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BACKGROUND OF THE INVENTION [0002j The present invention is
directed to fish containing an oncogenic nucleic acid, to fish tumorgenesis
waadeis tatimmortal tumor cell lines and to screening for anthCEAG¥06/000202
agents. [0003] The publications and other materials used herein to
illuminate the background of the invention, and in particular, cases to
i details respecting the practice, are incorporated by
~ reference, and for convenience are referenced in the following text by
BA@H@EE)@I@@ g?tgggl I IH S%%alphabetically by author in the appended
bibliography. [0004] Animal models of disease states play an important
10063je ir%f&éﬁﬁ%&tmtm&é%ﬁ?@e%éﬁ%mimmmm paitisulaid, to fish
mdigeRsRSnacal aeiseONRIIRG APt 30RO B ARICRIBH B nts.

jsease or otherwise lessen its s toms, For example, rabbit models of
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fish may be utilized for this purpose. Exemplary ?ISFI include tef!eos?[ﬁs A
modgli L gensds el DN B ) SRR i AdeTiehp 65 prasiam imidhdige mice,
cats (FruintigiusWietargokias il :]ﬂ%iaf afoeny sdstinatvius) deatfishi{G ﬁﬂﬁéiampie, many

, 0 channel catfish; carp (Genus Cyprinus), such a
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ebrafish are particularly advantageous because they are small, develop
ex utero, and have a short generation time. Zebrafish are economical to
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developmental processes as they proceed in vivo, thereb
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physiology and disease. ‘

[0006]  Zebrafish are particularly advantageous because they are small, develop ex utere, and
have a short generation time. Zebrafish are economical to maintain in the laboratory
environment and are highly fecund; a' single female is capable of generating hundreds of
offspring per week. At 5 days of age each fish is 2 free swimming/feeding organism complete
with most of the organ systems employed by mammals, such as heart, brain, blood, and
pancreas.  The zebrafish embryo develops externally and is transparent, allowing direct

visualization of cellular and tissue developmental processes as they proceed in vivo, thereby



2 facilitating large-scale genetic and small molecule drug screens. In the
past several years numerous publications have reported transgenic fish
lines expressing green fluorescent protein (GFP) in cell-type restricted
expression patterns (Gong et at, 2001; Kennedy et at, 2001; Long et at,
1997; Moss et at, 1996; Motoike et al., 2000; Park et at, 2000). To date,
studies using fluorescent transgenic zebrafish have focused mainly on
imaging cells and tissues as they develop. Such transgenic zebrafish
lines, in addition to promoting developmental investigations of tissue
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for anti-cancer ggents. [0009a] In a first aspect, there is provide
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(i) a homologue of zK-rasB and (iii) an oncogene substantially similar to

zK-rasB. 2a |0009b! In a second aspect, there is provided a method for
pgrgﬁg‘ﬁﬁ&%ﬁ} Il line comprising isolating cells from the

tumor of the trransgenic fish as defined herein and

[0009]  The present disclosure is directed to fish containing an oncogenic nucleic acid, to fish

tumorgenesis models, to immortal tumor cell lines and to screening for anti-chncer agents.

[G009a] in & first aspect, there is provided a transgenic fish selected from the group consisting of
a transgenic fish in which its genome has stably integrated therein a nucleic acid that comprises an
oncogene operably linked to 2 promoter and a transgenic fish in which some cells have -
incorporated therein said nucleic acid, wherein said nucleic acid has the property of an enhancer
trap effect, wherein the oncogene is selected from the group consisting of (i) zK-rasB, (ii) a

homologue  of zK-rasB  and (iif) an oncogene substantally similar to  zK-rasB.



culturing the isolated tumor cells under conditions suitable to produce an
immortal tumar cell line. [0009c] In a third aspect, there is provided an
animal model for tumor progression and metastasis comprising a fish
transplanted with the immortal tumor cell line prepared as defined herein.
[0009d] In a fourth aspect, there is provided a method for screening drugs
that inhibit tumor progression ar metastasis comprising contacting or
otherwise exposing the animal model as defined herein to a test drug or
agent and determining whether the tgst drug or agent inhibits tumor
progression or metastasis. [0009¢e] In a fifth aspect, there is provided a
method for screening drugs that inhibit tumor cell growth comprising
jooceentagting.theimmertaldumor:celtding prepared as defined hereinita.a dest
e QrUg Or.a ent and d tegmnl g whether the test drug or agent inhibits |
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tine.OF hyperplastic transformation, comprising: contacting or otherwise
exposing a transgenic fish as defined herein to a test drug or agent;
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?at maintains the oncogenic potential of the, oncogene. [0011] Further
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or hyperplastic transformation if the test drug or agent modulates oncogene-mediated neoplastic

5t

or hyperplastic transformation.
[0010] Also disciosed is a construct that comprises an

oncogenic nucleic acid, also referred to herein as an oncogene, operably linked to a promoter.
The construct preferably further comprises 2 marker. The construct may also be part of a veotor.
Preferably the promoter is an organ- or tissue-specific promoter or a minimal promoter. As
known in the art, an oncogene is a gene whose expression can lead to alteration of the control of
cellular proliferation or to the prevention of programmed cell death. A wide variety of
oncogenes may be ntilized in the nucleic acid constructs described herein. The oncogenes may

be of viral or cellular origin. Oncogenes of cellular origin include endogenous oncogenes. Such



the oncogene only in some cells of the fish (random/mosaic expression),
[0012] Disclosed is an immortal tumor cell line and a method of producing
the immortal tumor cell line. In one embodiment, the immortal tumor cell
line is produced by expressing the oncogene in fish to produce a tumor,
isolating cells from the tumor and culturing the isolated tumor cells to
produce an immortal tumor cell line.j/0013] Disclosed is a method for
screening compounds to identify drugs useful for treating cancer
onco@RaCiies %M&a,%@@&@&%x&ﬁé% BaERIE HMNONnAIAE of 2 cell.  The

FIGURE [00141 1A h to SEQ.ID NQ:1)
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oncogeheraskRma@én BM@@@fﬁMM&W@nmmtha@@aﬁveo@mal of the
oncoehd 5718761. Dania rerio Zgc:85725: GenBank accession

001 Aggd}fgyéglﬁ idvirg odg P3040 ggggq .1 G1:51230608 encoded by
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conservative amino acid changes. [0015] Figure IB shows alignment of
[001 Ras Biseloeshiicapioramthrmgerhiberndehe 164 N- terminal amino acids
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yirus_proto- nco tein RNA: GenBank accessjon 223152 version .
001 1o SO e N TR EI0TALS rRei B e
canc atiBetikdanedsionoPe004976; version NP_004976.2; GI:15718761

(SEQ ID NO:1). Human c-K-ras2 protein isoform a: GenBank accession

BMngﬁ@pmmSl GI:15718763 (SEQ ID NO:4). Human
orming protein p2l/H- Ra -1: Ge k accession P01112; version
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K~raG@nB<anksaemmn \MM@OW&M@&Z REnF8G2 068002 0P L0PBT14;1 Wersion

{ M% 101:PAL137s5 11 3853 (R A6} LAS.IRNpaLi N fﬁf' ' 001003744;
versx@nl }%ene GenBank accession AAB40625; version AAB40625.
I

ORI DN 7900381 §1%LRsr Py SHES HeopRRNE DNA clone

MGG asistd iviat gt 96 eHe) iGadhrifmivdseat BOWRHAh T ESGEB R SScandistict al.,
20022”%?%‘%%&%%&99&9&&9& -ARGIe 28 shaws a.eoatokfish iniected With .

Icrt8 EGFP-TA.4(stop)-F'rasB(v12) construct that has a TAA stop codon
e%xpressmn of K-RasB(V'2). In this control, the EGFP-positive
iﬂniﬁplls Fgwe nBrehatndiphobogyf charkaeiesicfondh otk Gl iRXOrassions N-

temfnﬂ%ﬁlgba@}ﬁg gfca%pﬁ\é\é r})?&@l%s%epﬁgﬂﬁt&nsewed Only the remaining 25 C-
terminal residues are higly divergent (hypervariable domain). Danio rerio Zge:85725: GenBank
accession NP_001003744; version NP_001003744.1; GI:51230608 (SEQ ID NO:2). Kirsten
murine sarcoma virus proto-oncogene protein RNA: GenBank accessior Z23152; version
Z£23152.1; GL:939929% (SEQ ID NO:3). Human c-K-ras2 protein isoform b: GenBank accession
NP_004576; version NP_004976.2; GL:15718761 (SEQ ID NO:I). Human c-K-ras2 protein
isoform a: GenBank accession NP_203524; version NP_203524.1 ; GL15718763 (SEQ ID
NO:4). Human transforming protein p21/H-Ras-1: GenBank accession P0O1112; version
P01112; GE13186% (SEQ ID NO:5). Human transforming protein N-Ras: GenBank accession



induced by EGFP-K-rasB(V12) expression. Figures 2d-2g show drag
effects for PP2 (Figs. 2d and 2e) and PD98059 (Figs. 2f and 2g). [00171
Figure 3 shows tumor formation in FO adult fish that were injected with
VRLRAMBBGHEP- zK-rasB transgene. Figures 3A(3B), 3C(3D), FE@&)andnoo202
3G(3H) show examples of tumors in four different FO fish with the
corresponding GFP images. Figures 3A(3B), 3F(3E) and 3G(3H) show
fish having internal body tumors. Figu‘?es 3C(3D) show fish that
pofEMODsirate regral ities associated with. the transgene '
gf(}lpr*essrlt%)’]%ﬁ?_L Eﬁﬁ% Hg\?eﬁ%%%sg&gnﬁ agﬂhem'o fha%é’g%trﬁ?eo p?%ces 6% oncogene:
Cepliapdr a5raoien BOBAOGE: SRS (HaBIGMSrgFoWT 3 TdSER) IRISE:Tated
fo0M6th ( trmgs) gene @&W@%&%&sﬁ@&;ﬁ%ﬁﬂrﬁiﬁﬂr%@ 3@%@%}&@;@@3 ﬁ;j&ﬁ%(li with the
H) are 2 months old. The.fish.in Figures 3F(3E) is a 3 month ol )
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. ir;j%cteg wi_ithég;}%rt?& P-zK-rasB transgene, Paraffin embedded
ChALTLHONE Weré WARET Wit HEFS o xy ISESSIAP PRflirss R Agpssdiforponotype
mndfistrl bFiGGHER-B@7 B 2mstaststic. cEroers Sigrégdhof dnkneffiwiofigiRHntFigs. 2d

and/BQHS BSSHES fHiguresdiy slaows fish2 (Figures 3F, 3E): metastatic
fibrosarcoma spread into various tissues. Figute 4D shows healthy fish,

(004 S htrof gPrevi e fRnprating: & Foadmbsthainsst s t7ettylirg 5-EGFP-
zK-shoivsaliFggendiatics oAfRS) CHOIng S]?‘Qiﬂ@:ﬂfk%ﬁfﬁ@ shyzietasies of tamors in
- H&EGF ! rmal mor
) uﬁéﬁ%&é}é@ F F%]é(ositive ccgﬁge%g%%é?{)@ﬁ[ﬂ%gé;ﬁ%% d sf?%%e%%%é‘tﬁg‘?@m
shosps §isho BFBHE Rt 6DSHY WETSFYi T amtce Ra@ate sarsiish dhok ampigiaies sovere
brattinabnccelbling chtaned fram P kri8skdad Rxréasth(V/AHNGHICAWBYS extensive
o o ) fish used.to produc tr is tumor cell line prior.
e e e T LR Ry closely
asspeipleth Tt rantEme agE EHR-b iscisly & dfigran AHS B devEBp ek S 3 Fere 2
motilim @D The SteinTHgder VRS G masitive NSt whalwasisaaiedrigres
ells wete grown in .cylture. Fig. 6B sh an example of the
2O Y R R e e RS 12
[00p% T/ Stpopel cbor Mish fwasay cumiisirafigmap ipriife ratioredely igChat were
inj RGNS v idpssf@f&gfm_ mhibitigads ! étg& celding toz:h%élﬁlmeé@c)gé%\@?&% siained with
confluence .untjl.foci were evi er the passage). The foci
e o ok S B b1 GHE opr B SR i soesd
of wifniree edts drit vweak GERY|udiegcetColthat §harfEgteoBEeAR: imetastatic

ﬁbxﬁ!ﬁ;@&ﬁﬁ%@& ﬁﬂérgmgsmgsm X9 @ﬁ%&rfsoﬁéaﬁgfﬁsa shows WMOfSiehra;
in fis mgt%gi with_the cultured cells (12 days post injection).
[

M GBS fior foffiflions are evident in the muscles. Fig. 6E shows
[0619]  Figure S shows F; generation of fish carrying stable P-lot8-EGFP-zK-rash transgene.

P-krt8-EGFP control showing nommal morphology of the P-kr¢8-EGFP-positive cells (Fig. 5A).
zK-ras(V12)-induced phenotype (Fig. 5B).

{0020]  Figure 6 shows origin and characteristics of an example of a tumor cell line obtained
from a Pkrib-EGFP-K-rasB(V12)~induced eye tumor. Fig 6A shows the fish used to produce
this tumor cell line prior tumor isolation. An embryo was injected with Plre8-EGFP-E-
rasB(VIi2} construct at 1-cell stage and by the age of 2 months it developed the large tumor of
the eye. The tumor was GFP-positive. This tumor was isolated and the cells were grown in

culture. Fig. 6B shows an example of the cultured cells at the 4% and 6™ day after the new



histological analysis of tumor formation in the fish shown in Fig. 6D.

Paraffin embedded sections stained with hematoxylinleosin. v - vertebra;

m - muscles; | - tumor. DETAILED DESCRIPTION OF THE INVENTION

WOOR1Ti3ezpresent invention describes fish containing an opCogEnB6/000202

nucleic acid, to fish tumorgenesis models, to immortal tumor cell lines and

to screening for anti-cancer agents. [0022] In one embodiment, the

present invention is directed to a construct that comprises an oncogenic

nucleic acid, also.referred to herein n.oncogene rably.linked jo a .. ..
re A S RIS 6 AR L0 SRS AR BRMSRE R o e
CellpimsarcraivayialeerBacpent i et foere prédenatify dhe Piontetarisagn). The foci
forREGRA-SRAGH IR REAMARIpR URELAsSHEZH EOrOMAISQABINMAulured cells emit
weBlOmAleE, By inimalpromoter’, 1 is meant hereln that the promoter, o,

comprises the minimal Sequence that comprises a tunctional pronioter
brighéghffiefueSiaresWethimevimmiertHe Sabfdriddehtityindhminitvatprotiotéisdays post -
injdBRlga, _%@iﬁlp):sﬁﬁré“@iﬂ&iQ&B@a@éhsa&&%@ﬁ%ﬂ%stﬁegﬁﬁﬁci\é@o%g. 6F shows
i e>1<§r.esg|on can I?fad to alg_\ratlon of t%e control of cellular proliferation or to
15ipReisPeBRNSH Of SPBYTa el Cell d8atH h TG VEreE SFonddfiipgmbedded
sectivary fieinetiliwet! hertheoxylicledsinoid vorbiruets desclibed herein. The

oncogenes may be of viral or cellular origin. Oncogenes of cellular origin

include endo%%el%ous onco%enes. Such oncogenes, when expressed, lead

D%@Bgﬁ& %%Fs S LRRERIN of a cell. The oncogene may
[00B&]a cOirpletecrsdguentce ciethdhon dehenaigiizie rabhharpancagenic fofan to fish

e H8-00 G980 O it Ay RE.8: é@qm&rg&rggg}ﬁr%aﬁgg gneshatmal @%’%Sm

the oncogenic potential of the oncogene. 3] Exemplary oncogen )
[0 ud &t Hp@t b eresRianreEn FUNCRHPERe RACOSTAR thap cugprises an
ondd€XE] it {9 LML aTeA lrbiScdd, th Médin M Q2 olrlbfdRe, MycealiyMBIMP 10 2 promoter.
C ] ivated EGFR. muta enes, such FLT3-IT
e B R SRR R g 1 B vesor
Prefie b NE@rpotsRs FL PRATFERSKIC, HRONS A B USFRNp e PO BARIGFor a minimal
probtvttrRAR ‘alffidal p2AnRBX kit andM Mdbknaswelasctusidmsfises the minimal
members of the PAX and FKHR gene families. WO 2007/011312 .
s S S5 TR D S g ShcbgeH s S el the e for
ideptitiing miHed rpaePseydPalisacROSxampielsmaren de serilbed 4n, destogene is 2 gene
whexamnplessihe @%ﬂ%ﬂ@ ﬁﬁ%&&@i}?&@ﬁ&l@%?ﬁ@ﬁl(\é@%lﬁﬁdﬂ ,p%ii?&gﬁon 01]; to the
Kinzier, K. W. eds. McGraw-Hill, New York, N.Y., 1998). Homolpogues of .
e e R e e T A
nugipisfepid & prestagteddreritsdnhbeidistiiguiskegeronmanbio gé ok distellnlar origin.
OnS8RES: FruthekPrefet e ale Bumanhemelogies %!ﬂ’l%&%@ﬁ&, The expressed,

; &orres ndjngfsequences of such oncogenes, including the human
h S TSTOYERES SF (R SRIASHE HRLsTrRABh i m AP LRIFGERRY, iy be @ complote
seqexam pit fin the@enBankoidibbasemncogenic form of the oncogene, or it may be a

fragment of the oncogene that maintains the oncogenic potential of the oncogene.

[0023] Exemplary oncogenes include activated RAS, MYC, SRC, FOS, JUN, MYB, RAS,
ABL, BCL2, HOX11, HOX11L2, TAL1/SCL, EMOI1, EMO2, EGFR, MYCN, MDM?2, CDK4,
GLI1, IGF2, activaied EGFR, mutated genes, such as FLT3-ITD, mutated and activated versions
of TP53, PAX3, PAXY, BCR/ABL, HER2/NEU, FLT3R, FLT3-ITD,SRC, RAS, ABL, TANI,
PTC, B-RAF, PMLwRAR.alpha., E2A-PBX]1, and NPM-ALK, as well as fusion of members of
the PAX and FKHR. gene families.



[0025] The oncogene is selected based on the form of cancer it is desired

that the transgenic fish will develop. For example, mutated or activated

genes of the RAS family (K-, H- or N- RAS) may be used for induction of a
wadeovaristy of types of cancers, such as renal, pancreatic @GCaEoR006/600262

cancers, and HOXI1 and TALI may be used for T-cell cancer induction,

etc. The invention is not limited to specific oncogene sequences. For

example, altered forms of the oncoge6ne nucleotide sequence or other

{OQQWOQQ%MQ | &Eﬁg&l&%&%&fﬂ#@&%ﬁﬁ@@ aH]ﬁ}d i&%:??lss%% examples are

decrease the transformation poten_tla of the oncogene are a_so .
desgiibAdiBhdof. TRIDBIPAT BhEBRMS SUITCH B IRE (rrvisisti OHo it BRcBgapbKinzler, K.
W. uilizetbdrdhainyentiory encodEs asognaagenicgias poOkRR pides SREUEBAR used.

N-t inal i cids of all Ras proteins ar highly canserve
v iEAa RGNS GT0P A B BIRASPIRGINS Sy b ANEERRed fom

enq@RrErgentshetfnsen IEuIthenmicliRAsO fvsgEnibomolerisasthardcagnes.  The

corfBspitlYig safiRncd 35 d3i06ede e Ghihatinataly ieB He 1R(aibRuby aralydiseogenes,
m'Hllc()ewrlr}]utgtﬁg:*}gll f r c}s 05 %as rem 'n‘Gt-LEE?eO ggkagagagggensduce constitutive
signals for cel prol'ﬁ%fa

?(r)ral};ca,gl&l{cfalﬁng mutations in ras'genes have been
[0GERDlicdlederregsprorisnknsiy Boss of niemcsises: Honwdesord dhodnbiosgenic
fisHarmusaifferent Bas nolainsars: fRundin diferent irra ofdMman:, 1 or &
RA angeé;c,. For ?xagﬁlge, K,—Réilf mgjatlons are common in pancreatlc, %olon .
I SIS oM EITEE B85 TEE0Y i@ H SRR CIFaRe haiighdn craal pancreatic
or frdehorepredomih&el rheaddivstin NaRas (AtiufareT atll 1a8G). jOBR%Inete. The
invaRes eoRkediment {eigrcedsnsditilined nsthe:ipvention encodesais of e

oncogenic K-ras polypeptide. In an additional embodiment, the oncogene

ONCAERYE FHH SR P RESBRRIRVERIBT Biresthss H I etidnisrarRaGg et desin, that
incpaly pe pticteafs BQt b M Sjohrpadhith ef émbadipresatrothicotcngeare.

Hized.ip the, | i at | éiorlf A
S S A e

OLREERIABH ROBFR e 8 the THEdEO il SBRrb ARE e A s BpBATcrAlsin ar

Mgmdautéde(s&;g_mcmmr tbnﬁ_;oﬂnefeamﬁggae_ @umlﬁﬁﬁﬂgeﬁemeﬂee@My divergent

verfliRguesed herelg whengpiimally alianed (with appropriate ucleotide, 5 - ¢
insertions or deletions). In another embodiment, the oncongenic ras

atfesh psplidle stepd Hreldutinlelitore et faporifsticesisr SErmd and
trariN(e8 casstiethaspalypeptide swhfehhayesatieas; 6% MO 2084044 3b2e been

ML e E i e A TR
protgiw| affty e fer sbipntebpes Fhosdarmmyesr affease80%% Sidviarityations are
confpi@ferably.atiean! a0 identindoratieant8SHosimiarly (ReferaRlyabiogc
7 R A 4585 RN (A Lh A S5 Wit o the

[0033ly péptteiist SER NG Be Asdegoveniilithe arthesimitdiity tletve en dwogenic
K-rROpPRRIdes isdetermingd: %89@9@:[@@3%%@@&99@1@%@@%9Ez%%gs%qnvenﬁon
encodes a zebrafish oncogenic zK-rasB polypeptide (SEQ ID NO:8). In a further embodiment,
the oncogene utilized in the invention may have at least about 60%, preferably at least about
70%, more preferably at least about 80%, and most preferably at least about 90% identity io the
nucleotide sequence of the oncogenic ras nucleotide sequence or the other oncogene nucleotide
sequences discussed herein when optimally aligned (with appropriate nucleotide insertions or
deletions). In another embodiment, the oncongenic ras polypeptides of the present invention

mmclude the polypeptides of SEQ ID NO:8, as well as polypeptides which have at least 65%



its conserved amino acid substitutions of one polypeptide to the sequence
of a second polypeptide. [0028] Identity means the degree of sequence
relatedness between two polypeptides or two polynucleotides sequences
Ve etanmined by the identity of the match between two strirgsreicawehoe2oz
sequences. ldentity can be readily calculated. While there exist a number
of methods to measure identity between two polynucleotide or
polypeptide sequences, the term "identity" is well known to skilled
artisans (Computational Molecular Biology, Lesk, A. M., ed., Oxford
SIARTET SRS PR A Isihvao iR Ve gisalitg) o@éﬁ%da%ﬁ%d%f&rﬁ%m @eforably at least a
70Seidontiey P rojectsad mith, siBmMﬁin{ﬁraﬁ%ﬁa@emﬂl&ﬂfe:S%%&meﬁfﬁﬂg ok 3¢ast 80%

su&%@%ﬁ%ﬁﬁg ¥SA§ Q&s%g% 72 (I\’c?exg%g? aalgtlbgtr Ié@@’ i afitiyzgre é’{*faftl)ly I_l least a

Humana Press, New Jers eguence

85%6@'&%} Biotb st - milaties. @Aséér@bhm M@% %ewdeaﬁaf)sewelﬁ@é 2 95%
sirAialys{srExRar, @59@5&%& taugh @aygé@m@ . Sats IDVNBtecklomBEAS S the art
ng k 1991 oyed to determine iden |t

%!g%ev%%n WO g%qu%ﬁ% e%l Ssdlesnab f‘¥“ ?Iéergﬁ%ty lemntlga“tog SRR EG e and
ﬂsefmfe@f@%arg@@aﬂém@gﬁwmm@f Bﬁ@hg@lye@ptwh@ca@etﬁﬁcmrmeséna second
poBAR@add 994, and Carillo, H., and Lipman, D., SIAMJApplied Math.

6%@07%%&988 BPre rr d methods to de errglnel entltE%/ are designed. to
ive the %nastc SEiSeh TRAURNE dRGTROREE LY. VLR G tvo

po}a)f@@beﬁﬁ?ea iprEorAEsULe rdpimgmandsbypﬁa‘eﬂiﬂadtmmﬁ wmqwb@mmmemmgs of

subl LeiRHRIGIdRNIY, RENVREMIVQ REALANGES 1N GlUHe. AUt AR NOLIERIRG o ds to
to, GC etics Computer Grou % Madison Wis.) program packa e
e

LS Gg‘%% By, N HEI IS R R T8 4758 e v ent” i
Wl KGN 1P ASIEA (Altschiletpk44990)Maltsehul Bloadg(1997) ATRE, ed., Oxford

Uﬁﬁ%ﬂs&%ﬁ)@\ﬁé@sSIQ%WM!@%@9”5%9%}9%@%&&&%&9? &%@eﬁ%ﬁ?@{}‘é&? ; pmith, D.

|dent|t 0029%)As an illustration, b y a polynhucleotide having a nucleoti
see&ue“r?&%ewa% g atiedsY oty B@M&%Wﬁw&@ﬁﬁﬁ SePHeHEroRHp @ 1 Criffin,
Andtleotid &sEguencéiof ddsintEnhechtBatthaNeuclkotige 19equaapeaftbaqlysis in

MQ@MWEQH) I%C'gq@é;ﬁ_%l te; thﬁcrzglf&ﬁ?yﬁ?e§§ qllé%ec%n%?(g'%gie%c% /@zgl st Przmer

gnucleotl e sequence may include up to five pdint mutdtions per

MesttbiBs6reHe 4 e@?eﬁ%&ﬁﬁ@%ﬁ%%@fﬁ%ﬁ@é‘ |h98iﬁeMWb?a%cwmonly

em;ﬂxﬁaﬂd aoptiynuiledlidefyavingannuel eatice € GUBRTRE mdaaash%%:uted to those
| ref C fi e, up,to,5% of.t des

O B P o I DU SRRtR, 10ou

and Cordiardd-ord diernet- Mﬁ%ﬁo‘éﬁé&i%ﬂ@étud@16?3a(?q%$ﬁhe¥‘r@fﬁmd methods to

dcmiﬁ@ﬂdﬁﬁl.@’pat@ Bl gfthe total Wl@@%ﬂeﬁlﬁ&ﬁh@efﬁﬁ@fﬁﬂ@eﬁ@%@&%w tested.
g @%a}ﬁgc rted he reference sequ he e mut |ons of the

“ref erer%ce selau(gr%{l%):éngiy?én i at %g%m :%% rmlngalwﬁn BB S Y e cthods fo
de?@f%&@%ﬁlééﬁd@xséﬁeemeewan@mh@etbétweewtﬁasetqémmnﬁ‘am (Genetics

CRQSItIPTSounIBISNSSS Wl@}tbﬁfg}ﬂ&%m@@ (BRRRGNUCIPNAERINADG cids Research
120585 E136E) P AAROER UL QP YD (Attschud ot al. (1990); Alisch ef al. (1997).
The well-known Smith Waterman algorithm may aiso be used to determine idenfity.

10029]  As an illustration, by a polynucleotide having a nucleotide sequence having at least,
for example, 95% "identity" to a reference nucleotide sequence of is intended that the nucleotide
sequence of the polynucleotide is identical to fhe reference sequence except that the
polynucleotide sequence may jnclude up to five point mutations per each 100 nucleotides of the
reference nucleotide sequence. In other words, to obtain a polynucleotide having a nucleotide

sequence at least 95% identical to a reference nuclectide sequence, up to 5% of the nucicotides



contiguous groups within the reference sequence. Similar considerations
apply when determining the identity between two polypeptide sequences.
[00301 Additionally, the oncogene may include nucleotide sequences
wWiaeigeubgtantial similarity to an oncogenic ras nucleotide BENHREHOE/s0r202
an oncogenic K-ras nucleotide sequence, or a zebrafish oncogenic
zK-rasB that encodes the polypeptide set forth in SEQ ID NO:8, or the
other oncogene nucleotide sequence$ discussed herein. By "substantial
. similarity”, it is meant herein that the nucle tld sequence is sufficiently
o *Eﬁﬁﬁéf%ﬁ “FRTEPERCEH 8|%‘3f"8§ %‘éﬂiﬁ’é‘rﬁ%"? ﬁlﬁ!‘%’ﬁbﬁ%‘iﬁa Bréitrber of
nuclgedéesnp de fataly thirirge mgbnddwmsthﬁhréemed;h cchpfetaaminingserted into the
refIMIAY 3 e KRR WRALE SriHOMDIGRINEIOYEDNORN BENAINGH BYIGNY tomminar -

moderately stringent conditions are defined in Sambrook et al. (Molecular

POSEIRHIRG: T FBGPItoRI MAARIRFCGURHCr YBIVATEetrrn SR sT it sptipRyitions,
intdriadoed tiboradndRibs sbag ) chaiieluding thétsaecokquipkevsasniig or more
con%gl}b‘ih%’” 3%5 §ﬁ;%(%04%8@0%&%9'“"‘3%ﬁ e sqlution iogsl‘:)o/gﬁjy when

sodium “dodecyl sultate (SDS), 1.0 ethylene |am|netetracet|ca
delRErRg %W@BW&?WW&EQH@W&H@WH%@ conditions of 55 C., 5 X
[0eS5C. AJ&&M;@@%H@M@%@& they Nuclentidecsatdencaehibe BRGAYM tantial
Slmﬁﬁ% tencodea roteln mﬁ;ﬁcell neop lastic transf ation

an 9iico i fis fiue S Sehte B o n.l ias Da eoﬁ&g sequernce,
is, t e pr elns avet It%/ to convert nor a

or %@ﬁ%@ﬁ%%@ﬂ@%ﬁ% @aﬁc@%asceé%ttweimm Sf@@!;illﬂﬁ@%ﬁ%é&bﬁear the
om@m@@e&dm@a@ém@a&m@ﬂse@ mercthe ggweuw&ﬁhdﬁsﬁmr@ggﬁseﬁ is meant

int escrlbed her be, elther thesize |tro or
herein nuc & jeguenge 1s s 104 sxrml to a r SLORTR YL eo de sequence that
Isola rom 4 pio o%ma source. fhéaé syn REEIE a

it Wib latbeﬁiafrébmeww mxtmmiergmi}eﬁrmmﬂonﬂzswedIherem;txmeofeiwmming
s1m1§§ﬁ%533’[?1§1 &ﬁ\fﬁﬂ%% GoRsikele vaé{wgéﬂ&éﬁﬁﬁ@ﬂ@tﬁgﬁfﬁrﬁwy stringent
'‘fransgeni s ece", ar interchangea refertoa |
condiigas 5l ﬁé&fﬁ%ﬂ%ﬁ Wﬁg‘f%&" @%ﬁ%o% %ﬁaﬁe&w egitigkaty Bl
Volebions (@.¢.0pr dindtSpeng Hmivané@bowemrelﬁmesﬁhw)hm corngdiztedtctase of a

pretiiaie apRihemisy rgseI%;es%e%eﬁmeﬂaoa@gaﬂ@mpmg&ﬁ Sh. (3% sodium
Trans%enlc constructs %'ﬁ also contain any other mutuall ﬁﬁp atl le

dodsiyh Bt tor Ldhiitingiwisisy SasEcETaHs: 2kbiffPdrthdpt 8-0) and
hylmidsotiatethdevmshprgduct{Blosuch 53° Golyadedation seaieneesirement of the

nuclJARSISYGEANSIFUSES MRY A0 SORaIN, %%d@'}! SEGMeNsaR V!Qfmmpzasm

functlon to gomote integration of operably linked DNA sequences Into the
o Fd87/61 1@121%#7%‘?06’8/666%20 FRBI5FaRSAR §ignyon-
cana@sas:megi@bléaﬁimmﬂi@mmm any nucleic acid system (e.g.

{OOEi"]‘S mﬂe%ﬁﬁ%@ﬁéo Dh S e%%gsae&.%sege;%t& o) ?Bﬁ%%r{g nthgelgn%“%ﬁi’ch is introduced

manipu lation and/or transfer of recombinant nucfeic aCId sequences.

ntqOh 2ee¥an erEeb st Mecibrenmibesiarihlithais intréginel fom
biolbg iR PNEHGRhods of synthesis and isofation are well known to the skilled artisan.

As used herein, the terms "transgene" or “fransgene comstruct” or "“transgenic construct” or
"transgenic DNA sequnece”, are used interchangeably and refer to a nmcleic acid molecule
typically comprised of, but not limited to, regulatory regions (e.g. promoter and enhancer
sequences) that are competent to Initiate and otherwise regulate the expression of a gene
product(s). Transgenic constructs may also contain any other mutually compatible DNA
elements for controlling the expression and/or stability of the associated gene product(s), such as
polyadenylation sequences. Transgenic constructs may also contain other DNA sequences

which function to promote integration of operably linked DNA sequences into the genoms of a



transgenic fish. As used herein the term "transgenic"” refers to an

organism and the progeny of such an organism that contains a DNA

molecule that has been artificially introduced into the organism. The
Wi asiéndfihtroduction, and, often, the structure of a transg&f@/E&Akte ({202

render such a transgene construct an exogenous construct. Although a

transgene construct can be made up of any nucleic acid sequences, for

use in. the disclosed transgenic fish it%s preferred that the transgene

constructs combine expression sequences operably linked 19 a sequence, .
2ARBHIRG 27 BRI B B B D LA RS2 A i
exjnelidesvether)camspofentsdthat pidatexpredsiting stabilipplotitmegrdtiorirefsier of
mg@g&g&ﬂw@g&gi&%@g@%e of a fish. As used herein, components of a

transgene construct referred to as being operably linked or operatively
(OffHed TeRsEmCHMIBRIMES BRGSaccaniatddEs Rrabhrdrain fsh © produce a
tra&t@aﬂgmm.ge}th esdohtheir ﬂmﬂe@dedrgnugmﬁs'etm &xamp@nastpr@m dbemargny of
su&%%%?%g%gﬂﬂﬁ%%ﬁgﬁ%a? bﬁl\l]lﬁk%gigcmég 40 Hthﬁéeﬁ%HéﬁkqﬂP&&%&éﬂ'ﬁmo the

In transcription of the coding region. [00331 Expression sequences are

orgagarin The BRSERB SEANFaRsgie BOnFitc s Rita RS kRIS BT R ronder
suEXRIessieRduaductencodeehbysthetanstiuthoAsh useshhereiboexpressitic made
upsoetqalrjxe R gcl;%jcg eeg reoly[&g)stefrs’ il Sigrﬁx%rg secll%srgg ?1%13%&99%3 i 'i?[}l%ferred_ that the
response alemants. 1S p’re%rred that the expression sequences used in_
trafREatis efuSEer SoSEhiRT S By oiaToleg raecsonsraaki dalsdduentuscns gaeing
expREGIRy INdefarencedmcomp opaRtisPitaRsaRNe GabsHICisHsesinpdthes that aid
disclosed %lns%enict: fisfg, horpalo%ou ingic{’;\t%ﬁ that tgg cpm neﬂtS igs d herein
Ve B Ve TR e spé’cfénssorO ylf}e0 of Ti§h nvolved. dnverseﬁiy, ’
congterolsgdustintigare soiruth econdporie Peis methidrin nbedomemceéokdinked
reftPD e sRRRIe s SR R lishdnvelvad R34 1.A81u86d DEERIR: for their intended

expression sequences are divided i%to two. main clas%tis,iglﬁn 0 %rs and .
PRI ST AT gt S Ge i A1 A Se TSRS OTPSEL e hes of BRIRAL™ °
fufigrictionreshie minameeféivelyifixediloga¢ipenin regard to the transcription

[Gﬁ%ﬁt Sitﬁxﬁepéigm Q&ﬁﬁ&ﬁ@é% Gue iﬁl%gedgé_l&% iﬁ%gaﬁp%%&fstmcts to mediate
interaction of RNA polymerase and transcription factors, and E%{econ ain

: t .
XS e AR SN ES I OS B e BN E® AP, kg efgression

S
sequseguencedf DNAthat fpsictionsktnotfixetdistencadrorsptitee clements. It is

piRRSE rigtie Qh%t%%@i&q %@%&@si n&iher adentations Enhancarsslungiiofogous

to increase transcription from nearby promoters. Enhancers also often
CEBTIELR FERPBRSe AoHTRhICTRE: ThETRSIE°HS FARRRTST Of trageRpagTsirets used
mifke fiaiiersdoRihsatat: RN amidspondaddiemenistthabmediateithetive to or derived

|ati ipti o) /01 02 '
s R e R e s S S RS

COFIPSEAE aﬂéwaﬂﬁ&éfatmngbd@éwe@p B Sscertia P appreidh wRgrded.
[ogsapduction:af RecanSHetLRNIANIRGR; RParieigane eperatly kied, torémoters

B S XSS, Oy, RN, G E RIS G NS I at function when in
a reiativeiy fixed location in regard to the transcription start site. A promoter contains core
elements required for bas;ic interaction of RNA polymerase and transcription factors, and may
contain upstream elements and response clements. Enhancer generally refers to a sequence of
DNA that functions at no fixed distance from the transcription start site and can be in either
orientation. Enhancers function to increase trapscription from nearby promoters. Enhancers
aiso often contain response elements that mediate the regulation of transcription. Promeoters can

also contain response elements that mediate the regulation of transcription.



domain of an enhancer (O'Kane at al., 1987; Allen at al., 1988; Kothary at
al., 1988; Gossler at al., 1989; Parinov at al., 2004). In such cases, the
expression of the construct is regulated according to the pattern of the
wiehz/assotiated enhancer. Transgenic constructs having oPfif & GaNsitisako2
or a short promoter can be used in the disclosed transgenic fish to drive
expression of oncogene into various tissues. The advantage of the
enhancer trap methodology is that th’same construct can be used in

{0@§’§ijer 2inguce umors d‘ﬂedilfie}?%s% lissyes, Lhus, screening a yansgenic. + ang
A P pulatlon, transﬁ%[}me usmé’ SUC?I a CO%‘IStI’UCt, anc erTd animals or
utilgpthial dinediodtRnlincel dgie ARP IS ity pa sluglivol PoOSETRer containing a
mp@w:jg@@f ape@iwﬁgﬁﬁ@ﬁc@@pmﬁ@c@m@;s%g@d@s@mgm?mmnm ix}to the
nee seguence t, whe _C ed Infto \, late tr I.O 0
o o e B e L Bl S D e S R s o
al., th8 %' Hervskiteld Rl§ibn dhtrapiscrbad RNgprRisisradidie comrenpontiserylated
acclREILHARYABS conRiHiGh DatwReRthetraRSCrBARINIAlNR®ILS BRthe only a
. the trans;jl?é)ion initiation sife (that.is thﬁ,in{tiation codon). 'gue 5!, o
mirRa A ST AEQTBRIB AR S5 HSE & B IS E PSR ERHOHT e frbrs sapiaten ©
oncrggienmormally tissecidibd aditmthe: pfometdangsetintisthodristustiithidahs'same

contiRlEARRale g LR FON NP Emﬁﬁc@m{'\)@tﬁ%%ﬁp f9RUGHGS @&@%ﬂ%ga ﬁaﬁsgﬂnic

expression product, the 5' untranslated region of a gene unrelated to the =
POPBISI B Bt REiBEe ALTHiA o TS kb raBsiofP By iR lor % RPBHY dipes with
hisitiegeaBydiftansiated régienss. Preferably, the 5' untranslated region is

zoak‘éﬂmo@&%ﬁ;ﬁ@sm% fb%“&[&%éﬁhﬁ%g&@% %Q'EH&%S"SJQTQ&SQQ{EO ﬁ’gct also needs.

Preferred 5"untranslated regions are those normally associated with the

SCApFRfiFo: UEBE [BUBTTah iGN CorsiirstTsitiéennch e sergded sxpression
prolianSgRRiE fishaneode ghepirienpieife (onteistianragidppriiaiiDadatNA .

. ression). As used.herein, a reporter protein.is any, protein that can.he .
T B B o it e
anddfBedEadporn duilintieatiiy EkprésdhsritgidioegedessioRiseyjusreagatdregion of
conEx¥anale heprmbdeky iNking Dhelootidd 1580H R ARGRING.RISRAIEE promoter
use l;g&@g]f}%s rﬂg‘xs Ltjht_:‘ﬁ: %%IJA% ?)%Q(E%gsjgrp %gﬁhﬂ?ngs%%c?&g \%ﬁ{] g%ecl?gr?gg L!Xcoding
study lineage deve opmenf.aln SUch sty es,sfhe reporter protein serves as
the ¥ EREDfGrORIGhitENY davaelsirkreaigrcéestene suaklastdll thigragoater o
seqdacy EBRMIIRY ﬂ{@t@k@%é?di&k@?_wﬂc@@ If&aﬁ?bbﬁerU%Qef@ Siff@kiated regions.

urposes in other organisms. These include en es, suc .

P L L A LTSREY Iy AR REnr s e i sopgtteds o be
intrgpensificiieentdieavensiand /Lias 2:P TS GRO6E/00O0R0R4 prétiubtspromoter
use@nd proteins that can be directly detected. Virtually any protein can be

directlig detected b usirgg% for example, specific antibgdies to the protein.

19038381 HETES BRI AT Potais Hislosred timsery Bt RINe RiFRsgEr Protein
(forrdetaiting 4hé @aditleiion of expression). As used herein, a reporter protein is any protein

that can be specifically detected when expressed. Reporter proteins are useful for detecting or
quantitating expression from expression sequeﬁces. For example, operatively linking nucleotide
sequence encoding a reporter profein to a tissue specific expression sequences allows one to
carefully study lineage development. In such studies, the reporter protein serves as a marker for
monitoring developmental processes, such as cell migration. Many reporter proteins are known
and have been used for similar purposes in other organisms. These include enzymes, such as

fB-galactosidase, luciferase, and alkaline phosphatase, that can produce specific detectable



of exogenous factors are preferred for detecting or assessing gene
expression during zebrafish embryonic development. A transgenic
zebrafish embryo, carrying a construct encoding a reporter protein and a
W3 8pistific expression sequences, can provide a rapid r@&ItipaaieHNga02
system for analyzing spatial and temporal expression patterns of
developmentally regulated genes. [00391 The disclosed transgene
constructs preferably include other se]qluences which improve expression

pro “f é tablt“%sothﬂt'e COQSt&i'rect %‘&éﬁp'evt{t%‘ﬂg r\ﬂﬁrotem can dtrectly

ation srgnal on the COH&FUC'[S encodlng a prote ensures

detnfaﬁ%br prgleofm erempih SpetiBo eifnciededbgmioiidnsported as mRNA.
[ookBe idendilisaionpntiseehpaixadenytaiionignalic v RIAIESI@ANg the addition

fconstruct |s well esta?lrshdeg) I E%p{elferr.eadsSter(rsgit;.ﬂhor{grlnoﬁ %%}g%gs Jebrafish
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empisordalevelopitethe dbdrasgericipidnatisk em@eger@fefeseramyswedmdmg a
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cell-) specn‘rc promoter ost pr rably, the promoter s the keratin-
YU B OTHSCATS EH R AETENB] SERFONER PG TGO g Se aPragby, ot

geiRseferably, the promoter is a shortened krt8 promoter (Parinov et al.,

0039P4) %@zﬂ&mQ%@kﬁt@g&%%&ﬁﬁﬂ&?&%%?%@ﬁ@&% @&ﬁerltt@mﬁtm rove

examples of promoters include promaters of the recombination activating
SXRYETTE (FORTS T I BERICS PN R A SR IS I i gl iffenylation signal
on The elinspagifitncading agepian trrosinelkinase:dgld fenhancernaiemaeniso@mad and

m%gnu ﬂeg\é %ﬁrhgmm Ft%r?cﬁ% 'f%‘és rest Ussued %%%8t$9d8{§9£ﬁ§§'9&£"t‘sv%b Pssion

xample, ze h RAGI (lessen et al., 1999) and zebrafi
coRimesy [aealberisblifhed g ProFRRISH: aoeesleé%u%y%iets’ia’r&n signals be used in
thertﬁiﬂ@%l?ﬁ@@ﬁiﬁmetspressron (Motoike et al., 2000), PDX-i and Insulin for
creﬁs% u%arcr]cet a,I 01 Promoter? haﬁlngoatl ast a

Clic 1 OUt 791}[ linked fo a
ntlty, at least about /oe i entlty, and further at east about 900 Yo 1dentity

prftecttre nEieesetide ﬂeeat?@rr&ersieﬁtheamépe&n@pﬂe%té@@eseﬁ%opmmm
Mbe &euteweﬁlﬂe wr&megi uwmdeemxgtr eyOﬁr&Hﬁatﬁlmatbsew@tmﬂfet thehelial

ce r?s ohe et af i {j'g%?l d? Tkt rab '"E?‘%:}g %ﬁi{‘c &68%:5‘“%%@@%: brinov et al.,

rs e genomic regulatory
EGQ@qaeﬁceeﬂmaiher‘zlepterrﬁw,nf@go @P auser fislarsgelteec e mghtyesxamples of

prﬁﬁeetﬁeedlycel 9{&%%3@&%&@%&3@@@&%{3&@&@ ok #1e) CRdigng RAGT and

inferest, whic complishe acedures r
e R e R o e
eleﬁ@@zta,] A defided Brraih taqmmﬂef@t@etselmrénmmer@p@taélyﬂmmwntdme been

zd&.ﬁﬁga? f léﬁ!a‘?xﬁﬂg %e%%ﬁwk{?&é&ﬂ%l)@c@ﬁbm SafLREHoNAl £elABQRSRIR of al,,
with another nucleotide set{;uence For example, if a coding sequence is

200 BepoliHRet HeH fraotar b i AR BSRHR N HfgaHYotke <t oL, 2000

PDX-1 and Insulin for pancreas (Huang et al., 2001). Promoters having at least about 70%

ddentity, at least about 80% identity, and further at least about 90% identity to the nucleotide
sequences of the tissue-specific promoters described herein are also envisioned, provided that
they promote transcription of the oncogene {o which they are operably linked. Since most
mammalian promoters are found not to work welt in fish, then the genomic regulatory sequences
of the zebrafish, fuge or other fish species often must be specifically cloned upstream, within,
and downstream of the coding sequence of interest, which may be accomplished by procedures

routine to those skilled in the art,



that the promoter may promote transcription of the coding sequence.

Operably linked means that the DNA sequences being linked are typically

contiguous and, where necessary join two protein coding regions,
WebHtiglaotig2and in reading frame. Since enhancers may fun€Gaysaea 006202

separated from the promoter by several kilobases and intron sequences

may be of variable lengths, some nucleotide sequences may be operably

linked but not contiguous. [0042] The tonstruct further preferably
AT PiRes Smarker o & [eppUBroene. In.a prefead cmAOdIMEnh 1. icoide

oncogene IS precedéed’by a reporter gene, such as a‘fluorescent protein
segpenec YER, G PRcaRP REpipRP rolqipugid i pRitsr autieredasequence. For
exREQIEINUEARLAR Semestdreiperas vembadimentthe-maikelds enhaneedly means
ﬁ%rt en fluorescent roteip QrEGFI? (Zhapglet a(lﬁ, 1996&. EG%P IS re{ga.ge(g
RS th & R g BRI B I8 R porer PPt T the prafarred e means
thaitiigodivde migeefusioreokthekndanke tvaivdl the oricogenads phepraredesyach join two
pr&@ﬁ %@iﬂésﬁgigﬁé?_ &dati fah:Q @ﬁr%a‘&ﬁﬁg %Qfﬁmgiﬁ&e grﬁaﬂé@r‘?fﬁ@? #kion when

the marker comprises the N-terminus of the fusion protein and the

SRR RS H SER RS i PR S8R CHERAR LA O A IHE TSSO tEIRY IRPeffs variable
lenptbfesvec: embodiineninthecongivucpenhip lisksidchioneviditnansgene
[06847© COMANIISING R AMALES: ARG 00609 N G104 AUNRHOR 10 WSEPfferred

spécific markers has been disclosed and discussed herein, the present

emhodmteh BarPREGES immteddeiths spearicanythstitsat hiRtereMBRFn gene
(c.ad diGDRAGTE PR FTDI&IAR, arelddiend) andidieboatitiseddor siniast preferred

. j - tos} If ,
eng)r‘élﬁﬁ%%%? tﬂ‘?&%@é@lﬁ%ﬁg " ensflﬁl‘}&!}eééeﬁg &%Q{Qiﬁ gﬁg@ed}%%ge {3, 1996).

oramphenico erase, (3-glucuronidase an dline
EffospReatesedihstaisn probrbécBpsame detetirs| sproguetsicahd prdhsimsetered
enthadigrn:pe rdiiacty gdeteciee: Midtuallypy-peateinegabdadireatyne fused gene is
etected.by.using, for,ex le, specifi tibodies to the protei ny.
O el R B fa P IR R B U (i of e
fugiq ot andoia omrpgeespiafier bespeiats dhadtibiotiesy tiakafesionimpletorn this
préidhed pasiive ar, negaliveseleetinnaleukasplic.ealisarendisehasashdM@moter-
maﬁgf_gqisagngrook and Russell (2001), Molecular Cloning, 3"1 Ed., Cold
prlng(ﬁ%r%o'r Laboratory Press, Cold Spring Harbor, New York, and
[03$ ub e iBronEh 189 2seCuirsessi oy credors irMiskacdislBidlony, Ushipssileyein, the
préscaORSedGIURIRG ReRAdisHRLaLe Sa DY Sh e, dinclosadmarker sviagyelitional
as otherf .knownlqu the ar. ,hma be us%dfto Pr ctice the pr ent 'anlegtion.
TR0 A R 2B St Ay e A ee%“y“&&né’rtﬁé“%%%%?@?&se SHpgE e Hemes,
sutipstre frgabdctioei codinfcitgion obthengeheichheagaresiic:proeleruronidase and
a]ﬁﬁﬂggﬁgg[gijg{z%g '@a‘f‘&?ﬁ%&&'ﬂ&@%@iﬁt tﬁ&e@%ﬁ%ﬂ%o\é{@n@@?&%ﬁ% can be
PCT/SG2006/000202 13 example EGFP, to see if they ¢an drive )
digseilretelisiht i rascantenamebs lizcads delsiu b siasnioncaamnlg, specific

antlemtilepon@apranthif oy thendheisame seateate dtsaddsas, e diyeiiheace of the
eGP R onal markers {and associated antibiotics) that are suitable for either positive or

negative selection of eukarvotic cells are disclosed, infer alia, in Sambrook and Russell {2001_),
Molecular Cloning, 3™ Bd., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New
York, and Ausubel et al. (1992), Current Protocols in Molecular Biology, Johm Wiley & Sons,
including pertodic updates. Any of the disclosed markers, as well as others known in the art,
may be used to practice the present invention.

{0044] A conmstruct may be made by using the promoter sequences upstream of the coding

region of the gene. The genomic promoter sequences are first cloned upstream of the marker, for



of K-ras and other oncogenes. Similar procedures may be utilized for

construction of other, e.g., zebrafish, organ- and tissue-specific

promoters, which are well known to those of skill in the art, such as those
WElGHEdoiat the genes encoding tyrosine hydroxylase for th@CT/SG2006/640202

dopaminanergic nervous system, MYO-D for the muscle system, and

MPO or PU.1 for the myeloid system._[0045] In a preferred embodiment,

the construct of the present inventior]f?’comprises the zebrafish krt8

exaPRIRD, E&E&%&%@&%@@%@ﬁ&%ﬁ&%&%& FBAKRS dB8-specific

zebrafish” krt8 promoter is advantageously used because it drives )
fashiom dudug festlra eyt eo: Ben B cogeteai sk Esa Iarms b xprgssion
of Haaaridushethatdissise Sdugtpna-enRancgtsapiefach-(Ratinavie! af other, .z,
zebx%ﬁg‘ﬂ)mg]a%%ﬁﬂﬁm??gmﬁge r'c?in%?ré'r%?»g['?'%ci?ﬁée&;%f{ gothat sych bromater s .

also” exhibits an enhancer trap effect. [f an enhancer trap’is not norma'ﬁ'y
suchy gg dppstetiWih Bparfeutsrcprarnses, Wreanndnderasesiistdin deagrailmmergic
ner@sestea, INErconsisigl: 1hubkis aspatadheonsingl furhensRBRIRsAan

hancer trap system camprising a minimal promoter element .operably.

e L B D TN pies the
zebiEsh e gerraqire difet Tuadbe reylitation of eorrespordihaciivatinghe zebrafish
krt8SBRIAANGE S (A BahifrSouPstigaMAGNA N SRIUSHSE S IBRESHTIGIOLGRIAL, e,

such thatkt%we r. nf.%ianic construct can be randomly inserted and/or
O RS P S i PN S RS o PSP & R R MR ER Pl st g hlage effect
(Parfneilichtds PAREoN! exdpifessigrnqetter isufiittedrit Hapefadedtion rbpetieser also
exh@iCe Ao raaioRE(S. OiroRnaRERS RRIOL KeRIgSIR sl hakactal e rticutar

site of integration. For instance, enhancer trap lines can be created in
Prom QT RN HahSE S Be et RE CRAARRES Bt bt ik teRpth the construct
ﬁlrt&eepm:giﬁeaatynhlamefdhm apinenlikenfaisiily, { Griabher woabi2(03ydriaperably
link&H 80 120 B@Aﬂ%ﬁ@ r&%ﬁ)&gﬂ@;ﬂa&w : 1/6\%91%4&%&&%% FRYI3I98 o duct

patent application Serial No. 60/681,447 filed on 17 May 2005, S
undih HiBttEd He MO RdfERe ACRY2AHE REtdBnelfte URFeNE|gftivating
seqxpatt:srsl&r_ﬂﬁi_nfar m&mmw@mgm@mdommamﬁdw@aﬂymeﬂmﬁed and/or
zran%gQ&Q%{"ﬁl@%%nLQQé‘%} HE Hﬁ&g%ﬁ%ﬁ%ﬁ%&%@ﬁ% t%%‘e% IEHRAHOLes random

livery. A vector, as used herein and as know eart, refersto a

X PE R AT CORSH G CERTRE FRCAIIBENGEise 6€ Traitalay BBRyN de Goepesrs andfor
repriransiatmaitont (he sithe firogessowhese bygenctisimateiabafRp dadbdduaked in
endfliSaltered: Dy ncRrRRratan phexegenaus DNA Inio;its osnome) gla..

targeted cell. A'vector may contain mtﬁtlple geneﬁc elements posttional
Telsprinedifsriaaily offenbler siel.SeBablipvikdd WA Smarondcds2afond maize
Ac/pegisediede ments Suchiaal BgREEICaaid i AdASSeltey GABS: 17 May 2005,
incoranscri ggia%d,rg desired, t(;tar@[ftgg in the microin%ected, single-cell "

s e ribryd RIS SO T T A1 BETIEESEH8I6 Wﬁfﬁl?ﬁéﬁ rest can be
prorRegsseshabtharizes pegsiahy e otbes trmesgdrécdohstructed by incorporating the
[ooapovenEaeiiad AUCROIAGRRAMERCES WILtRIR ANMACLRY ARG L0, BB 0YR and

well known to the skilled =~ ] ) ) .
as known in the art, refers o a nucleic acid construct that includes genetic material designed to

direct transformation (i.e., the process whereby genetic material of an individual cell is altered
by incorperation of exogenous DNA into its genome) of a targeted cell. A vector may contain
muliiple genetic elements positionally and sequentially oriented, i.e., operably linked with other
necessary or desired clements such that the nucleic acid in a casseite can be transcribed and, if

desired, translated in the microinjecied, single-cell fertilized embryo.



artisan and as described, for example, in references cited herein. A wide
variety of vectors are known that have use in the invention. Suitable
vectors include plasmid vectors, viral vectors, including retrovirus vectors
We .y ggesMiller et al., 1993), adenovirus vectors (e.g., see EBrzusgintenaizn?
1993; Zabner et al., 1994; Davidson et al., 1993) adeno-associated virus
vectors (e.g., see Flotte et al., 1993), Irerpesvirus vectors (e.g., see
Anderson et al., 1993), and lentivirus-$ectors (e.g., see Lever, 2000).
ctogs can carr transposons (Davidson et al., 200 Fadool et 99
00 TR S50 BN A0 E O E b R B e Mo
reciygsplicdtivii Seadabivos @UIE81 4 i)rorcSedigrie garibele asd!Simsl hetimekilled

arti®lBlna 20 I INCTeR SR SHCIERMAOE HRRsEL0RSIS: [AR4S4:AIWEIRE s are

asp ct of the present_ invention is t%e use of constructs or vectors to
a%&&a‘fPawsgl&r{%ﬁgﬁe%g%séw BRI REL AR HeRrdrere 05 rgialorestors,
inchribgeryrohasisiviintdoghick MillexegentiRlonsrudcirastiesr(e.g., see Brzurum

et a'int'i@gyoﬁﬂné fishy 'W@W%@&S& @§giu %)b?fala@ﬁ"@ AE&K&%‘&%@%%?&(@ £, see

fish which have developed from embryonic cells into which the construct

Flofia g b P BHRESIMAS WL ﬁe&eﬁ?@eﬁﬁl‘é%aéﬁbﬂs COPrStrid fgngivirus vectors
(e.gnuekeicaaid2iim.is Getificiathn inktodueashonwdS:oldginatly sartifidiallYadool et al.,
199@%@&%‘3&1 é@@ﬁ %@@'%om% :E?r @{tlﬂ@abr s%c%&&% gﬂ’?aﬂ;ﬁ&g%q g%nal No.

exclude introduction 6f a construct through normal reproduction or
60/6RInitTR BrotedsrEetifo SngiHArHEFe F ot 424 HeHerstsr dhe st dency of

trarligenexisstrain of anlmal by cross breeding is intended to be excluded

{G{)m Wexei‘ﬁh‘[hSh l% %ggg‘n SiIz%%n horz? ys & ﬂger rc? CIOI%.I’S r%lgg 91‘ \fec DﬁS to produce
exogenous con tI'UCt t iS, a construct that was originally artificia

trmm?@elﬁéédﬁﬁ@m%ﬁméwmgﬁ%rﬁ@rﬁsw%ﬁé maw&%@ﬁ@c@mm& an
exo@éh@ﬁ@&ﬁx@@h&ﬁ mnﬁéﬂ Qf}tt%&kﬁfétﬂsmaﬂi@hm’@@lw&f fishoftecniieh bl introduced

chgéﬁgﬁs %g)nStru §e Intl’O Uce.d ﬁ'A%:eS'LfJSSI}'lg hgl(ﬁ'lrhl %EQXC’E)LE?S been

are any 1 scen
1ntrr@p¢@aucﬁ@m%ﬂdcteﬁﬁ@1g, anam@mqrmqumtv@ matmlakzhasdoé@ﬁ is artificially

intdhesiied: 1adhisricaniextxeipaing refessdeorogiiction.afad.oengticaln artificial
¢€|dde tlcal fish frc?ry DNA % eIIt oc{ cells oif the fish. T efli} from which
introdug T o AT LS L ORI RE S HPTEEE RSImaLTeRrefuckgn or

anot Oenl’ lfs;SLﬁt escen
gesge o dierei hdbise lbp miinad irfighcfione e ashorrdels i@mblivo nics walls; ffarimal

by @?@mla%&ngr@%mm@mé’feﬁcﬁﬁié@r eRllsdnie adishydgiars &9 Wﬁlsfﬁl’ through
de tal process by which fertilized egg cells or embryonic cells
mo %(?fﬁ%pé? %%%Wf AR S P dirtar R AT S 37" dn Rt s frifictally
it {PO4a) ﬁmdtséidsa&@am@gjﬁs ancstmethodscoasidecd sed avithiamn typegenous
con®bdian- AsHsath Q?Jeﬂ?méla%t} r@feﬁi}oiﬁQyMQ% szx n%@s%‘aﬁstmct has been

collectively referred to as pisces. It is preferred WO 2009/01131

it G OORITSTIH P IE AL b alb ARG o dices dgﬁ@%&@g e fish by
sexfishrgfretiineraiadioniagjentifli Génierdsitbgetiai material has been inherited. In this

context, cloning refers to production of a genetically identical fish from DNA, a cell, or cells of
the fish. The fish from which another fish is descended is referred to as a progenitor or founder
fish. As used herein, development of a fish from a cell or cells (embryonic cells, for example),
or development of a cell or cells into 2 fish, refers to the developmental process by which
fertilized egg cells or embryonic cells (and their progeny) grow, divide, and differentiate to form
an adult fish.

[6049]  The disclosed constructs and methods can be used with any type of fish. As used

herein, fish refers to any member of the classes collectively referred to as pisces. It is preferred



Such fish include, but are not limited to, salmon, trout, tuna, halibut,
catfish, zebrafish, medaka, carp, tilapia, goldfish, and loach. [00501 The
most preferred fish for use with the disclosed constructs and methods is
WAeBvefier31Danio rerio. Zebrafish are an increasingly populaPEkpeiteinc:

animal since they have many of the advantages of popular invertebrate
experimental organisms, and include the additional advantage that they
are vertebrates. Another significant a]c'{-’\/antage of zebrafish is that, like

or habdlt s, they are largely tra mm I 1989 raI

e L e S P B S i To g ge et

Sucjyasltarfibiée( POOOY. 100EREZ dpredisle r&mxy@@arbaéh@m yeaﬁéegstbréiah ghedaka,
car@qgg{yagrgdjggﬁf%h faiven these characteristics, a transgenic zebrafish

ct , t t
i e e et R R AR ST S
Darggstern.foitandy zingaspatiahamngd temdadeopressii ripattb shgoftey have many
of @8\Riapmentaliyreaulaied aangs. eﬁﬂ%&ﬂ%e&%ﬁﬁ@“&%@%@@%@%@fﬁmﬁ

the zebrafish is extremely rapid. In 24 hours an embryo develo

SRR B AIPIR S PREIOH Ghg A AR OB aRED o hat, Tk
Caspiocudadinig blepdareclisgdlynimedH@8 K Bthel; fisBYyith Semel arcathffithere and
maR R AGSHARIR,CRBAISIS] m@%@'ﬁ& Brefered 0Rg1 Transgenic fish

are prepared using the constr ucts described herein. In one embodiment,
10031 I etkEbFHER GEDTHED At AtF e AteTtitcacht insacloriemtRaraltve@bten these
chadeseiiied ahereierintasdilizeddishceggi(i e cmtu&m@a)&ﬁl@ embﬁym;‘z Plotein
f d fish e nucleic_acid. When afertlll s use
e e RO S com o

anaiypieh TPiHuRNE CarRd T iRrPRRSIEdNRItETE rdndreRinpRanEdly, theitetheres. In
addifich) dasfestilizingdapLgy engdleseloping thedishe Py Ot dours an embryo

dev rﬁgsgucﬂi{gﬁgesih Eaﬂf tQUdreT]j?o ?ﬁ%g max}él in roi%nced Imloethe etg]g%p%l%ng biood

ety o §'KNC ar’t includmg mechanical me
cellp Bl b 09 s dishitathretne s AHef dvir sttvdetionbimetraeistisiivg are also
prefigedroporation. Exemplary mechanical methods include, for example,
roinjectio m Iar chemical. methods include, for e le, use f
Ot BH oo B R Rk e b BRI o ST e o one
emby élaﬁétmél@ﬁﬂé@@éndes inielotier batvdidagehtsfo pmmuma@écd described

her&r@nﬁti@tmﬂéééphs{n@%@Qgé??aawﬁfwé%%%agw%%ﬁ%%%a&gﬁ Mucleic
c re described in, for ex e, Gene Transfer Methods:

nt?gil ucurr?g‘\:l‘} ﬁgiﬁ% E%i}?g“séglfg %%%?3 SITES R ING SPEo e Sy g nto &
trarggewl; éds., BibtechniquekiPrass, i2060)dand @uraemefmdxz@ﬂs dpg, the method
mcim@fé'r‘@%ﬁéo 9«9)4@5%‘9&% Y gﬁ%sﬂ%%é%”ﬁ%gﬁ )zmc fish. The nucleic

Microinjection techniques involving fish are further more fully described in,

=GP i BIECEER W SO0 Y31 I e /ScDehelBdesys ipethe art including

mechanical methods, chemical methods, lipophilic methods, retroviral infection methods, and

electroporation.  Exemplary mechanmical methods include, for example, microinjection.
Exemplary chemical methods include, for example, use of calcium phosphate or DEAE-Dexiran.
Exemplary lipophilic methods include use of liposomes and other cationic agents for lipid-
mediated transfection. Such methods are generally well known to the arl and mziny of such
methods are described in, for example, Gene Transfer Methods: Introducing DNA into Living
Cells and Organisms, (P. A. Norton and L. F. Steel, eds., Biotechniques Press, 2000); and
Current Protocols in Molecular Biology {(Ausubel et al, eds, John Wiley & Sons).

Microinjection techniques involving fish are further more fully described in, for example, Chen



and Powers (1990) and Fletcher and Davis (1991). Electroporation
techniques involving fish are further more fully described in, for example,
Powers et al. (1992) and Lu et al. (1992). Techniques for introducing DNA
Wigtaofizliegds or embryos by infection with retroviral vectors,PSuct:a86/600202

pantropic retroviral vectors, are further described in, for example, Burns et
al. (1993). [0053] The vector or other nucleic acid comprising the
transgene may be introduced into an Ynfertilized egg or a fertilized egg at

an PSR RS SHARYEIORT Bt MHUHRle et 805 ENSREN . IS B axc
transgenes as described heréin may bé used. When using arertiized g,

furiher apqisey Sy isiosratesdebi-tdintrserets. tRe el sic scid 390 threl dmberyel. (1992).
Tedh@quat Beiansicelhsioue aficsvelopmenhoHowsy iR NUsiRicasidal vectors,

ay also he a mini?tered at later stages q)f glev Ioprpentl, including the
SR G A A & O T R 4 ST PHETSTETS, Thid R GEEe St ng) Hd9o3)-
[0k od dded istor thieothorukelbitastid soeisisiigl dxstranedsolatedairtteinadidhto an
unf_@ﬂﬁiﬁ@@ I@gém%fﬁ‘ﬁ% e @pg\f@'sg%é%@@d)y @Q@tﬁmﬁxﬁo nﬁﬁﬂfﬂlésvectors, each
in rodgiggd into the zygote, Addlg nally, when the nucleic acid is .
e S B REETY &t TETT RGBT BB Bfopient! 2 g o fRutilized egg, or
emigplaibos ptfé@l@d&eldlmmm mrod.mpmmlngotltie alabyve GescaitiBelone-cell stage of
de%ﬁa‘ﬂﬁgaﬁﬂ'.c Cﬁ@%\%& iﬁénH&%ge&i@t%%t |§§§t Qé]ea&\[%ln%ftm%j ta?rlater stages of

_example, morula, blastula, etc. [0054] Fish eggs may be obtained from the
devalprapriatehingyheditusrl et SR bt e lrriag: tee purlimaad may
be cnmrhma@ aityofrom , fonexahipialpetistotededse rtitiz ei@o%@’p‘_ maibeacid molecule
incQiRgd b%é“%ﬂ%%@?; andy t%'ﬂ?gb%ﬁc Fﬁ&%ﬁ‘@ ple. %@&f&é%@ %’{o?]b A —

a_pplr_%frlately aged fish, such as about three to about twelve mont old
Additionailih whia e Buds sffemmeadissh iibsarsearbleiahyaes: of daagapment, at
leaplagedhonan appsdpitaiahsRiage isesiainghastehins e daishEg aensaicR8nstruct
. .collected. by, for exampl cing the fish in a nuptial chamber in the tank
B cl?r(g g‘%’%ﬁ“%ﬁéﬁé‘f‘ét ﬂ%gea]fjt%ﬁl rﬁh%ﬁax%m ?ﬁ 3875h éﬁf&l %ad r%%’minutes.
[00&g)ch By destitjeerifore tesarnisiesiae diphdastgadod methods. Many of
the/AliRrRaY Rl ynfish R es My el atbicially E@fﬁ%ﬁ@ ' | ,dﬂ%ygrﬁ?eé%%%ﬁﬁﬁ&vggge may be
the skilled artisan. One skilled in.the art is famjliar with other methods o
o 185 e (BT A R P N e FERTBecly aee
fishy ehsle ahabrye e thebfshhegyconeriomiolthefidhn alys ot atioh ) igales to males
(Suésl{%rilﬁﬁﬁlt\&iif)_ ﬁﬁﬁﬁé’ﬁﬁ@éﬁ%ﬂhf@ﬁﬂ%ﬁﬁ@eﬁ? &i@ﬁi@@@ﬁi& Hﬂ&zqéag ﬁQMHEE:%Qg may
C environment may include, for example, growth at 28.5 C. in .
oo QR R TS TR 00100 UCHEFTHRLE L R s gorroprit
timgyafier bytdmg 16K Webterfildo 200050058} Fishihatbarnigartban syeheexanple,
CuleAR e identifiael hv:ARy, Sl gs%?@é-ﬂaﬁﬁﬁmhgﬁp@ RIS IR the

,ﬂk EGFP, are directly detectable without requiring the addition of B
skt %ﬂ@ﬁ%?ﬁ&&%@aﬂa MrefEedemiigetdtinG o rudladspigbaining such fertilized

fisheoggsession during zebrafish embryonic development. A transgenic

00350 afish SROI0. 6N ALORTH USEEREPHRARA W 4901/ 0148121 5
3 T/SGZOO@/OOOZ_@ s 1 | 18 gg% or embrvo, the fish epg
or embryo is provided with an environment conducive o development into an adult fish. Sach

an enviranment may include, for example, growth at 28.5° C. in E3 egg water for 15 days
followed by introduction into circulating system water by day 16 (Westerfield, 2000).

[0056]  Fish harboring a transgene can be identified by any suitable means. The use of
reporter proteins that, like EGFP, are directly detectable without requiring the addition of
exogenous factors are preferred for defecting or assessing gene expression during zebrafish

embryonic development. A transgenic zebrafish embryo, carrying a construct encoding a



17 reporter protein can provide a rapid real time in vivo system for
analyzing spatial and temporal expression patterns of developmentally
regulated genes. Alternatively, the genome of potential transgenic fish
VWaarobeptselted for the presence of construct sequences. To R8ifzo06/060202
transgenic fish actually expressing the transgene, the presence of an
expression product can be assayed. Several techniques for such
. identification are known and used for ffansgenic animals and most can be

" applied to transgenic fish. Probing of potential or actual %F%ns enjc fish for
rep e ot P8 Pt & i e bhag B e ot dor g Sl ant tempora
SXpISPRtLBEISIprefetatlippesumplisisaliby sSmuthélismatiNoiththndotortingf potential

rrafdSenioratarcadl i3 deteation usingRalynaraseehainraaetion RN transgenic
ﬁsgtg%ga?}feq&enecs(sei-asggfmfkgmrgsugleelc gld amplification techniques. Preferrbed 4

cChngl eI e Aty TG B A s B S A A FERE ESIP B fAc i be assayed,
Seestahtysieg a (00 57| sebnidfyintictie patténoheadressidor imativecdisclogeds and most
caltl88 Mﬁ@ tﬁ%ﬁlﬁ@%&@ H3EC @%Q@%%ﬁﬂﬁ%&ﬂ&ﬂéﬁ%@ﬂfy% for nucleic acid

expression of the transgene in different tissues (tissue-specific ]
5 BF&%QFS&%‘Fa’Po‘?ﬁ&%FﬁCfﬁﬁé%“cﬂfrmHa&é%%ﬁﬁ?é usvRIpTRlnRpmplished by
Sop@i@mbatedﬁ @ﬂpmslsioitmg de_miqpﬁfamal ?sjté@eeﬂ‘pemiﬁagppmﬁ&im) chain reaction
ediffese e&%%'&é&m&e@éeﬂé 'ﬁa%%%eaag%@%ﬁ&%%%&%l&??ﬁmm techniques

assessments can also be combined by, tor example, measuring
forddeiads rearrryb ErAR Araftedbmidn e saeeittineage during
[oEaYelopimeifyinkhehnatureral dhe:gpsassian preduitieshe daiesied GaR can be
- C itahili ome of these. analyses. On one.level,..
e D BB OGS e
(spenesiiarsacadank safiffedt Simes drrngsasinpresalivEiperforidbdesutated
expyheRdAISINGABREEaNY s XPESS RN RIPEGh)] HIEERAIQUE SN Yineage-
spdt 8 Ll IRRRg NG AN TRIR A IS el o, BRI e el cacur
expression. Expression can be (ﬁetermlne Bicehemica : gn%mg fecalfffi?smng
SXPIREHBLPIEATNSEDRE ehpretielifisty)[005 8 insaec fvriga dosirpisotb Sbsegure of
md@ms@aﬁlwaasgmmewéfgg%@a@&og@@ I@a‘l é&%{fel@l@m%hybahﬁaameni%f these
the expressiagn product at differe elopmental stages. Where
o e R e S s SXRTeob B psved
in thePEME ERardestRES- oFudl thegesaiopimgrebnisrdoonds vimuitisle almost any

exSABEYOSHALG! Dentisedndiis is esiwRracticah Wh?aﬁ%é&ﬁceﬁﬁﬁﬁ%ﬁ@&ﬂ is useful for
attern in differen embgos is exp%gr_ted tq be the same or similar. This is

Bhe tase When sty TRE G sed tAMETEC fi¥h nivinly emsie‘afyochemically,
enpyraefictdibleksuotawisidhy Ar imoreogebfesired way of assessing the pattern of
[oespressian RLAJRBSISNe dUring deyelaPeRlds SR USEANSLXR eiﬁ«%oaom of

roduct that can be detected in living embryos and animals. [00591 In

9o A BPRAIEh P YHE RGOS By PEReSHEr JHSH 6 glari Hstrmh ARt spese Witeiie 2¥here
dethgurs dithiectifization pSitee the:neaflyidpartshasempizohrafish embeys that destroy
or REVRIORE AHIFe i BRI 5. BHEHD ARTBIAANPR. AL 3°4F RGNl ion
cells can be monitored by following expression of an .

where the expression pattern in different embryos is expected to be the same or similar, This is
the case when using the disclosed transgenic fish having stable and predictable expression. A
more preferred way of assessing the pattern of expression of a transgene during development is
to use an expression product that can be detected in lving embryos and animals.

[0059]  In zebrafish, the nervous system and other organ rudiments appear within 24 hours of
fertilization. Since the nearly transparent zebrafish embryo develops outside its mother, the

origin and migration of lineage progenitor celis can be monitored by following expression of an
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transgenic fish. In addition, the regulation of a specific gene can be
studied in these fish. [0060] Further aspects of the present invention are
wihe(yradagtion of immortal tumor cell lines from the tumors BduigEehin/eheo2
transgenic fish and the immortal tumor cell lines so produced. In one
embodiment, an immortal tumor cell line is produced by expressing the
oncogene in fish to produce a tumor,l%olating cells from the tumor and
culturing the isolated tumar cells to @éﬁroduce an immortal tumor cell line.

XPHR R BRI Ao POl timdP O RRBs oY Rb RS b g oan be

studiginmitthestisisitumors is perfonned using conventional techniques well

oo&ﬂow%ﬁﬁ&?r%@&é%@ @E@%@Iﬁvéﬂi&%%tﬁ@ﬁﬁwﬁﬁcﬂf %F&%‘}{cﬁﬁﬁﬂﬂﬂmr cell

Culture of Animal  Cells: A Manual ofBasic Techniques, 5"i Ed

(R
Linef ey, (HAET IRdicRdcin Nsnspensn 6sy, %.%Pfe@w@bﬁwweﬂ lines so
procﬂmdtlcadl,%ppraabhd&rdﬁdmﬂnﬁzﬂﬂﬂmrmﬁ&d );e@)lfﬁ&dslmmer@ﬁylﬁr%ﬁessmg the

one r%i %919?() églm%%‘g I s%ﬂggéec:(zﬁs ll!grgnﬁgxd:iglc&\/lc Wt%mrﬁ the isolated

umana Pres otow ew Jersey, US In one emb

tung rlfs R IECSHS T8I ATEROHB HIPRY Eethipe: EB%F@B‘&}‘% ﬂgﬁ%’éﬁé\}é?émf ceﬁ lines
frorjBe tehwi RIS FonKuia s dAbe0n ptchnddlueRl: Stagentibhe techniques
ated cells are bIe f Ion ten enance in th ltur nd a
we l%{n Wi%a? IIEEOI’ exa ?r?i&?e oﬁe cel Ineé;UCC(lggS ?fy pa‘gse&etf roug ure 'é nimal
C’eféedd\émreﬂl pﬁﬁgage@qfﬁﬁmsrﬁng%a(m Prestreratiyferaldsef medl WVYQ% 2005),
AniR¥e wefzéﬁz%;laow%}m&zumﬁ:ﬁa@sﬂ imemainiaines GOF Bﬁzsl&{mmsify Press,
e thr ult S rtra antation |
Ol S T ML T o TG e B R HRBA T v
Newaim&oi@ahsl@@ﬂhrwﬁmgmmgmaﬁgm hmar@diamqum@t@bﬁrhnethe tumors
devg_IBH&i seliaidram WIE]@FEB %1@%@@@%@(@#595%@%9@&3@&@ stage.

TheIon%”term roliferation in culture conditions. Transplantation of the

R R S e R Bt 8 By BFFipgral. For
exagupét spreashl [ 006 1 trestuliyopaetts tnescprovucitl inraoutidpmsegwitindingnining

rapidl GRAMLINENURN A'E L3l aSn 3 BQAS) 16 HMA! PFRATRSIPAA he maintained

metastasis. The tumor cells lines can be additionally transformed with

EGfaritioh Shihas B ratibriee tham med e srg srtet s mbataiog into
the nsedialistirchd trarddplatntBticsplancd/slodis thipsdoitons between dhens confirming

ihe [FRASRIANIGH clB ARG LbRghdn-Addition. hghestaibthedransplanied; .

immortal tumor cell line is useful to scréen compounds for inhibiting tumor

mGER GFE SRR PR eaErTEm Aed i fering, ﬁﬁbﬁ&ﬁﬁ%@?ﬂ&@ﬂ%e&%ﬁg@fmwf the
culisereeslic &mp@mmfmynhﬁaﬂm@ s deagelbatawt forihe GCiee spghdf

{Oﬂiﬂmp%g%?mgls J}:%St }11%6%% leﬂd ggor&% @1»\];[](8 Elal tlflcgn e%il cell lmensacr:éi Dseful as
e carried out using tec |ques Weﬁ nown to perso Iled N e art,
a mﬁémcﬁ?igtvéwmm@%w|aqumﬁ@§@seﬁes§me%@wéiﬂiﬁoiir§éré@h#ﬂg additionaliy

trasGANRALAAS USiRgHARSE606 fishetherwise modified and transplanted into a host and
used to gtudy transplantation and various interactions between the transplanted cells and the
host. In addition, the host with the transplanted immortal tumor cell line is useful to screen
compounds for inhibiting tumor progression or metastsis. Also, the immortal tumor cell Iines
are useful to screen compounds for inhibiting tumor cell growth. The screening of compounds
using the transplanted host or immortal tumor cell lines can be carried out using techniques well
known to persons skilled in the art, inciuding techniques similar to those described herein for

screening compounds using transgenic fish.
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present invention (or host with transplanted immortal tumor cell line or
immortal tumor cell line) are useful to screen compounds for modulating
vgifestsam proteins encoded by genes of interest, In this embodisgemis/anezoz
method of screening for drugs or agents that modulate
oncogene-mediated, or otherwise induced, neoplastic or hyperplastic
transformation, or that modulate the &2nsitivity of transgenic cells to
ﬂugjg nts Wlthéﬁga Pon or chemotherapy, is provided. A method
I or GRS SR aCH OF SR AVIEE BRHB 5 RE o A GgaRRE R gl umor
celléﬂmlbtrmnsg&ah@ﬁm orlblineinsgenidifish embryo)gescdbéd herkiniinilrifcts on
prof6ia! ikgHOl BOgBleyStRI N AANOWR, Ol N ANRIENIE S8R A B rues o

integrated therein nucleic acid comprising an oncogene operably lii
2gels, %ﬁﬁd{@f‘“éﬁsed%?ﬁﬁiﬁﬁ@ﬂ%?é t&&t oteIy 5F d@éﬁeéu@ﬁ%%g F hyperplastic
transfohandes anbegené:hie dtiatedsiiboplastiamagimipeshiasticdransiomaati@ntion or -
cncfb GRS G ENSTUY W ShfpasasRic.CRls d;@gn&a%?tmems DR, f%d'e%gﬁ%@mg 2

or ¢ emotherapy, and (c) classifying the test drug or agent as a dru

tranggroig fsh{ iodaatel toRESgENR &lgf@égﬁé’éﬁa%ﬂ@éﬁ?mﬁﬂhﬁ@mm with 2
testtEainsfor mationwaethiatipoghiatesdhensensitpity: @t ansoRNE GalstRed therein
{reatments with ra iation or chemother if the testdr
R A B
drugr apisfEETTALIGRPBFCATFE d Qlateshatecs e psihEepobadinsdemievplit§do or  hyperplastic
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ulation m |n lud ressing, or otherwise decreasmg, or
' Chem eragr‘ﬁg ce’r‘%/sv“cii‘,%m Ir%gulaff’lngcgm SO GETR. e Aidtey RedbTasfiapmodulates

onchw@rmmﬂ,n@dtmmmmmdmg@@mamﬁmmgemmmm sensitivity
of RARRIARICHE WPerpiastic Wansiermation Qﬁésaﬁg%g\/ Of HRANRLLRIG LM Sagent

to treatmer%%sﬁlwnh radiation or ¢ %}othera The test compounds can

SPRER S0 PARSTRRIR T TrarbBiRG the oGRS KitdrstRagKyon o

e adaminis
mogiddep risfesalsii vifie dorpoumid celts be dosednin thichwatetiholdingdinetherapy. As

medfRRSOaCi ISkt dhgdish ﬁ?&?nﬁdﬂ?ﬁugﬁ;ﬂx@g&ﬁ '%rth&'ﬁe?%qecreasmg or

surfaces, e.g., gills, skin.and gut. [00631 A Variety of test compounds can

eI ECIRE Al e d RERES roSTEARR thEpreRErP It tioRcIRlEEfaifr  byperplastic
trangfrbodine nisslthisngortipounts tof bertested-canihedenvesidrom kbraigsemlastic

traciSm GG OBRIS k'Wﬁ&@&ﬁ&@&l?%"&%&?mXX@"%&H%?%@J HOrAleS Rl apy.

peptldes Is well established In the art, new techniques have been

They dORIEEIPIARh Fill &I BRGIHEAr Jau ERBRESicm ftréatBppmgefhe construct
Aligosipeiyngs, ;sufinaly bnzodipzepines (Bubirand fllman; LQQ@;gDﬁM&H&l@gemc

ﬁsh%tﬂt%?@?ig@%ﬁ%ﬁﬁ%%ﬂ&‘éﬁ&@%g@% Qtaggg% Crel%agwatesﬂgc 0,8t st

93), and hydantoins (DeWitt et aL, 1993). An apprgagh
WO%’Qnthé‘s@Wﬁﬁdl‘édﬁ%r%&?}é’é‘?oﬁ%ﬁwaﬂ @r\@éﬁ@dm%léeméf&mﬁhvatbnib@swsem

inveatidR 4] Qeriam hean desarbad: (CLanalheiale 19%aiCarelLeli@tved 89tkbraries

(i.e., are members of a library of compounds). While the use of libraries of peptides is well
established in the art, new techniques have been developed which have allowed the production
of mixtures of other compounds, such as benzodiazepines (Bunin and Eliman, 1992; DeWitt et
al., 1993), peptoids (Zuckermann, 1994), oligocarbamates (Cho et al., 1993), and hydantoins
(DeWitt et al,, 1993.). An approach for the synthesis of molecular libraries of small organic
molecules with a diversity of 104-105 as been described (Carell st al., 1994a; Carell et al.,
1994b).



WO 2007/011312 PCT/SG2006/000202 20 [0064] The compounds of the

present invention can be obtained using any of the numerous approaches

in combinatorial library methods known in the art, including: biological
Wibrariggl133atially addressable parallel solid phase or soluticphas@ec/eoo202

libraries, synthetic library methods requiring deconvolution, the ‘'one-bead

one-compound' library method, and synthetic library methods using

affinity chromatography selection. Th&lbiological library approach is

limited to peptide libraries, while the other four approaches are applicable
100 e plirecHBRRpR R BEsTHTEF BresHen AR IS gy Of the mumerous

approigolndsiibane ka0 T Dthestexdaniptary methogds focithitnsthesial dfbraries;
ibrari i f in 1
e N S e
_reqemémﬂé%é eSehbeRliP Lot Rly. Heiyghedirdt 21d 199piofibrary
metbdeaniy dramretibnkepehptetfadorkt aloid 903 ihastapiadddsSs Radited to
5. 223.4 I S, Pat. No. 5,223.40 lasmids (Cull et.al., ,.
P L S % B Sl P i o
or gpal] gugieqrddiditatass eDgamneiat wsthdPEMmbdaiestetlary methods for the
syrEiIbiTaterésh po lReptides ssadueUeRE Mo aRINA Hbaryv: IDQ66d4), Horwell

lar oun ich can be screened for activity include, but are
o el AL

ted | leic acids, carbohydrates, small organic _
{00650 |e clibmrgp afrmatoralplo dust oarernthib iariobitjo0671. Hoadast dral 6P92), or

on 9@1@5‘@%151\’599@,'|Y9i§iﬁﬂéﬁéﬁ§it(if&d'ﬂr%_t]!§{9%9§%|§a&@§9€@iﬁ§.lﬁﬁfﬁ@%ﬁﬁ%ﬁ@)ﬁpm@s
S S (6{0) oundas iaegnury a arug or agen oug 0 have the
O o e ety 18 e RN Senh, 1950
Detimsfatma¥ish, Ovintoduldtel 896; Selisitivit).of dENshestt! celithto embodiment, the
ooﬂiﬁ@&{&%tﬁow&bpm@@gﬂaﬁgﬁf@ms@xﬁ&%ﬁﬂeens are routine, and

these, and ather screening methods, are well known by those of skill in
(0085 art FHIP tESEUREG G SBit R PETRTSESE, Tt WtheRWis e uigire not Himited
to, paisiacenexipre ssidn oflorigdgene RN candiontblecakepgenigiproteicduct extract
ibRFRduct, or RNA or protein expression of other genes involved in the
oncogenic transformation process. Additionally, the test drug or agent maa;i
igrally-driven

190 ibit Bt L tagethaesritidy B dindr b e drass caive
scréadivé ctiyydmtheo neaplastidy y jecplEstic drapsfo rpeati oo prOCessaer i thidlity to

moﬁgfa%ﬂxgyogg&g%é&g@@ %%Hgl&&}ér%@tm%}t%w&m r%%L%E;Pn% on_or modulato the

chemotherapy. A wide variety of drugs'or agents, such as descri
SCIRENET SiRBRETS, SRk DT ratsnr e SEiREM MY ARenSbRIBY theushessimms are
rouifie Bt the AR loTHheste sty gs-Ob agerd aradiieallyiadenisEredie 80 The
amount and for a time necessary to suppress, or otherwise. alter, or
B L, e e Shlgene o

andiy dheROBAIEC ARl timess fhely B adternprititoykmessrilletiodrersganes involved in

the oncogenic transformation process. Additionally, the test drug or agent may inhibit or
stimulate the activity of other molecules involved, directly or indirectly, in the
neoplastic/hyperplastic transformation process, or in the sensitivity of transgenic cells fo
treatments with radiation or chemotherapy. A wide variety of drugs or agents, such as described
herein and others, may be tested in the screening methods of the present invention.

[0068]  The test drugs or agents are typically administered in an amount and for a time
necessary to suppress, or otherwise alter, or epnhance oncogene-mediated neoplastic or

hyperplastic transformation. Such amounts and times may be determined by the skilled artisan



WO 2007/011312 PCT/SG20061000202 21 by known standard
procedures. Transgenic fish are typically contacted with the test drug or
agent at a desired time. [0069] In one embodiment of the invention,
VHeeebminiat if the test drug or agent suppresses, or otherwiBETAiter¢)6¢0202
enhances oncogene-mediated neoplastic or hyperplastic transformation
may be performed by measuring thezamount and/or size of tumors formed
in the fish and/or measuring the ratée 6f onset of tumor formation. Other
vy IRAIGRIQLS LI LBAARARGMALe0,0 rﬁs%t_'a&rvegf;g?cmgi UG- RAAPIASHE Pt drug or
hyperplastic transformation, or modulation of the Sensitivity of transgenic
age’&'é%@f%ﬁ?@&tﬁ%ts with radiation or chemotherapy, may also be
[0068pastrete Eabeixaniple hwhandeposibraganamricagens Lision GRASkIPEssses,
d orte I min ing. method .
e e D RS P rmaion
may & AR, A gus Hrese - St ratAGterigh af dBIyonn keiEned 4n the fish and/or
medsénibp BB GaEEse JUSio Rt coRst iehwilbReonitEmERduowsaaRceemiteded, or
from the pratein specifically expressed in a_particular tissue to -
o e b A R S oty o
trangrepiheqlisely. forDTHT yeltlhnetiepiopmcbeerdlipventiony mbthbdsoshsured. For

exal@RBINHRGrBRULRLIQRsLRAtspQLUAIE: DeBsn @R ANCRBURPIESS ¢ ONGRMSE may

Iter).oncogene-mediated,.or otherwise induced, neoplastic or . )
v R IO ATy AL L Mg Tath L UESt oPAdb e gren Tor
instiygse rpidistie grotistue-ipehititn gramadign antralyosikate tprovide i -wnorpene  fusion
confRtiB AMELRAH YLD/ eR ISR Ql08NRIG WAL STIERNSCUEHISCLER0Sed in &

take advantage of the forward genetic capabilities of the transgenic fish
PR 5B o RS ARG SR EAHAEL The PR BY B L2t BFiFHors may

alsatbenosrg. may be found, for example, in tumor suppressor genes,

[00RICOGENEP :Qfo@}é}-%ﬂﬁ Q:?%h'@ Wt\-frﬁgﬂp &B&oﬂ@%@éﬁéﬁ'&fﬁ&g %?ﬁgelﬁﬁ#ﬁat modulate

. process. Other mutations that alter genomic stability may also_enhance )
(e qpalanee SHBRSSE-OF HEAGHER Erh O SoRseaRSTRleth &F Sphratsic @ coplastic
or kozps@ﬂ@ﬁmemmlﬁﬁﬁmfﬂnbyp@rpkaﬂt&rgﬁommluﬂmdpﬁ@aicaﬁﬂﬂi@@pﬁtﬁiﬂ%mmh,
incll QA rsgatgﬁmetﬂa%&gpam RBARYRE. JACIHAING PrOLGIng ﬁn%xbégvgsggéggémc

been identified. Methods for identifying such mutations are described
modifie FiiBfkhe P PHtett e IiEkhioH MB2E004 1h rae A IRéoIBrkiEdes of the
traplggnein{isy rﬁfﬁf'&radeleie_ﬁﬂ Mﬁﬁ@@ﬂ_ﬁ@fetﬁﬁﬁé@i@m@d@@mﬂsﬁmﬁ!ﬁ@ﬁhjﬁ%mors
maPHLEE AORED A ol alipAdie RRORSRINRS of JNer 81 0% SLRR e

molecules with which they intetact (e.g., agonists, antagonl_s%s, |nf1_|‘6| ors)
neoplagfig i G BRIBT EraES WhicP Bs, Toradeam el AiSFeesrevle cildiliflemay also
enhiasmefihe palypanide. et chne:g. . MRhaEtes @k URHRIe WA f onset of

function of a pglypeptide _in.vivo, Several approaches for use.in ragonal ..
neog?:,aﬁéc d%rs ?W?%@%%g gﬁog[r)t/% i 318¥1ﬁ?re%§ d?ﬁ]mélrgsf%b ﬁ)gi)iems required r}or ¢ malignant
phenotype, inciuding proteins that have not yet been identified. Methods for identifying such

mutations are described In U.S. published patent application No. 2004/0117867 Al

o1

incorporated herein by reference.

[0071]  The goal of rational drag design is to produce structural analogs of biologically active
polypeptides of interest or of small molecules with which they interact (e.g., agonists,
antagonists, inhibitors) in order to fashion drugs which are, for example, more active or étable
formns of the polypeptide, or which, e.g., enhance or interfere with the function of a polypeptide
in vivo. Several approaches for use in rational drug design include analysis of three-dimensional

structure, alanine scans, molecular modeling and use of anti-id antibodies. These techniques are



structure, alanine scans, molecular modeling and use of anti-id antibodies.
These techniques are WO 2007/011312 PCT/SG2006/000202 22 well
known to those skilled in the art. Such techniques may include providing
Watenliztidétrdinates defining a three-dimensional structure dfat(5feitiet00202
complex formed by said first polypeptide and said second polypeptide,
and designing or selecting compou% capable of interfering with the
interaction between a first polypeptide and a second polypeptide based on
wetSaigatpmicaerdinatas oM 2k oliouingddantificaion pkasBSIRRES: atomic
which mogdulates or affects polypeptide activity, the substance may be
coortiiples fy &P USEHASTS PHY e AN GRr AL g st
polyprepasativngdié . seranufetipeetide fenddiaipinona sdmpasitionpsucts asmble of
inte/RRHICHNE e RRAUMBLSIHTALCE @i@?ﬁbﬁg&;ﬂ{&ér% TRESE M REotide based on
. administered to individuals. [0073] A substance identified as a modulator
said GFapie FSHEESEnction may be peptide or non- peptide in nature.
[60 P Nn-PFefitidansivatlifeidoules sarebofiec: préfielraddarlmanyrinifdes polypeptide

actnm?}?%aﬁ%'sltgﬁgé Hl%?%&%&ﬂgp EHQAXH g%tggl ”ﬁ&&%@l’é}‘i&%‘% ﬁ%ﬁ%g%%indfor

(particularly if a peptide) maybe designed for pharmaceutical use.
usedTREPERBATGHHg (6F rATBERCETS o KABHARINT P dceritioatiioactivi &b mptsdisgment,
phai$:adanon Boappidashitdrihe Urselppmenidefipharsiacenticals-pased on a

+ead",compound, Thi roach .might be desjrable where the active
B e R D R R v
peptige dparieigiar Mratreeriss admitistralteree. grepafiepapeiesdader many in vivo
phatbediiahlie actve -88ens f0ROoaLRaRRESHANS as thewienaie he.aiakly if »
peptgcﬁagragegle%sProgg?gre%g%Qe tzgglcr'(a]leur;t:';lry canal Mlmetlc_: design, synthesis

an Ifé%ftmg IS eneraIR/ USEd 1o avomfrandomly screening large numbers
[00731 molésulesiciora dbngatepre e {007 8kOreeuthalharivacopinoredias known
applR8aNHoHB A S STHGILES i meteler.according to4is:dP %%?@MQ PERUSSproach

n

. £.9., stereqchemistry, bonding, size and/qr charge, usi ata from a .
SRS R R AR R e S
is urgntalivIRr €ospptiatiordiodndlydisnisimilarity. gnappmneeiiidrcbrmodelsithective
agerfiD &IOS ANGIRL MM, OfR PRAIMACORNRES) JheL IR IBeRONdIRg stimentary |

etween atoms) and other techniques can be used in this modeling

cangy JERREI RIS e DTG TS 8UA SIS {h BB HIEK 68 J AVD S ropdamibt 1ty ening large
nunBH80; HRéefU6YBF A tepspiateariplecule is then selected, onto which

[Oﬂﬁ?em@@éegﬁ@ME MQ Hﬁ? %Q@Mﬁ?ﬂ@%{ﬁl&ﬂ% qg &@féﬁq égbcﬁding to iﬁs

B template molecule and the chemijcal groups grafted thereon can be
PRYREHRAREHR- Sefe cHSEr AT A The i c7S dBdiPtoheyRtnBenedte fkemasmee
of shercpharmaecpiogicatyiacedpiaiie, and divéssrindegrasie! iNVIVO, WhitRutational
analfE12 RGN, BIRIARIGR | ALY % B SMROIP o AR Y St Bore,

he mimetic’is peptide-based, further

rather than the bonding between atoms) and other techniques can be used in this modeling
process. Such techniques include those disclosed in U.S. Patent No. 6,080,576.

[0076] A template molecule is then selected, onto which chemical groups that mimic the
pharmacophore can be grafted. The template molecule and the chemical groups grafied thereon
can be convenienily selected so that the mimetic is easy to synthesize, is likely to be
phammacologically acceptable, and does not degrade in vive, while retaining the biological
activity of the lead compound. Alleratively, where the mimetic is peptide-based, further
stability can be achieved by cyclizing the peptide, increasing its rigidity. The mimetic or

mimetics found by this approach can then be screened to see whether they have the target



stability can be achieved by cyclizing the peptide, increasing its rigidity.

The mimetic or mimetics found by this approach can then be screened to
see whether they have the target WO 2007/011312 PCT/SG2006/000202
WIBZHEPBERZ or to what extent it is exhibited. Further optimizB&id@06/000202

modification can then be carried out to arrive at one or more final
mimetics for in vivo or clinical testing..[0077] With regard to intervention,
any compounds which reverse any a%é)ect of a given phenotype or

pro %&Weéﬁgmﬁfa%‘%)&&%ﬁﬁ {0 Yive,A0d whigh. ARSPELBIBALIMEY Ofn then be

inding with binding partner in vitro should be considered as_candidates

carfisH R FRATERY AT OB BoAbmr S h R RS A EEnST test
[09aTent$iiay deerd ate innech ibnn desivicgofoaelteshioh sevaudevas ushgt of a given
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w@ﬁ&m@ PRSLBE de i FORPHE RB IEAPEH g dirlat et Trrtherrdgelormment or

pot@zﬁiﬁ sy eiraat] \Riages frdeselamin ey nelaarafihes uSingriith@ose-response

nuaS{nlcs %fw%#mor f&rmatmq nd suppression in the adult fish. The

vantages o sucﬁ an approac are (1) - 100% of transgenic cells

{Oﬂaﬂder&bﬁe@rﬁmfgfﬁnﬁm&é@sw@@mmqmﬁorﬁfﬁ%ﬁoﬂ%ﬁpl%@l@mﬁl@r models,
the GR4QGHARVERIIOQHSINE ABLLBAMRIGHObIRASEIG POtk iZsARUSQ AT in transgenic

oS inste d fadut ish, - convenient tr arency of the,embryo
o VBT h Ao INTRAT) IESEEb ALt AR HFTce of

fommeﬂd@nwmmvdhmg@tﬁféﬂe%embm@eﬁpﬁmle mmmmehmhé) ~100%

of %Mﬁ%&%eﬁ?%ﬁ@&é@‘@&@p%ﬁﬁr&{%&o%my Qr%&%}ﬁ%%rﬁwﬁ?ﬁﬁ?@mpie
does not result in eary lethality which allows the productjon of a lar
ffﬁ‘é%ﬂ&?{iult fish

Aot ST SRR B S i (PARR SRS AFFIES ) Figirs %) e 0078]
- chisbeeit iyosaurenggRértitycugeso,atluit #shenitiantdelepeghtancdy less space and

dm%%ﬂ%@rﬂ!ﬁ?s REaH BRI U YALOMS RRBHERLIORSEURBERIHR AL W R sl

more_closely reflect human tumors. The aggresswe nature and

"hoé‘?y?ff:ﬁ?&rﬁ?ﬁ“s‘%r?ﬁmﬁ PGP B CHRTITEMT e firSei sy ethabity
whirideltibletexpressiomsysiéms (emlGredfawtiescrbgthiby drang éraFatuad.5).

5) ci have r 0 d .
{0032ﬁ [0%%%0]{1?“%%%&? %%%e %\ée é()E:'?L ?é E%h%%éc(%rr%%ﬁs?g%ﬁlly %t% g?g%glc%%? oanes

°°“t‘?§ﬁ’§§ &R 2RerPifsede@wiR Ot e RICatEHic EoREFUB AN So e degly reflect
hmMn:tmmtlwna&@mpkerﬁewma@ﬁdmmm?oapmmd@mmw WaRkQGsh can

be ﬁ%ﬂ%??jf% n hléﬁ@?{eb%ﬁg %%0” gg%mﬂ%‘;é'%%sa'ri%‘?a% %egeﬁ%u et al,

FP-la cells, a characterlstlc sh

EO%éﬂd ﬁﬁ%&ﬁﬁ%ﬂm@a&%@m@%aﬁéﬁw M%rfemcé‘wé”ﬁbus cancers in
[oosugre tharnd6de of mdult-fishivitain éﬂeﬁwsﬁﬁﬁa&w&m&@a&eﬁmm&%a with
th (see, Fi ures g.n?nd 4{2 IQ" e of tumors could d to malntalgl

e oncog? ¢t ca Ffﬁ %ﬁwmm ection 1s a s m é: hn{%u can be

as a Ie ransgene Wi OUt |n licible expression SysSle ue

aprieef ality wedderrieripree scale. This approach has one advantage: 111dw1dual 1abeled cells,
e.g., individual GFP-labeled cells, that have a characteristic shape can be seen. Injection of the
oncogenic construct also induces various cancers in more than 10% of adult fish within the first
three months of development (see, Figures 3 and 4). Some of these tumors could be hard to
maintain as a stable transgene without inducible expression systems due to early lethality of
carriers.
[6681}  The use of the enhancer frap methodology elitninates the necessity of producing

numerous constructs with various tissue- or organ-specific promoters (although such constructs

can be made if desired) in order to drive the expression of the same transgene in different



[0081] The use of the enhancer trap methodology eliminates the necessity
of producing numerous constructs with various tissue- or organ-specific
promoters (although such constructs can be made if desired) in order to
VdrivedTaiéipression of the same transgene in different WO ROU/R@DE1D202
PCT/SG2006/000202 24 tissues. An effective enhancer trap approach in
zebrafish has been described by Parinov et al. (2004). The enhancer trap
patterns are usually narrower compaféd to the tagged genes, contributing
only to a cific subset of cells. Most i tl enha cer.trap lines,
ssyeh *%/I}rﬁ%%?/ unﬁf}r?‘iafle paaf?erﬁp\r/%ar{fat% i3 cr;an%%)ntle%as STy é%’(s)c s ggj Y dIAgPaYESt 2L
(20&hmeTbN Anbarrstr iots. PWI}@r@S@WSmﬂE ritisreem ploys tial einhtiecugpeip genes,
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desqriled: sty SIRIBTE TRIAN g kA s RSaTFSR St Bt hes M intd Baifpepnstruct
devgppchistletheically digkhratityofsuch widble mmmgemgm@hymbmﬁmerﬂegs The

nigSIRgIndugihle &x%smﬁe&%% 1.1he P ﬁé%&‘l’ § gﬁj ka RIS IARMee. transgenic

transgenic fish will cause ear é developmenta y In many cases
fishqaneng itabbb EinsaRetd widhdieme srarmstenieations: produciigdised  Batly
lethsligl enaintaining themedhcaiighgangrationss these.eanypications. can be
[{}Gﬁ\fem%%oeé%g ms%z Ind Clble S ?ée@ssl txgaﬂ ggg{cl‘%xl ]vé?régg%ge{ﬁb” d e o%lrjnental
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Systpyah et W@a@t%mk%@mcﬂmmdmgmm@ a reporter

(GFF&&S&&%@iQ}SBzﬁ%HN!HQ RRILXPERIHOGLEROaNS LS, 9@@%% 10083, and the
é)anag{gc% of the esent Invention efﬁlgloys unless otherwise indicated,

pmgce nnventlonal té¢hnig ueeé’ Tor ERENTER Fé‘&ﬁﬁf‘b%%%)w NfcysTE gy s plying
the faearnbitamsDNiher genetitsyiminliydlogyhdel b Bictogyinteiticultuty andsing with

a trHRHBGCAIR DISIRRY ahich- a8 Within the sl Rf fhe art. See, e.g., Maniatis

et at, Molecular Cloning (Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York, 1982); Sambrook et at, Molecular Cloning, 2nd
{008}, (Cold Bpring Herbbe LadoratonyvBiréss, GokbBprimgdsarbaerNew indicated,

con%ﬁﬁ%ngrlg%}méﬁgg b&?%‘ﬁe@ﬂﬁrﬁ‘iﬁ§§uui¥w§%%m bor: 'B%zé?é? ﬁgéoggb%%sxt DNA,

pring Harbor Laboratory Préss, Cold Sprin New York
gﬁ“%ﬁ%dﬁ&?‘é%%tﬁ?}éth)r@foe%}ﬂs%ﬁtr%@&ﬁanaaﬁgvﬂemamlemwﬂm the
skillSdnbe arpdatedethromizhi2006): G DMesDINALUNTG IR ERFRSHa0X lghoratory

Prasg',9§§l)d é&%?gdﬁ-gﬁ)%@m@yxg SYork, 1982); Sambrook et al., Molecular Cloning, 2nd Ed.
(Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York, 1989); Sambrock and
Russell, Molecular Cloning, 3rd Ed. (Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
New York, 2001); Ausubel et al., Current Protocols in Molecular Biology (John Wiley & Sons,
updated through 2005); Glover, DNA Cloning (IRL Press, Oxford, 1985); Anand, T echniques
Jor the Analysis of Complex Genomes, (Academic Press, New York, 1992); Guthrie and Fink,
Guide to Yeast Genetics and Molecular Biology (Academic Press, New York, 1991); Harlow
and Lane, Antibodies, {Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York,



for the Analysis of Complex Genornes, (Academic Press, New York,

1992); Guthrie and Fink, Guide to Yeast Genetics and Molecular Biology

(Academic Press, New York, 1991); Harlow and Lane, Antibodies, (Cold
WOHAGMEBor Laboratory Press, Cold Spring Harbor, New Y&k $a@6/000202

2007/011312 PCT/SG2006/000202 25 1998); Jakoby and Pastan, 1979;

Nucleic Acid Hybridization (B. D. Harries & S. J. Higgins eds. 1984);

Transcription And Translation (B. D. Phaines & S. J. Higgins eds. 1984);

ool I R T8 W LR B0 Sy W g, g o
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Arzz‘ﬁﬂm@af@@sﬂ.ﬁ@@ Nl% k. Geae theansten Veciors/zar W.@fﬁ iBRoymes (IRL

Preiah PMlb ?rg ?’(tj* zca[ llé/?zsge q%o 12 7e| gr'%z%%; rboc*latlse Methods

bor bry) mnidnochamica rar
in ExpayetoandAnaiimic Buss, Readémis ﬁ%séﬁfﬁmfﬁ@%ﬂ?mm Oklls (1.

11, Experimanial msnrnamgle@e/; \m&tﬂr@a& e l&&a}é@im@e%@&} Blackwelbmicar

d 986 , ition, (Bl eII cientific
M S R 08 R A B ATy Bl Londer
193E}nkﬂymdl(®®ld95p’imgnﬂambrlhabmﬂ@yy Ppé@s,eﬁé%WSﬁhnMﬂamm and C. C.
Biawelll%%@ Vgsterfield, '\%J;J?ﬁzz‘?m,ﬁfh%fbgpo%t}ﬁ Ew&fofﬁ@ﬁiweil Scientific

laboratory Use of zebraflsh (Danlo rerio), 4th Ed., (Univ. of Oregon Press,
Pubbfitisne, )é%» %%%oﬁ%ﬁfpiﬁé’fﬁﬁay&méhﬁré@ﬁf.r%f%n(%oid Spring
Hadiestrilbedtdoy Pem,e(mié Spiihe Hakiow) N EXSRHICE evvhitti ., ffe red-bfsk book.

4 NN %,Jlmtfgmraf?du@g »POLipianded 9 Jimit the aveRtiop i any oreeon Press,

manner. Standard techniques well khown in thé art or the techniques
Euggne ftreany d8¥ibed below were utilized. EXAMPLE | Materials and
Methods [0085] Constructs and Microinjections [0086] Zebrafish K-rasB

was amplified using RT PCR ng %SKrasl ggagecaaGCGG
CCGCatgacegaatataagcttgtg (S gﬁfg?% 9) and Kras2:

1098Haagiirrterntecdiondadsitargdacaiagity (sEdioyingpg)ples, which are
oftaigestedrwitbrNDikrestHction &l&d@ﬁuﬁi&%@i apdisioned inteMRkh Stea8% manner.
Stal';d C{P E'ac %’t P%I’I et al.2 %%ﬁgs en%ﬁuq?e&élsggbgg %)(éltgw were
‘ promote It S'[Op ras Igo UC eo
111511(’,75tﬁ%acaagtTaageggcGgc:atgacegaatataagettgtggtc gtgggagctgTaggcg
(SEQ ID NO:11) and KRR:

egcetAcagctcccacgaccacaagett%tgtt}&c%g{%altgcCg ccgettAacttgtacag (SEQ
ID NO: 12) were used for site-dirécted mutagenesis in order to remove
. TAA stop codon and changevhsiakigmwst Ketberdto V (oncogenic form). As a

[oogepult RN And Microinjections

[0086]  Zebrafish K-rasB was amplified using RT PCR with primers: Kras1: ggagecaaGCGG
CCGCatgaccgaatataagettgtg (SEQ ID NO:9) and Kras2: ggaaggaaGCGGCCGCicacattaatgeacatt
ttgtttig (SEQ ID NQO:10) digested with Notl restriction endonuciease and cioned into N&rf site of
ETconstiuct (Parinov et al 2004), carrying EGFP gene under 480 bp &¢8 promoter (P-kri§-
EGFP-TAA(stop}-K-rasB). Oligonucleotides: ctgtacaagtTaagegecGgcatgacegaatataagetigigeic
gteggagetgTaggeg (SEQ D NO:11) and KRR: cgectAcageicccacgaccacaagettatattcggtoatgeCy
cegettAacttgtacag (SEQ ID NO:12) were used for site-directed mutagenesis in order to remove
TAA4 stop codon and change the 1Zaa of K-ras to V (oncogenic form). As a result the mRNA
product transcribed from partial /74§ promoter is the fugion protein of EGFP and K-RasB-V12
(P-bkrt8-EGFP-K-rasB-V12).



product transcribed from partial krt8 promoter is the fusion protein of
EGFP and K-RasB-V12 (P-k7(8-EGFP-K-rasa-V 12). WO 2007/011312
PCT/SG2006/000202 26 [0087] 5-10 pg of plasmid DNA were injected
Wifitg)YemrEfidh embryos at the 1-2-cell stage. The actual cortehtratiyn/ @p202
DNA was empirically adjusted to produce 50% embryo survival rate.
[0088] Drug Tests [0089] Drugs from BIOMOL'O ICCB Known Bioactives
Library Cat#2840 were used for dru&%sts. Drugs were diluted in
sogRNdaq i tﬁé&fﬁ%ﬁﬁ ReRYHLRMRQ ﬁ%%g]&lo% S of B8 TUECLEG age.
{ eﬁbryoso\];\?egreéﬁés%_g)rted1 at8 ou?s poj_s'g }Qe%ﬁtzaﬁ%n pf) angc?theazl normﬁiy m"ge
Thejatfutdsrngeweiiosab B4 rd P realithafitstenitormisen b spy pepurvival
ratavell were plated into 24-well microtiter plate and overlayed with 1.5 ml
g sQluti t 10 hpf. Embryos were incubated in the dark at 28 C. The
[mrgégulés W %% (Si%served every day until 5 days post fertilization (dpf). [0090]
{00R%ia g eDiwnel s GIOM ALEMZLBORS ter dtisecpies ZcbraVisréi88dPavere used for
anNIKRNHAGHIRREAMIHRRE &Q{aﬂﬁ‘}f%&@%%ﬁ%@@ﬂyaﬂéﬁ?@%&%ﬁ futions.
S

igital camera (Nikon) with original software was used for image analysis.

Thians PRO 2R BIASH e AsBe B Sutilition (509 2P S5y asmapriky ey cloping
wenyasianmaplifie diugingdesignetbP GRifHmensbasegomitie zge: 9Hi@binto 24-well

mi A ﬁ%%%ﬁcbqi&%%%% ?Jﬂh %%01?1?%% &(ﬁ{&lﬁ%@ 0 %1515 %%?9(?&3%{@1*6 incubated in

(Strausberg et al., 2 as described in Exarggle 1. The cloned
the dap b iée (cohbsiFealt? i RRI@E sty dupantificlizs eerhisaiticetivtiérD.
[oopeiblishesk&enBank sequence, none of which lead to amino acid changes.

e amplifi ct encoding 188 amino acids4is,96% identical _ . .
O R S A R b lsS et ToreBh RS pf L it e oot
flugrepgarec 13tk PEYSISANE chatirl ciapfore RSROEGHI [009BPAShIBTer Was
usc@anstMgt Betyyeien N-terminal enhanced green fluorescent protein (EGFP)
and C-terminal oncogenic (V12) zK-rasB was made. The expession was
controlled using 480bp zebrafish krt8 promoter (Gong et al., 2002;
Parinov et al., 2004). This promdighdridally drives expression early in

cells of the EVL and Iatggﬂ&g&{m%ﬁ@@@@@g@&mws promoter was
O e D S Bl 5725

roperty 1S used to targ maorigenesis 1Ato vario sSsues. The nuc
cDY¥éiccanguen ek fortasimoT dBl@ T8, GL:50925043) (Strausberg et al, 2002} as

described in Example 1. The cloned sequence contained 7 single-nucleotide substitutions
compared to the published GenBank sequence, none of which lead to amino acid changes. The
amplified product encoding 188 amino acids is 96% identical (181/188 aa) and 99.5%

homologous to human K-ras2 protein isoform b (Figure 1).

EXAMPLE 3
Fusion Construct of K-rasB EGFP
‘{0993] A fusion construct between N-terminal enhanced green fluorescent protein (EGFP)
and C-terminal oncogenic (V12) zK-rasB was made. The expession was controlied using 480bp
zebrafish /28 promoter {Gong et al., 2002; Parinov et al., 2004}. This promoter normally drives
expression early in cells of the EVL and later in skin epithelia. Besides, this promoter was
successfully used for enhancer trapping (Parinov et al., 2004). This latter property is used to
target tumorigenesis into various tissues. The nucleic acid sequence is set forth in Table 1 and

the protein sequence is set forth in Table 2. The sequences of EGFG are underlinded and the



the protein sequence is set forth in Table 2. The sequences of EGFG are
underlinded and the WO 2007/011312 PCT/SG2006/000202 27
sequences of zK-rasB are bolded. The modified codon 12 of Ras and the
Wb gpoiting amino acid (V12) are underlined. The egfp Stof/coae/$1@a02
been mutated (double underlined) in the active construct and it remained
intact in the control. The construct was microinjected into 1- cell stage
zebrafish embryo. TABLE 1 Nucleot%?e Sequence of the Promoter krt8 -

sequ%r(i;fgspof —ras%SBgV}chIOQ‘ﬁg gne ﬁe: ??ottg (o2 fithe corresponding aming
Jugy gaaaaatgccc gccaga ccaaacggc gcaaaag gaatggaaaaaa

acui;ﬂféé); taatndgdimagt The egfp stop codon has been mutated (double underlined) in the

ach{*ggﬂﬁ%gtc&%mﬁ?ﬁ%gﬁgﬁﬁgﬁﬁﬂﬁta@@@tg&g%%mtﬁom}ected into 1-
cagccaaccagatactgaggcagaaacacacccgctggcaga tggtgagagctacactgtct

cellg Jaatgcctgtectcaagtctcaagcctctecttgeattctctcat
tccacctggggcaaagccccaggctgggt gtgacaacatt to
tettaccacttictetetgtacctgtctaacaggiagggioigtgtgagagtgcgtatgtgtge

aa tgtgtgtgtga cagtcagctccaccctctcaaga tataaaattggtcagccagc
tgc%d%\f%egot?dg gec%ue%cg of 5(1]13 Prgomoter kri§ — E PgP a %{asB(I 712) %%cog%ne g

é‘-‘a Wa%@mm%eemammmgmew@ =
ctt g@éﬁ@g totgaaagtitgotgegegoecccacceagataaaaagageagaggttaacatgectatetacggctgte
cag ga t:act:qaqgcagaaacacacccgctggcaga tggtgagagetacactgtetibtcragagtticta

crgblGeHeieageara ; 2 26H8I606LA0CAGYNAYEARI9868RE80 0t
gtg t tacca ct tte tctc tgtacc tgtetaacaggtagogtytotgtgagagtgegtatgtoatye
e

ctcgg!gﬁ@a@g@(igcaaagacacaggatccaccggtcgccaccatggtgagcaagggcgagqagctqtt:caccgg
Nifs e ] o £ e g y g ; A Hadel (74

; Lge SAgeaagc qcccqqccctgqcccccccgtcr
%a@fﬁéﬁggcatgaagcagcacgacttcttcaagtccgc

catﬂ@ﬁ@@@g@ﬁt&ﬁﬂm‘fﬁﬂ@ﬁm emeqmwcaagacccgcgccgagguga
. Y T . P - = L83 N ' A 7=

cacaaglt agas gtctatatcatggc “Faca gcagaacggcatcaagg gaa
mwaa&catcgaggacggc;agc:gtgcagctcgcc:gaccact:accagcagaacacccccatcggcg

GHICOs cetggtgaaccoeategagcigaaggucategaciicaaggagoactaecoc
@WﬁtggagttcgtgaccgccgccgggatcactctcggcatggacgagctgtacaagtTaagcgg
cggcatgacceyg E’aa.gct:tgtggtcgtgggagctg'ragﬁcgt ai‘gcaaaagcgctctcaccatccaactcatcc

aga£8GAR06E0aGIALAACIACARLAUCCACARY aladeedataauAtaadAacae.

tgﬁg’a@gmg@aatggacactgcaggtcaggaggaGtac agtgcecatgagggacaagtac atgaggac:aggaga

A 105 ) (o oo G 2 D E O[S BB B8 (o e e Wl SO G e ol

aanb thagcacgcagctacggcatcccatttatagagacctcag'caaagacaag‘acagggtgtgga

:g:g%%gggg%%ééﬁgggsggtaatgtga g CeagloyTeogRg eamagarsrnac

gatcacatggtcctgctggagttcgtgaccgccgecgggatcactctcggcatggacgagctgtacaa

gtpaagcgg TABLE 2
cggcatg acq&@@tﬁiﬁ@g@mmw&ggmgmgmmtctcaccatc

MVSQ@&%%ELVHLDGDVNGHKF‘SVSG GEGDATYGKLTLKE‘ICT'I‘GKLPVPWPTLVTTLTVGVQCFSRYPD

Ewsmam@mmxmmsmgmsmrtm {SEQ ID NO: 4)
gggcttcctctgtgtctttgccatcaataacacCaagtcetthaggacattcaccactaeagggagc

agataaagc
gagtaaaggactcTgaggacgtccccatigtdiggfydggaataagtgtgateticagtcccacaat
gtggactcc Cells Expressing the P-kri8-EGFP-K-rasB(VI12)

aaAoaggetcaggaitiagnacfchReeianggcaicshatitatagagactieagcaaagacaaga

{00 &ﬁgg%gg &5 of the effects roduced by the transgene were mamig focused on changes in
cgacgcgttitatactttagtccga aaatccg aaacacaaggagaagatgagcaaggagggc

shapgs apshy Aehesing L fadig Gttt caeara abatgritatitatgty o (BB DPNEEI®) from ks



TABLE 2 The Amino Acid Sequence of the EGFP-K-RAS Fusion Protein
MVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFIC
TTGKLPVPWPTLVTTLTYGVQCFSRYPD
WENMKOHBFR-KSAMPEGYVQERTIFFKDDGNY KTRAEVKFEGHPCHAGRIER2
KGIDFKEDGNILGHKLEYNYNSHNVYIM
ADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLST
QSALSKDPNEKRDHMVLLEFVTAAG@IT
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raciRiRARPrEGells grew slightly larger looked anatomically similar to the
control. The transformation rate correlated with level of the transgene

expression. On one hand, stronger GFP expression associated with early
transformation. On the other har¥.aMPdIsSnumber of normally looking

skin epithelial cells that exq{gﬁ&%geggggylggig@able levels of EGFP could
still found at 3-5 dpf. ¥[0095 High mortality amon%the injected fish was
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tissues and organs (Figures 4A, 4B, 4C). Cancers arising in Fy fish aré of various histological
origin. Due to metastasis it is hard to identify the original tumor site. However, since each fish
carries only one type of cancerous cells (by anatomy), it is unlikely fhat these tumors have
independent origins but rather resulted from metastatic spread from the original site. The GFP
expression is always associated with the turnors. On the other hand, stong GFP expression can
be observed in the tissues that have no apparent tumors. Nevertheless, all tissues expressing

high level of Ras-EGFP transgene always have abnormal anatomy. For example, expression in



transgene expression. EXAMPLES Tumorogenesis in FO Fish [0096]

Fifteen percent of the fish injected with the Ras-EGFP construct develop

tumors in various tissues at 1-3 months age (Figure 3). Affected fish can
Web2807di ddfentified by hemorrhages. These tumors are higHi§ Fralrgieiiozo2

showing vast multiple metastases into various tissues and organs

(Figures 4A, 4B, 4C). Cancers arisitrég in FO fish are of various histological

origin. Due to metastasis it is hard tG"identify the original tumor site.
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the sin cells, can grow umtil maturity'and produce transgenic progeny. Therefore, if is possible

to generate enough embryas for large-scale screening.

BEXAMPLE 7
Model Evaluation Using Known Tomor Suppréssive Drugs
[0099] To evaluate feasibility of the model for drug discovery, a mini-screening was
performed using selected compounds from BIOMOL® ICCRB Known Bioactives Library, The
embryos injected with EGFP-zK-rasB(V12} construct were treated with various drogs in 24-well
microtiter plates. The drogs were administered into the standard fish water starting at 10 hpf
Conceniration of drogs was proposed based on data from a preliminary screening for

developmental toxicity, Effects of the drugs on these cells in this preliminary screen are shown
in Table 3.



the stable transgenic fish new cells are being produced to replace the
shed cells (they can be found on the body even after 5 days). Transgenic
fish, expressing EGFP-zK-RasB(V12) only in the skin cells, can grow until
W81 B produce transgenic progeny. Therefore, it is poBEHs&2{6/000202
generate enough embryos for large-scale screening. EXAMPLE 7 Model
Evaluation Using Known Tumor Suppressive Drugs [0099] To evaluate
feasibility of the model for drug disco?/%ry, a mini-screening was
performed using selected compounds from BIOMOL(r) ICCB Known
Bioactives Library. The embryos injected with EGFP-zK-rasB(VI2)
construct were treated with variou& in 24-well microtiter plates. The
drugs were agfodsistesastipiokie-Tandartifish faieesistiDg:at 10 hpf.
D}ggncentration of drugs was propoggjgleggsed on data from a. preliminary

ppBgigening for deyvglppmental toxicitf &ffaGts ofithe: e arihase sallsiRns
vothis preliminary sqigien are shown moFable 3. WO 2007/011312

FFPCT/SG2006100020% 30 TABLE IModelsfizprdnoncedipig iervypiop growth
g;jz' M Suppres';tj\\#@f,l}??ugs Drug CE&fEssiBh et bEssy ssimgrowth
whlgsghyes the e ﬂ@l characteristiCs of surface cells U0126 3 g/ml NO*
vRkgyad/l Keeps gells flat and attagped but doesn't stop growth PP1 3
L-gubKeeps cellsiflazand attached bt doesn't stop growth LY294002 3
G}t’%?ﬁ’{‘?\lo Wortmaniital g/ml ? Man@sigielieag-giasiiNefeis 44,832 10 g/ml
% AV-5074 1 99 B totoxic, norggpecific effects,. ZM336372 10 g/ml

o}l\ar afin A L rxﬁr? )z nonﬁgeglﬁé 8 Sec

ovastatin O. Cytotoxic, n%%}fis?beu ocktails

Coghfslinn501PP2 1.5 g/ml/1.5 g/ml ++. Toxicity AG879/PPI10.01 g/ml/1.5
ig%gg%%%% Toxicit}%‘:'*”ﬁ &/rﬁgﬁ g:bo sﬁgﬂ)fjg:;(;ééfect observed [0100] Two Src

o S .01 11 S .
family kinase |nh|b|t5”rgsfnPP1 anc PP2, produced similar effects (Figures

* N0 means no specific effect observed

J0100] Two Src family kinase inhibitors, PP1 and PP2, produced similar effects (Figures 2d
and 2e). The transformed cells maintained flat shape while continued to grow. This produced
enlarged star-shaped cells that remained attached to the embryo. The effect was observed at 3
pe/ml concentration which is toxic for developing embryo, At 1 pg/mi concentration toxicity
was folerable, however, the specific effect on the EGFP-positive cells was also considerably
reduced. It has been earlier demonstrated (Nam et al., 2002) that PP2 reduced metagtatic spread
of cancer by restoring E-cadherin-mediated cell adhesion system. This may be one of the
mechanism the effects observed in the zebrafish model.

[0101]  hibitor of mitogen-activated protein kinase kinase (MEK) PD98059 (Alessi et al.,
1995; Dudley et al., 1995; Guyton et al., 1996) at 3 pg/ml concentration strongly impairs growth
of the EGFP-positive cells. By 72 hpf cells are smaller, maintain flat shape and remain attached
to the embryo (Figures 2f and 2g). The toxic effects of this drug on development become

serious only at 10 pg/ml.

EXAMPLE 8
Establishing a Zebrafish Tumor Cell Line
[G102]  One of the fish that was injected with Plrt8-EGFP-K-rasB(V12) construct at 1 cell-

stage developed a large eye tumor by the age of 2 months (Figure 64). The tumor was isolated



and 2e). The transformed cells maintained flat shape while continued to

grow. This produced enlarged star-shaped cells that remained attached

to the embryo. The effect was observed at 3 giml concentration which is

WETe Ha¥eloping embryo. At | g/ml concentration toxicity RVASSIEIHE02

however, the specific effect on the EGFP-positive cells was also

considerably reduced. It has been egylier demonstrated (Nam et al.,

2002) that PP2 reduced metastatic spread of cancer by restoring
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mechanism the effects observed in the zebrafish model. [01Q11 Inhibitor

balager; e ARBERTATEH br T REHE T LS K FRsD BEBEEfATHS faog; blades.
Sani9 5B tigteiratbated HBO30 Guity to R ¥ Cail, 1996)KaH3nl rbgoncenthtiotion with

0. 1@%9!@9%'@9@1'{&%%%%92 the ke '?:onRﬁé‘%'é’%&@L%at%\é 7&@&%‘?4'%‘3‘5&& in 1X

smaller, maintain flat sg%cge and remain-attached to the embryo ( é%ures
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construct at I cell- stage develope arge eyet mor eageo
not fsakRd ¢l Y, mrlatocNesIs st Moo nT Feid gippolayer confluence,

detRhed /SE2006/000Q2027 13, andsgisgecRiwithiseissorscryilzed wilkd in 10 ml
ﬂaslegthanol, washed several times in sterile 1X Hank's balanced salt solution

and 1% antibiotic-antimycotic mix and triturated with razor blades. _
(01653 mplhiwy sl an Wee isated thopiad msarias 28 CrfagemisXoterik' s dddamashing 2-

4x1gaksa§ﬁhu£i@ﬂ itk dunitsid heraseRiandzyme %a /ﬁﬁgi{ ﬁx@ﬂi&plﬁtﬁwu}; cells
ISSOC S were W. salt s oNn a

we et e S e R i i%s% R R tmough
24 anl PR bmtmaanngnwatlgmhf@wem adtidet] anl theseixtoréesydian 36 hours.
thdRehated at 186G iR E@iﬁ#{Gf%ﬁ?ﬁgflfﬁ%@h@s‘éﬁ}&?hﬁﬁilﬁrm%geié@ﬁlé}eﬂw\ﬁm 10" and

thgrowth media to remove dead and not attached cells, and new media was
24" BIRE8%Y. Cells were grown until monolayer confluence, detached with
LFD without FBS, resuspended in growth media and 106 cells seeded in
10 ml flask. [0103] This cell linegyasg pagsed through a series of passages
as follows: After reachlng 2- 4x107 population the cells were detached

and resuspenddtrR BEIANRS MR Gialine risirafeteddishassed in 10
[010d] flaskieveryiB-6dryS16R-4x4i07 icels)eT heitell3suscessfuthypassetys before

tran! ﬁ%@éﬂo@*ﬁ%%@%%é&é@@‘%@@&é@ﬂéﬁ iRl e tONI et Ethed wice

ivision in less than 36 hours. The cell line was frozen in
with g digukisealasss ity and rrrsgeniedidr 3th Henkirobaldpred palt solution

untpaSSagrE. Two days after irradiation, 10 ul of the concentrated celt suspension (10° cells)
were mmjected ntraperitoneally or intramuscularly into sublethally irradiated wild-type recipients
using 25 g} Hamilton syringe. Other sublethally irradiated wild-type recipients were injected
with 10 pl 1X Hank’s balanced salt solution (control population). The GFP-positive tumor
formations were found not only at the injection site but also in the locations separated far from
the injection sife suggestive of an active spreading of the tumor cells. Moreover, the tumor cells

and turpor foci were found in different tissues and organs within the same host.

[6105]  The use of the terms “a” and “an” and “the”™ and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be construed to

cover both the singular and the plural, unless otherwise indicated herein or clearly contradicted



EXAMPLE 9 Transplantation of Tumor Cell Line into Irradiated Fish

101041 Adult wild type fish were irradiated with 24 gamma rays 2 days

before transplantation. 7x107 cells (218t passage) were detached with

WEDWNGE FBS, washed twice with IX Hank's balanced st $6iti#ge/¢iqen?

resuspended in 1X Hank's balanced salt solution until 105 cell/Itl. Two

days after irradiation, 1.0 pl of the congentrated cell suspension (106 cells)
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variations as appropriate, and the inventors intend for the invention to be
practiced otherwise than as specifically described herein. Accordingly,
this invention includes all modifications and equivalents of the subject

W afleYdéited in the claims appended hereto as permitted bYCEHphRoeaN80202
law. Moreover, any combination of the above-described elements in all
possible variations thereof is encompassed by the invention unless
otherwise indicated herein or otherwise clearly contradicted by context.
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genome has stably integrated therein a nucleic acid that comprises an
oncogene operably linked to a promoter and a transgenic fish in which
some cells have incorporated therein said nucleic acid, wherein said
nucleic acid has the property of an enhancer trap effect, wherein the
oncogene is selected from the group egnsisting of (i) zK-rasB, (ii) a
homologue of zK-rasB and (iii) an oncogene substantially similar to
zK-rasB. 2. The transgenic fish of claim 1, wherein the promoter is an
organ-specific promoter, a tissue-specific promoter, a minimal promoter

6. or hasepropextigs ivhar eRharicericap: promoter: 3:eihé tralnsgeriiofisheafroup

claimo@siviherein theotissue-spesifigromotiéras keratin:8s(kat8) chioTehenicol,

transgenic fishof dainr 3jivhe reih4he k7 A8 promster comprises

nucleotides 1-584 of SEQ ID NO: 13. 5. The transgenic fish of claim 1,

wheféintthegencogentdsifusedtoanrepditercgrenen88i6zcThé ansgenid ween

fish ofickaimBrwtieréin/thegwporter gene is selected from the group
consisting of a fluorescent protein gene, lumferase, (3-galactosidase,

8. chlofamphesaieol, labyefarisfarasey{@aglubaronidzese, anbaiitatineked w a &8
phogphatssendwithe thamseessie fishiot claimie Wikerein the fluorescent
protein gene is an enhanced green fluorescent protein (E(;FP) gene. 8.

9. The'thansgasic AsHbf efaiffin wheréiidie ohcogyesads iopdrablylinkedue the
a krtB/*prisHiter st #heréin the oneogene is fused to an EGFP gene. 9.
The transgenic fish of claim 8, wherein the oneogene is zK rusB(F12) and

10.the TioxE93r6PRBLERTS Yebldifish- ke, thhaHarHS gisHlcoRgIPGTe| it gicieotide
wheteiHefe SLGaid meiRddhhstisés the nucleotide sequence set forth in
SEQ ID NO: 13. 11. The transgenic fish of claim I, wherein the oncogene
induces a tumor. 12.. The transgenic fish of claim 9, wherein the

__oncogene induces a tumor, 13. The transgenic fish of any one of claims

M1 -1 1H N HE BRI Bl S - 18 s Bl RIE R RS ties §rdijyconsisting of a

, trans enic fish embryo, a transgenic zebrafish and a transgenic zebrafish
2-emb %?fﬁ.g?{%%%%c}?)’?‘b?‘e%}é%ﬁﬁ R SATASEPRIPASTS A E¥Il%Tne comprising

., isolating cells from the tumor ?f the transgenic fish of any one of claims

13112 BRHCEERN i b ge-asra&%a tﬁwéﬂtilc&@fa?ﬁﬂaﬁhf&w&ﬁ%wg Hitdpficgd from
prod Uit & & iFPEHA 2B EBH e P RY AR IRBISTOUET Y A2 transeenic

l
prog%9§ 'i‘S}he &' fhetastasis comprising a fish transplanted with the

) immgrtal,tum r cell line prepared in accorqﬁpce with claim 14, .
14, . method for preparing an nmmortal tumor ceii line comprising solating celis from the

tumor of the transgenic fish of any one of claims 1-12 and culiuring the isolated tumor
cells under conditions suitable to produce an immortal tumor cell line,

-1

15 An animal model for tumor progression and metastasis comprising & fish wansplanted
with the immortal tumor cell Hine prepared in accordance with ¢laim 14,
16, A method for screening drugs that inhibit tumor progression or metastasis comprising

contacting or otherwise exposing the animal model of claim 15 to a test drag or agent and
determinmg whether the test drug or agent inhibits tumor progressicn or metastasis.



16. A method 1"or screening drugs that inhibit tumor progression or
metastasis comprising contacting or otherwise exposing the animal model
of claim 15 to a test drug or agent and determining whether the test drug
or agent inhibits tumor progression or metastasis. 39 17. A method for
screening drugs that inhibit tumor cell growth comprising contacting the
immortal tumor cell line prepared in accordance with claim 14 to a test
drug or agent and determining whether the test drug or agent inhibits
tumor cell growth. 18. A method of screening drugs or agents that

17.modpIgterencagane-mediatedineoplastican: Ryperplastic Hansiormaliohe the

‘drug o agent modutates ShcSgéhe-mediate

comprising; contacting or otherwise exposing.a transgenic fish of any one
of CIIARE TS Y LA o A0 ARG T e bkt oty e
modisiateéorcnpdive inddiatey poupmstiitds hyparpibstierfansformation;
and classifying the test drug or agent as a drug or agent that modulates
oncqgene-me iated neo(PIasUc or hg/%erpla%ét;ll ﬁtgr%%%%r%%%o%ag%ré% ét)g Iaétic o
tranSformbtion raofagatie rrethohof elaieling durthertermprsing a transgenic
MeasiriigHeneadeciian$at ab Lpa QreIation; [ReUHRhEaMe test drug or agent
el A T G
tumdistere duiltin Fzorh20 AcbgercamedizietodubsrasticenhypdipRistroplastic or
trang{QEmAatien 1hisf3dnalibe methogHf glain l8wharainiihe esberbigdiated
agegégs asgti%?ﬂsee Df\IA,C?rnrt}iS%QgeioﬁNA, or small interfering RNA. 22.
The'm %ﬁoa of Cla afg wherain tha transgenic fish is selected from the
group consisting of a transgenic fish embryo, a transgenic zebrafish and

a transgenic zebrafish embryo. WO 2007/011312 PCT/SG2006/000202 1
SEQUENCE LISTING <110> Temasek Lifesciences Laboratory Parinov,
Sergey Emelyanov, Alexander <120> Fish Cancer Model <130>

2577-169 <150> US 60/700,310 ,<151> 2005-07-19



<160> 14 <170> Patentln version 3.3 <210> 1 <211> 188 <212> PRT
<213> Homo sapiens <400> 1 Met Thr Gin Tyr Lys Lou Val Val Val Gly
Ala Gly Gly Val Gly Lys 1510 15 Ser Ala Leu Thr lle Gin Lou lle GIn Asn
His Phe Val Asp Glu Tyr 20 25 30 Asp Pro Thr lle Glu Asp Ser Tyr Arg
Lys Gin Val Val lle Asp Gly 35 40 45¢Glu Thr Cys Lou Lou Asp lle Len
Asp Thr Ala Gly Gly Gin Gin Tyr. 50 55 60 Ser Ala Met Arg Asp Gin Tyr
Met Arg Thr Gly Gin Gly Phe Lou Cys 65 70 75 80 Val Phe Ala lle Asn
Asn Thr Lys Ser Phe Glu ASP lle His His Tyr 85 90 95 Arg Gin Gin lle
Lys Arg Val Lys Asp Ser Gin Asp Val Pro Met Val 100 105 110 Len Val

GIy sn L ys.Asp Ley Pro Ser Arg Thr Val As 120

O i B BT SR A LB ok e B TG He i T 13 5
140f@@ﬁtmartsyétm&frmgo@ng@mmémépsa@qsbsma)ﬁwmrg}mnff@@@%ﬂﬂon
145 150 155 160 Arg Gin lle Arg Lys His Lys Glu Lys Met Ser Lys Asp

208 e LIRAPBLTIONTE Lysbyslysys Serbys Thr bys v Val s et

resulung from oncogene-mediated neoplastlc or hyperplastic transformation.



<211> 188 <212> PRT <213> Danio rerio <400> 2 Met Thr Glu Tyr Lys

Leu Val Val Val Gly Ala Gly Gly Val Gly Lys 15 10 15 Ser Ala Leu Thr lle

Gin Leu lle GIn Asn His Phe Val Asp Glu Tyr 20 25 30 Asp Pro Thr lle

Glu Asp Ser Tyr Arg Lys Gin Val Val lle Asp Gly 35 40 45 Glu Thr Cys

Leu Lou Asp lle Lou Asp Thr Ala Gly Gly Gin Gin Tyr 50 55 60 Ser Ala

Met Arg Asp Gin Tyr Met Arg Thr Gly Glu Gly Phe Lau Cys 65 70 75 80

Val Phe Ala lle Ass, Asn Thr Lys Ser Phe Glu Asp lle His His Tyr 85 90 95
21. Arg Gk iGikdte dbydapig arhgsinge: Sesi e Aspazal PrenNsetsy AMNFOGrIosnse

110ken, ¥ak by Ashysreys Asp Lou Gin Ser His Asn Val Asp Ser Lys

115120 125 GIn Ala GIn Asp Leu Ala Arg Ser Tyr Gly lle Pro Phe lle Glu

Thr 130 135 140 Ser Ala Lys Thr Arg GIn GIn Val Asp Asp Ala Phe Tyr
22.Thr Lounediod 4580 151600 AxgraliesecAig Lyssrisd JenGhs Bysmaensisting

Ser ystfalsb oty Eyrsekitsyd OoubAQdhiOzdbyitiby sk ¥y BRI AN HAlkkYS 0.

Cys Ala Leu Met 180 185 <210> 3 <211> 188 <212> PRT <213> Kirsten

murine sarcoma virus <400> 3 Met Thr Gin Tyr Lys Leu Val Val Val Gly

Ala Cys Gly Val Gly Lys



151015 Ser AlaLeu Thr lle GIn Lee lle GIn Ace His Phe Val Asp Glu

Tyr 20 25 30 Asp Pro Thr lle Glu Asp Ser Tyr Arg Lys Gin Val Val lle Asp

Gly 3540 45 WO 2007/011312 PCT/SG2006/000202 3 Gin Thr Cys Leu

wan2depHleiken Asp Thr Ala Gly Gin Gin Gin Tyr 50 55 60 pSesédaoblebzez

Arg Asp Gin Tyr Met Arg Thr Gly Glu Gly Phe Leu Cys 65 70 75 80 Val

Phe Ala lle Asn Asn Thr Lys Ser Phe Glu Asp lle His His Tyr 85 90 95

Arg Glu Gin lle Lys Arg Val Lys Asp der Glu Asp Val Pro Met VVal 100 105

110 Lein Val Gly Asn Lys Cys-AsRd:0tBraSer. Arg Thr Val Asp Thr Lys-

115120 125 GIn Ala GIn Glu Leu Ala Arg Ser Tyr Gly lle Pro Phe lle Glu
“HFir 30185 140° SEPER 1S PR Arg GIn Gly Val Asp Asp Ala Phe Tyr

PATINOV

Thr Mﬁtﬁiﬁi@]@ 3.60 Arg Glu lle Arg Lys His Lys Glu Lys Met
Ser Lys Asp Gly Lys Lys 165 170 175 Lys Lys Lys Lys Ser Arg Thr Arg

“LeYs THFVSPRET 186°185 <210> 4 <211> 189 <212> PRT <213> Homo
<1sapiensy<400> 4 Met Thr Glu Tyr Lys Lou Val Val Val Gly Ala Gly Gly Val
s 151015 Ser Ala Lou Thr lle Gin Lou lle GIn Asn His Phe Val

GlX L

<1z9 S 60/70

5Asp & 30%5% 50
<L60> 14

<170> PatentIn version 3.3

<23i0> 1

<211> 188

<Z1l2» PRT

<213> Homo sapiens

<400> 1

Met Thr Glu Tyr Lys Leu Val val Val Gly Ala Gly 8ly Val Gly Lys
1 5 10 15

Ser Ala Leu Thrx Ile Gin beu Ile Gln Asn His Phe Val Asp Glu Tyr
20 25 30

Asp Pro Thr Ile Glu Asp Ser Tyr Arg Lys Gln Val Val Ile Asp Gly
35 440 45

Glu Thr Cys Leu Leu Asp Ile Leu Asp Thr Ala Gly Gly &lu Glu Tyr
50 55 80

‘Ber Ala Met Arg Asp Glan Tyr Met Arg Thr Gly Glu Gly Phe Leu Cys
85 70 15 80

Val Phe Ala Tle Asn Asn Thr Lys Ser Phe Glu Asp Ile His His Tyr
85 90 95

Arg Glu Gln Ile Lys Arg Val Lys Asp Ser Glu Asp Val Pro Met val
160 1405 110

Leu Val Gly Asn Lys Cys Asp Leu Pro Ser Arg Thr Val Asp Thr Lys
115 120 125

Gln Ala Gln Asp Leu Ala Arg Ser Tyr Gly Ile Pro Phe Ile Glu Thr
130 135 140

Ser Ala Lys Thr Arg Gln Gln Val Asp Asp Ala Phe Tyr Thr Leu Val
145 150 © 155 . 180

Arg Gla Ile Arg Liys His Lys Glu Lys Met Ser Lys Asp Gly Lvs Lys
165 176 17%

Lys Lys Iws Lye Ser Lys Thr Lys Cys Val Ile Met
18¢ 185



Asp Pro Thr lle Glu Asp Ser Tyr Arg Lys GIn Val Val lle Asp Gly 35 40 45
Glu Thr Cys Lou Leu Asp lle Leu Asp Thr Ala Gly GIn Gin Glu Tyr 50 55
60 Ser Ala Met Arg Asp Gin Tyr Met Arg Thr Gly Glu Gly Phe Lea Cys 65
W& 786 13al Phe Ala lle Asn Asn Thr Lys Ser Phe Gin Aspete/dtisobisod
8590 95 Arg Glu Gin lle Lys Arg Val Lys Asp Set Gin Asp Val Pro Met
Val 1.00 105 110 Leu Val Gly Asn Lys Cys Asp Lea Pro Ser Arg Thr Val
Asp Thr Lys 115 120 125 WO 2007/811312 PCT/SG2006/000202 4 Gin
Ala GIn Asp Leu Ala Arg Ser Tyr Gly lle Pro Phe lle Gin Thr 130 135 140
<29@r Ala Lys Thr Arg Gin Arg Val Glu Asp Ala Phe Tyr Thr Leu Val 145
<2180 188 160 Arg Gin lle Arg Gin Tyr Arg Len Lys Lys lle Ser Lys Glu Gin
- 2195 185170 175 Thr Pro Gly Cys Val. Lys lle Lys Lys Cys lle lle Met 180
185 <210>5<211> 189 <212> PRT <213> Homo sapiens <400> 5 Met
<4Ttr Gin Tyr Lys Leu Val Val Val Gly Ala Gly Gly Val Gly Lys 1510 15
neothAlg ke hL e GIn Loy lle GinAsn His-Bhe.Yal Asg.Gin, I yr 20 25 30
1" Asp Pro Thr lle Glu Asp Ser Tyr ArgpLys Gin Val Val lletAsp Gly 35 40. 45
s S IOV 60 a1 ASR g Lau Asp T 4l2 Gly Gl Gly Gin Tyr
20

25 30

aAsp Pro Thr Ile Glu Asp Ser Tyr Arg Lys Gln Val vVal Xle asp Gly
35 40 45 -

Giu Thr Cys Leu Leu Asp Ile Leu Asp Thr Ala Gly Gly Glu Giu Tyxw
: 50 85 60

Ser Bla Met Arg Asp Gln Tyr Met Arxrg Thr Gly Glu Gly Phe Leu Cys
&5 70 75 80

Val Phe Ala Ile Asn Asn Thr Lys Ser fhe Glu Asp lle His His Tyr
85 50 95

Arg Glu Gin Ile Lys Arg vVal Lys Asp Ser Glu Asp Val Pro Met Val
100 . 105 1106

Leu Val Gly Asn Lys Cvs Asp Leu Gln Ser His Asn Val Asp Ser Lys
115 1290 125

Gin Ala Gln Asp Leu Ala Arg Ser Tyr Gly Ile Pro Phe Ile Glu Thr
130 135 1490

Ser Ala Lys Thr Arg Gln Gln Val Asp Asp Ala Phe Tyr Thr Leu Val
145 150 155 160

Arg Glu Ile Arg Lys His Lys Glu Lys Met Ser Lvs Glu Gly Lys Lys
165 176 175

Lys Lys Lys Lys Ser Lvs Thr Lys Cys Ala Leu Met
180 185

<23i0> 3

<2ii> 188

<21i2> PRT

<213> Kirsten murine sarcoma virus

<400> 3

Met: Thr Glu Tyr Lys Leu vVal val val Gly Ala Cys Gly Val Gly Lys
i 5 10 15

Ser Ala Leu Thr Ile Gln Leu Tle @ln Asn His Phe Val Asp Glu Tyr
20 25 30

Azp Pro Thr Ile Glu Asp Ser Tyr Arg Lys Gln Val Vval Ile aAsp Gly
35 an 45



50 55 60 Ser Ala Met Arg Asp GIn Tyr Met Arg Thr Gly Glu Gly Phe Len
Cys 65 70 75 80 Val Phe Ala lle Asn Asn Thr Lys Ser Phe Glu Asp lle
His Gin Tyr 85 90 95 Arg Glu GIn lle Lys Arg Val Lys Asp Ser Asp Asp
Wal Wsodvieival 100 105 110 Len Val Gly Asn Lys Cys Aspriarsédenddanzoz
Arg Thr Val Glu Ser Arg 115 120 125 Gin Ala Gin Asp Leu Ala Arg Ser
- Tyr Gly lle Pro Tyr lle Gin Thr 130 135 140 Ser Ala Lys Thr Arg Gin Gly
Val Gin Asp Ala Phe Tyr Thr Leu Val 4145 150 155 160 Arg Gin lle Arg
Gin His Lys Lea Arg Lys Len Asn Pro Pro Asp Glu 165 170 175 Ser Gly
G Cys Met Ser Cys Lys Cys il Len Ser 180 185 210> 6 <211>
18% <212> PRT WO 2607/011312 PCTISGE006/000202 5 <213> Homo
sapiens <400> 6 Met Thr Glu«TX,F%L¥S Len Val Val Val Gly Ala Gly G1y Val
Gy TyS 1 B 10 TS Serkia'lsén Thriie Gin bt fe Gt ASH 15iS Phe val
Asp Glu Tyr 20 25 30 Asp Pro Thr lle Glu Asp Ser. Tyr Arg Lys GIn Val
Va?/aﬁﬁ?e%%pféﬁy;gsis%e A CHSTRPCYRe L Be Peh Akp i L8 Asp Thr Ala
Gly GIn Glu Glu Tyr 50 55 60 Ser Ja Met Arg Asp Glng'?yr Met Arg Thr
A}:@WtGﬁR}rG%%the ken Cysi65 .%?;7@8@}111 Asp Val iig Met Val

Leu Val Gly Asn Lys Cys Asp Leu Pro Ser Arg Thr Val zsp Thr Lys

118 i20 125

Gln Ala Gln Glu Leu Ala Arg Ser Tyvr Gly Tle Pro Phe Ile Glu Thr

'130 135 140
Ser Ala Lys Thr Arg Gln Gly val Asp Asp Ala Phe Tyr Thr Leu val
145 150 1585 160
Arg ¢lu Ile Arg Lys His Lys Glu Lys Met Ser Lys Asp Gly Lys Lys

165 170 175
Lys Lys Lys Lys Ser Arg Thr Arg Cys Thr Val Met
180 185

<210> 4
<213i> 189
<212> PRT

<213> Howmo sapiens
<A00> 4

Met Thr Glu Tyr Lys Leu Val Val Val Gly Ala Gly Gly Val Gly Lys
1 5 10 i35

Ser Ala Leu Thr Ile Gln Leu Zile Gln Asn His Phe val Asp Glu Tyr
20 25 30

Asp Pro Thr Ile Glu Asp Ser Tyr Arg Lys Gln Val Val Tle Asp Gly
35 40 45

Glu Thr Cys Leu Leu Asp Ile Leu Asp Thr Ala Gly ¢in Glu &lu Tvr
50 55 60

Ser Ala Meb Arg Asp Gln Tyr Meb Arg Thr &ly Glu ¢ly Phe Leu Cys
65 76 75 80

Val Phe Ala Ile Asn Asn Thr Lys Ser Phe Glu Asp Ile His His Tvr
85 ab 55

Arg &lu Gln Yle Liys Arg Val Lys Asp Ser Glu Asp Val Pro Met val
’ 100 195 110

Lew Val Gly Asn Lys Cys Asp Leu Pro Ser Arg Thr Val Asp Thr Lys
115 120 125



Val Phe Ala lle Asn Asn Set Lys Ser The Ala Asp lle Asn Len Tyr 85 90 95
Arg Glu GIn lle Lys Arg Val Lys Asp Ser Asp Asp Val Pro Met Val 100
105 110 Len Val G1y Asn Lys Cys Asp Len Pro Thr Arg Thr Val Asp Thr
s 2411202 125 GIn Ala His Glu Leu Ala Lys Ser Tyr Gly ke Psadohmdien:
Glu Thr 130 135 140 Ser Ala Lys Thr Arg GIn G1y Val Glu Asp Ala Phe
Tyr Thr, Leu Val 145 150 155 160 Arg Glu lle Arg GIn Tyr Arg Met Lys
Lys Len Asn Ser Ser Asp Asp 165 170 175 Gly Thr GIn Gly Cys Met Gly
GlLepillPrgo1 CXE VEI Val Met 1§O 185 <12191> 7P<21P%> 188 G<21T2> PRT <213>
Bidatp Sapichs"2u0bs LM TR Gl Tyr Lys Len VaIVaI VAl Gly Ala Gly
Gly Val Gly Lys 1510 15 Ser Ala Len Thr lle GIn Len lle Gin Asn His
ijgﬁéWﬁYﬂgb@E 26725730 R8P ThFiie B Aep'SeriPyr Arg Lys
In Val Val lle Asp Gly 35 40 45 Gin TJhr Cys Len Leu Aspjlfe Len Asp
AFhIAIGIG G B UG v Fyieb0:55160 WO 200761481 21u Lys
PCT/SG2006/360202 6 Ser Ala M&t?Axg Asp Gin Tyr M&t Arg Thr Gly Gin
mhely-Pha L eeCys. 657014580 rValdphe Alaclle Asn Asn Ser Lys Ser Phe
Ala Asp VaEHis Lee Tyr 8590 95 Arg Glu Gin lle Lys Arg Val Lys Asp Ser
Asp Asp Val Pro Met Val

<210> 5

<2ii> 189

<212> PRT

<213> Homo sapiens

<400> 5

Met Thr Glu Tyr Lys Leu Val val Val @ly Ala Gly Gly val Gly Lyvs
1 5 10 15

Ser Ala Leu Thr Ile Gln Leu Ile Gln Asn His Phe Val Asp Glu Tyr
20 25 30

Asp Pro Thr Tle Glu Asp Ser Tyr Arg Lys Gln Val Val Ile aAsp Gly
35 40. 45

Glue Thr Cys Leuw Leu asp Ille, Leu Asp Thr Ala Gly Gln Glu Glu Tyr
50 55 60

Ser Ala Met Arg Asp Gln Tyr Met Arg Thr Gly Glu Gly Phe Leu Cys
65 70 75 80

Val Phe Ala Ile Asn Asn Thr Lys Ser FPhe Glu Asp Ile His Gln Tyx
85 90 95

Arg Glu Gln Tle Lys Arg Val Lys Asp Ser Asp Asp Val Pro Met val
10¢ 105 116

- Len Val Gly Asn Liys Cys Asp Leu Ala Ala Avg Thr Val Glu Ser Arg

115 120 _ 125

Gln Ala Gln Asp Leu Ala Arg Ser Tvr Gly Ile Pro Tyr Ile Glu Thr
130 135 140

Ser Ala Lys Thr Arg Gln Gly Val Glu Asp Ala Phe Tyr Thr Leun Val

145 i50 155 180
Arg Glu Ile Arg Gln His Lys Leu RArg Lys Leuw Asn Pro Pro Asp Glu
165 170 175
Ser Gly Pro Gly Cys Met Ser Cys Lys Cyvs Val Leu Ser
180 185
<210> B
<213> 189

<212> PRT



100 105 110 Leu Val Gly Asn lle Cys Asp Leu Ala Arg Thr Val Asp Thr
Lys GIn 115 120 125 Ala GIn Glu Leu Ala Arg Ser Tyr Gly lle Glu Phe
Val Gin Th; Ser 130 135 140 Ala Lys Thr Arg GIn Gly Val Glu Asp Ala
RlaexdoproThaid ea Val Arg 145 150 155 160 Glu lle Arg His ByfrAtgdvieionzez
Lys Lys Lou Asn Ser Arg Gin Asp Arg 165 170 175 Lys GIn Giy Cys Les
Gly Val Ser Cys Glu Val Met 180 185 <210> 8 <211> 188 <212> PRT
<213> Danio rerio <400> 8 Met Thr Gin Tyr Lys Leu Val Val Val Gly Ala
Val Giy Val Gly Lys 15 10 15 Ser Ala Leu Thr lle GIn Leu lle GIn Asn His
“Pre \}émﬂsspa%ﬁgl’yr 20 25 30 Asp Pro Thr lle Glu Asp Ser Tyr Arg Lys
<48 Val Val lle Asp Gly 3540 45 Glu Thr Cys Leu Leu Asp lle Leu Asp
Thr Ala,Gly Gly Gin Glu Tyr_50.55 60 Ser Ala Met Arg Asp GIn Tyr Met
e N A Pt ol TYRY G oty U L L HE Ak A%
Thr Lys Ser she Gin Asp lle His His Tyr 85 90 95 Arg Gin GlIn I].e Lys Arg
ol ty S RspiSers [HASEVar P MERVE 106 105 %%TO fB8u Val Gly Asn
Lys Cys Asp Les, Gin Ser His Asn Vai Asp Ser Lys 115120 125 Gin Ala
Af@iﬁlﬂs?s{éi}%@ﬁﬁg%éﬁﬂ' %E;G I@rﬂéﬁrcﬁ‘ﬁhé&l}e’gwﬂh raE80s1385 140

Glu Thr Cys Leu Leu Asp Ile Leu Asp Thr Ala Gly Gln Glu élu VI
59 55 60

Ser Ala Met Arg Asp Gln Tyr Met 2Arg Thr Gly Glu Gly Phe Leu Cys
65 70 75 80

Val Phe Ala Tle Asn Asn Ser Lys Ser Phe Ala Asp Ile Asn Leu Tyr
85 990 95

Arg Glu Gln Ile Lys Arg Val Lys Asp Ser Asp Asp Val Pro Met Val
108 105 110

Lew Val Gly Asn Lys Cys Asp Leu Pro Thy Arg Thr Val Asp Thr Lys
115 120 iz2s

Gln Ala His Glu Leu Ala Lys Ser Tyr Gly Ile Pro Phe Ile Glu Thr
130 135 140

Ser Ala Lys Thr Arg Gln Gly Val Glu Asp Ala Phe Tyr Thr Leu Val
145 150 155 160

Arg Glu Yle Arg Gln Tyr Arg Met Lys Lys Leu Asn Ser Ser Asp Asp
165 170 175

Gly Thr Gin Gly Cys Met Gly Leu Pro Cys Val Val Met
180 185

<210> 7

<Z2ii> 188

<212> PRT

<213> Homo sapiens

<400> 7

Met Thr Glu Tyxr Lys Leu Val Val Val Gly Ala Gly Gly Val Gly Lys
1 5 i1g 15

Ser Ala Leu Thr Ile Gln Leu Ile Gln Asn His Phe val Asp Glu Tyr
20 25 30

Asp Pro Thr Ile Glu Asp Ser Tvr Arg Lys Gln Val Val Tle Asp Gly
35 40 45

Glu Thr Cys Leu Leu Asp Ile Leu Asp Thr Ala Gly Gln Glu Glu: Tyx
5G 55 60



Ser Ala Lys Thr Pig GIn GIn Val Asp Asp Ala Phe Tyr Thr Leu Val WO
2007/011312 PCT/SG2006/000202 7 145 150 155 160 Arg Glu lle Arg
Lys His Lys Glu Lys Met Ser Lys Glu Gly Lys Lys 165 170 175 Lys Lys
wyadeysenlLys Thr Lys Cys Ala Lou Net 180 185 <210> 9c2ddmidhoaz02
<212> DNA <213> Artificial <220> <223> Oligonucleotide primer <400>
9 ggagggaagc ggccgcatga ccgaatataa gcettgtg 37 <210> 10 <211> 41
<212> DNA <213> Artificial <220> <®23> Olignoculceotide primer <400>
+49.008300880¢ Jqceoleas atagigeac QUGN 4t 200> 41 <211> 61
65<212> DNA <213>4tificial” <220> <2435 igroulceotide ﬁﬁg’
site-directed mutagggnesis <400> 11 ctgtacaagt taagcggcgg catgaccgaa

"tatiagety WokPdad GctdtatT et usE 2L 125 S

Arg Glu GIn Ile Lys Arg Val Lys Asp Ser Asp Asp Val Pro Meb Val
100 105 110

Lay Val'Gly Asn Tle Cys Asp Leu Ala Arg Thr Val Asp Thr Lys Gln
115 120 125

Ala Gin Glu Len Ala Arg Ser Tvr Gly Ile ¢lu Phe val Glu Thx Ser
130 135 140

Ala Lys Thr Arg Gln Gly Val Glu Asp Ala Phe Tyr Thr Leu Val Arg
145 150 155 160

Glu Ile Arg His Tyr Arg Met Lvs Lys Leu Asn Ser Arg Glu Asp Arg
165 170 175

Lys Gln Gly Cys ieu Gly Val Ser Cys Glu val Met
180 . 185

<210> 8

<211> 188

<212> PRT

<213> Danio rerio

<400> 8

. Met Thr Glu Tyr Lys Leu Val Val val Glvy Ala val Gly Val Gly Lys

-1 5 10 15

Ser Ala Leu Thr Ile Gln Leu Ile Gln Asn His Phe val Asp Glu Tyr
’ 20 25 30

Asp Pro Thr Ile Glu Asp Ser Tyr Arg Lys 6ln Val Val Ile 2sp Gly
35 40 45

Glu Thr Cys Leu Leu Asp Ile Leu Asp Thr Ala Gly Gly Glu Glu Tyr
50 ’ 55 60

Ser Ala Met Arg Asp Gln Tyr Met Arg Thr &lv Glu Gly Phe Leu Cys
65 70 75 a0

Val Phe pdla Ile Asn Asn Thr Lys Ser Phe Glu Asp Ile His His Tvr
85 80 95

Arg Glu Gln Ile Lys Arg Val Lys Asp Ser Glu Asp Val Pro Met Val
100 10658 110

Leu Val Gly Asn Lys Cys Asp Deu Gln Ser His Asn val AsSp Ser ILwys
115 120 125

Gln Ala Gin Asp Leu Ala Arg Ser Tyr Gly Ile Pro Phe Tle Glu Thr
130 135 140

Ser Ala Lys Thr Arg Gln Gln Val Azp Asp Ala Phe Tyr Thr Leu Val



<211> 61 <212> DNA <213> Artificial <220> <223> Olignoulceotide for
site-directed mutagenesis <400> 12 cgcctacagc tcccacgacc acaagcttat
attcggtcat gccgccegctt aacttgtaca 60 g 61 WO 2007/011312
WO 1B 2006/000202 s <210> 13 <211> 1880 <212> DNACsRE3am6/000202
Artificial <220> <223> Oncogene fusion construct <220> <221>
promoter <222> (1)..(584) <223> zebrafish 1crt8 promoter <220> <221>
misc_feature <222> (585)..(1304) <Z23> EGFP gene <220> <221> misc
ngature <222> (13114%..(1880) <223> nggas-Vlz gene <400> 13
acaatgcaac tgttcagc?c agggggaaaa atgccctgec agatccaaac dﬁ&ggcaaa 60
ragtgaatggaraaaaagociticattaatgl gamagtigct. gegagceseaeecagataaa 120
aagagcagag gttdacatgc tctctacggc thtecageca accagataéf yaggcagaaa
1488y £a63CLEYH906a0 0L 8GRI GRACALIGICLITtC cagagtttct actggaatgc
240 ctgtcctdda gtctcaagcec tctccitgca ttctctcatt ccacctgggg caaageccca
300 '

<218> 9

<21t> 37

<212> DNA

<213> Arxtificial

<220
«<223> Oligonucleotide primer

<400> 9
dgagecaagt ggccgeatga cogaatataa gohbtgtg 37

<210> 10

<211> 41

<212> DNA

<213> Artificial

<220>
<223> Olignoculceotide primer

<400> 10
gogaaggaage ggccgctcace attaatgeoac attttgttbt g 41

<210> 11

<211l> &1

<212> DNA

«233> Artificial

<220>
<223> Olignoulceotide for site-directed mutagenesis

<400> 11
ctgtacaagt taagceggegg catgacegaa tataagettg tggtogtagg agctgtagge 60

v 61
«2310> 12

<211> 61

<212> DNA

_ <213> Arrificial

<220>
<223> Olignoulceotide for site-directed mutagenesis

<&00> 12
cgoctacage toccacgace acaagettat attcgghbeat gecgecgett aacttgtaca 690

g 61



ggctgggtgt gacaacattt atcttaccac tttctctctg tacctgtcta acaggtaggg 360
tgtgtgtgag agtgcgtatg tgtgcaagtg cgtgtgtgtg tgagagcagt cagctccacc 420
ctctcaagag tgtgtataaa attggtcagc cagctgctga gagacacgca gagggacttt 480

gachoioatitgtgagcaac ctcctccact cactectctc tcagagagca ctetogtage: nde oo 202

tccttctcag caactcaaag acacaggatc caccggtcge caccatggtg agcaagggcg
600 aggagctgtt caccggggtg gtgcccatcc tggtcgagct ggacggcgac
gtaaacggcc 660 acaagttcag cgtgtccggc gagggcgagg gcgatgecac
ctacggcaag ctgaccctga 720 agttcatctg caccaccggc aagctgceccg tgeectggec
<gHecategtg accaccctga 780 cctacggcegt gcagtgcttc agccgctacc ccgaccacat
Z%@gcﬁﬁ@ac gacttcttca 840 agtccgccat gcccgaaggc tacgtccagg
<agegcasaat gltcttcaag gacgacggca 900 actacaagac ccgcgccgag
. gztggagttcg agggcgacac cctggtgaac cgcatcgagc 960 tgaagggcat
<£Hactigaad 9a0gaqagca,acateclggg gcacaagety gagtacaact 1020
acaacagcca caacgtctat atcatggccg acaagcagaa gaacggcatc aaggtgaact
:%O WO 2007/011312 PCT/SG20061000202 9 tcaagatccg ccacaacatc

1O

<8399

8E*¥§ggtgcagct cgccgaccac taccagcaga 1140 acacccccat

<TPgcgasggcicocytgetgedgeeegacaa ccactacctg agcacccagt 1200
gfggccctgag caaagaccee aacgagaage gecgatcacat ggtcctgetg gagttcgtga
<#460 GGYCeLHGad gatcactctc ggcatggacg agctgtacaa gttaagcggce
<%eat agiog 1320 aatataagct tgtggtcgtg ggagcetgtag gcgtaggcaa
= Gcg%%}fcgﬁﬁéatccaac 1380 tcatccagaa ccactttgtg gatgaatatg acccgactat

<@gaggactcg tacaggaagc 1440 aggtggtgat tgacggagag acgtgtctac
<% caféépgtjﬁeﬁet ca ggccaggacg 1500 agtacagtgc catgagggac
P %Za 1i1g‘ JoRc: ga gggcttcctc tgtgtctttg 1560 ccatcaataa caccaagtcc
ttcgaggaca ttcaccacta cagggagcag ataaagcgag 1620 taaaggactc

ﬁ@ﬁ%@é&gtgg%sgggggét%égagésga%%ast;%gssgég
C

cacgcag cta

2 {

1680
SAgtacalgay g

ctccaaacag gctcaggatt

gCate cCatat

at cttcagtccc 1680 acaat

&4 1745

gtgga

aHgaTelcageaaagedadga-caggylgtggacgacgegt iatacttagicocgagaaazo
800, J6r99Raaca £Aag0AYaag. algagseaagg adggcaaaaa gaaaaagaag

aaaatccaaaa 1860 caaaatgtg% att%tg?ﬁaﬁS%% é%léjg o a0
CREPIFIPREPCRPLZSCATHfiRIalr € 22080t ot et e

ctgtecteaa ghotcaageo totectbgea

gactgggtgt gacaacattbt atctbaccac

tgtgtgtgag agtgegbatg tgtgecaagtg

ctotcaagag tgtgtataaa attggteage

gactecteoett tgtgageoaac ctoeteocact

tcettoteayg caactcaaag acacaggabo

aggagetgtt caccggggtg ghgcccakce

acaagttcag cgtgtecgge gagggegagy

agtbeatcbg cacocaceygge aagotgooog

cotacggegt geagtgebte ageogetacce

agtccgeocat goecgaagge tacgtcooagg

attacaagac cogocgecgayg gtgasgbbog

tgaagggcat cgacttcaayg gaggacggca

acascageca ¢aacgtetat atcatggecg

ttetecteatt
tttectetbotyg
cogtgtgtgty
cagetgetga
cactectcte
caccggtogs
tggtegaget
goegatgecac
tgcéctggcc
cegaccacat
agcgeacecat
agggegacas
acatcotyggy

acaagoagaa

cagagttitct
ceacctyggygg
tacctgteta
tgagagcagt
gagacacgea
toagagagoa
caccatggty
ggacggegac
ctacggeaag
caccetegtg
gaagcagcoac
chicttcaay
cctggbgaac
geacaagety

gaacggoatce

actggaatge
céaagcccca
acaggtaggy
cagctboecace
gagggacttt
citctbegtace
agcaagggeg
gtaaacggcc
ctgacecciga
accaccctga
gacttcttea
gacgacggea
cgcatcgage
gagtacaact

aaggtygaact

14725715431

240

igo

360

420

4840

540

600

660

720

780

840

800

960

1020

168¢



<223> Oncogene fusion protein <400> 14 Met Val Ser Lys Gly Gin Glu
Lea Phe Thr Gly Val Val Pro lle Leu 15 10 15 Val Glu Lou Asp Gly Asp
Val Asn Gly His Lys Phe Ser Val Ser Gly 20 25 30 Glu Gly Gin Gly Asp

Alg Tdhndus{ely Lys Leu Thr Leu Lys Phe lle 35 40 45 Cys bhfir/kRbdodyoon202

Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr 50 55 60 Leu Thr Tyr
Gly Val Gin Cys Phe Ser Arg Tyr Pro Asp His Met Lys 65 70 75 80 Gin
His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val GIn Glu 85 90 95
Arg Thr lle Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu 100

tk@&riﬁ.ﬁé/\lﬁaaﬁ&zﬁﬂfl 1342 RHGH S@2006H00020:3 461 Y akbys;she Glu Gly
115120 125 lle Asp Phe

Lys

(p Thr Leu Val Asn Ar
aca C&Ci

cat cg ACTYC ”e Glg
u Asp%‘iJ Ash ﬁe ou Eﬂ

Lau

ﬁfcccéyS(gl

sLy ia

UGy ?Lé‘ﬁcffa%“i%o ASR°

waqﬂzsgﬁ$e|aﬁ|®ﬁcsr¢ VatJFagrntecMetAlaAspobys-Gloch s dsngdhb 1500

+52:389,C/
165 170 1?5

lle
Val GIn

His Tyr

VaI s Phe L e Arg His Asn lle Glu As
cackgéc A%?aa\:ﬁsp ¥\§gl>acaac%ﬂ E.in Ksn %gﬁa

nG

%)Feg |y§ ,&sp

@y ¥80t1 85- 19T e0 Watt iollvaucProsdsp AsvritiscTyracaskSerd hr Ghp

coRlAgL0M195.200 208, SEL LS ASRBIO
Val Len Lau Gin Phe 210 215 220 Val Thr Ala

“BEFCHF LEATTHFANE POH-DIERPIPFBFEPLP gvacactgoa ggtoaggagy

agtacagtgce catgagggac
ceatcaataa caccaagtoo
taaagéactc
_acaatgtgga
agacctecage
tecggaaaca

caagatgtge

<210>
<211>
<212>
<Z2i3>

<320>
«223>

<400>

Met Val Ser

1

Val

Glu

Cys

Leu

635

Gln

Gla

Gly Glu

Thr Thr

50

Thr

His

Thr

cagtacatga
ttegaggaca

tgaggacgte cocatggibe

ctecaaacag gobcaggatt

aaagacaaga cagggtgtgg

canggagaag abtgageaagg

attaatgtga

i4

431

PRT
Artificial

Oncogene fusion protein

14

Lys Gly Glu Glu Leu

Len Asp

20

Gly Asp Val Asn

Ala Thr Tyr
40

Gly Asp

35

Leu Pro Val
55

Gly Liys

Tyr Gly Val Gln Cys Phe

70
Phe Phe
85

Asp Lys Ser Ala

Phe
100

Ile Fhe Lys Asp Asp

g’g@yﬂ Y.L gAdSER:H|S_LM§t
Ala Gly IIe r Lou Giy Net
1500
ggacaggaga gggcthocte tgtgtetbtg 1560
ttcaccacta cagggagcag ataaagegag 1620
tggtggggaa taagtgtgat cttecagtoco 1680
tageacgeag ctacggeate coatttatag 1749
acgacgegtt thtatacttta gteocgagaan 18046
agggeaaaaa gaaanagaag aaatccaaaa 1860
1880
Phe Thr Gly Val Val Pro Ile Leu
10 15

Gly Hig Lys Phe Ser Val Ser Gly

25 3g

Gly Lys Leu Thr Leu Lys Phe Ile

45 .
Pro %Trp Pro Thr Leu Val Thr Thr
60
Ser Arg Tyr Pro Asp His Met Lys
75 80
Met Pro Glu Gly Tyr val Gln @lu
940 85
Gly Asn Tyr Lys Thr Arg Ala Glu
105 110



Ser Gly Gly Met Thr Gin Tyr Lys Lou Val Val Val Gly Ala Val Gly 245 250
255 Val Gly Lys Ser Ala Lau Thr lle GIn Leu lle GIn Asn His She Val 260
265 270 Asp Glu Tyr Asp Pro Thr lle Glu Asp Ser Tyr Arg Lys GIn Val Val
Rb2B028%: lle Asp Gly Glu Thr Cys Leu Leu Asp lle Lau Asp/3ttoddaco2oz
Gly GIn 290 295 300 Glu Gin Tyr Ser Ala Met Arg Asp GIn Tyr Met Arg
Thr Gly Glu Gly 305 310 315 320 Phe Lea Cys Val she Ala lle Asn Asn
Thr Lys Ser She Glu Asp lle 325 330 885 His His Tyr Avg Glu GIn lle Lys
Arg Val Lys Asp Ser Gin Asp Val 340 345 350 Pro Met Val Leu Val Gly
vAsayysreysAspl esGin-Sen Hist Ash ak 305 360:385.AspiSer Lys Gin
Ala GIn‘®Bsp Leu Ala Arg SeiTyr Gly lle Pro She-370 375 380 lle Glu Thr
rSerAlatys TheArg.GInGivMakAsp Asp Alg; She YL, 387,390 395 400
Theiteu Val Arg Glu llesAsg Lys His Lys Gluikkys Met Ser Lys Glu 405 410
2R MR YR DS PE LSS SEL YR TS, Qs Ala Loy Met 420
1425430 150. - 155 160

Gly Ile Lys Val Asn Phe Lys Ile Arg His Asn Tle Glu Asp Qly Ser
i65 3749 175

Val Gln Leu Ala Asp His Tyr 6ln CGln Asn Thr Pro Tle Gly Asp Gly
180 185 19890

Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser 2la Leu
185 200 205

Sex Liyg Asp Pro Asn Glu Lys Arg Asp His Met Val Leu Leu Glu Phe
210 215 220

Val Thr Ala Ala Gly Ile Thr Leu Gly Met Asp Glu Leu Tyr Lys bLeu
225 230 235 240

Ser Gly Gly Met Thr Glu Tyr Lys Leu Val Val Val Gly Ala val Gly
245 250 255

Val Gly Lys Ser Ala Teu Thr Ile Gln Leu Ile Gln Asn His Phe Val
260 265 270

Asp Glu Tyxr Asp Pro Thr Ile Glu Asp Ser Tyr Arg Liys Gin Val val
275 280 285

Ile Asp Gly Glu Thr Cys Leu Leu Asp Ile Leu Asp Thr Ala Gly Gln
280 295 300

Glu Glu Tyr Ser Ala Met Arg Asp Gln Tyr HMek Arg Thr Gly Glu Gly
305 310 315 320

Phe Leu Cys Val Phe Ala Ile Asn Asn Thr Lys Ser Phe Glu aAsp Ile
325 330 335

Hiz His Tyr Arg Glu Glm Ile Lys Arg Val Lys Asp Ser Glu Asp val
34§ 345 350

Pro Met Val Leu Val Gly Rsn Lys Cys Asp Leu Gln Ser His Asn val
' 355 3640 365

Asp Ser Lys Gln Ala Gln Asp Leu Ala Arg Ser Tyr Gly Ile Pro Phe
370 375 ' 380

Iie Glu Thr Ser Ala Lys Thr Arg Gln Gly val Asp Asp Ala Phe Tvr
385 390 355 . 400

Thr Leu Val Arg Glu Ile Arg Lys His Lys Glu Lys Met Ser Lys Glu
405 4190 415

Gly Lys Lys Lys Lys Lys Lys Ser Lys Thr Lys Cys Ala Leu Met
420 425 430



