﬁé?%$h ¢fHegthe mouse GPR4O

OGEREaYSkoy , CRB4Q béqgﬂ:ééﬂed A QRN WRR 9Q%e? control

portion of the I'i'vi ng body
mice having homozygous for deficiency of the mouse GPR40 gene,

and not having the human GPR40 gene {NonTgxKO), were also
acquired. Subsequently, mice obtained by crossing 47M TgxKO
and NonTgxKO were examined for the presence or absence of the
human GPR40 gene, whereby 47M TgxKO and NonTgxKO were selected.
For the human GPR40 gene transgenic mice of the 23F strain as
well, hybrid mice retaining the human GPR40 gene, and having
homozygous for deficiency of mouse GPR40 gene (23F TgxKO) and
control mice therefor (NonTgxKO} were prepared as described
above. The 47M TgxKO and 23F TgxKO mice are thought to be mice
characterized by the loss of the expression of the mouse GPR40
gene and the expression of the human GPR40 gene only.

[0110]

Example 13 Human GPR40 gene transgenic mice having the genetic
background of KKAY mice
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thereof. 9. A screening nethod for a heterogeneous

GPR40 agoni st or a heterogeneous GPR40 ant agoni st
conprising applying a test io conpound to the nouse
according to claim7 or._.a portion.of the livin

her eol S SHATIEEerhenPRGeERS CPRAbOAGBIE ST 5hT 1y PR40 gene
Qh GRRAOmaBEARRISh @ehilit Ynydd:gAGaiieeRinty oRisieg, human
for an (1) insulin secretion and/or (2) 1is, glucose
{BRdCagee s dgarsgsry cdrygei Rauingt Bhe getletisC neamiground of
GPr §,$L89 | ¥i ests COITR9 0 {he 0
accor@?%g ?%PQC g§§$€e%r émgbrtig%q% "th F?ggﬁg“%oﬁﬁman GPRA
tdeerce dafransmgeknieasicengf the ¢1) shsainnasgeietd gn Example 3

and/ or (2).qlucose tolerance. 20 11. A hal ogi ¢ :
SRS e MHgtsEe TECM T i AU o ferye and having
DS 4 YageAE dh BOdé Le Shhdd 1r Poil @NOthelt R a@78 Tg/KKAY),
condition nodel nouse, or a portion of the livin

ede Eirsiudaied -12At ALt PRl@ g Eneomeiag die tesddin €e human

r i from.dr Lpduct | ORy O trgﬁﬁjl g

tﬁe r(r}o seeécé%gfdpﬁg flgvgﬁgi ?nh%ﬂ o‘#erge portion’o t’hgﬁgﬂre also
ldcguigeandy Ll heweod, A Py LuAeandg 20€t fgdkkowege also

prophyl actic/therapeutic substance for a dise?se ‘
REEHFFEN -ed 1By ST PR Hor By @%&m’.%ﬁ%nﬁnéoﬁﬁmfg' R sgpved as
RIII rt deLStreGpERRYRE 1,0 the nouse according to

st
claimil or 12 or a portion of the |iving body
tIhetusdfriadndrgdticaminihy the anelioration of the
gﬁéﬁﬂhogic condition. 14. The nethod according to
"aim-13, wherein the pathologic 35 condition or

di seas@dcauiR! aipel Tg SHAJKOWRDOANDNEL O ofDfige [SHFERRTB nvention
t hereof . 78 SEQUENCE LI STING <110> Takeda

By IR de PheoRIt YOSSp ARG tLRAPt BETS <190 e CENET| TLthe normal GPR4O
ASELFLTD M 00 BTV o 1303051808 ) 00 Ry
earadivat idr? sys2Egis in<kite 900 GRRA@>a®bNFon regulatory drugs.
[0112]

While the present invention has been described with
emphasis on preferred embodiments, it is obvicus to those
skilled in the art that the preferred embodiments can be
modified. The present invention intends that the present
invention can be embodied by methods other than those described
in detail in the present specification. Accordingly, the
present invention encompasses all modifications encompassed
within the spirit and scope of the appended claims.

This application is based on a patent application No.
2006-022913 filed in Japan, the contents disclosed therein
are incorporated in full herein by this reference. The
contents disclosed in any publication cited herein, including
patents and patent applications, are hereby incorporated in
their entireties by reference in the present specification, to

the extent that they have been disclosed herein.
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<213> Hono sapiens <220> <221> CDS <222> (1).. (900)
<400> 1 atg gac ctg ccc cog cog etc too ttc ggc etc
t at gtg gcc gcc ttt 48 Met Asp Lou Pro Pro G n Leu
S@ia e Sly Lou Tyr Val Ala Ala Phe 1 5 10 15 gcg ctg
ggc tTe cog etc aac gtc ctg goo etc cga ggc gcg acg

gee 96 AI a Lou Gly Phe Pro Lou n Val Lou Ala lie
%/ a Thr a 20 25 30 car eecgetcct etc
a%e 2o rfa@%g%mgc gwl&%rregt@olr@t@ &a A4 enppeges) gn exogenous

%IQR&-@UIS‘[Q% s 1 85U w\{@re-gw Ala Lou Asn

Lou 35 c tgc too goo ctg otg ctg aca gte tot
ctb ctcle cirgswsh:ga oo g oD 2ap@oji Ry haSebedsp iboueberd, and/or

L Thr Val Ser Lou Pro Ley Lys Ala.Vval 50 55 60 gag
obt) e gebucire g egf&&%eg}ac%fb% 05386 0g cig
téﬁm§é¥b34&htﬂgﬂhé”ébﬂ%%é I tAaRsEERi B QokQd, or a
Pro Ala Ser Lou Cys Pro 570 5 80 gto ttc gcg gtg

geerebeontet the hictinga dadut tdssepdc ggg ggc ttc 288
Val Phe Ala Val Ala H s Phe Phe Pro Lou Tyr Ala Sly
Gy Ay Phe 85 90 95 <ctg goo goo ctg agt gca ggc cgc

tac The rgcgaseg@eccgﬁe:iiﬁge teO @ 1tdigh 336 whiceeiAl @hAl BNBOYhat encodes
Ser Ala Sly (g%R%b Lou dy Ala Ala Phe Pro Leu 100

195 TIRIRRRS A TGty CAF5E0g ofgant apsukén promoter,

t Phe Arg Arg
o %/gigo%%ﬁsg%%é%la BboEéI (Hael}115 120 125 goo

etc tgg gee etc gte ctg tgt cac ctg ggt ctg gtc ttt

g Ltg 432 AIaII.Tr Al a Leu_.Val . Lou,Cy
A9 148 Tars e Rt s 238 1ag BETS4E ThEnSggatnous CPRAO
gges t e Cd8mdasr %%ﬁ%‘ll}ﬁ & HeL @ afled aB9602h81488equence as
GQu Ala Pro Ay Ay Trp Lou H's Ser Asn Thr Ser

Lohe Spine eaqi 81851318115153 mwna@df SEQ dByNgré,aqe ggeportion of
pres vare R iy SR BEN G2 Tl &8 Aa Trp Asp

Pro

4. A screening method for an GPR40 agonist or a GPR40
antagonist, comprising applying a test compound to the mouse
according to claim 1 or a portion of the living body thereof,
and determining the GPR40 agonist activity or GPR40 antagonist

activity.

5. A screening method for an (1) insulin secretion and/or (2)
glucose tolerance regulatory drug, comprising applying a test
compound to the mouse according to claim 1 or a portion of the
living body thereof, and measuring the (1) insulin secretion

and/or (2} glucose tolerance.

6. A mouse fertilized egg retaining a DNA that encodes an

exogenous GPR40 under the control of an insulin promoter.

7. The mouse according to claim 1, wherein the exogenous GPR40

is heterogeneocus to the mouse, and the mouse is deficient in
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165 170 175 gee tot gee ggc ccg goo cgc ttc age etc
tot etc ctg etc ttt ttt 516 Ala Ser Ala Ay Pro Al a
Arg Phe Ser Lou Ser Lou Lou Lou Phe Phe 180 185 190

t e tte t e g
c c%%ngﬁgﬂ%%h %{ r(J COTTRUE %%§4$ Pgﬁga gﬁeacﬁgrtlon of
'H;He \Mail v iG gy Hoysy It(bllen%rcg.Al a (1) 195 200 205 ctg goo
cgc too ggc ctg acg cac agg egg aag otg cgg goo goo
tgg 672 Leu Ala Arg Ser Sly Lou Thr His Arg Arg Lys

EDU'FMQJmNdEathdHﬁaibhot%l@l%ZQ.QEgwg@ﬁeﬂﬁCtEGQhQ@@rogeneous
ctc ctc ac ot ctc tgc gta gga coo too 720 Val

AR wsswfﬁrﬁd‘f@i FMedumen, LoF Bakoreforysfvahestyving body
R e 225 230 235 240 aac goo too aac gtg gcc ago

tto ctg tac ccc aat ota gga ggo too 768 Asn Al a Ser

Asn Val Ala Ser Phe Lou Tyr Pro Asn Lou Sly Ay Ser

%ﬂ5ZQQQH%QQUJﬁﬁQEﬁg%da%%éi%gh%%grﬁggnégﬁsaégRgﬁg %%glst or a

tgg agt gt oat Lou
|Hest elfrgeRepual &PPM@ Sertadeinival, LompAIBiR§OaBpdy2r a test

ct too ttg gga agg ggt cot ggc ctg
Fradhd 868 Mrsel aroodrina: ColgIAR Lopr apybREEion of the
3l ivr P by LePld rebs Tﬁth@Et%1§1%§9g2§§et@ﬁR@@gaggﬁlst activity
age acg caa ggg ggc aag too cog aag 9 s Ala”Ala
Ay CERd 0Gamtaigpndlsy eysiSetyG n Lys 290 295 300 <210>
2 <211> 300 <212> PRT <213> Hono sapiens <400> 2 Met
Asp Lou Pro Pro Gn Leu Ser Phe Sly Lou Tyr Val Al a
Al Ph@CIEGBiD@ m@théﬁafbmuaﬂ'ijhéﬂEhbihOﬂe@B@ti@m and/or (2)
% t 3 % % ﬁ I a 20,25 30 Hs Ala Ar
g 5 ST SFRI < ogue QGYVQF‘I?yEmAFah‘EB%r%g‘?PG&%‘&S “mammal,

Fomptri4ing applying a test compound to the mouse according to
claim 7 or a portion of the living body thereof, and measuring

the (1) insulin secretion and/or (2} glucose tolerance.

11. A pathologic condition model mouse resulting from mating of
the mouse according to claim 1 and another pathologic condition

model mouse, or a portion of the living body thereof.

12. A pathologic condition model mouse resulting from drug
induction or stress loading on the mouse according to claim 1,

or a portion of the living body thereof.

13. A screening method for a prophylactic/therapeutic substance
for a disease accompanied by a pathologic condition, comprising
applying a test compound to the mouse according to claim 11 or

12 or a portion of the living body thereof, and determining the

amelioration of the pathologic condition.

14. The method according to claim 13, wherein the pathologic
condition or disease is metabolic syndrome or one or more

symptoms thereof.
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Sly Cys Ser Asp Lou Lou Lou Thr Val Ser. Lou Pro Lou
Lys Ala Val 50 55 60 G u Ala Lou Ala Ser Sly Ala Trp
Pro Lou Pro Ala Ser Lou Cys Pro 65 70 75 80 Val Phe
Ala Val Ala Hi's Phe Phe Pro Lou Tyr Ala Sly Sly Sly
Phe 85 90 95 Lou Ala Ala Lou Ser Ala Sly Arg Tyr Lou
Sly Ala A SREEERTME oy 100 105 110 Sly Tyr Gn Al a

110> THRER PAErPacAitgaPlempiay S iniyed Ser Trp Sly Val Cys Ala 115
5 E}ﬁl | &{J%éﬁq&?u Val Leu Cys His Lou Ay
<120 G%ﬁﬂ"‘%@l WO éﬁ%s&”bﬁi FU54 140 Gu Ala Pro Sly @y
130> 091p36 Lau Asp His Ser Asn Thr Ser Lou Sly lie 145 150
<1505 Jé;éﬁ;g?gw Asn Thr Pro Val Asn Sly Ser Pro Val Cys Lou
151> 2 a Trp Asp Pro 165 170 175 (2) Ala Ser Ala dvy
<tgo> 247 O Ala Arg Phe Ser Leu Ser Leu Lou Leu Phe Phe 180
85 190 Leu Pro Leu Ala Ile Thr Ala Phe Cys Tyr Val
<170> Pa@entinOyessibed 2Arg Ala 195 200 205 Leu Ala Arg Ser Sly
1> 1Leu Thr H's Arg Arg Lys Leu Arg Ala Ala Trip 210 215
211> 20 Val Ala Ay Gy Ala Leu Lou Thr Lou Leu Lou Cys
NAL %lsa@ﬁ Pro Tyr 225 230 235 240 Asn Ala Ser Asn Val
Phe Leu Tyr Pro Asn Leu Ay Ay Ser 245 250
<2205 255 Trp Arg Lys Leu Gy Lou Ile Thr Sly Ala Trp Ser
<221> ¢péal Val Lau Asn 260 265 270 Pro Lou Val Thr Ay Tyr
22> (Leus®B®y Arg Sly Pro Ay Leu Lys Thr Val 275 280 285
aoos 1Ys Ala Ala Arg Thr Gn Gy Ay Lys Ser Gn Lys 290
atg gac &950039:@ cas<atbOtec 3tc<edd i 48 et<gcbZec DNA <2433> Artifici al
Met Asp Leu Pro Pro Gin Leu Ser Phe 6ly Leu Tyr Val Ala Ala Phe
i 5 10 15
gecg otg gege ttc cog cte aac gte otg gec atc cga ggc Eog acg goc 96
Ala Leu Gly Phe Pro Leu Asn Val Leu Afa lle Arg Gly Ala Thr Ala
20 25 30
cac gcoc cgg cic cgt cte ace ceot apge ctg gic tac gcc otg aac cig 144
His Ala Arg Leu Arg Leu Thr Pro Ser Leu Val Tyr Ala Leu Asn Leu
35 40 45
gec tge toc gac otg otg otg aca gic tet cig coe cig aag gce gte i92
Gly €ys Ser Asp Leu Leu Leu Thr Val Ser Leu Pro Leu Lys Ala Val
50 55 60
. gag ecg cta goo tce ggg goo tge oot ot ceg goc tog ctg tgc coo 240
Glu Ala Leu Ala Ser Gly Ala Trp Pro Leu Pro Ala Ser Leu Cys Pro
65 10 75 80
gte tic gog gte gcc cac tte ttc cca ctc tat goc geec ggg gec tte 288
Val Phe Ala VYal Ala His Phe Phe Pro Leu Tyr Ala Gly Gly Gly Phe
85 20 95
cte gec goo otg agt gea gge cgc iac cig gga geca gos tte coce tig 336
Leu Ala Ala Leu Ser Ala Gly Arg Tyr Leu Gly Ala Ala Phe Pro Leu
100 105 110
gge tac caa goc tic ogE age ocg tec tat too tge geg gtg tec gog 384
Gly Tyr Gin Ala Phe Arg Arg Pro Cys Tyr Ser Trp Gly Val Cys Ala
115 120 125
gee atc tge goc cte gtc ctg tgt cac ctg get ctg gte it gee tig 432
Ala |le Trp Ala Leu Yal Leu Cys His Leu Giy Leu Yal Phe Gly Leu
130 135 140
gag gct coa gga gec tge otg gac cac age aac ace toc ctg gec atc 480
Glu Ala Pro Gly Gly Trp Leu Asp His Ser Asn Thr Ser Leu Gly lle
145 150 155 160
aac aca ccg gite aac gge tot ccg gte tge cig gag goc tgg gac ccoe 528
Asn Thr Pro Val Asn Gly Ser Pro Val Cys Leu Glu Ala Trp Asp Pro
165 170 175
gee tot goc ggc ccg Bco cegc ttc age ctc tot otec oty ctc tit tit 576
Ala Ser Ala Gly Pro Ala Arg Phe Ser Leu Ser Leu Leu Leu Phe Phe
180 185 190
ctg coc tig goe atc aca goc ttc tge tac gtg ggo tge ctc cge gca 624
Leu Pro Leu Ala lle Thr Ala Phe Cys Tyr Val Gly Cys Leu Arg Ala

n



<220> <223> Pri ner

gagat agagg aggagggacc attaagtg 48
<213> Artificial

<212> DNA

<400> 3 attagaaagc ttacgcgtga

<210> 4 <211> 45
<220> <223> Pri ner

<400>

4 gtcgacacaa taacctggaa gataggctgg gttgaggata gcaaa 45

<210> 5 <211> 56

<212> DNA <213> Artificial

<220>

¥323> Priner 202400> 5 attal® gtcg accaccatgg acctgccccce
cte goc €46 ABE bRl BE abel GOYELEGaaR b Bl (@B e@Opcc €410> 672<211> 24

Leu Ala &2 BorsGIPNAL TheHi 8 ArgAfne| Ly
19 <400> 6 taf
gte goc @b gz Pdbtc DIAace <Bdl Btz oAe tticf ate iggel coc <P 0>

UYGO-AMR L b B 4ot Lycley Suir ok §vcrpdyr 25

Vai Ala
225

aac gee toc aac gtg geo
Asn Ala Ser Asn Val Als
245

tgg cgg aag ctg ggg otc
Trp Arg Lys %gg Gly Leu

cog ctg gtg acc ggt tac
Pro Leu ggé Thr Gly Tyr

tegt gog gca aga acg caa
Cys 3;8 Ata Arg Thr G!n

210> 2

211> 300

<212> PRT

<213> Homo sapiens

<400> 2
?et Asp Leu Pro Ero Gln
Ala Leu Giy Phe Pro Leu
20
His Ala Arg Leu Arg Leu
35
Gly Cys Ser Asp Leu Leu
50
Glu Ala Leu Ala Ser Gly
65 70
Val Phe Ala Yal Ala His
85
Leu Ala Ala Leu Ser Ala
100
Gly Tyr Gln Ala Phe Arg
115
Ala [le Trp Ala Leu Val
130
Glu Ala Pro Gly Gly Trg

145

Asn Thr Pro Yal Asn Gly
165

ago
Ser

atc
e

ttg
Leu

EZE
Gly
295

Leu

Asn

Thr

Leu

55

Ala

Phe

Gly

Arg

Leu

135

Ley

Ser

cacgCa aacCa

ttoc
Phe

ctg tac
Leu Tyr
250

gst goo
Gly Ala
265

acE
Thr

EEL
Gly

gga
Gly
280

agg
Arg

teco
Ser

gEec
Gy

aag
Lys

Ser Phe Gly

10

Yal! Leu Ala

25

Pro Ser Leu

40

Thr Val Ser

Trp Pro Leu

Phe Pro Leu

90

Tyr Leu
105

Arg

Pro
120

Cys Tyr

Cys His leu

Asp His Ser

Pro Val Cys
170

ccc aat cta gga

ggo tce
Pro Asn Leu Gly G]

y Ser

agt gteg gteg cit aat
Ser Val ggé Leu Asn

tee
Trp

cct
Pro

gas ctg aag aca gtg
Gly bgg Lys Thr Val

Cag
Gin

aag
Lys
300

Leu Tyr Val Ala ?éa Phe

Ite Arg Gly Ala Thr Ala
30

Val Tyr ﬁéa Leu Asn Leu

Leu Pro Leu Lys Ala Val
60

Pro

Ala Ser Leu Cys Pro
75 80

Tyr Ala Gly Gly Gly Phe
a5
Gly Ala Ala Phe Pro Leu
110
Ser

Trp Gly Yal Cys Ala
125

Leu Yai Phe Gliy Leu
140

Gly

Asn

Thr Ser Leu Gy lle
155 160

Leu Glu Ala Trp Asp Pro
115

2

%@a’lrs Aa2P@Iry 3) <223> Pri ner
aact ctat 24

<210> 7 <211>
¥W23> Pri ner

768

815

864

%00



<210> 8 <211> 29 <212> DNA <213> Artifici al

<400> 8 agactgcctc ctccttcccg taagtacaa
<212> DNA <213> Artificial

<400> 9 gcccgcecttca gectctct 18

<223> Pri ner
29 <210> 9 <211> 18
<220> <223> Pri ner

<210> 10 <211> 18 <212> DNA <213> Artificial
<400> 10 gaggcagccc acgtagca 18 <210>

<223> Pri ner

Ala Ser A1 GR2RrbAI12 Breg PRE Be>LNEY Lei A 28 PeusBht iPRd Ci al

<220>

<220>

<220> <223>

PrdBe <400> 11 '8&tgcccttg gé¥at cacag cot 23 <210> 12

<211> 22 <212> DNA <213> Artifici al

Leu Pro Leu Ala lle Thr Ala Phe Cys Tyr Val Gly Cys Leu Arg Ala
195 200 _ 205

Leu Ala Arg Ser Gly Leu Thr His Arg Arg Lys Leu Arg Ala Ala Trp
210 215 220

Val Ala Gly Gly Ala Leu Leu Thr Leu Leu Leu Cys Val Gly Pro Tyr
225 230 235 240

Asn Ala Ser Asn Val Ala Ser Phe Leu Tyr Pro Asn Leu Gly Gly Ser
245 250 255
Trp Arg Lys Leu Gly Leu lie Thr Gly Ala Trp Ser Val Val Leu Asn
260 265 210
Pro Leu Val Thr Gly Tyr Leu Gly Arg &ty Pro Gly Leu Lys Thr Val
275 280 285

Cys Ala Ala Arg Thr GIn Gly Gly Lys Ser Gin Lys
280 295 300

<2107 3

<211> 48

<212> DNA

<213> Artificial

<220>
<223> Primer

<400> 3
attagaaage ttacgcgtza gagatagage aggagpgacc attaagte

210> 4

<211> 45

<212> DNA

<213 Artificial

<2200
<223> Primer

<400> 4
gtegacacaa taaccigpaa gataggcotee gttgaggata goaaa

210> 5

211> 56

<212> DNA

NI Artificial

<2200
<223> Primer

400> 5
attattgtcg accaccatgg acctgcccce goagetctoe ttoggootot atgtes

210> 6

Q1> 24

<212> DNA

213> Artificial

<2205
(3)

<220>

48

45

56



<223> Primer <400> 12 cagccagtcc cttcccgett ca 22

(4) <210> 13 <211> 27 <212> DNA <213> Artificial

<220> <223> Primer <400> 13 gcaggtccga aat ggt cagg

tttagca 27 <210> 14 <211> 19 <212> DNA <213>

- Artificial <220> <223> Primer <400> 14 gcccgccctg

223> Feimggtctca 19 <210> 15 <211> 24 <212> DNA <213>

400> 6Artificial <220> <223> Prinmer <400> 15 aacgttcgat

tatgcacggp pasapdegb 61t ca 24 <210> 16 <211> 17 <P412> DNA
<213> Artificial <220> <223> Prinmer <400> 16

g}t@ ;tsttgcgctgg gctttcc 17 <210> 17

<212> DNA
213> Artificial

{2200
<223> Primer

<400> 7
geagtgtegt gotiaatceg ctggt 25

<210> 8

Q21> 29

<212> DNA

213> Artificial

220>
<223> Primer

<400> 8
agactgocte ctestteccg taagtacaa 29

<210> 9

<211> 18

{212> DHA

213> Artificial

{220>
{223> Primer

<400> 9
gocogettca goototct 18

£210> 10

211> 18

<212> DNA

<213> Artificial

£220>
{223> Primer

<400> 10
gaggcagecc acgtagea 18

210> 1

211> 23

212> DNA

<213> Artificial

<220>
223> Probs

400> 1
tetgecoctig gecatcacag cot 23

210> 12

21y 22

<212> DNA

<213> Artificial

220>
<223> Primer

<400> 12
cagccagtce ctteccgott ca 22

(4



<210>
211>
<
AP

<2200
<223>

<400>

<211> 20 <212> DNA <213> Artificial <220> <223>
Primer <400> 17 gctgggagtg agtcgcagtt 20 <210> 18
<211> 21 <212> DNA <213> Artificial <220> <223>
Probe <400> 18 ccatccgagg cgcagtgtcc ¢ 21 <210> 19
<211> 22 (5) <212> DNA <213> Artificial <220> <223>
Primer <400> 19 ogtgaaaaga tgacccagat ca 22 <210> 20
;&211> 20 <212> DNA <213> Artificial <220> <223>
ﬁﬂiner <400> 20 cacagcctgg atggotacgt 20 <210> 21
Arflitbal 25 <212> DNA <213> Artificial <220>

Primer

13

gcaggtcocga aatggtcage tttasca 27

<2102
211>
<UD
213>

<2200
{223

<400>

14

18

DNA
Artificial

Primer
14

gocceccotg cecogtotea 19

<2102
211>
212>
213>

<2207
<223>

<4006>

15

24

DNA
Artificial

Pr imer
15

aacgitogal goteaccgec gica 24

<2100
211>
<212
<213>

<2207
<223

<400>

16

17

DNA
Artificial

Primer
16

tttgcgoteg getttece 17

<2105
21>
<2125
213>

<220>
223>

<400>

Artificial

Primer

17

gotegzeagts agtegcagtt 20

<2102
L2110
212>
{213

220>
223>

<400>

Artificial

Probe

18

ceatcegagg cgeagtgtoc ¢ 21

210>
Q211>

19
22

(8}



{212
<213>

£220>
223>

<400>

cgigaaaaga tgacccagat ca

210
211>
212>
213>

<2207
223>

<400>

<223> Probe
<210> 22 <211> 82

<400> 21 tgagacctto aacaccccag coatg 25
<212> DNA <213> Artificial
<223> Synthetic DNA fragnment of nopuse actin gene

<220>

<400> 22 ccaaccgtga aaagat gacc cagatcatgt ttgagacott
tagccatcca ggctgtgctg to 92

aacacccca gccatgtacg 50

M) icial

Primer

19

20

20

DNA
Artificial

Primer

20

cacagoctgeg atggctacgt

<2100
Q115
{22
213

<220>
223

<400>

tgagaccttc aacaccccag ccatg

210>
<2
12>
<213

220>
<223

<4003

ccaaccgiga asagatgacc cagatcatgt ttgagacctt caacacccca gccatgtacg

tagecateca geetgtecte to

21

25

DNA
Artificial

Probe
21

22

82

DNA
Artificial

Synthetic DNA fragment of mouse actin gene

22

(6)

22

20

25

50
82



