WD 0. 119657 1 4 DEC 2004 PCT/EPOL/ 06880 Title: A NOVEL HUVAN HCNCLgSEE CF
THE DBF4/ ASKI PROTEIN, NUCLEI C ACI DS, AND METHODS RELATED TO THE § & 2004
FI ELD OWOrHEP6)NVENTI ON The present invention is directed, PGHERA06880t o

nucl ei ¢ acid nol ecul es encoding a novel human honol ogue of the DBF4/ ASK1
protein. This novel protein has been named 10 DRF1 (from DBF4 Rel ated Factor
1), and wll be referred to herein with this term Thé present invention is
al so directed to novel polypeptides, and assays for screening conpounds

whi ch bind to DRF1 and/or nodul ate the activity of DRF1l, and DRF1

associ ated conpl exes. 15 BACKGROUND OF THE | NVENTI ON DNA replication

o stri Oy Ao RPN PG RO GRS bp, MinF bR Sy RO TR, c* ' "

during SYRMEREC (AEIDS, I@E’I‘I:f@ﬁszﬁﬁ[,&ﬁglg‘r WTHE & A nunber 20 of

factors conserved in W de varieties of ryotes are nown to pl ay cruci al
roles in initiation and el ongation stages of DNA replication. These include
ORC (O ogni tion Conpl ex), MCM (M ni chronosone Mi ntenance), Cdcé6,
Cdc45, ﬂhﬂ éFﬁBﬁEm rTR’DNA bi ndi ng proteins), and DNA pol yner ases.

Al t hough assenbly of a prereplicative conplex (preRC) at an origin, which

i nvol ves actions of ORC, Cdc6 and 25 MCM proteins, is prerequisite for
initiation offhDhedeapidvemtidmony {ikddiéd, Y pakt, & nucléi@'dmc? gholectlst- ehkbding 1994) ;

Newl on, OeII 91, 717-720. (1997) such assenbyly is not by itself

suf fi ci aaye ff@ma@lrhoggéﬁmyf { ASKil protein &msalcwl peiein Hag bmrbmdqg yeast

Coqup s e IR TS AR skt B it MRisets e d b, 8o Rt 80 17t o e
have nOPﬁ-dé@ﬁfDﬂﬁrfeﬁﬁé@% B ditted N GHE/ WEﬁeﬂﬁdB@S&ﬂ‘aés@sdfdreﬁrednﬂige in DNA

replication origin firing. This evidence is sunmar i sed bél ow@é‘% Tenper at ure
sensi t | vempelersawhicibpiad ntat RRF1 sand{pn snasiufass thenpetivity oONPREbN

01/ 96557 PCT/ EPO1/ 63 4 DEC 2004 2 after shift to restrictive tenperature
(Boussef’ssof‘fﬁfgg) 1|shed erratum appears in Genes Dev 1998 Apr 1,
12(7):1072]. Genes Dev 12, 480-490).

15 BACKGROUND OF THE INVENTION

DNA replication initiation and role of the CDC7/DBF4 kinase.
In eukaryotes, DNA replication is strictly regulated during cell cycle, occurting
once and only once during S phase (Stillman, Science 274, 1659-1664 (1996)). A number
20  of factors conserved in wide varieties of eukaryotes are known to play crucial roles in
initiation and elongation stages of DNA replicatioﬁ. These include ORC (Origin
Recognition Complex), MCM (Minichromosome Maintenance), Cdco, Cdcd45, RPA
(Single-stranded DNA binding proteins), and DNA polymerases. Although assembly of a
prereplicative complex (preRC) at an origin, which involves actions of ORC, Cdc6 and
25  MCM proteins, is prerequisite for initiation of DNA replication (Diffley et al., Cell 78,
303-316. (1994); Newlon, Cell 91, 717-720. (1997)), such assembyly is not by itself
sufficient for triggering DNA synthesis. Genetic evidence from budding yeast
Saccharomyces cerevisiae has indicated that initiation of DNA replication requires action
of the serine/threonine CDC7-DBF4 kinase. Molecular studies have now demonstrated
30  that the CDC7/DBF4 kinase has a direct role in DNA replication origin firing,
This evidence is summarised below:

1) Temperature sensitive cdc7 and dbf4 mutant strains arrest with G1 DNA content




2) CDC7 activity is required throughout S phase for origin firing;
therefo 919% ;54 ust a nol ecular switch between Gl and S. pc@EP{htmgé_, g?n re
for firilng of "early and 5 late origins (Bousset et at., supra; Donal dson et
al ., (1998), Cenes Dev 12, 491- 501). 3) The DBF4 prote| nis recruited to
origin DNA sequences in vivo (Dovvell al . (1994), [see corments]

Sci ence 265, 1243- 4 4 nas en LLall hash ates
MCM pr ot ei ns,? B#%E?r%ﬁtt“céf’e eg%%] @&ufgs@gt(ﬁég% lé&eéisé/rf)a%ffﬁ g? XIJ(%I’I gi ns
(Sato et al (é@% i72ehig@mhopy. (1997), Genes Dev
11, 3365- 337411) %b{,ﬁﬁ%Q 2(?32%22)?%5\?;?;; [i kel S;lo)to be i nportant
since a vepy GDEVi dctigithnig &Iqumad thiroughoet E@Mﬁsgﬁ:memmﬁﬁngmd is hetpfprswtt he
CDC7/ DBF4 ki nase requirenment (Hardy et al 1997),. Pr lortA d Sgi USA
94, 3151- 3155)st al_slot?@@bﬂmswcln hwﬁ@@n%l - ek}tﬁ%’éeéuﬁ%{oﬂ égg@ ¥édd o

ncl gl ng 11 SaRotrgiageouiay e&paﬁe?ttpq'g”%ﬁ&d?tf N R i

3094- 3104 (199f); Sato et al., EMBO J. 4340- 4351 (1997); Kim et aI
JBi ol Chem 273, '23248-23257. (1998); Ji an et al., Proc. Natl. Acad. Sci .
USA 94, 143)0THeBIBE4 preei)is redesitedeto amgm%@l%g@)quer@@mn 2ivp, (Dps@ll gioal., 20

Kumagai et at Cel | 095 1999)). Role of human
CDC7?DBF4 co |9§g)=|[ﬁfemﬂlm@& %%i‘?‘?‘i?n;é%ai ‘g'g‘e@g(ed usi) Lg ant i body
m Croi nj ecly ?1 Mbgﬁ%%ﬁ% fereHth'i Hés%@b‘lﬁ@s MCMH%StefdsC a@Bipokéit/of

ant i body synt hesi s |n man t'unor cel (Ji ang et at, EMBO J.
18, m703- 5713pre-r(eﬁﬁc%i)v): cOmphaxe$ Yourtdmd origths{Sadenel. a(rh??l)@wmgﬁthﬁbéa‘ﬂ@rs

i nhi bited DNA s_ynt hesi s vvhenbéf [ njgect ez\d éﬁrkté) man primary fibroblast KD
cel |'s (Kumaga#3¥t Ll et alyki997h4psnes Bey| 1, 33p5-35{g3. 5095. (1999)). The DNA

|
rep Icatlotrgﬁ\év?ﬁl it rm@f&gl %-reﬂ%@ HEPR i §n§;ﬁlsmc%cat\ee«ﬂys il ARkddedy -

Taken toge ki nase conpl exes play pivotal roles
in cell cycl einpteghMSsiSogenenwsd fdxmldeﬂoybypas§ﬂ|:m€ﬂ§3’ﬁllal3?€ﬂalﬂnm requirgment

schver L i SRS ol SR B FELER 0020 e
Tokyd Uni ver sRE a5 R o) Kifhe CqBllsx et Bkl oK aMind heaticudtDBs Trom
has been demonstrated in other eukaryotic organisms including fission yeast, Xenopus _
and mammals (Masai et al., EMBO J. 14, 3094-3104 (1995); Sato et al., EMBO J. 16,
4340-4351 (1997); Kim et al., J Biol Chem 273, 23248-23257. {1998); Jiang et al., Proc.
Natl. Acad. Sci. USA 94, 14320-14325. (1997); Hess et al., (1998); Gene 217, 133-140;
20 Kumagai et al., Mol Cell. Biol. 19, 5083-5095. (1999)).
Role of human CDC7/DBF4 complex in DNA replication was assessed using

antibody microinjection approach. First, microinjection of specific anti-CDC7 antibody
inhibits DNA synthesis in human tumor cells (Jiang et al., EMBO J. 18, 5703-5713.
(1999)) Secondly, two independent anti-DBF4 antibodies inhibited DNA synthesis when
25  injected into human primary fibroblast KD cells (Kumagai et al., Mol Cell. Biol 19,
5083-5095. (1999)). The DNA replication was restored when the antigen was coinjected
with antibody. Taken together, mammalian CDC7-related kinase complexes play pivotal
roles in cell cycle progression, most likely in S phase initiation, as was discovered in

yeast.




5 2) Jiang at al. fromSalk Institute USA, Proc. Natl. Acad. Sci. :@A gé 2004
14320- 14325. (1997). 3) Hess at al. from Pharmacia & Upjohn, Kala Q h

USA, (19@8)1/9668he 211, 133- 140. The cDNA encodi ng t he huMaHEPBEWSEbuni t
was first published in July 1999 10 by Kumagai at al., M. Cell. Biol. 19,
5083-5095. (1999), and nore recently by Jiang at al., EMBO J. 18,

5703-5713. (1999). The CDC7/ DBF4 ki nase, |ike cyclin-dependent kinases, is

conposeqlwaﬁcpgqgjgpn%eﬁwprﬁaﬁz and a regul atory subunit DBF4, the
latter also called ASKI - (activator of St%hase ki nase) (Kumagai et al Mol .

Cel|. Biol. Ifhe 5083 SadEngti GOBY) enceding ina DG E tingse homelogup srasinedpon

physi cal ter t|on betvveen the two subunlts the CDC7 protein al one does
not shovNFBJF‘F& Sent SHOPS-( Kunmgai et al ., Cell. Biol. 19, 5083-5095.

(1999); g%a% el ﬁ-omgycl iy %&ﬁ gﬁﬁ EMH&%&) )43404%1915%1@6/?)! vity

fl uctuat es uring the cell | evel s are constan this

fl uctyati on) gty etradf fremtSallmstivde USH), @r@mﬁ‘{mt, AvbdaS.iigd 64, 188204432 Kumagai
et al. 20 Mbl. Cell. Biol. 19, 5083-5095. (1999); Jiang at al., EMBO J 18,
5703-5713. (19887). No ot her mechanisns that could regul ate the activity of

574- anmt hoadi RS pegtrae waeid A PRloB KERARE USR, BOORP e 0T o

CDC7 protein {4fpto et al., EMBO J. 16, 4340-4351. (1997); Jiang et al. 25
Proc. Natl. Acad. Sci. USA 94, 14320-14325. (1997); Hess et al., (199 8)
Gene 211, 133T}164G]§)NPDBﬁ2104mg)t®l hupas BB%SWWW@@@I%@&%%@ im W1 1999 Wi th

ot 1 46 Ny Rt Ay Mato o SBI0T o S L e e P R AR 0 e
I's not cgle%rmbtﬁ@ggjq(jghﬂlrgougggj Cis within the interaction domain wth

CDC7 (Kundgal et al. Biol. 19, 5083-5095. 30 (1999)). At present
time these t\/\ﬂ)‘hd:)cﬂBQ'?éIpBEérlﬂul@Sﬂoe]ﬂ@ abiélipudereadenty dangsespaacqmaosed by 2

Pt ocose A GaBeRt ATICT Bhce sagAsoBCIRR Finsont (Hd e s, ASRy oo
| denti fyg&ﬁ{?ﬁér ang &E%ﬁh% &g’g{ﬁnﬁﬁﬁt@ﬁ fpactiennBo. BY,r308813085.a01499)hat

m ght ul ate actl Ity of 7 kinase itself. The present invention
i nvoliyes Kidese swtipity ss rnkypembnb‘ugow pbsieal niotesictisnl herwisen des twhsplaimitsgdds gnat ed

DREL, h%&)(’?f( Erloltjellﬁ Saloane élone%tr{o sgow chl)nrtagfl: g&XwaO(IE rTggal D'?Ff'/ ﬁ%t’(l Cella?%qol 19,
5083-5095. (1999); Jiang et al., EMBO J. 18, 5703-5713. (1999)).
Kinase activity fluctuates during the cell cycle. Since CDC7 levels are constant,
this fluctuation might reflect the available amount of activator protein (Kumagai et al.,
20 Mol. Cell. Biol. 19, 5083-5095. (1999); Jiang et al., EMBO J. 18, 5703-5713. (1999)). No
other mechanisms that could regulate the activity of the enzyme have been observed to
date but cannot be excluded.
CDC7 is a 574-aminoacid polypeptide that shares a strong homology with
S.cerevisiae CDC7 protein (Sato et al., EMBO J. 16, 4340-4351. (1997); Jiang et al,,
25 Proc. Natl. Acad. Sci. USA 94, 14320-14325. (1997); Hess et al., (1998), Gene 211, 133-
140). DBF4 protein has a very limited sequence homology with the yeast counterpart.
This homology is confined in two boxes calted ASK motive-N (N-terminal) and ASK
motif-C (C-terminal). The role of these boxes is not clear although the motif-C is within
the interaction domain with CDC7 (Kumagai et al., Mol Cell. Biol. 19, 5083-5095.
30 (1999)). At present time these two boxes appear to be a unique feature of DBF4 related
proteins. Because of the importance of CDC7/DBF4 proteins in DNA replication process




5its role as a key conponent, for exanple, in regulating CDC7 ki ndse JEC 2004

activity iﬂ?F -4-S, thus, useful in the search for novel a YL@k can
nodi fy an ()IP%:(’::’gntrol DRFI and/or CDC7 ki nase activity. ?’ﬁg}gz( and ot her

aspects of the invention are described below. SUNI MARY OF THE | NVENTI ON 10

The present invention is directed to, #n part, isolated nucleic acid

nmol ecul es conprising SEQ ID NO 1, or . a fragnent thereof; SEQ |ID ([F\I%EZ or a

f r agment it i rapeAnt 19 ifertiid enefeanslepfoisinscWED ApRSAdHICOR PSTRCTIR 38 thortion

of SEQ ID.NO 1 .qr SEQ | '. nuGh eoti de sequence honol ogous to SEQ ID
NO 1 or @%ﬁﬂ%f?éﬁlg Ogcﬂggé%a%?ﬂgﬁ%éreof; a nucl eoti de sequence that
encodes a pol YReRrésar aREAf6S iMaWEGd RirpAsiNd dicotdryifd agve polyipeptidaf; or a

nucl eotide sequence that encodes a pol ypeptide conprisi n]g an amno acid
sequence heeimdesignated RRBEQha(xhibitE 2 fonctontk kamalogy toHimasf DBF4AS Kol ednt

of 'the. il g 3 FRREETL UELERILSUBHIEE G, BrESe ANy dIF B o al o0
directedyt o [Osl iﬁe#e%e’éfcﬁrfﬁ; ﬁS\FQ?%gé#g% bha® ch® NARfor BHtrSXPRES SAn@orvect or

conpri si ng any of the nuclelc acl ecul es desCri bed above. The present
i nvent i oCDG7 s stitivity! Qlescandeitiredspeofs qitiedineemipnarp désgpibpd baddew. conpri si ng
SEQ ID NGO 3, or a honolog or fragnent thereof, by introducing a reconbinant
expressi on vector conprising any of the nucleic acid nol ecul es descri bed

above i'n | growi ng the host cell under conditions
sui t abl eWﬁmﬁ 1e\] pol ypepti de, and recovering the

pol ypepti de from t hEnd@sésetelihventibe Rr ésesndd itoyémtpao) isslatdds ancleiceatsl t o
conposi tions conprising ggér of the nucleic acid nolecules described above

and an aceelpeddsl eorepmsingPEQr IDINDub or 2 fragmept bswrt SER BAN @R, P52 BRERHS r ect ed

to isolatged | ypepti.des_en | [ I I
desl:ri beﬁ%ﬁ‘g@ﬁpﬂg& Ol'Fﬁg SB %egnggg grpﬁ?\éxérlnw{q %tt IEF%%L@F%’%&CP ggE@oﬂ%gggsﬁi ons
conpri si ER M NO RS RidudRoties sQfiesteBoniilyzgouk té SEQUEXNE):t oaSEQ I NEER] e

descri bed above and an acceptable carrier or diluent, WO 01/ 965§g @1; DEC
2004 PCH ferment 683605 2 mplsofdessanence that Greaslss pPolyperiids omrrisig SERIY at ed

nucl dic. 2Pe 151 sotrentlBErRhe b BontlstiRiuotBsRE B SHEREES péBOKEL the
di rect ed dognpfising @040 Sciikegiidric Gomob gyt 1ol BHY Ml N@:3, ar pirhgmepthaeofncoded
by any of the nucleic acid nolecul es described above and a .
The present invention is also directed to recombinant expression vectors
comprising any of the nucleic acid molecules described above.
The present invention is also directed to host cells transformed with a recombinant
20  expression vector comprising any of the nucleic acid molecules described above.
The present invention is also directed to methods of producing a polypeptide
comprising SEQ- ID NO:3, or a homolog or fragment thereof, by introducing a
recombinant expression vector comprising any of the nucleic acid molecules described
above into a compatible host cell, growing the host cell under conditions suitable for
25  expression of the polypeptide, and recovering the polypeptide from the host cell.
The present invention is also directed to compositions comprising any of the
nucleic acid molecules described above and an acceptable carrier or diluent.
The present invention is also directed to isolated polypeptides encoded by any of
the nucleic actd molecules described above.
30 The present invention is also directed to compositions comprising 2 polypeptide

encoded by any of the nucleic acid molecules described above and an acceptable carrier

or diluent.




5 negative control antibody. The present invention is also directe tﬁ

nmet hods of inducing an i nmune response in a nmamal agai nst a pol ygéb E&emﬂ‘*
encoded Wy 0a¥s3sdf the nucleic acid nolecules described dEAVEPIRP6ESSH

adm nistering to the manmal an anount of the pol ypeptide sufficient to

i nduce the immune response. 10 The present invention is also directed to

nmet hods of identifying a conpound which binds to DRF1 or to a

DRF1- cont ai niTHe prREBtEMveriion Cie AL Hiré@eORF- lisoditeDRAilbodéiganivalchi Bidctongal ex wi th
a conpound, and determ ni ng whet her the conmpound binds DRFl or

DRFI - corepHdpr erga polypepiide chloedqurtgsamytofithe nunl¢io acid snadeandesdleserteddbore.met hods
of identifyi a conpound. 15 i ¢h bindg.a nucl.eic acjd..nol ecul.e codi ng
DREI or DREI SRS Hﬁ’eBB?ﬁ)}S%%@TGCE%‘ntP iCHG’I’ESWE@P&’%dIEFCW hirad i o

encodi n - | N ¥ r4n ni ng
whet her glt E@Eé%ﬁn{)dgt?ﬁgd ogggggweegalg{gp {::1@?&0%& W%D@g%ﬁ;ﬁgﬁ%%ﬁge%?gggﬁﬁh igng\[/nent I on
I s alsso migtteei@tttobamidddgds of identifying a conpound which nodul ates the

activity of DRFI or of DRFI-cont ai_ni{;% conmpl ex hy contactiing 20 DRF1 or
DRFI - cont ai ni ¥ REest v epiiemisalsoshiissieddo metpds of BIdHFng 39 INRBINSESARES. or

DRF - cont ot i | v " 7 A : : |
i rect od b HBTHAD MRel, B i Hshliod, ot brny iRl SRCIAL odlt SAblORes S & <
acti vi t ydeketayetidhiood b?)édﬁﬂﬂﬁt&‘iﬁ%ﬂﬂth@'ﬁfaimﬁﬁl 4ARicho60 Bf hePolgpepi@erphitisient t h t he

conpound, and det erm ni ng whether the conpound nodifies activity of 25 DRF1
or DRF1-tedmduge thegrmungresponsdi nds to DRF1 or DRF1-contai ni ng conpl ex, or

binds to a nugleic acid nolecul e encodj ng DRF r - | ni | ex.
Thool and- o hOKe REsREt SBRAERE At ehnti e etodt or nadit s SolBoiadT] |
bel ow. Riafith bEAsREISRE DT (9\x BRIARGHERRED @m@m, N bitadfingd DRAL €SPRE1-

i nvention provides, inter alia, isolated and purified polynucl eotjdes that
encode DREfaiming scopaplex orith heospound.eand deterwintng whethen Hieseopraundubingst i des,
host Celb#{f tr ormed with these vectors, processes of making DRFL,

met hods BRE LET 3t e’ /°8B®5%- 1 4 DEC 2004 PCT/ EPO1/06880 6 above

pol ynucl eot i dege péhere &ivehon isS alsat @fbcRiAdtoPtkttols bf RREifyiigda reeidpodad of
screeni ng conpounds whi ch nodul ate DRF1 acti vi té' Various definitions are

madelst hrebighdinds Aimsictie avid mooletws enowsting DRRleon RBF 1 rmeatainge cREPIFOEY d be
attri bUtceocliltaJEc%ntg goéueclc\qu rauczi1 nggleglﬂee: elslcl:%ciixllgegm gr%f—%ént%ﬁggcomplex with a

compound, and determining whether the compound binds the nucleic acid molecule.

The present invention is also directed to methods of identifying a compound

which modulates the activity of DRF1 or of DRF1-containing complex by contacting
20 DRF1 or DRF1-containing complex with a compound, and determining whether DRF1 or
DRF1-containing complex activity is modified.

The present invention is alse directed to compounds which modulate DRF1 or
DRF1-containing complex activity identified by contacting DRF1 or DRF1-containing
complex with the compound, and determining whether the compound modifies activity of

25 DRF1 or DRF1-containing complex, binds to DRF1 or DRF1-containing complex, or
binds to a nucleic acid molecule encoding DRF1 or DRF1-containing complex.

These and other aspects of the invention are described in greater detail below.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
30 The present invention provides, inter alia, isolated and purified polynucleotides
that encode DRF1 or a portion thereof, vectors containing these polynucleotides, host

cells transformed with these vectors, processes of making DRF1, methods of using the




5 specifically defined either bel ow or el sewhere in this docunent havBEG nEd04

meani ng wBnhoyided in the context of the present inventionp@graiigke and as
are typi\ggl()?fgésgunderstood by those skilled in the art. As used herein, the

term"activity" refers to a variety of neasurable indicia suggesting or
reveal ing binding, either direct or i ndli rect; affecti ng a response, i.e

havi 0 ble aff i ' :
ol ud v B BRRIRARSS o «Sdbr R R T Ra TR EP AR e sl O
pol ypept dfiRhdPRhichunb 8Nkt BR©f ackiifty. | nvention, or, for exanple,

measur enent” of amounts of upstream of downstream proteins or other simlar
functi ons af t Barisusméefstiiions are madeetheoitghons this ddcimeensi NVlosthwordsbhavgi thei on i n

BT ook kb B R B w2 o S, R
R i e T

f r agment groaitdd Rpakhe? chitagimenttie tredeafinvenoion! &f @, wholcaatd ast adeothipesllyi ncl ude
nonocl onal anti bodi es such as nuri ne nonocl onal anti bodies, chineric 20

ant i bodi wedezstepdirihesy ddllehini theaites. As used herein, the term "binding"

nmeans the physgical ,or chemcal interacti e RS :Of: -
conmpounds or %g slgspgt?eé%fnp%t gelrﬁs %&%ﬁﬁnﬁgﬁﬁsdgo %\;\@ﬁ{(}};}nﬁ\@ n@%%)lﬁ%@ ﬁlgc{r“élgf

Bi ndi ng kipskifRsSor @Mdating M ORiter divedt 6PRRAITRON dffectian: @eponstpiad. having

hydr ophobiC interactions, etc. The physical interaction, the binding, can be
ei t het 28 mpsusable affettridiresponse forsdineauponiss aystimplysghcladingyr e¥ampis, ©ef ect s

of anot he rotein or C ound. ..Dir.e¢t binding refer i hteractd gns t hat
Qo not t Sy ob 8 SRANH BF iRy binig aArbarrlfe 3 delguelibgieies &
conpound;dhtidd) ok SRE edrSp ¥ thBfufentin F adblistk df up@tcanChedivaditrehmt gowdi at es.

As used herein, the term "conpound" neans any identifiable chemcal or 30
mol ecul epr pthet uimpilay funpliensagter some stemuius or §vet! nol ecul e, peptide, protein,

sugar, nucleqtide,, or.nucleic acid, . gn ch an. b or
Syntheti o 1" AsEEd BRI\ SRl indiRliE] SRR LB LD ARh O

t er mi5 cogpl AR AEM' séffefEs wiRleWHeS Gppder t4k PasiepabRFDgref&et weanpmugh,eot i de
units of a nucleic acid nolecule. As used herein, the term "contacting"

means br palyperfideopentider oligsipepiéde, ar amino apidsequenedi rect |y, a conpound into
syt cal PO e B BiRoRRYL Bulio®  HEE K BBy bRl o1
antibodies, and Fab fragments and F(ab), fragments thereof. Complete, intact antibodies
include monoclonal antibodies such as murine monoclonal antibodies, chimeric
20  antibodies and humanized antibodies.

As used herein, the term “binding” means the physical or chemical interaction
between two proteins or compounds or associated proteins or compounds or
combinations thereof. Binding includes ionic, non-ionic, Hydrogen bonds, Van der
Waals, hydrophobic interactions, etc. The physical interaction, the binding, can be either

25  direct or indirect, indirect being through or due to the effects of another protein or
compound. Direct binding refers to interactions that do not take place through or due to
the effect of another protein or compound but instead are without other substantial
chemical intermediates.

As used herein, the term “compound” means any identifiable chemical or

30  molecule, including, but not limited to, small molecule, peptide, protein, sugar,

nucleotide, or nucleic acid, and such compound can be natural or synthetic.




solutions etc. Contacting includes, for exanple, placing the corrpoqlrrdgltﬁt Y
beaker, mcroliter plate, cell culture flask, or a mcroarray, such as

gene chiwpopssssthe |i ke, which contains the nucleic acid wmoi/eguloessoor

pol ypepti de encoding the DRFI or fragnent thereof. 10 As used herein, the
phrase " horml ogous nucl eoti de sequence,"” or "honol ogous am no acid
sequence," or variations thereof, refers to sequences characterised by a

honol ogy, at A@gséﬁjﬁglecg; tP@ térﬁi’e%orﬁ leﬁﬁhﬁgbyaﬁalf&s tSVW'atso fcﬁék %eg@nﬁgout

60% nore preferably af Teast about 70% Tore preferab y at out
80% norleetweafeicidotide ahits dEamiclab acid Mlguland nost preferably at |east about
95%to the enfire SEQID NO 1 or 15 SEQ ID NO 2, or to at |east a pardon of
SEQ ID NO 1 ofS s Rereinohs tapn Crontactige dueans Pringingdagsthers wither difectliher encoded

| t; d
Phose senifeesie s3mPind B Phovl RIBURAEHE I Fahing S BRI ER TR Con be
expr esseidvediodi f Ties gatyp&ptﬁm@sp&fynﬁa@otﬁ@n@n%@ﬁn hgnamiRr o8 DuktersOfalts, f O

exanpl e, alternative splicing of RNA. Alternatively, isoforns can be encoded
by 20 duSOfllétw@htetcgeﬁémtacmmm gdnss fwm@iaamlq:,dda@@g]m@mwpom tde arheckent | de

t f th th
oo oS T e et ek, B 8 e Roy Céﬁ%énmﬁ%pe%aéﬂaﬁiég}amces
al so i NCidHdfns BH ndkIBicNALd I hdlet@d, be 30193;%5&'&@%%&%% 'ﬂlﬂFﬁ'h @e&tn
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but are not limted to, reconbi nant
Such isoforms can be expressed in d.lfferent tissues of the same organism as a result of,

for example, alternative splicing of RINA. Alternatively, isoforms can be encoded by
20  different genes. Homologous nucleotide sequences include nucleotide sequences
encoding for a DRF1 protein of species other than humans, including, but not limited to,
mammals. Homologous nucleotide sequences also include, but are not limited to,
naturally occurring allelic variations and mutations of the nucleotide sequences set forth
herein. A homologous nucleotide sequence does not, however, include the nucleotide
25 sequence encoding DBF4/ASK1. Homologous amino acid sequences include those
amino acid sequences which encode conservative amino acid substitutions in SEQ ID
NO:3, as well as polypeptides having CDC7 kinase activating activity. A homologous
amino acid sequence does not, however, include the amino acid sequence of
DBF4/ASK1. Percent homology can be determined by, for example, the Gap program
30 (Wisconsin Sequence Analysis Package, Version 8 for Unix, Genetics Computer Group,

University Research Park, Madison WI), using the default settings, which uses the
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condi tions underusgfiberin the sEe cﬁ’r&‘)ﬁ’éﬁ?o“ﬁj‘fg Beftjf’]%&ﬂ@cﬁeé‘ﬁ? Phi‘“@ﬁ%ls?mh?ﬂy@?i di ze
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equi | i brijimye ﬂ%@kf&ﬁeas" ringent conditions will be those in which the salt

T
concentrati’on %QI s I'ess than about 1.0 Msodiumion, typically about 0.01 to
1.0 M sodi um iAmnugat hatherthe term “probe” refers to nucleic acid sequences of variable

20  length, preferably between at least about 10 and as many as about 6,000 nucleotides,
depending on use. They are used in the detection of identical, similar, or complementary
nucleic acid sequences. Longer length probes are usually obtained from a natural or
recombinant source, are highly specific and much slower to hybridize than oligomers.
They may be single- or double-stranded and carefully designed to have specificity in

25  PCR, hybridization membrane-based, or ELISA-like technologies.

As used herein, the phrase “stringent hybridization conditions™ or “stringent
conditions” refers to conditions under which a probe, primer, or oligonucleotide will
hybridize to its target sequence, but to no other sequences. Stringent conditions are
sequence-dependent and will be different in different circumstances. Longer sequences

30  hybridize specifically at higher temperatures. Generally, stringent conditions are selected
to be about 5°C lower than the thermal melting point (Tr) for the specific sequence at a
defined ionic strength and pH. ‘The Ty, is the temperature (under defined ionic strength,
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resi stance and/or cellular uptake. 25 In a preferred enbodi nent of the
i nvent i oif destihglising lagends.aeicl asrfirmemide. conpri ses SEQ M NO |, which is 3006

b in | h d pri di fr. i mat el
eacthuct ot TBATPP L BHTIET B et Ponerigant B sbhiT T babrkn AR aeBRPERH I *sto
| D NO 1)1eﬁhbq{§henqqﬁe§mmFaﬂd ems@:g;pgfduw@mbﬁ@wmgbmmbéeaﬁaﬁel TEONA and
drfl cDNA of SEQ ID NGO I displayed an overall sequence honology 30
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300 nucl eotides, from about 301 to about 400 nucl eotides, from about 401 to
abouts 50@tterecddsot i des, from about 501 to about 600 nucl eotides, from about

001 10,2000 G99 BT e Sypl e BB, EOBAREDURS, pShRRtbies, rom
comprising novel nucleotide sequences encoding DRF1. The nucleic acid molecules are
preferably either RNA or DNA, but may contamn both RNA and DNA monomers or
peptide nucleic acid monomers. The nucleic acid molecule may be single stranded or

20 double stranded. The monomers of the nucleic acid molecules may be linked via
conventional phosphodiester bonds or modified bonds, such as, for example,
phosphorothioate bonds and the like. In addition, the sugar moieties of the monomers
may be modified by, for example, addition of 2' substitutions which help confer nuclease
resistance and/or cellular uptake.

25 In a preferred embodiment of the invention, the nucleic acid molecule comprises
SEQ ID NO:1, which is 3006 bases in length and comprises an open reading frame (ORY)
of approximately 1845 nucleotides (from about position 139 to about position 1983
within SEQ ID NO:1) which encodes DRF1. A comparison between human dbf4/askl
¢cDNA and drfl ¢DNA of SEQ ID NO:1 displayed an overall sequence homology

30  (identical restdues) of 42.8%.

Alternatively, the nucleic acid molecule comprises a fragment of SEQ ID NO:1.

Preferably, the fragment comprises from about 10 to about 100 nucleotides, from about
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d

701 to aBBeieotgen Dom ehewictAllde sbowt H0amstrotides Fom aBoiiiZ38 60 abeyt es,
f b - i - 100
hoo™ 2op Hhettited dr R Mbar SR 1o RHGLCRONIR1opkHO 00 Ubouk Bib1 10 aB0KB600 100 )
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nucl eot i #8geotidedriremabeul sl tobaRotH00mrgtrolides, SEm dheut ﬁ?éB%‘_&&?’OP?Ol to
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any conbinations theéere ragnent can ocat In any portion of
SEQ | D N@he frdagm¥¥? h/HRAb&afedlwithibhay 208ivon FSEEPDMOA880 11 | n anot her
preferred enbodi nent of the invention, the nucleic acid | ecyl e conprises a
nucl eoti de seHuaReEeE GrpeERd PrEhoginaent Af ‘lhéa’é’ﬁ’eréu%rtﬁf’ dReBte S@% W‘Bfelﬁg%

1 or
S50 10 Moy St ] oy 1, B8 L coapFL qpe penf 90
| D NO 2. zbout position 139 to about position 1983 within SEQ ID NO:1) described above.
20  Alternatively, the nucleic acid molecule comprises a fragment of SEQ ID NO:2.
Preferably, the fragment comprises from about 10 to about 100 nucleotides, from about
101 to about 200 nucleotides, from about 201 to about 300 nucleotides, from about 301 to
about 400 nucleotides, from about 401 to about 500 nucleotides, from about 501 to about
600 nucleotides, from about 601 to about 700 nucleotides, from about 701 to about 800
25  nucleotides, from about 801 to about 900 nucleotides, from about 901 to about 1000
nucleotides, from about 1001 to about 1100 nucleotides, from about 1101 to about 1200
nucleotides, from about 1201 to about 1300 nucleotides, from about 1301 to about 1400
nucleotides, from about 1401 to about 1500 nucleotides, from about 1501 to about 1600
nucleotides, from about 1601 to about 1700 nucleotides, from about 1701 to about 1800
30  nucleotides, from about 1801 to about 1845 mucleotides, and any combinations thereof.

The fragment can be located within any portion of SEQ ID NO:2.
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nucl got i\g8.»S - i I i.ncl udes
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not, however, include the nucleotide sequence encodi ng DBF4/ ASKI. In anot her
pr ef er r Y BAHE aRd Ran e usedas proBeR PBISTS; Aed AvatiseRseAZeBShDl ecul e conpri ses
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The nucl ei ¢ aci pr et erabl’y conpri ses or conprises SEQ
| D 30 NQompeiess ai midleptitedssnetdes hbmoloigots (WSEQ IMRfNect orhSEdegenepacy of
the genetic code. As is well known in the art, because of the degeneracy of

t he Gendlreferadbiy the pydeetidgrsequengeris 3 depsbabpayt oPkiahermelopnys. merepiafegdlyigat can
de f o ' t ] | EP
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cont enplpéfembiyhes et kdout DINA AcdoIBBYusGindChlosts Fwﬂa@hl,y BN [RXPARAS1 959, encode
t he pol ypeptide of SEQ ID_ NGO 3. DNA and RNA nol ecul es ot her than those
speci fi dIMAJoss ¢¢ Haeentie Q) ID NO:1 or SEQ ID NO:2. Alternatively, the nucleotide

sequence is at least about 60% homologous, more preferably at least about 70%
20  homologous, more preferably at least about 80% homologous, more preferably at least

about 90% homologous, and most preferably at least about 95% homologous to a portion

SEQ ID NO:2 also includes a fragment of the nucleotide sequence homologous to SEQ

25 ID NO:1 or SEQ ID NO:2 of the lengths described above. A homologous nucleotide
sequence does not, however, include the nucleotide sequence encoding DBF4/ASK1.

In another preferred embodiment of the invention, the nucleic acid molecule

comprises 2 nucleotide sequence that encodes a polypeptide comprising SEQ ID NO:3.

The nucleic acid molecule preferably comprises SEQ ID NO:2 or comprises SEQ ID

30 NO:2 containing codon substitutions which reflect the degeneracy of the genetic code.

As 1s well known in the art, because of the degeneracy of the genetic code, there are

numerous other DNA and RINA-molecules that can code for the same polypeptide as that



characterised sinply by a change in a codon for a particular am no 3[04 (BE[Ca%U‘*

W t hin t‘pﬁwﬁﬁg;ope of the present invention. As is well kKepwegidhskdie ar
because O "ThE degeneracy of the genetic code, there are nunerous other DNA

and RNA nol ecul es that can code for the same pol ypeptide as that encoded by
the aforenmentioned drfl gene. The presént invention, therefore,

contenpl ates those, ot her. DNA_and RNA nol ecul e i ch n r essi.o encode
the 10 pBIcYdEhbY @%fm§§@‘4'DT%®PT%S.enW3 BOI?’&E#\?‘??@@“FW%%% Sgﬁ%de " esi due
sequence n y , g &b k tge oodons
for eacthp\)Ig\r ﬁﬁ%gﬁg‘g mg)}r%%%l;a‘gﬁg&r%@%gg%&i t’ %ngggfglegpt@%{dgei%l??% all such
encodi ngNBNA amiN ANAnd eRNAN eessculddNAtR dthRNAhosd espedifisaliyt esclos¢rhrheréiose

specifically disclosed herein characterised sinmply by a change. b-gln&! codon
for a pasharastirised Sinply bic R ¢hangedng ePAoR 1oR@ RsbpHataming agid, #5 Vi Con. A

tabl e of am nf aci ds End their representative abbreviations, synbols and
codons  $OPE 8t RERTEIFHEVEW ™ the following Table 1. 1 4 DEC 2004 WO

01/ 96557 PCTI EROLAHBER B TAbLA, BecAlid9F Mei dgAlcaitiyE theyaietiv Rede, ARpas 1 i C

acid GQutamc acid Phenylalanine G ycine Hstidine |soleucine  Lysine
Leuci ne aikiuhicomisnetheABPak agd RVA Podddutes thall aanaeiln for the gime pelypeptide as

that encoded by the aforementioned drfl gene. The present invention, therefore,

contemplates those other DNA and RNA molecules which, on expression, encode the
10 polypeptide of SEQ ID NO: 3. Having identified the amino acid residue sequence
encoded by a drfl gene, and with knowledge of all triplet codons for each particular
amino acid residue, it is possible to describe all such encoding RNA and DNA sequences.
DNA and RNA molecules other than those specifically disclosed herein characterised
simply by a change in a codon for a particular amino acid, are within the scope of this

15  invention.
A table of amino acids and their representative abbreviations, symbols and codons

is set forth below in the following Table 1.




Seri ne
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Thr eoni ne

Val i ne

Tr ypt ophan

Tyr osi ne Abbrev.
| KLMNPQRSTV WY Codon(s) GCA GCC GCG GCU UGA UaU GAC
UUC UUU (/66357 GGG GGU  CAC CAU

Synmbol A

PIEE Y
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Table 1
Aminoacid | Abbrev.  |Symbol ‘Codon(s)
Alanine Ala A GCA GCC GCG GCU
Cysteine Cys C UGA UGU
Aspartic acid | Asp D GAC GAU
Glutamic acid |Glu E GAA GAG
Phenylalanine |Phe F UucC uuUU
Glycine Gly G GGA GGC GGG GGU
Histidine His H CAC CAU
Isoleucine Ile I AUA AUC AUU
Lysine Lys K AAA AAG
Leucine Leu L UUA UUG CUA CUC CUG CUU
Methionine Met M AUG
Asparagine Asn N AAC AAU
Proline Pro P CcCa CCC CCG CCu
Glutamine Gln Q CAA CAG
Arginine Arg R AGA AGG CGA CGC CGG Cau
Serine Ser S AGC AGU UCA UCC UCG UCU
Threonine Thr T ACA ACC ACG ACU
Valine Val \% GUA GUC GUG GUU
Tryptophan Trp \% UGG
Tyrosine Tyr Y UAC UAU

As is well known in the art, codons constitute triplet sequences of nucleotides in

mRNA molecules and, as such, are characterised by the base uracil {U) in place of base

thymidine (T) (which is present in DNA molecules). A simple change in a codon for the

same amino acid residue within a polynucleotide will not change the sequence or

structure of the encoded polypeptide.

Alternatively, the nucleic acid molecule comprises a nucleotide sequence that

encodes a fragment of the polypeptide encoding SEQ ID NO:3. Preferably, the fragment

comprises from about 5 to about 20 amino acids, from about 21 to about 40 amino acids,

from about 41 to about 60 amino acids, from about 61 to about 80 amuno acids, from

about 81 to about 100 amino acids, from about 101 to about 120 amino acids, from about
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CAA CAG ,@%EG./CGACGCCGGCGU AGC AGU UCA UCC UCG UCU ACG ACU

GUA GUC UGG UAC UAU As is well known in the art, &S or[%s égnstitute
triplet sequences of nucleotides in nRNA nol ecul es and, as such, are

characterised by the base uracil (U) i place of base 5 thymidine (T) (which
I's present. in DNA nol ecul es | e change in a codon for the sarre anm no
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pol ypept hbl@neamoaimﬂg aokdQ, IilandNGbott ﬁfleﬂ‘oeﬁlﬁﬁhﬁﬁl(}tdiﬁnb ra¥E fom i&blﬁomrﬂoses
fromabout 5 to about 20 am no acids, from about 21 to about 40 ami no aci ds,
f r om abogbout 260camino LacidsO fem abouic%dsto abmlm?éﬁmmnejacxds &oouabao 284 teo

aci ds fr m out. 81 t bout from t 101 t bout 120
o5 i 0 hing et R, R o 03] At Gab B kB OLBE AR 32T P31 1o
about 14Qhar 1@ ﬁﬁingsam&sr %!&H?QQ(%& FAlid HARAED ahBBo A RO ARG %Gutfg@moabout
161 to about 180 ami no aci ds rom about 181 to about 200 am no acids, from

about 202boud 38@bmun102®®:lsatﬁnonb:abm1td§,1 for abboua B0t arRiAd dcrlsaliont aB4Q 40h o

aci ds, from apout 241 to about 260 am no acids, from b ut 261 to about 280
ami no acifBut F0cnRgAfidsy drom gbagt A3d 0 et 440 AR | 3RS, foghrbA413lL to

about 3290ut g@oﬁﬁingsamcis ;ﬁggn?*agro e AAlid %@?@?2"‘1‘%@ a%{Hs ﬁf%ﬂéut cf&rlofiabo“t

341 to ab amno ac m abou out am no aci from |
aboutio 38 hbbdwt FoathindOstidanie asoness01f too ab@i G20 aﬂrﬁlﬁnotamdsalﬁxm adag 1 o i
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acids, from about 421 to about 440 am no acids, from about 441 to
about 540 amino acids, from about 541 to about 560" amino acids, from about 561 {o

about 580 amino acids, from about 581 to about 600 amino acids, from about 601 to
about 610 amino acids, and any combinations thereof. The fragment can be located
within any portion of SEQ ID NO:3.

15 In another preferred embodiment of the mvention, the nucleic acid molecule

comprises a nucleotide sequence that encodes a polypeptide comprising an amino acid
sequence homologous to SEQ ID NO:3. Alternatively, the nucleic acid molecule
comprises a nucleotide sequence that encodes a fragment of the polypeptide comprising
an ammo acid sequence homologous to SEQ ID NO:3. Preferably, the fragment
20 comprises from about 5 to about 20 amino acids, from about 21 to about 40 amino acids,
from about 41 to about 60 amino acids, from about 61 to about 80 amino acids, from
about 81 to about 100 amino acids, from about 101 to about 120 amino acids, from about
121 to about 140 amino acids, from about 141 to about 160 amino acids, from about 161
to about 180 amino acids, from about 181 to about 200 amino acids, from about 201 to
25  about 220 amino acids, from about 221 to about 240 amino acids, from about 241 to
about 260 amino acids, from about 261 to about 280 amino acids, from about 281 to
about 300 amino acids, from about 301 to about 320 amino acids, from about 321 to |
about 340 amino acids, from about 341 to about 360 amino acids, from about 361 to |
about 380 amino acids, from about 381 to about 400 amino acids, from about 401 to
30  about 420 amino acids, from about 421 to about 440 amino acids, from about 441 to
about 460 amino acids, from about 461 to about 480 amino acids, from about 431 to

about 500 amino acids, from about 501 to about 520 amine acids, from about 521 fo



about 460 am no acids, from about 461 to about 480 am no acids, fronT @SZBS 2004
481 to 10 about 500 ami no acids, from about 501 to about 520 am no aci .
from aboWO 8253370 about 540 am no acids, from about 541 poTalPOUD6sS®0 am no
acids, from about 561 to about 580 am no acids, from about 581 to about 600
am no acids, fromabout 601 to about 0. am no acids, and any conbi nations

t hereof. The fragnent can be | ocated thin any portion of SEQ ID NO 3. 15
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ami nosaci ds, Witnthd Qubwfligé GfaeUhudibtias d&gué@b%forﬁ{aﬁﬁ AR¥edBh fR about
100 ami no acids, from about 101 to about 120 am no acids, fromabout 121 to

about 14@Trespatniaventions on¢ ssied biouthe 111 caro ideptfjt ad @bt moclaciids sedueneasabout

161 to oyt 18 ' aci from abaqut t o .about 20Q anmi no acids, from

about 20 %%og%ﬁgﬁ%gngﬁﬁ%m %E%F@?%o&lgﬁ}?f%g 0SSHES QT §§g€éefé{rﬂfa%115%ﬂout 340

am no  alggdheh3 80y 2% ' N G; 5 am no
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aci ds, -from about to about 240 am no aci rom about out 280
ami no ackasplef Banbmiobut a0 I MadeabarutloBiag: artibvoatonc ntayalfr Bencal cEditidg1l t o

about, 36 LNO cids,. fro out 1.to t 400 amno acids, from about
Go0 18 ot Shte BReR preshi G Npriom aats NI ol oRg) athich IsABeomaTaio! hesEings.
from abowy reffentOiAiRitirerg0 anmno acids, fromabout 241 to acids, from

about 281°to acids, from about 321 to
For example, DNA which encodes DRF1 may be obtained by screening of

mRNA, cDNA, or genomic DNA with oligonucleotide probes generated from the drfl
gene sequence information provided herein. Probes may be labeled with a detectable
15 group, such as a fluorescent group, a radioactive atom or a chemiluminescent group in
accordance with procedures kmown to the skilled artisan and used in conventional
hybridization assays, as described by, for example, Sambrook et al.
A nucleic acid molecule comprising any of the drfl nucleotide sequences
described above can alternatively be recovered by use of the polymerase chain reaction
20  (PCR) procedure, with the PCR oligonucleotide primers produced from the nucleotide
sequences provided herein. See U.S. Patent Numbers 4,683,195 to Mullis et al. and
4,683,202 to Mullis. The PCR reaction provides a method for selectively increasing the
concentration of a particular nucleic acid sequence even when that sequence has not been
previously purified and is present only in a single copy in a particular sample. The
25  method ¢an be used to amplify either single- or double-stranded DNA. The essence of
the method involves the use of two oligonucleotides probes to serve as primers for the
template-dependent, polymerase mediated replication of a desired nucleic acid molecule.
A wide variety of alternative cloning and in vizro amplification methodologies are
well known to those skilled in the art. Examples of these techniques are found in, for
30  example, Berger et al., Guide to Molecular Cloning Techniques, Methods in Enzymology
152 Academic Press, Inc., San Diego, CA (Berger), which is incorporated herein by

reference 1n its entirety.
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acids, f t 481 to acids, fromabout 521 to 1 4 DEG-RQB¢ ) 1/ 96557
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acids, fromabout 561 to about 580 am no acids, from about 581 to about 600
am no acids, from about 601 to about 10 anino acids, and any conbi nations
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probes generated fromthe drfl gene sequence information provided herein.
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roup, a radioagctive atomor, a chem.l um nescent 0 i n__accordance with
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nucl ei ¢ y of "the drfl nucl eoti de sequences
descné bedlighmeizotides @k pesfamblwditertdido repdateredziops aE8EQIDY Ne: lpwri SERARse

hai ' PCR , WLt h PCR.0l | I . d '
o1 occed N8R PHEN A RorBBRIRIAE BB ek B! HEET R0 (e ks b
Nunber s %A%bﬁ%&&dwh%%ﬁ?%’ Alg thanfde, 4,683,202 to Millis. The PCR

reacti on provides a net or selectively increasing the concentration of
a particul ar nutbmiedaziqdesing emtindsveerewhsed tohabtage quennéy iikes nagieotisisen
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pol yner asiee amdhatledidecseiienti ataioéd by detmatetl megiods anajc tentpn| sOog! errors.
Nucleotide sequences determined by automation are typically at least about 90%, more
typically at least about 95% to at least about 99.9% identical to the actual nucleotide
sequence of a given nucleic acid molecule. The actual sequence may be more precisely
20  determined using manual sequencing methods, which are well known in the art. An error
in sequence which results in an insertion or deletion of one or more nucleotides may
result in a frame shift in translation such that the predicted amino acid sequence will
differ from that which would be predicted from the actual nucleotide sequence of the
nucleic acid molecule, starting at the point of the mutation.
25 Another aspect of the present invention is directed to vectors, or recombinant
expression vectors, comprising any of the nucleic acid molecules described above.
‘Vectors are used herein either to amplify DNA or RNA encoding DRF1 and/or to express
DNA which encodes DRF1. Preferred vectors include, but are not limited to, plasmids,
phages, cosmids, episomes, viral particles or viruses, and integratable DNA fragments
30 (ie, fragments integratable into the host genome by homologous recombination).
Preferred viral particles include, but are not limited to, adenoviruses, parvoviruses,

herpesviruses, poxviruses, adefo-associated viruses, Semliki Forest viruses, vaccimia



A w de variety of alternative cloning and in vitro anplification 14 DEC 2004
net hodol ogies are well known to those skilled in the art. Exanples of these
t echni queo taPesfound in, for 30 exanple, Berger et al., Bi/deotwssbl ecul ar
Cl oni ng Techni ques, Methods in Enzynol ogy 152 Academic Press, Inc., San

D ego, CA (Berger), which is incorporajed herein by reference inits
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and/ or ! QX RIESS

20 Preferred vectors preferably contain a promoter which is recognised by the host

organism. The promoter sequences of the present invention may be either prokaryotic,
eukaryotic or viral. Examples of suitable prokaryotic sequences include the Py and Pp
promoters of bacteriophage lambda (The bacteriophage Lambda, Hershey, A. D., Ed,,
Cold Spring Harbor Press, Cold Spring Harbor, NY (1973), which is incorporated herein
25 by reference in its entirety; Lambda II, Hendrix, R. W., Ed., Cold Spring Harbor Press,
Cold Spring Harbor, NY (1980) , which is incorporated herein by reference in its
entirety); the trp, recA, heat shock, and lacZ promoters of E. coli and the SV40 early
promoter (Benoist, et al. Nature, 1981, 290, 304-310, which is incorporated berein by
reference in its entirety). Additional promoters include, but are not limited to, mouse
30  mammary tumor virus, long terminal repeat of human immunodeficiency virus, maloney

virus, cytomegalovirus immediate early promoter, Epstein Barr virus, rous sarcoma virus,




DNA whi ch encodes DRF1. Preferred vectors include, but are not |im ?idm;ﬁ 2004
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its entirety); trp, rec l'acZ pronoters of E. coli and
t he SV40 4366121 6).

20 Nucleotide sequences encoding DRF1 may be recombined with vector DNA in

accordance with conventional techniques, including blunt-ended or staggered-ended
termini for ligation, restriction enzyme digestion to provide appropriate termini, filling in
of cohesive ends as appropriate, alkaline phosphatase treatment to avoid undesiderable
joining, and ligation with appropriate ligases. Techniques for such manipulation are

25  disclosed by Sambrook et al., supra and are well known in the art. Methods for
construction of mammalian expression vectors are disclosed in, for example, Okayama et
al., Mol. Cell. Biol., 1983, 3, 280, Cosman et al., Mol. Immunol., 1986, 23, 935, Cosman
et al., Nature, 1984, 312, 768, EP-A-0367566, and WO 91/18982, each of which is
incorporated herein by reference in its entirety.

30 Another aspect of the present invention is directed to transformed host cells
having an expression vector comprising any of the nucleic acid molecules described

above. Expression of the nucleotide sequence occurs wWhen the expression vector is
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Preferred yeast hosts are S. cerevisiae and P. pastoris. Preferred yeast vectors can
contain an origin of replication sequence from a 2T yeast plasmid, an antonomously
20  replication sequence (ARS), a promoter region, sequences for polyadenylation, sequences
for transcription termination, and a selectable marker gene. Shuttle vectors for replication
in both yeast and E. coli are also included herein.
Alternatively, insect cells may be used as host cells. In a preferred embodiment,
the polypeptides of the invention are expressed using a baculovirus expressior; system
25 {see, Luckow et al., Bio/Technology, 1988, 6, 47, Baculovims Expression Vectors: A
Laboratory Manual, O’Rielly et al. (Eds.), W.H. Freeman and Company, New York,
1992, and U.S. Patent No. 4,879,236, each of which is incorporated herein by reference in
its entirety). In addition, the MAXBAC™ complete baculovirus expression system
(Invitrogen) can, for example, be used for production in insect cells.
30 Another aspect of the present invention is directed to compositions, including
pharmaceutical compositions, comprising any of the nucleic acid molecules or

recombinant expression vectors described above and an acceptable carrier or diluent.
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the appr@pidaad eefbesite ¢altlin aufieldpevhéuhy ispinokroyated hepsih [bycrgfabhee of its
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limted to, iASeEr &89ack of fag RTEr! BV S AFYIH LS P 50 F“\% @y
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murine 3 asts. Propagation such cells in ce culture has
becone aidvewfidn)ehdisobedipayieptide cIinpsires tBelatine acidcdeerice set st Ink§EQe and

nti 1 et ylD VA domtiirieen Peleen st O RS GYbBRY 8Ty ToRoS |
Sacchar ofybaged f Sycrdl sidibhet om iy GEG Al e B hosts. are S,
cerevi si ae andlemapaskyptiepolrepfids isedfrygmaatt ofdbt polypepiide emadiagrbER IBr i gi n
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T S o e
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In a preferred enbodi ment, the polypeptide f t.he inyvention ar xpressed
using a 1BhewH BAY ﬁ‘fﬁléloe%@ﬁse@%ﬁb%‘?s]tzﬁrﬁ" ghouy iéﬁ,mekﬂ&we © ?]?oute“ﬁ B

Bi o/ Tech , | QM U SShifl t L abodsalar gf ory
Manual , %ﬂﬁ%ﬁﬂy@%ﬁcﬁd% élyc?sm ;ﬁ@%ﬁ\{ @r%@ﬁ%ﬁ%gnd Ogrﬁ\)ég(%i/%oﬁle\?v York, 1992,
and U. S. aBaiite1i0 MNainodaddd 236 abewtcilofo atfuiue 220 saninoe cacpdsy ditoe abarted2d oy

reference_in . .
20  about 240 amino acids, from about 241 to about 260 amine acids, from about 261 to

about 280 amino acids, from about 281 to about 300 amino acids, from about 301 to
about 320 amino acids, from about 321 to about 340 amino acids, from about 341 fo
about 360 amino acids, from about 361 to about 380 amino acids, from about 381 to
about 400 amino acids, from about 401 to about 420 amino acids, from about 421 to
25  about 440 amino acids, from about 441 to about 460 amino acids, from about 461 to
about 480 amino acids, from about 481 to about 500 amino acids, from about 501 to
sbout 520 amino acids, from about 521 to about 540 amino acids, from about 541 to
about 560 amino acids, from about 561 to about 580 amino acids, from about 581 to
about 600 amino acids, from about 601 to about 610 amino acids, and any combinations

30  thereof. The fragment can be located within any portion of SEQ ID NO:3.
In another preferred embodiment of the invention, the polypeptide comprises an

amino acid sequence homologous to SEQ ID NO:3 or a fragment thereof as described
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Remi ngt and Baihgeseagully trlsabeitislogial propeBiel as,ahe pbBpestide drebdebypehd ext in
this field, which is incorporated herein by reference in its_ entirety.
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to, 5 water, salipe, Ringer' ol.ution, dextrpse solutian, .and 5% human

e um aFBeRERS IR GHES e Aeliaqaesiss oF i T EsT e HRan. Hese oy
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Anot her "aspect of the present invention is directed to an Isolate

pol ypeptin deferemndisiedoDihe dame cbaice oagdnismoTiee viréant dsicns ieyl balkharactetived

preferred enbodi nents_ of the 10 invention, the isaql ated polypeptide
conpr i s&Y, forexamplacaaEodciidpsrsien(sk delehpnishor sbspatipmsNAnhis KoBBREHRM; son

cecuencd T B F40n eR A asRealiosr Pbt s G| BTR 72 Sflcgte

pol ypepthoRldss, at fleagraatt 8074 bayueaty pepidiske, gireReiblg ab6Q b, BEjuznce

Pref erably, the fragment conprises fromabout 5 to about 20 am no acids,
frord 1%ozistegy, 2ore preforably alouaiSho sequense homolsbend mest prsfaapllyt abeut am no

ids, f b 1 b ' ids, f bout 81 b 100
i o adSd SEHRBTR SBBEPEI0D TEO BhoI31 30 cannalld A S iielifihs 'ro
about 14P-2ff NRveaatibeS: AT GRFGRAUhoAbloddds 13?915@&&%@@1&%@@& dgastf baen about

0

161 to about 180 ami no acids, from about about 200 ami no acids, from
about 2Qbnseovaityourm2R0 aid rsubsidutlyy domparedbdot SBEQ1 IPo NO:3aboiming Oacidi no

acids, fromabout .,241 to.abgut 260 am.no acjds, from about 261 to _about 280
am no ac‘ir“%fgfnlofl?om éﬁéﬂ’ttutﬁ@i % éﬁgﬁﬁ‘f’“%o@ma AR P wmmo3ﬁgto
aboyl 37RO AGedSaridiMABREE #2h ?Qrtfb'ﬂ%tm%ﬂﬂ) AN Qedibendls  mhayOBE about

341 to about 360 ami no acids, fromabout 361 to about 380 amino acids, from
about 3&kperimemntbiy idettfiredi yopmdidsg the peptadrosyntddically oabyusystepmrtallyo

aci ds, frqm about. 421 to.25 aboyt .440 am.no acj.ds,.fro out 441 t.o about
360 s RS GRe o asliAe, SoshsgtiRpon TRs ROk GG S atreantife Aot t o
about 5002y dSecHdi @y about 501 to about 520 amino acids, from about

521 to about 540 amno aclds, from about 541 to ]
Alterations of the naturally occurring amino acid sequence can be accomplished

20 by any of a number of known techniques. For example, mutations can be introduced into
the polynucleotide encoding a polypeptide at particular locations by procedures well
¥mown to the skilled artisan, such as oligonucleotide-directed mutagenesis, which is
described by Walder et al., Gene, 1986, 42, 133, Bauer et al., Gene, 1983, 37, 73, Craik,
BioTechniques, January 1985, pp.12-19, Smith et al., Genetic Engineering: Principles

25 and Methods, Plenum Press (1981), and U.S, Patent Numbers 4,518,584 and 4,737,462,
each of which is incorporated herein by reference in its entirety. |

Preferably, a DRF1 variant of the present invention will exhibit substantiaily the
biological activity of a natarally occurring DRF1 polypeptide. By “exhibit substantially
the biological activity of a naturally occurring DRF1 polypeptide” is meant that DRF1

30 variants within the scope of the invention can comprise conservatively substituted
sequences, meaning that one or more amino acid residues of a DRF1 polypeptide are

replaced by different residues that do not alter the secondary and/or tertiary structure of



about 560 amino acids, from about 561 to about 580 amino acids, frohiaBBGt2004
581 to aﬁ%}() 800 am no acids, from about 601 to about 619&?@%0&% ds, and
i it
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of SEQID NO 1 In another preferred enbodi mrent of the invention, the
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fragnment thereof as described 1 4 DEC 2004 WO 01/ 96%%7 PCTJEP{ 71106880 21
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i ncl uded_i he. Ny ion. f. I I '
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aci d sequence can be acconplishe y any of a nunber of known
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pol ynucl eoti de encqdin ol ypepti de at rti.gular | ocations b qQcedur es
el | Bknanpresof feter i Bafosiietie 2 aaieaCh ety (it 85 HedDanatef B8
nut agenesh FranottBe ipdlyntleR6AHO SAubNcV Y BaT iR pdtpeptife BerankPR& adtd fustsB,
Bauer et al., Cene, "1985, 37, 73, Craik, BioTechniques, January 1985,
pp. 12- 19 pr&eint ¢omgrising the Gignel peptiegih eignahpeptide ithat iipfastioml am thenmienders |

Pl enum Pr.ess 981),. and, U. Pat ent,. Nu rs 4, 51 84 _a 7 46 each
of whi chBest F%‘i cPF?}%JP*éP e‘?}“ﬁ%f‘ig%]?{ iﬁ?@%&gﬁ&% pPlyPERLdC, n F Fe?g‘fa ly, gﬁ%fsééjgbl y, a
DRFI var igaglen@t will®e RI&S&N ol thE BbIyRBpiidd tipodciRiidn S£4RS palpeptide/frbhe

20 cell. Thus, preferred fusion proteins can be produced in which the N-terminus of DRF1

I

is fused to a carrter peptide.

In one embodiment, the polypeptide comprises a fusion protein which includes a
heterologous region used to facilitate purification of the polypeptide. Many of the
available peptides used for such a function allow selective binding of the fusion protein to

25  a binding partner. A preferred binding partner includes one or more of the IgG binding
domains of protein A are easily purified to homogeneity by affinity chromatography on,
for example, IgG-coupled Sepharose. Alternatively, many vectors have the advantage of
carrying a stretch of histidine residues that can be expressed at the N-terminal or C-
terminal end of the target protein. Thus the protein of interest can be recovered by metal

30  chelation chromatography. A nucleotide sequence encoding a recognition site for a
proteclytic enzyme such as enterokinase, factor X or, procollagenase or thrombine may

immediately precede the sequence for DRF1 to permit cleavage of the fusion protein to
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out si de BeFHESSBARARS hedileWd 3 the 10 protein. The pol ypeptides to be
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pol ypeptide. For exanple, a sequence encoding an appropriate signal peptide
can We iRBb} sen alsedbd wicd i Bomppsiagns. ofcwudinghs thennppitionagtatasde PBF1 grsi gnal

Cequence L BRY TRATH P T aates K ab Aok il FHERECr

conpri sifhg #bkechlednalthdgphhfenre’ofh aitdicapept iRectéd iwards diveieéy @iratd by the
intended host cell pronotes extracellular secretion of the pol ypeptide.

Pr ef er abigconrpkeds¢gihatowth evjole ag eanger.| The molasulee ased wrmedicapaity peqordiag upon

secretio f .the pol ypeptide from.the 20 | .. Thus eferred fusio

ot ot o netbclh EHEBEHBEGC S A ERPHRE of ERis bR oo £ Vel 85 B0 o
carrier peRl hifiitantd iAEHEIROSEIRMNng idtoAeyRpRE heRiconpr i ses a fusion
protein which includes a heterologous region used to facilitate
purification b¥ andthepaespestphe deventionyprovides OREY polyvaeptilep epith ¢esvitkad f or
such a funct.ion al.l ow sel ective binding.of t.he fusion protein t S

b1 ndi ng. HAPGHER HERY S PaRER BT RO RGP ERe Ao Lo Be PEY Sairatort he 1 gG
bi ndi ng ndaRhiisnsOf DRPE CdxprAsRT & R84t YnfRWf bof IBSInAlRORR d YyStemaf finity
chromat ography on, for exanple, 1gG coupled Sepharose. ternatively, many
vectors ?c@szgsaeﬂebdqwannagéaeoﬁmﬂar to or significantly different from a native DRF1

20  polypeptide in molecular weight and glycosylation pattern. Of course, expression of
DRF1 in bacterial expression systems will provide non-glycosylated DRF1.

Another aspect of the present invention is directed to compositions, including
pharmaceutical compositions, comprising any of the polypeptides described above and an
acceptable carrier or diluent. Preferably, the carrier or diluent is pharmaceutically

25  acceptable. Compositions comprising 2 polypeptide, as described above, can be used to,
for example, induce antibody formation and to induce an immune response for use in, for
example, vaccine preparations.

Another aspect of the present invention is directed to methods of producing a
polypeptide comprising SEQ ID NO:3, or a homolog or fragment thereof, comprising

30  introducing any of the recombinant expression vectors described above into compatible
host cells, growing the host cells under conditions for expression of the polypeptide, and

recovering the polypeptide from the host cells. Eukaryotic systems are preferred since
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f or exanple rmati to I nduce an i nmune response f or
use in, hotibodyxbings o avapitbpe wWithep §BQ MONO:3. The antibodies according to the

20  invention can be monoclonal or polyclonal and include individual, allelic, strain or

species variants, or fragments thereof, both in their naturally occurring (full-length) forms
and recombinant forms. Additionally, the antibodies are raised to the present proteins in
either their native configuration or in non-native configurations. Anti-idiotypic
antibodies can also be generated. Hybridomas which produce antibodies that bind to the
25  polypeptides of the invention, and the antibodies themselves, are useful in the isolation
and purification of the polypeptides. In addition, antibodies may be specific inhibitors of
DRF1 activity. Antibodies which specifically bind to the polypeptides of the invention
can be used to purify the protein from natural sources using well known techniques and
readily available starting materials. Such antibodies can also be used to purify the protein

30  from material present when producing the protein by recombinant DNA methodology.
Many methods of making antibodies are known to persons skilled in the art. For

techniques for preparing monoclonal antibodies, see e.g. Stiites et al (eds.), Basic and
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20  additional components, such as, for example, instructions, solid support, reagents helpful
for quantification, and the like.

Ancther aspect of the present invention is directed to methods of inducing an
immune response in a mammal against a polypeptide of the invention by administering to
the mammal an amount of the polypeptide sufficient to induce an immune response. The

25  amount will be dependent on the animal species, size of the animal, and the like but can
be determined by those skilled in the art.

The following embodiments of the invention relate to several other methods of
use of the polypeptides and nucleic acids of the invention. In this connection, the term
“DRF1” must be interpreted to refer to either the DRF1 polypeptide (or nucleic acid

30  encoding it, where written in lower case) per se, or to DRFl-containing complexes
wherein DRF1 is physically associated with another molecule (polypeptide or nucleic

acid) to produce a biologically -active complex. It is also to be noted that the biological
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20  chemical origin. The DRF1 polypeptide or polynucleotide employed in such a test may
either be free in solution, attached to a solid support, borne on a cell surface or located
intracellularly. One skilled in the art can, for example, measure the formation of
complexes between DRF1 and the compound being tested. Alternatively, one skilled in
the art can examine the diminution in complex formation between DRF1 and its substrate

25  caused by the compound being tested.

Another aspect of the present invention is directed to methods of identifying
compounds which modulate (i.e., increase or decrease) activity of DRF1 comprising
contacting DRF1 with a compound, and determining whether the compound modifies
activity of DRF1. The activity in the presence of the test compound is compared to the

30  activity in the absence of the test compound. Where the activity of the sample containing
the test compound is higher than the activity in the sample lacking the test compound, the

compound will have increased’ activity. Similarly, where the activity of the sample
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20 cycle: Materials and Methods, (1995), Springer-Verlag, NY.

Other assays can be used to examine enzymatic activity including, but not limited
to, photometric, radiometric, HPLC, electrochemical, and the like, which are described in,
for example, Enzyme Assays: A Practical Approach, eds. R. Eisenthal and M. J. Danson,
1992, Oxford University Press, which is incorporated herein by reference in its entirety.

25 In preferred embodiments of the invention, methods of screening for compounds
which modulate DRF1 activity comprise contacting the compound with DRF1 and
assaying for the presence of a complex between the compound and DRFI. In such
assays, DRF1 is typically labeled. After suitable incubation, free DRF1 is separated from
that present in bound form, and the amount of free or uncomplexed label is a measure of

30  the ability of the particular compound to bind to DRF1.

In another embodiment of the invention, high throughput screening for
compounds having suitable binding affinity to DRF1 1s employed. Briefly, large numbers
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Assays: actic proach, eds. R Eisenthal and M J._ Danson,
capture interacting molecules. For example, molecules are incubated with the labeled

20  polypeptides, washed to removed unbound polypeptides, and the polypeptide complex is
quantified. Data obtained using different concentrations of polypeptide are used to
calculate values for the number, affinity, and association of polypeptide with the protein
complex.

Labeled polypeptides are also useful as reagents for the purification of molecules

25 with which the polypeptide interacts including, but not limited to, inhibitors. In one
embodiment of affinity purification, a polypeptide is covalently coupled to a
chromatography column. Cells and their membranes are extracted, and various cellular
subcomponents are passed over the column. Molecules bind to the column by virtue of
their affinity to the polypeptide. The polypeptide-complex is recovered from the column,

30 dissociated and the recovered molecule is subjected to protein sequencing. This amino
acid sequence is then used to identify the captured molecule or fo design degenerate

oligonucleotides for cloning the corresponding gene from an appropriate cDNA library.
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methods according to the invention are low molecular weight organic molecules, in

20  which case a composition or pharmaceutical composition can be prepared thereof for oral
intake, such as in tablets. The compositions, or pharmaceutical compositions, comprising
the nucleic acid molecules, vectors, polypeptides, antibodies and compounds identified
by the screening methods described herein, can be prepared for any route of
administration including, but not limited to, oral, intravenous, cutaneous, subcutaneous,

25  nasal, intramuscular or intraperitoneal. The nature of the carrier or other ingredients will
depend on the specific route of administration and particular embodiment of the invention
to be administered. Examples of techniques and protocols that are useful in this context
are, inter alie, found in Remington’s Pharmaceutical Sciences, 16™ edition, Osol, A (ed.),
1980, which is incorporated herein by reference in its entirety.

30 The dosage of these low molecular weight compounds will depend on the disease
state or condition to be treated and other clinical factors such as weight and condition of

the human or animal and the route of administration of the compound. For treating
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20 In the accompanying drawings:

Figure 1 shows a series of Northern Blots to analyse the expression of drfl mRNA
i different tissues. See Exarmple 3 for more details.
Figure 2 illustrates a Western Blot analysis demonstrating that DRF1 interacts
with CDC7. See Example 4 for more details.
25 Figure 3 demonstrates that DRF1 activates CDC7 kinase in mammalian cells: in
the presence of DR¥1, CDC7 is able to phosphorylate its physiological substrates MCM2.
See Example 5 for more details.
Figure 4 shows the subcellular localization of DRF1 in mammalian cells, as
evidenced by immunofluorescence microscopy. A, anti-HA immunostaining; B, DAPI
30  staining; C, superimposing of A and B (merge). See Example 6 for more details.
Figure 5A-C shows a flow cytometric analysis performed to examine the level of

DREF1] expression during the cell’'cycle. See Example 7 for more details.
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In the a&fe%ﬁ%%‘é’ ang% S%E)gx\;\g ng%ence pair (HSPs) by identifying short words of length W in
the query sequence that either match or satisfy some positive-valued threshold score T
20 when aligned with a word of the same length in a database sequence. T is referred to as
the neighborhood word score threshold (Altschul et al, supra). These initial
neighborhood word hits act as seeds for initiating searches to find HSPs containing them.
The word hits are extended in both directions along each sequence for as far as the
cumulative alignment score can be increased. Extension for the word hits in each
25  direction are halted when: 1) the cumulative alignment score falls off by the quantity X
from its maximurn achieved value; 2) the cumulative score goes to zero or below, due to
the accumulation of one or more negative-scoring residue alignments; or 3) the end of
either sequence is reached. The Blast algorithm parameters W, T and X determine the
sensitivity and speed of the alignment. The Blast program uses as defaults a word length
30 (W) of 11, the BLOSUMSG2 scoring matrix (see Henikoff et al., Proc. Natl. dcad. Sci.
US4, 1992, 89, 10915-10919, which is incorporated herein by reference in its entirety)
alignments (B) of 50, expectation (E) of 10, M=5, N=4, and a comparison of both strands.



Figure 1 shows a series of Northern Blots to anal yse the expressi on(%c%f Dgtféﬂﬂ‘l
MRNA i n,.di .ent tissues. See Exanple 3 for nore detailgerEbGUs

i1l ust rgfgsof”g(?{%zst ern Blot anal ysis denonstrating that DRé Tl?h%r%%t S wth
CDC7. See Exanple 4 for nore details. 25 Figure 3 denonstrates that DRFI
activates CDC7 kinase in manmalian cel3%s: in the presence of DRFI, CDC7 is
abl e to phosphoryl ate_jt hysi.gl ogi.cal s rates o 5 for
nore details. Fi guﬁéeﬁ%ﬁ%ﬁélygf’ﬂ&f%&%@m%ﬁ%% PO %dﬁzﬁﬁfﬁ%%g%nﬁ
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irrrrunostg?f\iﬁ?\%&?’@%ﬁg}{ & sﬁgﬁ%lrérllg?yg&ggperi nposi ng of % nd B (nerge).
See Exanpérortn & ctatisticad aglelyais|of. th&-sgnitagitp Bet@esh tws seqienoss. cPhometasire afnal ysi s
performed to exam ne the | evel of DRF1l expression during the.cell-'cycle.
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Figurg 6_j.s..an a Si.s. of. drf k | - St ands
for T ymw&?cr]ileprg}r@%gn h%é%aglﬁgg fkh 5%01 zbgﬁzﬂl%%%ﬁa,t %@gé@uﬂ}gﬁc&?@ s above
the |anegr anfifld GRIE sédinbésToould) cbO 5Y) chhdcRl IFol era@pl, 4 heclblcoakid b
EXAMPLES Exanple 1: Identification of Honol og of human DBF4/ ASK1 The

nucl eot i densidagecbsivvlapto &lldffd/ geoklor cDNA (fdbe emaliash sy prehabllitAm sorapensid
NVMD06716) .. .or. the am no.-aci d sequence deduced fromit,, was.used,as.a query
sequence A g 'i‘?§t_tmfcﬁ cl?@dg‘f‘fb?élfgs %66‘_%d§§%§5 E_’epfl Oélétl_e pﬁ?fg_aﬁﬁe{eﬁ §|7han

dat abase.ahd@ g otk bARBS6ly WS GRhnCAYURINTE, RRE \the Sirifel-ARPtiés i theh aBeut

annot at ed sequences, was Searched for regions of simlarity using Gapped
BLASTp (A®8chul et at., Nuc. Acids Res., 1997, 25, 3389, which is

[ ted h in.b f dnd i ret iefly, th LAST,
' gor | thm whi oh s ClRRIOFY Feagee b fsckieRp iR a0 C R Pt Brdo B ap o
for det erxﬁﬁf‘f.h@g)ﬁ%‘ﬂﬂleﬂﬁﬁﬁﬁi WarkRaiA 0144 plict@ly Bbyte dhtabBd waBis@drched 15

1990, 215, 403-410, which is i ncorporated herein by reference inits
ent i r et y)usingdhe WaKe /DBF4 pelypsptiln sedBERE Rsangueys seuerce (Iva Bicytedomplases e

t hrough the National Cent for . Biotechnoko | nf or. [

(o1 AR RS ¥ SEETF Goviane 1S GrnaPrt e MSHDRe Fie fro wBelss yi ng
hi gh ;gcorifagLS&AUSMCRIRRE 16D 2y 149438.1) WeRGciatidd WRTaStObs ["BRgth Wi n
the query sequence that either nmatch or sati sfy sone positive-val ued

t hr eshol dngpel ,emFariog weenmmatitipne dvark thadg. lsyte OFmpliée’s ldcatesndy CAMPAte:

dat abase a%see%ﬂ) er:] %équ-lf-:né:ﬁ':s brasegde %&9 otvgrla%%ing sequence-tags, and “template” does not

necessarily exist as a physical clone.
Despite the very low score, translated template 143458.1 showed, at the protein
20  level, 40.5% of similarity and 33.3% of identity within the C terminal domain of human
DBF4/ASK1. This domain is very well conserved among all DBF4/ASKI proteins of
different species, and has proved to be responsible for the binding to CDC7.
Translations of the other template, 150210.1, showed sequence similarity within
the DBF4/ASK1 N-terminal portion. Also this region is as well conserved within the
25  DBF4/ASK1 family and is known as the BRCT domain. BRCT domains are found in the
breast cancer susceptibility gene 1 product (BRCA), and in several proteins involved in
transcriptional regulation, DNA repair, recombination and cell cycle control. It has been
proposed that CDC7-DBF4 might utilize this dormain to specify its downstream targets.
Despite the very low score in the BLAST search, also the 150210.1 template shows a

30 very high sequence similarity, at the protein level, with the N-terminal portion of
DBF4/ASK1 (52.6% of similarity, 37.2% of identity).
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both strands. WO 01196557 1 4 DEC 2004 . PCI/EP01106880 32 __ The BLAST

al gor i t hanpubdie |3ssenehledy| genomi elonga epntaingigy botcthe (pmplatesoThegiyvo dpepse 5787,
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about  1Brediction of Hpmplaig) gert strioierss ith hukan genspis| laNds e Oal%a%‘ggba@e wer e
performag4 wi th the program BLAST version 2.0.10. The proprietary Incyte

dat abase veas searched using the ASKI/DBF4 pol ypepti de sequence as a query

sequence. TWoThd gidectb® BRbm! @8re A¥stmibled \er PCRamvabsisr en CBNAllibeariesyust han
10'3$) were identified. The two tenplates 15 (identifi W t h_nunbers
1502150, 1demenstragusthat thewpaegprswrre Ragt 5y1h §983F: gong {soe| € 2)ini que”,

Toan! ng o angobal O HRLexRdte. | HEALSICHLRPAS AP 09085 AdoaEpt el

assenbl ed sequen ased upon overla ng sequence-t and ""tenplate" does
not necepa@sdlF28XBED MENG)Frus tieslncyte VIEESERSPDLE datmbase (Febl thwekesme,

transl ated tenplate 143458.1 showed, at the protein
were completely sequenced.
Clone 3051528 represents the most 5' sequence of the 150210.1 template. The 5'
20 end of clone 477042 partially overlaps with clone 3051528. Clone 477042 contains an
open reading frame of about 600 amino acids, but lacks a starting methionine codon.
Clone 3051528 contains 5' untranslated sequences, an ATG start and start of the ORF
represented in clone 477042. However, clone 3051528 contains a small insertion, and two
big gaps that destroy the ORF, thus this clone does not contain a valid open reading
25 frame.
None of the two clones contain the full length cDNA. sequence, nor do any of the

two contain an entire open reading frame.

Example 2: Cloning of drfl cDNA

30 cDNAs were sequenced directly using an AB1377 fluorescence-based sequencer
(Perkin Elmer/Applied Biosystems Division, PE/ABD, Foster City, CA) and the ABI
PRISM Ready Dye-Deoxy Terminator kit with Tag FS polymerase. Each ABI cycle
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1997, Prs@ém@tmonseque@@mhgtyasgmepafdmﬁa Wie smpdrting nfles geoohe GdaWorlls Mol .
Biol. 268, 78- 94). The predicted exons were assenbl ed bé PCR anal ysi s on
CDNA | i brrsegram, (Cxers Mmbcul@rr&mw)aﬁﬁwalﬂm@%%eF%a@spéép B8 We ebianed- of t he

sanme gen e 7042

( SEQ D @9(‘%%*‘1 F@“ y% g&oré%g%%%%ﬁe ’ﬁ‘ik?&? Fom %hﬁoqcfr{g’%%eo | FESEQ
GOLD dat apmaesttanab 208 Hﬁf&@éﬁﬁbmﬂ?ﬁ&ﬁ@ﬂﬂﬁkﬁsﬂm@ pqmem:etddlffarmdomﬂ@%
represents the nost 5 sequence of the 150210.1 tenpl ate. 20 end of

=t
cl one 47704 alh sequearing mﬂﬁs%wﬁetfﬁmélf%e boresubing sequsnee afrgﬁezfﬂﬂéféﬁ&ﬂai ns an
¢DNA is shown in SEQ. ID. NO:1.

To construct full-length drfl ¢cDNA, a PCR fragment of the most 5’ sequences

20  including 138 nucleotides of untranslated region, and a start codon at position 139, was
inserted into Incyte clone 477042, which contains all of the drfl cDNA sequences except

for the most 5’ sequences. In detail, a drfl ¢cDNA fragment was amplified by the
polymerase chain reaction (PCR) method from a cDNA lhbrary. The PCR reaction
mixture of 50 pl contained polymerase mixture (0.2 mM dNTPs, 1x PCR Buffer and 0.75

25 ul Expand High Fidelity Polymerase (Roche Biochemicals)), 1 pg of 3206491 plasmid,
and 50 pmoles of forward primer 5-AAAACGCCAAGAGATTGATGCTGTAGC-3'
(SEQ I NO:©) and 50 pmoles of  reverse  primer @ 5-
CCCCACTGCCTCCTCCACTGATGCTC-3' (SEQ ID NO:7) and 5ul of a human testis
tissue or Hela cells cDNA library (Marathon PCR ready Libraries, Clontech, USA).

30  Amplification was performed in an Applied Biosystems PE9700 thermocycler, using the
following program: 95 °C for 15 seconds, 59 °C for 30 seconds and 72 °C for 240
seconds; repeated for 32 cycles. The resulting 634 bp long amplified product was
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8.3 r util EDTA, and 1.6 ng/m,Blue Dextran). The sanples were then heated

to 90 C ﬁ%ﬂuen‘%eﬁr@eb%ﬁ@%?gﬁﬁ-m%@dl} nto the gel sanple wells for sequence
anal ysis by the ABI 377 sequencer. Sequence analysis was perforned by

inporting files into the GeneWrks program (Oxford Ml ecul ar G oup).
Gener al | Exafpid/®N6rtheatBlstfAdpsivp were obtained. 15 Potential sequencing

errors were mnimzed by obtaining sequence information from bqgth
strands and by re- NajthsAtblels WemerpeEtornedjoosaming iy HPrReis O?tdrﬁitfl}%g;lﬁt

| ocat,Lon | nei i gui £ r AP &ing
Locethon e Bkl pAbhanSRUmRRMIBER U AR asep oI oAt S0,
full -1 engsiQdr fID cDNO:63 PGRtH r agieent amisettdecorionsdtion’ seligomnclestid20 dhcl udi ng
138 nucl eotides of untrans|ated region, ,an% a sgﬁ(tr)_t codon ac{)?‘sposi tion 139,
was i ns&GEALREE THeGTECAGHATERIA2 -3 IREEH IR QHPD eera upedops PRECEF 11 cDNA
sequences X fF R portion of the drfl cDNA sequence of SEQ ID NO:1. The amplified DNA

fragment from positions 1 to 634 was used as a probe. _

20 Multiple human tissue northern blots from Clontech (Human # 7760-1,

Human I #7759-1, Human cancer cell lines # 7757-1) were hybridized with the probe.

Pre-hybridization was carried out at 68 °C for 30” in ExpressHyb Hybridization solution

(Clontech).

The probe was labeled with a->>P-dCTP by Multiprime DNA. labelling
25 system (Amersham Pharmacia), purified on Microspin G50 Column (Amersham
Pharmacia) and added to the same hybridization solution at the final concentration of
about 2x10° cpm/ml.
Hybridization was performed at 68°C for one hour. The filters were
washed several times at room temperature in 2x SSC, 0.05% SDS followed by two
30  washes at 50°C in 0.2x SSC, 0.1% SDS. Filters were exposed to Amersham Hyperfilm
MP with intensifying screens at —80 °C.
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TOPO TA cl oni ng (I nV| trogen, USA). Col onies after transformation were
taken, regrown, and plasmds were purified by Qagen mdiprep colunms. The
pl asni d Example Whlmgermw@frhc@ﬂcadunwnsnm lanAceUéru fied 5 PCR cl one

was cut with restriction enz and Xhol n nd of 180. b
corresponding to tﬁ% RS %‘”}/gfﬁ gﬁ%ﬂ%ﬁg& 5 é% g}eggﬁy geg Sequencg

el ect r opRERSHgesand §hf1'989 omEQ B:ﬂwcruk) whb @1dietiih HedvdanigCInas 1 ifnger t ed
into Incyte clone 47704 whi ch had been |inearised by restriction enzynes
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Anal ysis Northern blots were perforned to exam ne The exsgressmn of drfl

nRNA 16 ARG AERTAGE G GECHIG AAAGERUS AP UG EQ ID NO:§) which contains a

ant i sensg- &t Iésﬁcfnagg?nﬁé%‘ﬁ i ggg%gg%ﬁD ) %E%%&A@T&Kﬁl%s

(SEQ14 D Metching\BE QirFiS sBfuieABY wvithBut Aafhk t¥dén PaICldotided thibeghl rzSIochNA
sequence of SEQ ID NO 1 he anplified DNA fragnent frompositions | to 634

was usedSHE aaaua@a The A6 estavtingeodon dv eravidadhby fhe oA sepitoptmatitemn Nech
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(SEQ ID NO:9) which contains a 5' extension of 9 nucleotides to introduce a Bglil

restriction site for cloning and 21 nucleotides corresponding to the reverse complement of

20 the drfl sequence (from bases 1828 to 1849 of SEQ ID NO:2) including the stop codon.
The annealing temperature used in the PCR reaction was 62°C. The PCR product was gel
purified and cloned into the Bglll site of the vector. Digestions with appropriate
restriction enzymes were made in order to verify the right orientation of the insert in the
vector. The new construct was called pCDNAHAdrf1.

25 To examine the ability of DRF1 to bind to CDC7 kinase in mammalian
cells, PCDNAHAGJrf] plasmid, purified using Qiagen maxipreps columns, was fransiently
transfected in 293 cells (transformed human, primary embryonic kidney cells) together
with pCdc7FLAG-tagged or the kinase negative form of CDC7 (pCdc7FLAG K90R) or
control vector pCMV-Tag2 (Stratagene). For this purpose, human cdc7 ¢cDNA was

30 cloned in the mammalian expression vector pCMV-Tag?2 that contains a CMV promoter

and a FLAG epitope for antibody detection of the recombinant protein. In order to
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Di gestions with appropriate
it is shown in Figure 2, anti-HA antibodies were able to coprecipitate

DRF1 together with both endogenous and over-expressed CDC7 (lanes 1-3) while the

same antibody did not precipitate CDC7 when DRF1 was not expressed (lane 4).

20  Reciprocally, anti-FLAG antibodies efficiently coprecipitated DRF1 (lanes 6 and 7).
These results demonstrate that DRF1 interacts with CDC7. Both WT and mutant CDC7
were able to coprecipitate with DRF1 (compare lanes 1 and 2, and 6 and 7) with the same
efficiency showing that the interaction between these two proteins is not affected by the
mutation in the catalityc site. Furthermore, in presence of wild-type CDC7 or endogenous

25  CDC7 but not of K90R CDC?7, DRF1 migrated as a smear of bands, suggesting that this
protein was phosphorylated by CDC7 (fig.6, lanes 2 and 3).

Example 5: DRF1 induces CDC7 kinase activity
To test if DRF1 is able to activate CDC7 kinase in mammalian cells,
30 immunoprecipitated complexes produced as described before were tested for their ability
to phosphorylate a recombinantly produced fragment of the human MCM2 protein.

MCM2 amino acids 1-285 was expressed in bacteria as a GST-fusion protein and purified
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(lanes 1 and 6), and it was induced by DRF1 since CDC7 alone does not have any achivity

20  (lane 8).

This result demostrated that DRF1 is a regulatory subunit of CDC7 able to
induce its kinase activity in a way comparable to DBF4 (lane 5). Furthermore, DRF1, as
DBF4, was detected as a phosphoprotein when expressed with wild type CDC7 but not
with the kinase negative (Figure 3, panel A). This result showed that DRF] is activator

25  and substrate of CDC7.

Example 6: DRF1 is localized in the nucleus of mammalian cells.
The subcellular localization of DRF1 in mammalian cells was explored
using indirect immunofluorescence. HeLa cells were grown to medium density on glass
30 coverslips and transfected with pCDNA-drflHA as described before. 24 hours after
transfection the cells were rinsed with PBS three times and fixed with paraformaldeyde
4% in PBS for 20’ at RT. After permeabilization in Triton 0.5%, the cells were washed
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but not northern blot (Figure 6). For flow cytometric analysis, cells were first fixed in 70%
ethanol and than stained with propidium iodide (40ng/m!) plus RNAse A (50ng/ml) for
30” at 37 °C. Samples were than analyzed to determine the DNA content in G1, S, G2/M
20 phases on a FACScan (Beckton-Dickinson).

The RNA for northern blot was extracted using the Rneasy mini extraction
kit from Qiagen (cat. n. 74104). 30ug of total RNA were mun on gel, transferred on
nitrocellulose and blotted with a drfl cDNA. probe as described before.

drfl mRNA expression is regulated during the cell cycle, being low in

25  G1/S, after thymidine block, and increasing with time til} most of the cells appear to have
a G2 DNA content. High levels of drfl were also observed when the cells were blocked
in G2/M by nocodazole treatment.

Example 8: Purification of DRF1 protein
30
1. Expression of DRF1 in COS cells
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cell cycle, being lowin 25 GLl/S, after thym di ne bl ock, and increasing

with time tiPREAs3pressed fiemcaCOS sglbeure sathhg gunfied by preparing total cell
lysates, and purifying the protein by, for example, chromatography. Purified DRF1 is

concentrated to 0.5 mg/mi in an Amicon concentrator fitted with a YM-10 membrane and

20  stored at -80 °C.

2. -Expression of DRF1 1n Insect Cells
For expression of DRF! in a baculovirus system, a polynucleotide molecule
having the sequence given as nucleotides 139 through 158 of SEQ ID NO:1 was
25  amplified by PCR. The forward primer 1s: 5’-
AAGGATCCATGAGCGAACCGGGAAAGGG-3' (SEQ ID NO:12). The first 8
nucleotides of this primer constitute a 5’ extension which adds the BamHI cloning site,
followed by 20 nucleotides which correspond to nucleotide residues 139 through 158 of
the sequence given in SEQ ID NO:I. The reverse prmer 1is 5'-
30 AAGGATCCCTAACCTGAGTCTACAGCCAG-3* (SEQ ID NO:13). The first 8

nucleotides of this primer constitute a 5 extension which introduces the BamHI cloning
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f ol | Bwed/l Wil gyud0sit-3 Y ewnamg athersor r espond t o nucl eoti de resi dues 139
t hrough 158 of

The virus is grown and isolated using standard baculovirus expression
methods, such as those described in Summers et al. (4 Manual of Methods for
Baculovirus Vectors and Insect Cell Culture Procedures, Texas Agricultural
Experimental Station Bulletin No. 1555 (1987)).

20 In a preferred embodiment, pVL1393-GST containing the drfl gene is
introduced into baculovirus using the "BaculoGold " transfection kit (Pharmingen, San
Diego, CA) using methods established by the manufacturer. Viruses produced are re-
mfected twice for amplfication..

For expression of the GST-DRF1 polypeptide, High Five cells are

25  infected with viruses. Cells are collected 48-72 hours post-infection, and lysate is
prepared by sonication and centrifugation. GST-DRF1 protein can be isolated, for
example by glutahione-affinity purification.

For co-expression of DRF1 with a functional partner, as for example
CDC7, High Five cells are co-infected with viruses expressing the GST-DRF1 with

30 viruses expressing, for example, CDC7 as a HIS-tagged fusion proteins. DRF1 containing

complexes can then be isolated from lysates by, for example, metal-affinity purification,

and verified in western blot with-anti-GST antibodies.
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W th viruses expressing
incorporated herein by reference in its entirety. The DNA-BD/DRF1 fusion construct is

verified by sequencing, and tested for autonomous reporter gene activation and cell
20 toxicity, both of which would prevent a successful two-hybrid analysis. Similar controls
are performed with the AD/library fusion construct to ensure expression in host cells and

lack of transcriptional activity. Yeast cells are transformed (ca. 103 transformants/mg
DNA) with both the DRF1 and library fusion plasmids according to standard procedure
(Ausubel, et al., 1992, Short protocols in molecular biology, fourth edition, Greene and
25  Wiley-interscience, NY, which is incorporated herein by reference in its entirety). In
vivo binding of DNA-BD/DRF1 with AD/library proteins results in transcription of
specific yeast plasmid reporter genes (ie. lacZ, HIS3, ADE2, LEU2). Yeast cells are
plated on nutrient-deficient media to screen for expression of reporter genes. Colonies are
dually assayed for B-galactosidase activity upon growth in Xgal (5-bromo-4-chloro-3-
30  indolyl-B—D-galactoside) supplemented media (filter assay for —B-galactosidase activity
is described in Breeden, et al., Cold Spring Harb. Symp. Quant. Biol., 1985, 50, 643,

which is incorporated herein by reference in its entirety). Positive AD-library plasmids




30 viruses expressing, for exanple, CDC7 as a HI S-tagged fusion prfqeag ?“(9"
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nmet al - aWfo oidegspuri fication, and verified in western bl ®CTVEPOD0683DI - GST
anti bodies. 1 4 DEC 2004 WO 01/ 96557 42 PCT/ EPO1/ 06830 Exanple 9:

I nteraction Trap/ Two- Hybrid System In,porder to assay for other DRF
l-interacting proteins, the interaction trap/two-hybrid |ibrary screening
met hod GANR& dSREm Jﬁsﬁ)rﬁ%ﬁ@m&@éﬁba@edqﬁm&e BEdinalyesat fith dS wedt agl -

Nat ure, 1989, 340, 245, which is incorporated her &i n %y reference in its
ent i r et yptheA mmnmcmntmm[gutwhreéd’ueﬂ DNACRDr efnsmﬁ’r ptomms stoi mwoniime cspestfi®i ol ogy
1999, John Wley & Sons, NY an Ausr?%e al ]}BQZ Shor t %{otocols
in nol edtREYIbREY BEgyem mtsmcpﬂnse §5Tb ,AG‘Se%’ﬂB"’%?ﬁ tWT’%f;Y hPEPERSEHHe

2@3%?"8@?@% ona?xgecﬁ'?sr ga o} tgﬁbgﬁﬁ( ﬁ?gt c‘ﬁlrirj.létjl{gl s & Bé#ft\/\% Ofl% dﬁ"gy-st em 3).

A fusi onigfing peotéldcl eoti de sequences encoding all or parti aI DRF1 and the
yeast transcription factor GALA DNA- bi ndi ng domain (DNA-BD) is constructed
in an appropriate pI asm d (ie. pGBKT7) using standard subcl oni ng

techniq I 4_active rary is
construtch‘falfi?&miﬁ TQ &ﬁ%ln@alﬂeﬁ Yol QPP NEEMHQ fﬁﬂﬁi g%ﬁkhgf pot enti al
DRF1- bi ndi ng myr¢h&kieerih® &4, 904@hate @iibstiatd) i xaeiAMIONI? 4k bRSinytted
Sanbr ook et al. ‘ 1989, e:I\/bﬁ’glé‘g’roar cl onlepg a [ abor at ory manual , sgﬁnd

edition, bm@hﬁarEZ@mﬂzﬁdﬂm Kiitr @ssce, T sp@qq)gdmart‘bmanufmnewms@m@
coneld uchirted, Geprbia lé?f?r ERERNA G BIREeR SpFeed Brisest ol ST B ¢ or

gene actg vgg 'ae&ﬁ.@%tﬂf Oaaﬂﬁy%tayfo el H&ﬂtﬁﬁnﬂ%ﬂeWu@féﬁmSoﬁM

successf na ySI's r controls are perfornmed with the

AD | i br MP}ESJ@!H)M 5¢ 00 HVURLs(lp 1 enSUDETe kP reelsB-glycemphmphate dBigmapdvithack of
transcriptional activity. Yeast cells are transforned %ca 105

t r ansf or i Doty oribsubsittate, B5tLAVtANEP BRIEIC- 2 ué! LY-BERBIF- TP Ul BS D5Pees @8

di d Ausubel |
ol ecul dsHiES) gDt Gu THTBATE Bhe e ReRtraed oy FO0 fop bR LRER S "
Wh' EﬁA %&%&%ﬁ@%{@kﬁ&' D?%ﬁ@itfbnbﬁf ek &ds8 ESICE (29 Sndt RbhdeRirition)! SOuIGfMaebi ndi ng

l'tbrary proteins results in transcription of
speC| fi creyetinstis plaredintheepelstafn sgatwsiu(«cmteci pleR, (Fliskaiate ADEN lifemgiBnce)east

|1 | at ed t - def to f
Fepor t or ogue o bRRe At eGP SeRp ol Crtr S35y DR oer BADESERERY: £y
upon gr O%Q‘Iﬂ.lﬂecf@? %rtﬂgﬂfaf‘& i ql [95(9111?&1‘ (Hewlett Packard).

Some of the preferred embodiments of the invention described above are outlined

20 below and include, but are not limited to, the following embodiments. As those skilled in
the art will appreciate, numerous changes and modifications may be made to the preferred
embodiments of the invention without departing from the spirit of the invention. It is
intended that all such variations fall within the scope of the invention. The entire

disclosure of each publication cited herein is hereby incorporated by reference.



30 indol yl -3-D-gal act osi de) suppl enented nedia (filter assay for 14 DEC 2004
-0-gal actosi dase activity 1is described in Breeden, et al., Cold Spring
Haab. Synp. Quant. Biol., 1985, 50, 643, which is incorporated herein by
reference in its entirety). Positive AD-library ;plasm ds WD 01/96557 43 1 4
DEC 2004 PCTI EPox/ 06830 are rescued f44om transformants and reintroduced
into the original yeast strain as well as other strains containing

unrel at ed DNAxEDATYSICIMAINIRDERRS to confirm specific DRFI/Iibrary protein
interactions. Insert DNA is sequenced to verify the presence of an open
readi ng framel.f used isolagdnuclais agiimelscule Famprisng a preldofidp saqugnegselesied DRF1- 5
bi ndi ng ro'ltxﬁi['n.. Exarrgl.e 9 Assay to ldentify Conpounds that Mdul ate DRF1
Act i vi t yTHBMT FFOUR £PR5 Hp%é ‘pur pose, a kinase substrate, for exanple MCOMR, is

~ biotinylated by L@gi Ng SH@IBX0:1,d¢ afrapivent tiiéreof; Pi erce, USA), as according to

manuf actures instruction. 10 Purified, reconbjnant DRFI.-containing
conpl exes expressed) i n §BRINGR qra fragmentdergofi e 5) are accessed for kinase

activity in a 801 peact] ] i ; N &l pH 7.5,
10 M M 02, 1 nM OTT, 1#%?‘?@"‘8’?’%@?%% o@%ﬁgﬁgk’g‘fﬂé’?‘m%?@, »wabtrhhéﬁﬁaa_ M

bi oti nyl SEQIDNOIAtrate, 25 pM ATP and 0.5 G [y-32P]-ATP, in the presence or
absence of inhibitQry conmpound, The regcti j erf . 3 for 30

m nutes. The 15 re¥cti &Fq“ﬁge@{’ngﬁgﬁv%ﬁggﬁwﬁogforé%@%ﬁ%%m\/l final
concent r ghd-00 theaddf: Of the reaction is placed in the wells of a

stratavidih-coated plate (Flashplate, NEN |ife science), _incu ated for 30
m nutes, and subsegjuent seqvenen dut enrodes a polpeptide somprisingSEQ I NUS.oRén

- determn i the plate in a (3-counter (Hew ett Packard). Sone of
the pr ef%%@%“ei %OE ergnts of the invention described above are outlined 20

bel ow and i ncl ude,f)but msegquense that eicodes 4 polypeshide eompsiinggn @miwtiacibnt s.  As

those skilled in_ the ayt W Rr eciAat e, us changes and

nodi f i cai%memyowﬁﬁé%h#@gwg e@%&“‘?ﬁ%ﬁéﬁi nents .of the invention

wi t hout hgreintthegaid frapmbsdte asxphomdlogdus nheledtideaeruiences endode ot leastbrnded t hat al |
such varjations fall within the,s he invention. The entire

- di scl osufuecgnabdemain o the WSH“‘E@%@@%‘?’% s hereby incorporated by

reference. 1 4 DEC 2004 44 WHAT IS CLAIMED IS: 1. An isolated nucleic acid

nol ecul e conpri sing a nucl eoti de sequyence.selected, fromth oup.consi stin
of rrpz. enuclecfc acid mo ecule%? cﬂnm 1 vﬁ'nerem said nucleic acu? m%fechll%:s 9

DNA.

3.  The nucleic acid molecule of olaim 1 wherein said nucleic acid molecule is
RNA.

4. The nucleic acid molecule of claim 2 wherein said nucleotide sequence
compnses SEQ ID NQ:2.

5. - The nucleic acid molecule of claim 1 wherein said molecule is an antjsense

oligonucletide directed to SEQ ID NO:1 or SEQ IDNO:2.

6.  The nucleic acid moiécule of claimn 5 wherein said oligonucleotide is directed
to a regulatory region of SEQ ID NO:1 or SEQ ID NO:2.

7. An expression vector comprising a nucleic acid moleculs of claim 1.




a) SEQIDNO |, or a fragment thereof; b) SEQID NO 2, or a fragmgni DEC 200%
thereof, c) a sequence conplenentary to at least a portion of SEQ ID NO 1 or
SEQ | D N€02A1/96ks7a sequence honol ogous to SEQ ID NO 1 or BEQHPR/NEs®, or a
fragnent thereof; e) a sequence that encodes a pol ypeptide conprising SEQ ID
NG 3, or a 'fragment thereof, and f)n%a)ﬁ sequence that encodes apol ypepti de
conprising an am no acid sequence ho ogous to SEQ ID NGO 3, or a fragnent
't hereof, whergin t o), i de: s es
encode at | eag't on%ﬁ rgst ﬁ%ﬁg?&?{%%@ngﬁ the%g%#ysﬁieu{loﬂl Edog SlgE%%F%ﬂ%Q 3.
DNA. 2. Theompr«isieeSEQamNOmI ecul e of claim1 wherein said nucleic acid

‘mol ecule is RNA. 3. , The nucleic acid nolecule of claim1 wherein said

nucl eic acid nolecule is 4. The nucleic acid nol ecul e of claim2 wherein said
nucl eoti de seguenc Ielc aci d nol ecul e of
claiml wher e?]n salfag%q%eljc&ﬁ: a1§159er§1@r ??saﬁ%ﬁrgctor B pg%? leotide directed to
"SEQ IP NO'1 or SEQ ID NGO 2. 6. The nucleic acid nolecule of claim5 wherein
said oligonucleotide is directed to a regulatory region of SEQ ID NO I or
SEQ ID NO 2. . AnThx @wﬁnham%mﬁrmm;gwsm@sambpmlmcu d nol ecul e of
claiml1. 1 4 DEC 2004 WD 01/ 965-57 PCTI EPOL/ 06880 45 8. An expression
vector of claim7, wherein said nucleic acid nolecule conprises SEQ ID

NO 2. 9. The yECt OpofvefloRioNclaihed SibrsiRi shid 9646F id &1&@&%4} gr&% The
vector of claim7 wherein said vector is a viral particle ?1 ctor of
cl ai m 10cqusesting rofsadedovisetesy payosirlisess @drpes amstd) epgviruges, cuiens-atsoniytel
adenoyvi ruses es hergesw ruses, RQoxviruses, adeno-associated 10
vi rus®s, V@éﬁ#ﬁ%@ﬁ%ﬁ@ ST VY8, S@CCI PIES, a@‘ﬁwfﬁ‘nd retroviruses. 12. The
vect or of claim7 wherein said nucleic acid nolecule is operably I|inked to
a pronoter selected fromthe group consisting of siman virus 40, nouse
mammary tunmor 13 r udhe [ventyr todr elainal?7 whpean seid phein dcidhordetafle ds epenablyi r us,

mal oney linked to a promoter selected from the group consisting of simian virus 40, raouse
mammary tumor virus, long terminal repeat of human immunedeficiency virus, maloney

15 virus, cytomegalovirus immediate early promoter, Epstein Barr virus, rous sarcoma virus,
human actin, human myosin, human hemoglobin, human muscle creatine, and human

metalothionein.

13. A host cell transformed with a vector of claim 7.

N 14.  The transformed host cell of claim 13 wherein said cell is a bacterial cell.
15.  The transformed host cell of claim 14 wherein said bactenial cell is E. coli.
25 16.  The transformed host cell of claim 13 wherein said cell is a yeast.
17. The transformed host cell of claim 16 wherein said yeast is S. cerevisiae.
18.  The transformed host cell of claim 13 wherein said cell is an insect cell.
30

19. The transformed host cell of claim 18 wherein said insect cell is S.
Srugiperda.




15 virus, cytonegal ovirus immediate early pronoter, Epstein Barr viy y<PEC Q06K

sarcong |ru hunan actin, human myosin, human henngl nmuscl e
creatlﬁ% 05%% Shuma netalothionein. 13. A host cell trans orne Wth a
vector of claim?7. 20 14. The transforned host cell of claim 13 wherein said
cell is a bacterial cell. 15. The trénsformed host cell of claim 14 wherein
said bacterial cell is E. coll. 25 16. The transforned host cell of claim
13 wherein said cell is a yeast. 17. The transfornmed host ceII of claim 16
wher ei n sai eas i r eh:l.-of claim
13 wherein S%tclyd CI(I;P%’ %ﬁagsfgﬁglécgéé%t&@eqf&&5?%&%{@23&? rdgﬁs orrre %élt] cell of

claim 1&wherein said insect cell is S frugiperda. WO 01/96557 46 1 4 DEC
2004 PCTI EPO 1/06830 20. The transforned host cell of claim 13 wherein said
cell is a mmmlian cell. 5 21. The transfornmed host cell of claim?20

wh i | | f { |
hamst er gﬁ‘ar ot 15 SpifRra) RS St oF K oD S RO R R s Bl "0
293 cel k3 %gﬁ?'dﬁﬁsx%?v o'fohﬁEls@%taﬁlste?%va@ E‘EﬁIshQﬂeIﬁf cellsO A £430 gfeen

e co EQ 1D NO

pol ypeptl sin 3, or a honol og or fragrrent t her eof
conpri smmgké}kﬂadntt;epdlsp]ﬁmnaﬁ?htelbdmdmgnm 3’53:ﬁhmbiaatst expressi on vect or of
claim7 into a conpatible host cell; b) growing said host cell under
condi tions for expression of said polypeptide; and 15 c) recovering said

pol ypeptide % som %@Ingieémgbfq,?é,&m%%%t epBdde6mplisiak HAW 3B WRE ebi 2Sai d

host cell is ysed an € is recovered fromthe Iysate of
sai do hohbmokiglor fgmisat thetee {nminipodingf the btapnef22 wherei n sai d pol ypept| de is

recovered by puri y| ng the culture nmediym from.sai d host. cel | hqut
| ysing sai d host 19‘3“?“;&”&0?11{8%‘?’?]? L{C(S’ﬁBrrelS%‘Pﬁd’eﬁtoﬁL?gI Cg?”cn gcin ffol ecul e

of clai behpélﬂﬁeﬁ&st cgﬁf:ept able carrier or diluent.
b) growing said host cell under conditions for expression of said
polypeptide; and
15 c) recovering said polypeptide from said host cell.

23. The method of claim 22 wherein said host cell is lysed and said

polypeptide is recovered from the lysate of said host cetl.

20 24. The method of claim 22 wherein said polypeptide is recovered by
purifying the culture mediwm from said host cell without lysing said host cell.

25. A composition comprising a nucleic acid molecule of claim 1 and an

acceptable carrier or diluent.

25
26. A composition comprising a recombinant expression vector of claim 7 and
an acceptable carrier or diluent.
27.  Anisolated polypeptide encoded by a nucleic acid molecule of claim 1.
30

28.  The polypeptide of claim 27 wherein said polypeptide compnses SEQ ID
NO:3. ‘




25 26. A composition conprising a reconbi nant expression vector of kthadkg 72004
and an acceptable carrier or diluent. 27. ‘An isol ated pol ypepti de encoded

by a nu i jd nolecule of claim1l. 30 28. The pol ypepidfppQiosgdoai m 27
wher ei n&!s(gpﬁdg‘%g ypeptide conprises SEQ ID NGO 3. 1 4 DEC 2%%4 P%/ 01/ 965, 57

PCTJEP01J06880 47 29. The pol ypeptide of claim 27 wherein said pol ypeptide
conprises an amno acid sequence homﬁ"l70gous to SEQID NO 3. 5 30. The

pol ypepti de of claim 29 wherein said sequence honol ogous to SEQ |ID NO 3
conprises at |east one conservative am no acid substitution conpared to SEQ

ID NG 3. 3l.pgThe @H%%B%BEI\%% ¥l e 7 Refe QI EBh Aty Shide RBIDpASRtndenifONPT i Ses
a 10 fragnent of SEQ I r 3. 32. A conposition conprising a pol ypeptide of
cl ai m 27%Acahgtqaena@&dwapilapduwes to SHQ M2NGB. diluent. 15 33. An isol ated anti body
whi ch binds to an epitope on a pol ypeptide of claim 27. 34_ The anti body of
claim 33 wherein said antibody is a nonocl onal antibody. 20 35. A

conpQsition ri g At | . Of j . rier or
Gi1udnt . 36. Rk ¢ o RsRpepRll BECKiLR s A R P R B R ot

cl ai m 27[DaND:3 @ofifiizks Yeleastndreotorservatbeiymiab 437 subisetution dinpated tm SIBQf urt her
conprising an additional kit component. 38. The kit of claim 37 wherein said
addi ti on® NK:3. conponent conprises instructions. 1 4 DEC 2004 48 5 39. A
nmet hod for identifying a conpound which binds DRF1 or a DRF1- containing
conpl ex conprising the steps of: a) contacting DRF1 or DRF1-containing

conpl ex with zy conmaengslypeptide of claim 27 wherein said polypeptide comprises a
10 fragment of SEQ ID NO:3.

32. A composition comprising a polypeptide of claim 27 and an acceptable

carrier or diluent.

15 33.  An isolated antibody which binds to an epitope on a polypeptide of claim
27.

34.  The antibody of claim 33 wherein said antibody is a2 monoclonal antibody.

20 35. A composition comprising an antibody of claim 33 and an acceptable

carrier or diluent.

36. A kit comprising an antibody which binds to a polypeptide of claim 27 and
a negative control antibody
25
37.  Thekit of claim 36 further comprising an additional kit component.

38.  The kit of claim 37 wherein said additional kit component comprises

Imstructions.




and b) determ ning whether said conpound binds DRF1 or DR F1- 10 cgntigmbzg¥
conpl ex. 40. The nethod of claim 39 wherein binding of said conpou dli

or DRF1l-containing conplex is determned by a protein binding assay. 15 41.
The met hod of claim40 wherein said protein binding assay is selected from
the group consisting of a gel-shift assay, Western blot, radi ol abel ed
conpetition assay. 42. 20 DRFI-CDC7. 'The nethod of claim39 wherein said
DRF1-contai ning conplex is 43. A nethod for identifying a conpound which

bi nds a nucleic acid nolecule encoding DRF1 or DRF1-containing conpl ex
conprising the steps of: a) contacting said nucleic acid nol ecul e encodi ng
DRFI or DRFI- 25 containing conplex with a conpound; and b) determ ning
whet her sai d conpound bi nds said nucleic acid nolecule. 44. The nethod of
claim43 wherein binding is determned by a gel-shift 30 assay. 45. The

met hod of claim 43 wherein said DRF1l-containing conplex is DRF1- CDC7. 1 4

DEC 2004 49 4?)?:?F|A ?%‘Q&J o iidg[m?{nfgyé Qen@oﬁﬂm&uaﬁi bidischRIF derl atlERFi-he

acti\?ity of -contal ni ng conplex conprising the steps of: a)
cont act i fgh ¥l RmfIBEtoresiviad thesgpsofipl ex with a conpound; 5 and b)

determ ni ng whet her DRF1 or DRFl-containing conplex activit n
modul at ed. 10 CDC7a)15 rowtagtmg PRE1RIIABE! GPHELPHCIEP e‘mxﬁ Jsbg‘?pd’%ggtivity

is kinase activity. .48. The nethod of claim46 wherein said activity is
stop of | proliferation.

b) determining whether said compound binds DRF1 or DRF1-

10 containing complex.

40. The method of cleim 39 wherein binding of said compound to DRF1 or

DRF1-containing complex is determined by a protein binding assay.

15 41. The method of claim 40 wherein said protein binding assay 1s seiected
from the group consisting of a gel-shift assay, Westem blot, radiclabeled competition

assay.

4z. The method of claim39 wherein said DRF 1-containing complex is

20 DRF1-CDC7.

43. A method for identifying a compound which binds a nucleic acid molecule
encoding DRF1 or DRF1-containing complex compnising the steps of:
a) contacting said nucleic acid molecule encoding DRF1 or DRF1-

25  containing complex with a compound; and

b) determining whether said compound binds said nucleic acid
molecule.
44.  The method of claim 43 wherein binding is determined by a gel-shift
30 assay.

45.  The method of claim 43 wherein said DRF1-containing complex is DRF1-

CDC7.




49. The nethod of claim46 wherein said DRF1l-containing conplex is DRI}FBECZQUUH

49

46. A method for identifying a compound which modulates the activity of
DRF1 or DRF]-containing complex comprising the steps of:
a} contacting DRF1 or DRF1-containing complex with a compound;
5 and
b) determining whether DRF1 or DRF1-containing complex activity

has been modulated.

47. Themethod of claim 46 wherein said activity is kinase activity.

10
48. The method of claim 46 wherein said activity is stop of cell proliferation.
49. The method of claim 46 wherein said DRF1-containing complex is DRF1-
CDC7.
15
20

25




